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Intestinal Hormones and Glucose Regulation
The importance of the intestine in regulating post-prandial glucose

levels unfolded over the latter half of the 20th century. Observations

in the early 20th century demonstrated that intestinal extracts could

alleviate diabetes, but these studies were overlooked.1,2 It was not

until the 1960s that the ‘enteroinsular axis’ and the incretin effect

were defined. The enteroinsular axis is a network of neural and

endocrine signals between the intestine and the pancreas that

promote insulin release in response to feeding.3 Incretins are

intestinal endocrine hormones and are important components of the

enteroinsular axis.3 Thus far, two incretin hormones that potently

stimulate insulin secretion at physiological concentrations have been

identified: glucagon-like peptide-1 (GLP-1) and glucose-dependent

insulinotropic polypeptide (GIP). 

The Incretin Hormones –
Discovery and Physiological Actions
GLP-1 was discovered in complementary DNA (cDNA) derived from the

anglerfish when molecular biology techniques were employed to

investigate the proglucagon gene.4 Subsequent work revealed the

mammalian sequences of GLP-1 and identified GLP-1(7–36) amide as 

the major bioactive peptide, characterised by a potent dose-dependent

insulinotropic action.5,6 GIP was identified much earlier than GLP-1 in an

impure porcine enterogastrone extract.7 Initial effects on the stomach

gave rise to the original name ‘gastric inhibitory polypeptide’, which was

later changed to reflect its potent insulin secretory action on pancreatic

beta-cells.8–11 GLP-1 and GIP are released post-prandially from 

intestinal L- and K-cells, respectively, and they are effective modulators

of glucose-dependent insulin secretion.6,12 This glucose-dependent

character has been a key feature in the clinical exploitation of incretins

because it limits the risk of hypoglycaemia. In vitro studies have shown

that GLP-1 and GIP can upregulate pro-insulin gene transcription and

enhance the growth, differentiation, proliferation and survival of

pancreatic beta-cells.13–15 Furthermore, GLP-1 and GIP appear to act as a

beta-cell mitogenic and anti-apoptotic factor.16,17 The hormones have 

a range of extrapancreatic effects (see Figure 1), which are reviewed

elsewhere.6 Regulatory actions of incretins involve effects on glucose

and energy metabolism as well as having actions on the liver, skeletal

muscle and adipose tissues.5,6,18–20 As a consequence of the early work

characterising biological actions, the incretin hormones gradually

gained a reputation as novel therapeutic agents for the treatment of

diabetes and related metabolic disorders.6

Metabolism of the Incretins by 
Dipeptidyl Peptidase-4 
Dipeptidyl peptidase-4 (DPP-4) was one of the earliest identified prolyl

peptidases. Its wide range of important physiological substrates has

helped make it one of the most intensively studied enzymes of this

family.21 The activity of DPP-4 is relatively selective because only

peptide bonds penultimate to the N-terminus that follow a proline or

alanine (and in some cases a serine) are cleaved.21

DPP-4 is ubiquitous, existing as a soluble form in circulating blood and

also as a membrane-anchored form present in the endothelia 

and epithelia of tissues such as bone marrow, kidney, intestine,

pancreas, liver, lymphocytes, placenta, uterus, prostate and skin.21
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The expression and activity of DPP-4 in certain tissues and blood

plasma can vary significantly in response to disease, injury or

inflammation (reviewed elsewhere).21,22 It is therefore not surprising

that the physiological role of DPP-4 is wide-ranging. It is capable of

interacting with large proteins such as collagen, fibronectin and

adenosine deaminaseas as well as many peptide substrates (see

review).23 Among the most commonly recognised substrates of DPP-

4 are several chemokines affecting the immune system, several

neuropeptides with wide-ranging actions and the counter-regulatory

hormone glucagon.23

Degradation of GLP-1 and GIP by DPP-4 in vitro was first

demonstrated by Mentlein and co-workers.24 They observed the

enzymatic removal of N-terminal dipeptides His7-Ala8 and Tyr1-Ala2

from GLP-1 and GIP, respectively, when incubated with DPP-4 purified

from the human placenta. Importantly, they went on to observe that

GLP-1 and GIP were similarly degraded when incubated in human

serum.24 Subsequently, it was confirmed that DPP-4-mediated

metabolism of GLP-1 and GIP also occurred in vivo.24,25 This action of

DPP-4 reduces the in vivo half-life of GLP-1 and GIP to less than 

two minutes.25–27 Since the active forms of incretin hormones are 

GLP-1(7–36) amide and GIP(1–42), degradation by DPP-4 leads to

inactivation with the accumulation of major degradation fragments

GLP-1(9–36) amide and GIP(3–42), respectively. 

The receptor binding characteristics and actions of these

fragments have been elucidated. GLP-1(9–36) amide and GIP(3–42)

are both non-insulinotropic peptides and it was initially suggested

that these were relatively inert and inactive metabolites.26–28 The

affinity of GLP-1(9–36) amide for the GLP-1 receptor is 100-fold

lower than that of the parent molecule and it appears to act as a

weak receptor antagonist.29–31 While GLP-1(9–36) amide does not

antagonise the insulinotropic activity of physiological GLP-1(7–36)

amide concentrations in vivo, there is some evidence that this

metabolite possesses weak antihyperglycaemic activity through a

mechanism not involving insulin secretion.32

Following truncation by DPP-4, the receptor affinity of GIP(3–42) is

approximately four-fold lower than that of GIP(1–42).33 GIP(3–42) has

been shown to antagonise the GIP receptor in vitro.34,35 However,

different results have been generated by in vivo studies.34–36 Thus,

although GIP(3–42) antagonises GIP-stimulated adenosine 3’5’ cyclic

monophosphate (cAMP) production and insulin secretion in vitro, it

does not behave as an antagonist at physiological concentrations in

vivo.33 Indeed, a pharmacological dose of GIP(3–42) (25nmol/kg)

administered to obese diabetic (ob/ob) mice once daily for 14 days

enhanced insulin sensitivity and improved glycaemic control.36 This

appears to involve extrapancreatic mechanisms aroused by

compromised GIP action, leading to improved insulin sensitivity (for a

review see Irwin and Flatt).37 However, during studies with GIP(3–42)

or GLP-1(9–36) amide there were no effects on bodyweight, food

intake, pancreatic insulin content or islet morphology.36

Pre-clinical Studies ‘Knocking Out’ or Inhibiting
Dipeptidyl Peptidase-4
One of the first DPP-4 inhibitors employed as a biological tool to

better understand DPP-4 was a tripeptide (Ileu-Pro-Ileu) called

diprotin A.38,39 Structural studies using human DPP-4 revealed that

diprotin A covalently bonded to Ser630 in the catalytic site and this

irreversibly blocked the enzyme active site.40

The concept of gliptins was supported by promising studies involving

mice and rats lacking functional DPP-4. Such proof-of-concept studies

(briefly summarised below) led to a new hypothesis: that specific

inhibitors of DPP-4 could improve glucose homeostasis and thus

could potentially be used to treat type 2 diabetes. Mice that lack 

DPP-4 activity have significantly reduced glycaemic excursions and

greater levels of glucose-stimulated insulin and show extended

activity of GLP-1 and GIP.41 Similarly, rats deficient in DPP-4 have

improved glucose tolerance, enhanced insulin release and higher

levels of active GLP-1.42 A series of other studies further underpinned

this by demonstrating that a lack of DPP-4 lessened food intake,

increased energy expenditure and granted animals resistance to the

development of glucose intolerance, diabetes and obesity.43,44

One of the first DPP-4 inhibitors to be developed and tested in animal

models of type 2 diabetes was P32/98 (isoleucine thiazolidide). Oral

administration of P32/98 acutely improved glucose tolerance in Zucker

fatty rats.45 Chronic treatment (12 weeks) of Zucker rats with P32/98

improved glucose tolerance and increased plasma insulin levels, but did

not lead to any measurable changes in beta-cell mass or islet

morphology.46 P32/98 reduced weight gain and improved hepatic and

peripheral insulin sensitivity.46,47 Another inhibitor, LAF-237 (later named

vildagliptin), dose-dependently controlled glycaemia in insulin-resistant

rats over a three-week period.48 Another inhibitor called NVP-DPP728

improved glucose tolerance and increased the circulating levels of

active GLP-1.49 The effectiveness of the inhibitor valine-pyrrolidide was

demonstrated in high-fat-fed mice. Valine-pyrrolidide improved glucose

tolerance and potentiated the insulin response to intra-gastric glucose.50

Early experiments exploring possible combinatorial therapies involving

DPP-4 inhibitors were undertaken in diabetic mouse models.

Combining vildagliptin with rosiglitazone did not provide any additional

efficacy to rosiglitazone alone; however, it did appear to reduce

common side effects such as weight gain and haemodilution.51

Combining a DPP-4 inhibitor with an alpha-glucosidase inhibitor had an

additive effect on glucose tolerance and increased active GLP-1 levels.52

Figure 1: Physiological Actions of the Incretin
Hormones Glucagon-like Peptide-1 and 
Glucose-dependent Insulinotropic Polypeptide

↑ Insulin sensitivity

Muscle and adipose (GLP-1 and GIP)
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↓ Hepatic glucose output
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Physiological effects of the incretin hormones that exert diverse biological actions on a
number of human target organs, such as the pancreas, liver, stomach, muscle, adipose
tissue, heart and brain. 
GIP = glucose-dependent insulinotropic polypeptide; GLP-1 = glucagon-like peptide-1.
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Wider dissemination of pre-clinical studies with DPP-4 inhibitors, and

particularly their adoption into clinical trials, has led to a proliferation

in the number of DPP-4 inhibitor compounds under investigation. The

outcomes of these trials remain to be seen.53–55

Clinical Use of Gliptins
Three gliptins have become available for clinical use in the UK:

sitagliptin (Januvia, 2007), vildagliptin (Galvus, 2008) and saxagliptin

(Onglyza, 2009). Their pharmacokinetic features are summarised in

Table 1.56–58 The dosages and administration schedules used in the

treatment of diabetes produces almost total inhibition of DPP-4

activity over 24 hours, increasing the post-prandial circulating

concentrations of active GLP-1 and GIP by two- to three-fold. This is

associated with increased meal-stimulated or glucose-stimulated

insulin secretion and reduced glucagon concentrations. 

Several randomised controlled trials have affirmed the glucose-lowering

efficacy of gliptins in type 2 diabetes patients (see Tables 2–4). When

used as monotherapy or in combination with other antidiabetic agents,

gliptins have typically reduced glycated haemoglobin (HbA1c) by about

0.5–1%.59–74 Efficacy is often greater if the baseline HbA1c is >8%. Several

studies have shown durable efficacy up to one year. Basal glycaemia is

usually decreased by about 1–1.5mmol/l, while post-prandial glucose

concentrations are lowered by about 3mmol/l.59–74

The effects of gliptins are generally additive to those of other

antidiabetic agents, provided there is adequate remaining beta-cell

function. Usage has been mainly in combination with agents that

improve insulin sensitivity (metformin or a thiazolidinedione).

However, gliptins can also be used with a sulphonlyurea or

meglitinide to further enhance the insulin response because incretins

act on beta-cells via a separate cellular mechanism involving specific

G-protein-coupled receptors. 

Monotherapy with a gliptin carries a low risk of interprandial

hypoglycaemia, although hypoglycaemia is more evident 

when gliptins are used in combination with other agents, notably

sulphonylureas.75–77 This reflects the mode of action via incretins 

to potentiate nutrient-induced insulin secretion, but not to initiate

insulin secretion at low glucose concentrations. Also, the 

glucagon-lowering effect of GLP-1 is lost at low glucose concentrations,

helping to preserve an acute counter-regulatory response.78

The extent to which gliptins raise active GLP-1 concentrations does

not appear to be sufficient to significantly reduce the rate of gastric

emptying, hence gliptins do not tend to cause the nausea that is

sometimes experienced after an injection of GLP-1 agonists. Gliptins

are generally regarded as weight-neutral agents and may assist a

small amount of weight loss.79,80 They may have a mild satiety effect

by increasing active GLP-1 concentrations in the portal circulation and

liver, where GLP-1 triggers vagal afferents, affecting satiety. Gliptins

may produce modest improvements in the postprandial lipid profile.81

An exciting future prospect where gliptins could play an important

role involves the potential use of pharmacological agents to boost

endogenous secretion of incretin hormones. The notion of developing

a combinatorial therapy that contains a GLP-1 secretagogue and a

gliptin compound is a concept that is gaining momentum. Possible

receptor targets on L-cells for increasing GLP-1 exocytosis include

GPR119, GPR120 and TG5R.82,83

Safety and Tolerability of Gliptins
The inhibition of DPP-4 could potentially extend the circulating half-lives

of many biologically active peptides with an Ala or Pro residue

penultimate to the N-terminus, such as bradykinin, encephalins,

neuropeptide Y, gastrin-releasing polypeptide, substance P and

monocyte chemoattractant protein-1. Thus, gliptins might conceivably

affect vasoreactivity, monocyte behaviour, gastrointestinal motility and

growth, as well as having an incretin-enhancing effect.78,81 However,

there has been no evidence to date that gliptin therapy has any clinically

significant or measurable effects on these physiological functions. 

Since DPP-4 doubles as the CD-26 T-cell activating antigen, this has

raised suspicion that gliptins could interfere with immune function.84

Gliptins are small molecules that are located deep within the

structure of DPP-4, where they interrupt the peptidase activity. They

thus leave the outer conformation of the protein intact and the

immune function apparently unaffected. 

In clinical trials gliptins have been well tolerated. Minor upper

respiratory tract infections and urinary tract infections are common

adverse events during long-term clinical trials. Despite this, their

occurrence during gliptin therapy was not sufficiently raised during

the pre-registration trials or during post-marketing surveillance 

to suggest any specific link to the therapy. Isolated severe

hypersensitivity reactions to sitagliptin have been reported during

the first three months of therapy. These include anaphylaxis,

angioedema, exfoliate skin conditions and, very rarely, emerging

signs of Stevens-Johnson syndrome. Monitoring for skin disorders

such as rash, blistering and ulceration is recommended for all

gliptins, but problems encountered during trials with monkeys have

not materialised in humans.57–59

Caution is advised with advancing kidney or liver disease. Dose

adjustments can enable sitagliptin and saxagliptin to be used with

appropriate caution in severe renal disease, but there is no

experience of their use in severe liver disease. Rare reports of raised

alanine transaminase levels with vildagliptin have prompted caution

in individuals with reduced liver function.85 The three gliptins

currently available do not appear to significantly inhibit or induce 

the main P450 isoforms, but concomitant medications that 

inhibit P450 CYP3A4/5 (e.g. ketoconazole) may increase saxagliptin

concentrations. Lack of experience with gliptins in patients with

Table 1: Pharmacokinetic Features of Gliptins

                          Sitagliptin               Vildagliptin              Saxagliptin

Launch in UK        2007                         2008                         2009

Dose                    100mg OD                50mg BID                  5mg OD

Bioavailability       ~87%                        ~85%                        50–75%*

Tmax                               1–4 hours                 ~1.7 hours                2–4 hours

Protein bound      ~32%                        ~9%                          Negligible

Metabolism          ~20%                        ~70%                       ~75%

                            metabolised             metabolised             metabolised

                            (mainly liver)             (mainly renal)           (mainly liver)

Metabolites          Very weak activity    Mostly inactive         Active

Half-life                       ~12 hours                 2–3 hours                 2.5–3 hours

Elimination           ~80% in urine,         ~85% in urine,          ~75% in urine, 

                            mostly unchanged  mostly metabolites  mostly metabolites

                            drug

*Bioavailability data from animal studies. 
BID = twice daily; OD = once daily; Tmax = time to maximum plasma concentration.
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heart failure should be borne in mind. High dosages of gliptins have

been associated with some adverse effects during pregnancy in

animals, hence gliptins are not recommended in pregnancy and

lactation.57–59 Although there have been reports of pancreatitis among

patients taking gliptins, the incidence appears to be similar to that

seen in the background population with type 2 diabetes: the

occurrence of pancreatitis in type 2 diabetes is about 2.8 times

higher than in the non-diabetic population.86

Diverging Actions of the Incretins –
Future Prospects
It is widely held that the primary physiological role of incretins is to

modulate plasma glucose. However, several independent lines of

inquiry indicate that incretins have important functions relevant to

pathophysiologies other than diabetes. There is a growing body of

evidence indicating that incretin-related peptides have cardio-

protective and neuroprotective actions that may combat other human

Table 2: Randomised Controlled Clinical Trials with Sitagliptin (Januvia) in Type 2 Diabetes

Author                             Study                  Duration          Number of       Dose               Other Antidiabetic                      Mean                   Placebo-
                                        Design                 (weeks)            Patients           (mg/day)          Treatment                                   Baseline              subtracted 
                                                                                                                                                                                               HbA1c (%)                Decrease in
                                                                                                                                                                                                                           HbA1c (%)

Aschner et al.,                    RDBPC                  24                      741                    100                    Diet only                                         8.0                         ↓ 0.79

200659                                                                                                                                                                                                         200                    Diet only                                         8.0                         ↓ 0.94

Charbonnel et al.,               RDBPC                  24                      701                    100                    Diet + metformin                           7.96                       ↓ 0.65

200660

Rosenstock et al.,               RDBPC                  24                      353                    100                    Diet + pioglitazone                         8.05                       ↓ 0.70

200661

Goldstein et al.,                  RDBPC                  24                      340*                  100                    Diet only                                         8.8                         ↓ 0.83

200762

Nauck et al.,                       RDBAC                  52                      1,172                 100                    Diet + metformin                           7.5                         ↓ 0.67

200763

Hermansen et al.,               RDBPC                  24                      441                    100                    Diet + glimepiride                          8.34                       ↓ 0.57

200764                                                                                                                                                                                                                                                      Diet + glimepiride + metformin                                  ↓ 0.89

*Number is the diet + placebo and the diet + sitagliptin arms only.
HbA1c = glycated haemoglobin; RDBAC = randomised double-blind active comparator; RDBPC = randomised double-blind placebo controlled.

Table 3: Randomised Controlled Clinical Trials with Vildagliptin (Galvus) in Type 2 Diabetes

Author                             Study                  Duration          Number of       Dose               Other Antidiabetic                      Mean                   Placebo-
                                        Design                 (weeks)            Patients           (mg/day)          Treatment                                   Baseline              subtracted 
                                                                                                                                                                                               HbA1c (%)                Decrease in
                                                                                                                                                                                                                           HbA1c (%)

Ahren et al., 200465                         RDBPC                  52                      107                    100                    Diet + metformin                           7.7                         ↓ 1.1

Garber et al., 200766                      RDBPC                  24                      463                    50                      Diet + pioglitazone                         8.7*                       ↓ 0.8 

                                                                                                                            100                    Diet + pioglitazone                         8.7*                       ↓ 1.0

Rosenstock et al., 200767        RDBAC                  24                      519                    100                    Diet only                                         8.7                         ↓ 1.1

Schweizer et al., 200768     RDBAC                 52                      780                    100                    Diet + metformin                           8.7                         ↓ 1.0†

Bosi et al., 200769                              RDBPC                  24                      544                    50                      Diet + metformin                           8.4                         ↓ 0.7

                                                                                                                            100                    Diet + metformin                                                         ↓ 1.1

*Approximate HbA1c value estimated from illustration. †Decrease in HbA1c was 1.0% diet + vildagliptin versus 1.4% for diet + metformin.
HbA1c = glycated haemoglobin; RDBAC = randomised double-blind active comparator; RDBPC = randomised double-blind placebo-controlled.

Table 4: Randomised Controlled Clinical Trials with Saxagliptin (Onglyza) in Type 2 Diabetes

Author                             Study                  Duration          Number of       Dose               Other Antidiabetic                      Mean                   Placebo-
                                        Design                 (weeks)            Patients           (mg/day)          Treatment                                   Baseline              subtracted 
                                                                                                                                                                                               HbA1c (%)                Decrease in
                                                                                                                                                                                                                           HbA1c (%)

Rosenstock et al.,              RDBPC                  12                      338                    2.5, 5,               Diet only                                        7.9                         ↓ 0.45–0.63

200870                                                                                                                                                                                                                             10, 20, 40

DeFronzo et al.,                 RDBPC                  24                      743                    2.5, 5, 10           Diet + metformin                           8.0                         ↓ 0.46–0.56

200971

Chen et al.,                        RDBAC                  24                      1,306                 5, 10                  Diet + metformin                           9.5                         ↓ 0.50–0.54 

200872

Ravichandran et al.,           RDBAC                 24                      768                    2.5, 5                 Diet + glyburide                             8.4                         ↓ 0.54–0.64

200873

Allen et al.,                         RDBPC                  24                      565                    2.5, 5                 Diet + thiazolidinedione*               8.3                         ↓ 0.36–0.64 

200874

* The thiazolidinedione was either pioglitazone or rosiglitazone.
HbA1c = glycated haemoglobin; RDBAC = randomised double-blind active comparator; RDBPC = randomised double-blind placebo-controlled.
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diseases. At this stage it is too early to tell whether DPP-4 inhibitors

could play a role in these actions. Their use will need to be reviewed

periodically as and when new evidence comes to light. 

Cardioprotective Effects
Patients with diabetes are characterised by an increased risk of

developing both microvascular complications (e.g. retinopathy,

nephropathy and neuropathy) and atherosclerotic macrovascular

disease, potentially leading to the development of peripheral vascular

disease, stroke and heart failure.87 In the UK, cardiovascular disease

(CVD) is the leading cause of mortality and is linked to premature

death in up to 40% of the population.87 Patients with diabetes are

characterised by significantly elevated CVD risk compared 

with normoglycaemic individuals.88,89 The Framingham Heart Study

determined that heart failure was twice as common in men with

diabetes and five times as common in women with diabetes who

were 45–74 years of age compared with the normal population and

that this association was even stronger in younger patients.90

Recent evidence suggests that in addition to its established glucose-

lowering actions, GLP-1 may also exert several beneficial actions on

the cardiovascular system, including improved left ventricular function

and improved recovery after myocardial ischaemia. This introduces

new therapeutic possibilities for the use of GLP-1 compounds in the

treatment of CVD in both normal patients and those with diabetes.

Recent evidence supports the existence of GLP-1 signalling pathways

independent of the classic GLP-1R. The existence of multiple GLP-1Rs

within the cardiovascular system has not been ruled out. Several

studies have suggested that the metabolically inactive form of GLP-1

(GLP-1(9–36) amide) may play a significant cardiovascular role91,92 and

this has potential implications for DPP-4 inhibitor therapies. 

The emerging cardiovascular actions of GLP-1 and the potential for

GLP-1 as a treatment for CVD in both diabetic and non-diabetic

patients has recently been reviewed in depth.93

Neuroprotective Effects
The central effects of GLP-1 to inhibit feeding are widely appreciated.

They appear to be mediated by GLP-1 receptors located in the

arcuate nucleus and other hypothalamic regions.5,94 Indeed, GLP-1

synthesised in the brain may activate these receptors as well as

acting peripherally. GLP-1 triggers satiety pathways by gaining direct

access through the blood–brain barrier in addition to activating

sensory vagal afferent nerve fibres and other networks comprising

the gut–brain axis.95 Stable GLP-1 receptor mimetics promote

clinically significant bodyweight loss, whereas DPP-4 inhibitors are

weight-neutral and generally lack effects on gastric emptying,

presumably due to much lower concentrations of endogenous GLP-1

being achieved following therapy. GIP also lacks effects on feeding,

but it is increasingly clear that, like GLP-1, many brain regions

synthesise GIP and are endowed with functional GIP receptors.96

Such observations fit well with growing evidence in preclinical studies

that both GLP-1 and GIP increase cognition and exert potentially

important central neuroprotective actions.5 Thus, DPP-4-resistant

analogues of GLP-1 and GIP have recently been shown to improve

hippocampal neurotransmitter release and synaptic plasticity, also

protecting synapses from the detrimental neurodegenerative effects

of beta-amyloid fragments.97,98 These observations suggest a possible

therapeutic benefit of incretin hormones in Alzheimer’s and other

diseases associated with impaired cognitive function.99 Indeed GLP-1

receptor knockout mice demonstrate impaired synaptic plasticity and

memory formation.100

Whether similar benefits might follow from the clinical use of DPP-4

inhibitors remains to be explored. Direct central effects can be

discounted because DPP-4 inhibitors are generally designed not to

cross the blood–brain barrier and the central nervous system

contains very low levels of DPP-4 anyway. However, recent studies

report a beneficial effect of sitagliptin on cognition  and amyloid

deposition in Alzheimer’s prone mice.101, 102

Neuroprotective effects of increased circulating incretin levels

passing into the brain and/or by activation of peripheral sensory

neural pathways are worthy of consideration, especially given their

increasing recognition in glucoregulatory incretin effects.95,103

Conclusion
From their inception around a decade ago, gliptin drug therapies for

type 2 diabetes have rapidly gone from concept to pre-clinical

development to clinical adoption. Factors contributing to this are: 

•   the characterisation of the inactivation of GLP-1 and GIP by DPP-4;

•   the parallel development of incretin analogues and mimetics; and

•   the proven efficacy and suitability of gliptins for 

oral administration. 

Currently, diabetologists have a selection of three approved gliptin

therapies for managing hyperglycaemia, with further additions likely.

Gliptins are suitable for mono- and combination therapy. They add to

the growing array of antidiabetic drugs now available. 

Gliptins are efficacious in lowering HbA1c and so far are generally well

tolerated, exhibiting few adverse effects and minimal risk of

hypoglycaemia. The widespread use of gliptins will improve clinical

knowledge and determine the long-term future of this new drug class

in the management of type 2 diabetes. n
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