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Introduction

Type 2 diabetes mellitus (T2DM) is a chronic
progressive disease which leads to various micro-
and macro vascular complications with increased
morbidity and mortality if the hyperglycemia is not
controlled properly. To prevent T2DM, its progress
and the late stage complications, recent efforts have
been to introduce drugs based upon the functions of
the intestinal hormone glucagon-like peptide-1 (GLP-
1). Glucagon-like peptide 1 (GLP-1) is an intestinal
hormone which increases insulin secretion. The
insulin secretion is more after oral as compared to
intravenous glucose administration. This increased
secretion which is due to the intestinal hormones or
incretins, is not found adequately in patients with
T2DM. The insulin secretion by GLP-1 is glucose-
dependent. GLP-1 also suppresses glucagon, causes
areduction in appetite and delays gastric emptying.
It has been shown to stimulate beta-cell neogenesis,
growth and differentiation. In vitro it also inhibits
beta-cell apoptosis induced by different toxins. But
the natural GLP-1 is inactivated rapidly by the
enzyme dipeptidyl peptidase-4 (DPP-4) and thus is
not useful as a therapeutic agent in the long-term
treatment of Type 2 diabetes. So in recent past there
have been efforts to develop the “incretin mimetics”
acting on GLP-1 receptors (like exendin-4) or long
acting GLP-1 analogues. "-?

Liraglutide is the first true human GLP-1 analogue
which has been approved by FDA on 25" January
2010.
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Chemistry

Liraglutide has 97% amino acid sequence similar to
the natural GLP-1. The molecular formula of
liraglutide is C,H, N, O, . Modifications have
been done with the two lysine residues in the
mammalian GLP-1 amino acid sequence. Glutamic
acid has been attached to one lysine to facilitate the
addition of a palmitoyl group. Another lysine has
been replaced by arginine. These modifications help
liraglutide in self association, binding to albumin and
providing stability against degradation by enzymes.
Thus its absorption and duration of action becomes
prolonged making it suitable for therapeutic use.>?

Figure: Chemical Structure of liraglutide (Amino
acids residues in bold indicate differences from
mammalian GLP-1)*

Pharmacokinetics

Liraglutide is given 0.6 mg subcutaneously once daily,
independent of meals. After the initial week for
gastrointestinal adaptation the dose is increased to
1.2 mg daily for the therapeutic effect. The dose
can be escalated up to 1.8 mg in subsequent weeks
depending on the response. It has slow absorption
(Tmax of ~10-14 hours) and a long half-life of around
12%2 hours.’
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Liraglutide in once daily dosage has been shown to
provide better pharmacokinetic coverage in
comparison with twice-daily exenatide. Presence of
T2DM does not affect the pharmacokinetic properties
of the drug as no clinically relevant differences were
found in liraglutide pharmacokinetics between healthy
volunteers and subjects with T2D.® Nearly 90% of
liraglutide after injection is found in the plasma as the
intact molecule. It is very slowly disintegrated into
smaller moieties and eliminated via the liver and
kidney. The breakdown products as amino acids and
fatty acids are utilized in new endogenous proteins
and lipid synthesis.?

No safety concerns have been found regarding use
of liraglutide in patients with renal impairment. Renal
impairment does not increase the exposure of
liraglutide, and patients with Type 2 diabetes having
compromised renal function can use standard
treatment regimens of liraglutide without any dose
adjustment.” Adjustments for body weight, age or
gender has no effect upon the pharmacokinetics of
liraglutide in healthy subjects.® No dose adjustment is
needed for the patients with hepatic impairment.’
Because of lack of adequate studies in pregnant and
lactating women, it should be used with caution in
these patient groups.

Pharmacodynamics

Liraglutide acts as GLP-1 receptor agonist. GLP-1 is
a membrane-bound cell-surface receptor coupled to
adenylyl cyclase by the stimulatory G-protein, Gs, in
pancreatic beta cells. Liraglutide increases
intracellular cyclic AMP (cAMP) leading to insulin
release in the presence of elevated glucose
concentrations. Liraglutide also helps in restoring
normoglycemia by increasing insulin sensitivity and
significantly improving the function of the beta-cells.
Liraglutide has been found to be useful as
immunotherapy and in combination with oral anti
diabetic drugs.'®!'"!'23 Combined with oral
antidiabetic drugs it leads to rapid improvement in
fasting plasma glucose levels.'* It reduces food intake,
delays gastric emptying and suppresses prandial
glucagon release.'>!%"7

The reduction in HbAlc is seen to be up to
approximately 1.3% to 1.7% from baseline (8.2%-
8.4%)." Since the action of liraglutide is glucose
dependent, there is very low incidence of
hypoglycemia.' It significantly decreases body fat
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mass and improves obesity related risk factors, thus
helping in reduction of prediabetes.”” Weight loss of
up to 3.8 kg has been seen with liraglutide therapy.*"-*
It reduces the systolic blood pressure and has cardio
protective effect.”***It may improve the endothelial
cell dysfunction associated with premature
atherosclerosis identified in type 2 diabetic patients.**
The cardio protective effects may be partly direct,
because liraglutide increases cyclic AMP formation
and reduces the extent of caspase-3 activation in
cardiomyocytes in a GLP-1R-dependent manner
thus playing an important and favorable role in
apoptosis in vitro.” It has been shown to cause no
clinically relevant increases in the QTc interval and
has a neutral effect on myocardial infarct size.**?’

Indications

Liraglutide can be used in adult patients of type 2
diabetes mellitus having poor glycemic control with
oral hypoglycemic agents.?® It is a good option as
early add-on therapy for patients on single oral
antidiabetic drug needing the second drug for optimal
blood glucose control.”

Liraglutide has been approved for the combination
with metformin and/or a sulfonylurea or with
metformin and a thiazolidinedione, if treatment with
one or a combination of these drugs is not sufficient.*’
In patients failing to sulphonylureas and/or
metformin, GLP-1 receptor agonists are shown to
be as effective as insulin.”!

In the treatment of type 2 diabetes long-term
projected survival, diabetes complications, and costs
have shown to be favorable with liraglutide in
comparison with glimepiride or rosiglitazone .’
When compared to exenatide twice a day liraglutide
provided significantly greater improvements in
glycaemic control and was seen to be generally
better tolerated. It may be particularly beneficial in
obese patients whose weight is a significant risk
factor for cardiovascular diseases. It may also be
useful in those patients who are at risk of
hypoglycemia. It can be used early in those at risk
of developing diabetes and can play a role in
preventing the disease incidence. Early use may also
be effective in those who already have diabetes,
where the disease progression can be slowed or
stopped.*
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Adverse effects

The most common adverse events reported with
liraglutide are gastrointestinal. There can be occurrence
of nausea, vomiting and diarrhea. Most cases of the
treatment discontinuation have been reported to be due
to the gastrointestinal adverse events.”” * These are
generally seen to be more prominent during the initial
period of therapy and decrease during later days of the
drug use.”” Transient nausea is the most common side
effect.® It has been reported by 11-19% of the
liraglutide-treated subjects.”

Headache, dizziness, fever have been reported in a
few cases. The urine output can decrease but there
is no clinically relevant change in packed cell
volume. The vital signs, ECG parameters, physical
examination or safety laboratory parameters remain
within normal limits.> Four patients have been found
to have developed acute (n = 3) or chronic (1)
pancreatitis during the various liraglutide clinical
trials. Observational reports and clinical trial data
suggest that GLP-1 agonist use can be associated
with acute pancreatitis; however, more studies and
in-depth case report analysis are needed for further
evaluation and verification of this association.*’

A safety concern related to Liraglutide is that it caused
C-cell stimulation in mice leading to hyperplasia and
neoplasia including medullary thyroid carcinoma
through a GLP-1 receptor stimulation of the C-cells.
In clinical trials there have been no reported cases of
medullary thyroid carcinoma in patients treated with
liraglutide. More studies will be needed to rule out the
carcinogenic potential of the drug in human beings
and it cannot be concluded that the preclinical findings
in the rodents have no relevance. So Liraglutide is
contraindicated in patients with a personal or family
history of medullary thyroid carcinoma or multiple
endocrine neoplasia syndrome type 2.*

Summary

The human GLP-1 analogue liraglutide can play an
important role among the main options for treatment
of type 2 DM. It can be efficiently used as add-on
therapy in case of secondary failure. It can also be
part of an early strategy to reduce the burden of the
disease and its complications.
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