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Two hormones secreted from the 
gastrointestinal tract – glucagon-
like peptide 1 (GLP-1) and glucose-

dependent insulinotropic polypeptide 
(GIP) – account for more than 50% of the 
incretin effect of a mixed meal. They rapidly 
stimulate insulin release in the presence of 
hyperglycaemia. GLP-1 has 30 amino acids 
and GIP has 42 amino acids (McIntyre et 
al, 1964; Nauck et al, 1986). GIP is derived 
from K cells located in the jejunum and 
responds more to dietary fat than glucose. 
GLP-1 is secreted by L cells in the ileum, 
predominantly in the presence of glucose. 
This occurs in association with neural 
signalling arising from a food stimulus. 
These mechanisms induce insulin secretion 
through direct activation of G-protein 
coupled receptors expressed on pancreatic 
β-cells (Vilsboll and Holst, 2004). In type 2 
diabetes the β-cell response to GIP is largely 
lost, but GLP-1 receptor sensitivity remains. 
The reasons for reduced GIP responsiveness 
remain unclear, but may be associated with 
reduced GIP receptor expression in people 
with significant insulin resistance (Rudovich 

et al, 2005). Current developments have 
therefore focused on the role of GLP-1 in 
glucose homeostasis. 

Signalling	mechanisms	of	
incretin	hormones
Insulin secretion in response to glucose is 
triggered by β-cell depolarisation: an influx 
of calcium, in conjunction with calmodulin, 
causes insulin granules to fuse with the 
cell membrane, releasing their contents. 
When GLP-1 binds to receptors on the 
β-cell membrane, signalling pathways are 
activated, this results in 3’,5’-cyclic adenosine 
monophosphate-dependant protein kinase 
A activation. GLP-1 cannot trigger insulin 
release by itself as its insulinotropic effect is 
dependent on ambient glucose. At glucose 
levels close to the threshold for triggering 
insulin secretion, GLP-1 has very little effect 
(Triplitt et al, 2006).

Therapeutic	potential
From the therapeutic point of view, this 
means that incretin mimetics possess the 
potential to achieve glucose homeostasis 
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with minimal risk of iatrogenic 
hypoglycaemia. In contrast, sulphonylureas 
and meglitinides trigger insulin release 
irrespective of ambient glucose and can 
produce hypoglycaemia. As the site of 
action of the incretins is separate from those 
activated by secretagogues, they have the 
further advantage of providing an additive, 
rather than competitive, effect (Zander et 
al, 2002). 

In addition to its glucose-dependent 
action on insulin secretion, GLP-1 has 
been shown to suppress glucagon secretion, 
delay gastric emptying and induce satiety, 
with a resultant reduction in food intake 
(Levy, 2006) which offers the potential 
for weight reduction. Elevated glucagon 
levels are found in people with type 2 
diabetes and contribute to background 
and postprandial hyperglycaemia. By 
its direct action on islet a-cells, GLP-1 
reduces excess glucagon secretion without 
having an impact on its protective effect in 
hypoglycaemia. In rodents, suppression of 
apoptosis and proliferation of β-cells have 
been demonstrated. Should this preserving 
effect be demonstrated in humans it would 
represent a very significant milestone in 
treatments aimed at reversing the inexorable 
decline of β-cells seen in type 2 diabetes. 

The key properties of GLP-1 are 
summarised in Box 1.

Long-acting	GLP-1	agonists/
analogues	and	DPP-IV	inhibition	
The potential for incretin action to be 
applied in a clinical setting has been 
recognised for many years. However, 
in its native form there are a number of 
drawbacks. In vivo GLP-1 only remains 
active for 1–2 minutes owing to proteolytic 
inactivation by the enzyme dipeptidyl 
peptidase IV (DPP-IV), therefore, as it will 
be destroyed in the intestine it needs to be 
given parenterally. 

Long-acting GLP-1 analogues that are 
resistant to DPP-IV inactivation and mimic 
the action of the native hormone have been 
under development. The peptides exendin-3 

and exendin-4, were isolated from the 
saliva of the lizard species Heloderma; H. 
horridum – the Mexican beaded lizard, 
and H. suspectum – the Gila monster (Eng 
et al, 1990; Eng et al, 1992; respectively). 
Exendin-4 has a 50% homology with 
human GLP-1, binds to pancreatic GLP-1 
receptors in vitro and resists deactivation 
by DPP-IV. This GLP-1 agonist has a 
therapeutic action of about 6 hours, 
reaching a peak plasma concentration after 
2 hours.

Incretin	mimetics

Exenatide	
The first incretin mimetic to become 
commercially available is exenatide (Byetta; 
Amylin Pharmaceuticals, San Diego and Eli 

Lilly & Company, Basingstoke). Exenatide is 
synthetically produced exendin-4. It was 
granted approval for clinical use by the US 
Food and Drug Administration in April 
2005 and gained a European licence in 
2006. 

Exenatide is administered by subcutaneous 
injections of 5 µg or 10 µg BD. 

Key trials
Phase III trials involving 1600 people with 
type 2 diabetes treated over a minimum of 
6 months evaluated exenatide as additional 
therapy in individuals who had not 
achieved satisfactory glycaemic control with 
maximally tolerated doses of metformin, 
sulphonylureas or a combination of the 
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l Stimulates glucose-dependent insulin secretion
l Suppresses glucagon secretion
l Slows gastric emptying
l Reduces food intake
l Improves insulin sensitivity
 – This in turn
l Increases β-cell mass and maintains β-cell efficiency

l Long-term effects have been demonstrated in animals

Box	1.	Summary	of	the	key	properties	of	
GLP-1	(Drucker,	2001;	2003).
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two agents (Buse et al, 2004; DeFronzo 
et al, 2005; Kendall et al, 2005). In all 
studies, exenatide reduced HbA1c by about 
1% when compared with placebo over 30 
weeks. When exenatide 10 µg was added 
to metformin there was an average 2.8 kg 
weight loss. This did not appear to plateau 
at the end of the study period (DeFronzo et 
al, 2005).

The most common side-effect of 
exenatide was mild to moderate nausea; 
with a prevalence of 36–39% with 5 µg 
BD and 45–50% with 10 µg BD. However, 
this generally dissipated in the early weeks 
of therapy (Riddle et al, 2006). Only 4% 
of patients withdrew from the studies 
because of nausea. There were reports of 
hypoglycaemia when exenatide was added 
to sulphonylurea, but not when added to 
metformin. Adverse affects were related to 
rapid dose-escalation: their incidence was 
reduced by slowing titration (Fineman et al, 
2004).

To assess the likely position of exenatide 
in people failing to achieve adequate 
control on other oral therapies, treatment 
algorithms have been explored in an 
intention-to-treat analysis (Heine et al, 
2005). In a 26-week study, 551 people 
with type 2 diabetes on metformin and 
sulphonylurea with an HbA1c of 7–10% 
were randomised to exenatide (5 µg BD for 
a month followed by 10 µg BD) or insulin 
glargine (using a forced-titration protocol 
aiming for a morning blood glucose of 
100 mg/dl [5.4 mmol/l]). The percentages 
of participants achieving HbA1c ≤ 7% 
(48% for insulin glargine versus 46% for 
exenatide) were not signif icantly different. 
Weight loss in the exenatide arm was 
2.3 kg (± 0.2 kg) while weight gain in the 
insulin glargine group was 1.8 kg (± 0.2 kg). 
Criticism of the study focused on the 
failure of investigators to match the larger 
insulin glargine doses (average of only 15 
units) used in the Treat-to-Target Trial 
(Riddle et al, 2003). If dose titration had 
achieved better fasting plasma glucose 
levels, a difference in outcome HbA1c 

might have been observed.
Liraglutide	
Liraglutide, (known as NN2211; being 
developed by Novo Nordisk, Crawley), is 
a human GLP-1 analogue linked to a fatty 
acid (Juhl et al, 2002). Liraglutide binds to 
interstitial albumin at the injection site and 
is slowly absorbed. The albumin complex 
delays absorption and is resistant to DPP-
IV degradation with a half-life of 12 hours 
(Agerso et al, 2002). In studies using 0.6 mg 
daily and 0.75 mg daily, liraglutide has been 
shown to significantly reduce fasting plasma 
glucose and HbA1c (placebo-corrected 
difference of -0.75% for the highest dose) 
with no effect on weight gain and little 
effect on fasting insulin levels (Madsbad 
et al, 2004). In a 5-week study involving 
titration to higher doses (2 mg daily) of 
liraglutide, an average weight loss of 2.9 kg 
(2.1–3.6 kg) was observed when used as 
add-on therapy to metformin and compared 
with glimepiride (Nauck et al, 2006). 
Nausea was the most common reported 
side-effect but few trial participants 
withdrew as a consequence. 

Longer-acting	agents
Currently there are studies examining 
the impact of prolonged action of GLP-
1 receptor agonists. In addition, research 
is focusing on modifying human GLP-1 
sequencing in order to increase resistance to 
enzymatic degradation of by DPP-IV. Other 
preparations requiring once-daily or once-
weekly administration are being studied 
in an attempt to improve concordance and 
acceptability.

DPP-IV	inhibitors	(gliptins)

Mechanism	of	action
DPP-IV inhibitors block DPP-IV-mediated 
inactivation of GLP-1. This in turn results 
in prolongation of endogenous GLP-1 
activity, with higher plasma levels being 
achieved in vivo (Idris and Donnelly, 2007). 

In addition to the impact on GLP-
1 action, these agents may potentially 
affect other peptides, including peptide 
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YY, neuropeptide Y, growth hormone-
releasing hormone and vasoactive intestinal 
polypeptide, involved in regulatory systems 
(Deacon, 2004). It is further recognised that 
DPP-IV is important in T-cell activation. 
Long-term data on the use of DPP-IV 
inhibitors remain limited.

The properties of DPP-IV inhibitors are 
summarised in Box 2.

Vildaliptin
Vildagliptin (Galvus; Novartis, Frimley) 
is a competitive and reversible inhibitor 
of DPP-IV that is administered orally. It 
is metabolised by hydrolysis in the liver. 
In a 1-year study (Dejager et al, 2006) 
comparing vildagliptin 50 mg BD and 
metformin 1 g BD in drug-naïve people 
with type 2 diabetes and an average baseline 
HbA1c of 8.7% the mean change from 
baseline to endpoint HbA1c was -1% and 
-1.4% respectively. While non-inferiority 
of vildagliptin compared with metformin 
was not confirmed, gliptin monotherapy 
did result in early and sustained reduction 
in HbA1c. Gastrointestinal side-effects were 
less common than with metformin and 
there was no change in weight or significant 
hypoglycaemia with vildagliptin (Dejager et 
al, 2006). 

In a further study comparing vildagliptin 

50 mg BD with rosiglitazone 8 mg daily in 
drug-naïve people with type 2 diabetes, 
the mean change in HbA1c for those on 
vildagliptin from baseline to endpoint was 
-1.1%, which satisfied the non-inferiority 
criterion of < 0.4% difference between 
treatments. Lipid profile was improved in 
the vildagliptin-treated arm, with greater 
reduction in triglycerides, total cholesterol 
and low-density lipoprotein. Mean weight 
gain of 1.6 kg was observed over the 24-
week study period in those treated with 
rosiglitazone, whereas vildagliptin did not 
affect body weight (Rosenstock et al, 2007). 

When vildagliptin was added to insulin in 
people with poor glycaemic control (HbA1c 
7.5%–11%) a significant reduction in HbA1c 
was observed (-0.5% vildagliptin versus 
-0.2% placebo). In addition, no difference 
in insulin dosages were noted and fewer 
and less severe hypoglycaemic episodes were 
recorded in the vildagliptin-treated group 
(Fonseca et al, 2006). 

In elucidating the underlying actions on 
β-cell function, vildagliptin was shown to 
significantly increase acute insulin response 
to glucose – an effect that continued for 
2–4 weeks after ceasing therapy (D’Alessio 
et al, 2006). In addition, a 6-week insulin 
clamp study comparing vildagliptin with 
placebo showed a 15% improvement in 
insulin sensitivity (Azuma et al, 2006).

Sitagliptin
Sitagliptin (Januvia; Merck, Sharpe & 
Dohme, Hoddesdon) is primarily cleared 
via the kidneys. In three studies, sitagliptin 
was shown to improve HbA1c, fasting 
glucose and β-cell function compared with 
placebo. HbA1c was reduced by 1.05% with 
no hypoglycaemia and no change in body 
weight during a 12-week study (Nonaka 
et al, 2006). In another study, 741 people 
were randomised to placebo, sitagliptin 
100 mg or 200 mg daily over 24 weeks. 
HbA1c reductions of 0.61% and 0.76% were 
recorded respectively for the 100 mg and 
200 mg groups. Additionally, fasting plasma 
glucose levels were reduced compared with 
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1. Vildagliptin is a 
competitive and reversible 
inhibitor of DPP-IV that 
is administered orally. 

2. In elucidating the 
underlying actions on ß-
cell function, vildagliptin 
was shown to significantly 
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response to glucose.
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4. Sitagliptin has been 
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l Increases fasting and postprandial GLP-1 levels
l Reduces fasting and postprandial glycaemia
l Improves ß-cell function
 – Increases insulin secretion, reduces proinsulin : insulin ratio
 – Increases ß-cell mass
l Inhibits glucagon secretion
 – Reduces hepatic glucose production
l Increases insulin sensitivity
l Reduces postprandial lipaemia
l No effect on gastric emptying or body weight
l Reduces HbA1c by approximately 1 %
l is safe and tolerable

Box	2.	Summary	of	the	properties	of	dipeptidyl	peptidase-IV		
(DPP-IV)	inhibition	(adapted	from	Ahren,	2007).
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placebo. 
A homeostasis model assessment of β-cell 

function (HOMA-B) showed an increase of 
13% and a reduction in proinsulin : insulin 
ratio with sitagliptin, suggesting an 
improvement in β-cell function (Aschner 
et al, 2006). This was corroborated in 
another monotherapy study comparing 
sitagliptin with placebo. Sitagliptin 100 mg 
was associated with a 0.6% reduction in 
HbA1c as well as improvements in fasting 
proinsulin : insulin ratio and HOMA-B 
(Raz et al, 2006).

Sitagliptin has been used in combination 
therapy. When sitagliptin was used as 
add-on therapy in metformin-treated 
patients, reductions in HbA1c were similar 
to those achieved in patients who had 
glipizide added – but with significantly 
less hypoglycaemia (Ruddy et al, 2006). 
In patients on pioglitazone, the addition 
of sitagliptin 100 mg produced a 0.70% 
reduction in HbA1c with no change in body 
weight between the placebo and sitagliptin 
arms (Rosenstock et al, 2006).

Table 1 summarises the chemical 
characteristics of the incretin mimetics and 
gliptins currently undergoing trials.

Conclusions

New therapies that enhance the incretin 
effect will increasingly become available to 
patients and clinicians in everyday practice.

Early studies with incretin mimetics 
show promising improvements in glycaemic 
control with significant and continuing 
weight loss being achieved. Although 
nausea is common after starting treatment, 
this tends to be less when treatment 
is commenced on a lower dose and 
infrequently leads to cessation of therapy. 
Because these agents are administered as a 
once- or twice-daily injection, there will 
inevitably be some patients who will reject 
this form of therapy, but with the possibility 
of a once-weekly preparation in the future 
this may change.

Enhancing the incretin effect by blocking 
the breakdown of GLP-1 is the mechanism 
of action of a new therapeutic class – the 
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the mechanism of action 
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Agent  Chemical characteristics Manufacturer

GLP-1	receptor	agonists

Exenatide (Byetta) DPP-IV resistant peptide Amylin Pharmaceuticals (San Diego)  
 (naturally occurring  and Eli Lilly & Company (Basingstoke) 
 but bioengineered)
Liraglutide (NN2211) GLP-1 analogue with fatty  Novo Nordisk (Crawley)
 acyl adduct to promote
 albumin binding
CJC-1131 GLP-1 analogue which covalently  ConjuChem Inc (Montreal)
 binds to albumin after subcutaneous
 injection (Drug Affinity Complex  
 technology
Albugon GLP-1 analogue covalently bound  Human Genome Sciences (Rockville) 
 to albumin prior ex vivo and GlaxoSmithKline (Uxbridge)

DPP-IV	inhibitors	(phase	III/IV)

Vildagliptin (Galvus) Reversible inhibitor Novartis (Frimley)
Sitagliptin (Januvia) Reversible inhibitor Merck Sharp & Dohme (Hoddesdon)
Alogliptin (SYR-322) Reversible inhibitor Takeda (Wooburn Green)
Saxagliptin (BMS-477118) Covalently bound inhibitor Bristol-Myers Squibb (Uxbridge)

Table	1.	GLP-1	agents	and	DPP-IV	inhibitors.	Adapted	from	Levy	(2006)	and	Green	(2006).
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DPP-IV inhibitors. These agents are 
generally well tolerated and effective in 
lowering blood glucose in people with 
type 2 diabetes. As oral preparations they 
have clear advantages over the parenterally 
administered GLP-1 analogues/agonists in 
terms of acceptability. By contrast, however, 
they are generally weight neutral.

With time it is likely that both classes 
will be used earlier in the natural history of 
diabetes than their initial licenses in Europe 
are likely to or do permit. The potential for 
these agents to improve β-cell durability 
is an exciting prospect for a metabolic 
condition that inexorably progresses even 
with optimum treatment. 

Any future strategy to manage diabetes 
in a clinical setting and meet the needs of 
individual patients should include new 
classes of drugs. Incretin mimetics and 
gliptins offer novel mechanisms of action in 
the diabetes therapeutic portfolio. n
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