
Glucagon-like peptide (GPL-1) was discovered 25
years ago in the Laboratory of Molecular

Endocrinology, Massachusetts General Hospital.
Three years later Bell et al,1 isolated the first
mammalian cDNA, which consists of 3 glucagon-
related peptides, and this is what Dr. Bell and his
team termed GLP-1. One year later, Bell et al,2

isolated the human preproglucagon cDNA and, the
next year, Heinrich et al,3 characterized rat cDNA.
The GLP-1 is a 30 amino acid peptide secreted from
the distal intestinal L-cells after ingestion of
carbohydrate and fat.4,5 It has a hypoglycemic action
called the incretion effect, which was reduced or
even absent in patients with type-2 diabetes. This
incretion hormone is a multifunctional hormone,
and this explains its potential use as an anti-
hyperglycemic agent. The GLP-1 stimulates insulin
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ABSTRACT

release and suppresses glucagon secretion in a
glucose-dependent manner.6,7 It also activates insulin
gene transcription, β-cell proliferation (hyperplasia),
and neogenesis, which is mediated by upregulation
of the pancreatic duodenal homeobox-1 (PDX-1)
transcription factor.8,9 The GLP-1 and its dipeptidyl
peptidase-IV (DPP-IV) resistant analogues, a class
of agents designed to maintain affinity of the
analogues to GLP-1 receptors as does GLP-1 itself,
stimulate glucose-dependent insulin release, and
suppress glucagon secretion, retard gastric motility,
inhibit appetite, and food intake, enhance their
ability to activate insulin gene transcription, β-cells
growth and neogenesis, and at the same time to be
resistance to degradation by DPP-1V enzyme.
Recently, Buteau et al10 reported that GLP-1 inhibits
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Glucagon-like peptide (GLP-1) is an endogenous insulinotropic/glucagonostatic hormone that acts in a self-limiting
mechanism. It is a multifunctional hormone that leads to insulin release stimulation, liver glucagon breakdown
suppression, upregulation of islet cell proliferation, and neogenesis and retardation of gastric emptying. The short
half-life and high renal clearance due to degradation via dipeptidyl peptidase-IV (DPP-IV), and active glomerular
filtration rate make this hormone ineffectual as an exogenous agent. More stable and long acting GLP-1 analogues and
DPP-1 inhibitors have been developed with promising clinical value for the treatment of type-2 diabetes. The GLP-1
derivatives have the advantage of decreasing body weight while the DPP-IV inhibitors can be administered orally up to
once daily. The mechanism of action as well as the tolerable side effect is astounding. This review article covers this
new generation of anti-diabetics.               
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to albumin will decrease the renal elimination of the
compounds to normal albumin clearance rate (see
liraglutide).23 The main side effects of exendin-4
include nausea, vomiting, and mild headache,
however, a new regimen has been produced to
decrease the side effects, where exendin-4 was
injected twice daily initially in dose of 5 µg for one
month and followed by 10 µg for 5 months.24 Due to
the protein nature of exendin-4, a concern about
antigen-antibody reaction in human has arisen.
However, more than 25% of patients have
developed antibodies against the drug, but this was
not associated with any decrease in both the
pharmacological and physiological efficacy of
exendin-4 and native GLP-1.22 A recent study
indicated  that subcutaneous injection of the drug to
type-2 diabetics were associated with appetite
suppression and subsequent weight loss over a year
of twice daily administration.24 It can be concluded
that monotherapy with exendin-4 can control blood
glucose of patients with type-2 diabetes in a
glucose-dependent manner and also can lead to
body weight loss.  

ZP-10. The ZP-10 is a modified GLP-1 peptide
with a tail of lysines at the N-terminus. This drug is
in the clinical testing phase with promising effects.
It has similar insulinotropic action on β-cells.
Limited information is available for this product.25

Other GLP-1 derivatives that bind to serum
albumin. While the exendin-4 molecule shares
only 53% homology with a native GLP-1 the rest of
GLP-1 analogues are identical to GLP-1, but they
are protected from DPP-IV, and extensive renal
clearance by different strategies, in which the
analogue binds to a serum albumin after their
absorption. Three new modified GLP-1 analogues,
which binds to albumin have been developed: The
first is liraglutide, an acylated derivative of GLP-1
where a 16-carbon fatty acid chain interacts non-
covalently with albumin after injection.26 The
second derivative is CJC-1131, which binds to
albumin in a covalent bond at the Lys31 amino
acid.27 The third drug albugon, also binds covalently
to albumin.28 Recently, Liu et al,29 showed that N-
terminal modification of GLP-1 by acetylation
retaining GLP-1 activities had improved effects on
pancreatic β-cell expression. Other modifications on
N-terminus including N-glycation have been shown
to improve resistance to DPP-IV whilst rendering
insulinotropic action on β-cells.30

Liraglutide (NN2211). Liraglutide (NN2211)
has been introduced to treat type-2 diabetics. This
derivative has the same pharmacological action and
side effects as GLP-1, but with long half-life of
approximately 11 hours after subcutaneous injection,
which allows once daily administration.31 It reduces
HbA1c up to 0.75% of baseline levels, 7.6% after
12 weeks of administration.32 In comparison to

apoptosis of β-cells. The net result of the last 2
actions can lead to increase in β-cells mass and
number. The GLP-1 also decelerates the gastric
emptying process, suppresses appetite, and induces
satiety, leading to weight loss after several weeks of
administration.11,12 Finally, it may improve cellular
sensitivity to insulin or the insulinotropic effect in
type-2 diabetes.13 In human, GLP-1 has cardio-
vascular and neuroprotective effects that are
independent of insulin effect, and may protect the
ischemic and reperfused myocardium and brain.14,15

Mechanism of action of GLP-1. The GLP-1
acts as an incretion hormone that stimulates insulin
release in the presence of nutrients in a glucose-
dependent manner.6,7 The stimulation of insulin
secretion after oral administration of nutrients was
more potent than intravenously.16 This is due to the
incretin effect on GLP-1, which in turn stimulates
insulin release after each meal. In agreement with
this, intravenous infusions of GLP-1 have been
shown to decrease glucose level in type-2 diabetes.16

Binding of GLP-1 to its receptor on β-cells leads to
activation of adenylate cyclase via G-protein,
resulting in the formation of cAMP and then
activation of a cascade of events that enhance
secretion of insulin from its granule.16 Interestingly,
all type-2 diabetic patients at any stage of their
disease respond to GLP-1-derivative treatment.17

Metabolism and excretion of GLP-1. The
GLP-1 has a short half-life of 1-2 minutes that
abridged the therapeutic effect of this agent. The
GLP-1 is extensively and rapidly degraded by an
ubiquitous enzyme called DPP-IV, EC 3.4.14.5.18

This proteolytic enzyme removes 2 amino acids
(His-7-Ala-8) from the N-terminus resulting in
formation of inactive GLP-1 (Glu9→Gly37).19

Another withdrawing factor is the rapid renal
clearance (see Exendin 4).18

Therapeutic agents related to GLP-1. Two
main strategies have been followed to augment the
physiological and pharmacological action of GLP-1,
and the subsequent insulin secretion. The first is the
development of DPP-IV resistant analogues of
GLP-1, and the second strategy depends on the
development of DPP-IV inhibitors.

Exendin-4. The Ala-8 at the N-terminal amino
acid residue of GLP-I peptide is very sensitive to
degradation by DPP-IV. Replacement of this residue
can render the molecular resistant to the inactivation
process.20 Exendin-4, is a 39 residue peptide, and it
has been isolated from the venom of gila monster
(Heloderma suspectum), and shares a 53% sequence
homology with GLP-1.21 This molecule has a long
half-life of approximately 3 hours and is eventually
cleared by the kidney at a rate of 1.8 ml/kg/min,
which keeps plasma concentrations at normal GLP-
1 level if the drug is administered subcutaneously
twice or thrice daily.22 Binding of GLP-1 analogues
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Figure 1 - Structures of dipeptidyl peptidase-IV inhibitors.

chemokines, and white blood cell activators (DPP-
IV is known within immunology- scientists as CD-
26).38 A pre-clinical study shows a toxic or lethal
side effect as a result of non-selective inhibition of
DPP-IV related enzymes including DPP-VIII and
DPP-IX, which  may explain some of unwanted
effects.39 In fact, animals that lack DPP-IV activities
have no serious side effects during short run
experiments. However, selective inhibition of DPP-
IV is required as much as possible. Apart from MK-
0431 (DDPIV inhibitor), which is reported to have a
>2500-fold selectivity for DPP-IV relative to DPP-
VIII, and DPP-IX had negligible effect or
interaction with other types of DPP-IV inhibitors.39

The most merit for DPP-IV inhibitor is the oral
administration with all GLP-1 agonist activities.
However, these inhibitors have no effect on body
weight. Several compounds have been developed
during the last decade including: LAF-237,  NVP-
DPP-728, P-93/01, P-32/98 (isoleucine
thiazolidine), BMS-477188, MK-0431, and GSK-
23A. (Figure 1) The LAF-237 was the first
developed DPP-IV inhibitor. It is a valine
pyrrolidine that fits very nicely into the enzyme
active site and searches for smaller molecules with
similar chemical structure.40 This long acting
inhibitor improves glucose tolerance, and islet
function in mice.40 Phase II clinical trials results
released last summer were replaced NVP-DPP-728
by the new short acting inhibitor LAF-237.41

Interestingly, both DPP-IV inhibitors suppress glu-
cagon release from liver with no effect on insulin
secretion.41 The LAF-237 metformin combination

metformin or glimepiride monotherapy, liraglutide
lowers fasting blood glucose concentrations more
efficiently.33 While glimepiride can cause weight
gain, liraglutide led to significant weight loss in
conjunction with other GLP-1 effects.33 In
comparison to placebo, very few hypoglycemic
episodes have been reported in the presence or
absence of metformin treatment.34

CJC-1131. The CJC-1131 is a GLP-1 analogue
that is resistant to DPP-IV degradation. It differs
from the native GLP-1 in 2 positions, firstly, amino
acid number 2 has been replaced with D-ala instead
of L-ala, and secondly, the attachment of albumin to
maleimidoproprionic acid moiety at position 31.27

The half-life of this compound ranges from 9-14
days, allowing once-daily administration.35 The
CJC-1131 has the same therapeutic effects as GLP-1
with mild to moderate side effects.35 Recent studies
indicated, that the hypoglycemia, and body weight
loss effect are dose-dependent, and the drug was
more potent when injected once daily. Also, it had
been claimed that CJC-1131 is not antigenic either
to humans or to GLP-1.24

Albugon. Albugon,  is a  long acting insulinotropic/
glucagonostatic GLP-1 agonist with all physiological
GLP-1 activities. Most of the investigations have
been carried on animal including genetically
modified mice, rats, and monkeys.28 Albugon has
been introduced recently by the American Company
Human Genome Science. It is a long acting
insulinotropic/glucagonostatic GLP-1 agonist with
all physiological GLP-1 activities. Most of the
investigations have been carried out on animals
including genetically modified mice, rats, and
monkeys.28 Albugon was created using Human
Genome Sciences' proprietary albumin fusion
technology, which involves fusing the gene that
expresses human albumin to the gene that expresses
a therapeutically active protein. Research has shown
that the fusion of therapeutic proteins to human
albumin decreases clearance, and prolongs half-life.
Albugon results from the genetic fusion of human
albumin and GLP-1. The drug is currently in late-
stage preclinical development. Human Genome
Sciences will be responsible for the manufacture of
albugon for phase 1 and 2 clinical trials.

DPP-IV inhibitors. Ten years ago, Deacon et
al,36 at the University of Copenhagen discovered
DPP-IV. Once GLP-1 passes from L cells to
intestinal capillaries, it encounters the proteolytic
enzyme DPP-IV.16 This enzyme attacks GLP-1 at
the N-terminus and inactivates the hormone. The
truncated metabolites of this catalytic reaction are
inactive and do not affect glucose or insulin levels.37

This raises the notion of inhibition of DPP-IV as a
strategy for new anti-diabetic agents. Pursuing DPP-
IV inhibition has its risks as its inhibition could
interact with its physiological functions. Other
substrates for DPP-IV include neuropeptides,
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et al. NN2211: a long-acting glucagon-like peptide-1
derivative with anti-diabetic effects in glucose-intolerant
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was useful in controlling blood glucose in type-2
diabetes not responding to metformin monotherapy.42,43

The LAF-237 is now in phase III trials and expected
to be approved by 2006 in the USA. Isoleucine
thiazolidine (P32/98), and FE-999011 cause
sustained improvement in glucose tolerance, insulin
sensitivity, and increase in β-cells proliferation with
minimal side effects in Zucker rats (animals with
insulin-resistant diabetes).44,45 The MK-0431 is in
phase III trials with promising results. It controls
blood glucose by increasing both intact GLP-1 and
insulin secretion in type-2 diabetics.46 The GSK-
23A drug is in phase I trials while P-32/98 and
BMS-477188 are in phase II trials. All of which
have improved glucose level (hemoglobin A1c de-
crease by 1.1%), β-cell mass with limited side
effects.47  

In conclusion, the GLP-1 analogues and DPP-IV
have promising clinical results and may replace the
current conventional therapy: insulin injection,
metformin, and sulfonylurea in type-2 diabetics
whose represent more than 90% of diabetic patients.
These drugs may not only manage the disease but
also could treat it in terms of long run adminis-
tration by improvement of pancreatic functions.
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