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Abstract

GLP-1 receptor agonists are approved for the treatment of type 2 diabetes, and more recently for
obesity treatment. The glucagon-like-peptide-1 (GLP-1) is a glucose dependent hormone produced
by intestinal cells, which is involved in insulin secretion and glucagon suppression. This hormone
controls glucose plasma levels and reduces food intake. Additional effects were reported in slow-
ing gastric emptying and in inducing satiety. In clinical practice, the GLP-1 receptor agonists are
associated with significant reductions in glycosylated hemoglobin (HbA1c) and weight loss, despite
showing a low risk of hypoglycemia. Beneficial effects have also been observed on blood pressure
and lipid profile. The most common side effects associated with GLP-1 receptor agonists are gastro-
intestinal motility disorders, such as nausea, vomiting and diarrhea, which are not associated with
long-term health risks. Therefore, GLP-1 receptor agonists represent a relevant medication for type
2 diabetes, whose benefits may go far beyond glycemic control.
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1. Introduction

The glucagon-like peptide 1 (GLP-1) is an incretin hormone secreted mainly by the enteroendocrine cells of the
intestine in response to glucose. Native GLP-1 has a short half-life of minutes, being rapidly degraded by dipep-
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tidyl peptidase-1V (DPP-1V), to generate an NH2-terminally truncated metabolite in addition to undergoing ren-
al excretion [1]. The GLP-1 receptor is widely expressed in islet cells, kidney, lung, brain, the gastrointestinal
tract, and, interestingly, also in the heart [2].

The GLP-1 is also an insulinotropic agent through its ability to stimulate insulin gene expression and proinsu-
lin biosynthesis [3] and acts as a potent-cell growth factor [4] and also increases the expression level of the cell
specific transcription factor—the pancreatic duodenal homeobox gene 1 (PDX-1) [4] [5]. In addition, the glu-
cose dependent mechanism increases beta cells proliferation in a phosphatidylinositol-3 kinase (P1-3K) depen-
dent way in (INS-1) cells [4] as well as increased pancreatic islet mass in mouse pancreas [5].

Therapies that act on incretin system involve two main hormones: glucagon as incretin peptide-1 (GLP-1) and
glucose-dependent insulinotropic polypeptide (GIP), which are quickly released after meals [6]. Both hormones
are glucose-dependent insulin secretion; and GLP-1, but not GIP, also suppresses glucagon secretion, delays ga-
stric emptying, and decreases food intake. GLP-1 and GIP are inactivated by DPP-4 [6].

2. Types of Incretin Based Therapies

This therapy consists of two classes of drugs: GLP-1 receptor agonists, which have biological activity similar to
GLP-1, but are resistant to DPP-1V; and DPP-4 inhibitors, which prevent enzymatic inactivation of endogenous
GLP-1 and GIP [7]. Both classes increase insulin and suppress glucagon secretions in a glucose-dependent way,
but with differences. Glycogenic benefits of native GLP-1 or a GLP-1 receptor agonist (dosed to pharmacologi-
cal concentrations) are accompanied by delayed gastric emptying and weight loss, but nausea initially occurs in
few people [6] [8].

Types of Glucagon-Like Peptide-1 Analogues

1) Liraglutide

Liraglutide (approved by EU, Japan, 2009, USFDA, 2010; marketed by NovoNordisk, brand name Victoza).
Liraglutide is a human GLP-1 analogue with one amino acid substitution (Arg34Lys) and a C-16 palmitic acid
side chain attached via a glutamyl spacer. These modifications result in slower absorption from subcutaneous
tissue, reversible albumin binding, and resistance to GLP-1 inactivation by dipeptidyl peptidase-4. Liraglutide is
99% bound to albumin, with free liraglutide degraded by endogenous peptidases, and not via renal elimination
[9]. Liraglutide injection produces maximal concentrations within 10 - 14 h after administration, with a half-life
of 13 h [10]. This drug has been developed as a treatment for T2DM, as an adjunct to lifestyle therapy and could
be associated with others oral antidiabetic drugs [11].

2) Exenatide

Exenatide (approved by the FDA, 2005; available for use marketed by Eli Lilly; brand name Byetta). Exana-
tide (exendin-4) is a 39—amino acid peptide incretin mimetic that exhibits glucoregulatory activities similar to
the mammalian incretin hormone glucagon-like peptide 1 (GLP-1) [12] [13]. Exenatide’s glucose-dependent en-
hancement of insulin secretion may be mediated by exenatide binding to the pancreatic GLP-1 receptor [14]. In
animal models of diabetes and in insulin-secreting cell lines, exenatide and GLP-1 reportedly improve g-cell
function by increasing the expression of key genes involved in insulin secretion, increasing insulin biosynthesis,
and augmenting f-cell mass through multiple mechanisms [15]. Data obtained in animal models also indicate
that exenatide and GLP-1 reduce food intake, cause weight loss, and have an insulin-sensitizing effect [15]-[19].

3) Exenatide LAR (sustained release; once weekly)

Exenatide LAR (approved by EU, Japan, 2009, USFDA, 2010; marketed by AstraZeneca, brand name By-
dureon). Exenatide once-weekly (EQW [2 mg s.c.]) is a long-acting formulation contains the active ingredient of
the original exenatide twice-daily (EBID) formulation encapsulated in 0.06-mm-diameter microspheres of med-
ical-grade poly-(d,l-lactide-co-glycolide) (PLG). After mechanical suspension and subcutaneous injection by the
patient, EQW microspheres hydrate in situ and adhere to one another to form an amalgam [20]. EQW provides
constant exposure to Exenatide following once-weekly, patient-administered, subcutaneous injections. Like EBID,
EQW has been shown to reduce HbAlc, improve fasting glucose, and reduce body weight [21]-[23].

Advantages of EBID over EQW include modestly better postprandial control for the two post-injection meals
and fewer injection site adverse events. Advantages of EQW over EBID include a greater ability to meet thera-
peutic HbAlc goals, better fasting glucose control, a lower incidence of gastrointestinal upset, more flexible
dosing, and less frequent injections (one vs. 14 per week) [20].
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4) Dulaglutide (sustained release; once weekly)

Dulaglutide it is a recent long-acting GLP-1 analogue (approved by the FDA on 18 September 2015; mar-
keted by Eli Lilly & Co.; brand name Trulicity) projected to have a convenient once a week dosing. In a rando-
mized placebo-controlled double-blinded study (262 obese type 2 patients), an HbAlc reduction of approx-
imately —1.28% - 1.52% was found, along with weight loss of —1.40 and —2.51 kg. Upper gastrointestinal
symptoms of nausea (13%), diarrhea (9%), and abdominal distension (8%) were the most frequently reported
adverse events [24] [25]. Dulaglutide was approved with similar concerns of other GLP-1R agonists by the FDA,
such as a post-marketing cardiovascular risk trial, other trials to evaluate risks of thyroid carcinoma and safety
use among children, along with analyses regarding kidney safety and SNC safety of use.

The main advantage of Dulaglutide is its posology: a once-weekly subcutaneous injection to improve gly-
cemic control, with promising prospects for adherence and possible similar results to other drugs of its class.

5) Lixisenatide

Lixisenatide is a new synthetic GLP-1 receptor agonist with extended biological activity that is currently be-
ing developed for the treatment of patients with T2DM (approved in Europe in 2013, accepted for filing the New
Drug Application by the FDA on October 2015; marketed by Sanofi; brand name Lyxumia). It is a 44 amino
acid peptide that is amidated at the C-terminal amino acid, and shares some structural elements with exendin-4
[26].

Lixisenatide protects g-cells derived from a rat pancreatic cell line from lipid and cytokine-induced apoptosis.
It also prevents lipotoxic islet insulin depletion and preserves insulin production, storage and pancreatic S-cell
function in human islets [27]. Furthermore, Lixisenatide enhances insulin biosynthesis and stimulates g-cell pro-
liferation in animal models, suggesting the potential to modify the progression of diabetes. The enhancement of
glucose-stimulated insulin secretion (GSIS) provided by Lixisenatide occurs in a strictly glucose-dependent way,
and thus has the potential to avoid undesirable hypoglycaemia. In animal models of diabetes, Lixisenatide im-
proves basal blood glucose and HbA1c with a rapid onset and sustained duration of action, and prevents the de-
terioration of pancreatic responsiveness and glucose homeostasis over time. Lixisenatide also delays gastric
emptying and reduces food intake, which may be important for both its glucose-lowering effect and for the in-
duction of weight loss [28]. Thus, based on its preclinical pharmacological profile, Lixisenatide shows actions
that suggest it may be a promising therapy for T2DM.

6) Albiglutide

Albiglutide (approved by the FDA on April 2014; marketed by GlaxoSmithKline; brand names Eperzan(Europe)
and Tanzeum(US)) is a GLP-1 receptor agonist developed through the fusion of two repeats of human GLP-1
molecules to recombinant human albumin [29]. Albiglutide is relatively impermeant to the central nervous sys-
tem [30] which may have implications for Gl tolerability. In nonclinical studies, Albiglutide stimulated cAMP
production through the GLP-1 receptor and induced insulin secretion from INS-1 cells in vitro and in animal
models [30] [31]. It also delayed gastric emptying and reduced food intake in rodents [30] [32].

In conclusion, Albiglutide improved glucose control in a dose-dependent way when given weekly and bi-
weekly. Higher monthly doses of Albiglutide were efficacious, but their use was constrained by the higher fre-
quency of Gl-related adverse events. Weekly Albiglutide significantly improved glycemic control with an ac-
ceptable safety and tolerability profile and modest weight loss without increasing the risk of hypoglycemia or
immunological response in subjects with type 2 diabetes. Future studies may elucidate whether titration dosing
or biweekly scheduling could be options for patients who respond to and tolerate the initial weekly regimen
[33].

3. Glycemic Efficacy of GLP-1 Receptor Agonists

Peptide-1 receptor agonists similar to glucagon (GLP-1 RAs) are available for the treatment of type 2 diabetes
mellitus (T2DM) for nearly 10 years now, and show extensive clinical experience. Several drugs are marketed,
including exenatide, exenatide long release (LAR), liraglutide, lixisenatide, albiglutide and dulaglutide, while
others are under development [34] [35].

Exenatide, exenatide LAR, and lixisenatide are synthetic peptides based on exendin-4, which is found in the
saliva of the Gila monster lizard. Exendin-4 has homology of 53% to the human GLP-1 with equal power in the
GLP-1 receptor and is resistant to degradation by serine protease enzyme dipeptidyl peptidase-4 (DPP-4) [36].
Other GLP-1 RAs synthetic peptides are modified GLP-1 naturally occurring, where the amino acid substitution
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has been used to protect the GLP-1 molecule to be broken by DPP-4 [35].

All GLP-1 RAs are administered subcutaneously and are effective in improving glycemic control (as meas-
ured at the level of glycated hemoglobin [HbA1c]) [35] [37] [38]. Glycemic control with GLP-1 RAs is achieved
by their ability to stimulate insulin secretion, inhibiting glucagon release (so glucose-dependent), decreasing
gastric emptying, and increased satiety for people eat less. Ideally, the treatment of T2DM reduced HbAlc le-
vels for a person without diabetes, but this must be balanced against the risk of inducing side effects, particularly
hypoglycemia [37] [38]. Due to their glucose-dependent action, GLP-1 RAs are associated with a low risk of
hypoglycemia. For most individuals with T2DM, the glycemic targets set by the American Diabetes Associa-
tion/European Association for the Study of Diabetes and the American Association of Clinical Endocrinologists
are less than 53 mmol/mol (7.0%) and less than 47 mmaol/mole (6.5%) respectively [37] [38]. It is estimated that
for a reduction of 11 mmol/mol (1%) in HbAlc reduce cardiovascular complications by approximately 40% [39].
The pharmacological doses of GLP-1 RAs generally result in higher glycemic control compared to other medi-
cations for diabetes, including the DPP-4 inhibitors and sulfonylureas. They are also associated with other ad-
vantages, particularly the ability to induce weight loss [40] [41].

GLP-1 RAs can be categorized into short or long duration agents. Short agents (exenatide and lixisenatide)
have half-lives of 2 - 3 hours with exenatide administered twice daily and once daily lixisenatide. They decrease
in HbAlc levels and a similar moderate glycemic efficacy (5.5 mmol/mol [0.5%] 10 mmol/mol [0.9%]). The
fasting plasma glucose (FPG), and postprandial glucose (PPG) high contribute to high levels of HbAlc [27].
Short-acting compounds have pronounced effects on the PPG due, in part, to inhibition of gastric emptying. The
lixisenatide shown to have sustained effects on gastric emptying [29] [30]. It is remarkable decreases of post-
prandial insulin after GLP-1 administration ARs short-acting because the delayed gastric emptying markedly
reduces postprandial glucose response [42].

The long term compounds are administered once daily (liraglutide) or once a week (exenatide LAR, albiglu-
tide, dulaglutide). The long half-life of these compounds is due to the formulation (exenatide LAR) or to the
conjugation with various other molecules such as the acyl group (liraglutide), human albumin (albiglutide), or
Fc fusion protein with immunoglobulin G (dulaglutide), which increase their size, affecting their pharmacoki-
netics, efficacy, and safety. The longer half-life allows continuous activation of the GLP-1 receptor and less fluctu-
ations in peptide levels [41]. In general, liraglutide is associated with increased efficacy compared to exenatide.
On average, liraglutide decreases HbA1c in about 4 mmol/mol (0.33%) and FPG at 1 mmol/L more than exena-
tide [34] [40] [43]-[46]. The other compounds of longer acting, once a week, in general, showed less potent re-
ductions in HbAlc compared to liraglutide [34] [43] [45]. However, once a week dulaglutide recently proved to
be not less than liraglutide once daily [40]. Comparative clinical studies allow a direct comparison of the clinical
benefits and safety of medicines with similar mechanisms of action [45]. Most of the GLP-1 RAs has been
compared to exenatide or liraglutide, the first GLP-1 RAs and with more clinical experience [45]. Long- term
studies showed that the beneficial effects of GLP-1 RAs are maintained for more than 2 years and show supe-
riority over sulfonylureas [41] [47] [48].

4. The Extra Glycemic Actions of GLP-1 Receptor Agonists

The GLP-1 receptors (GLP-1R) are found throughout the body, including in the cardiovascular system, therefore
providing a larger field to relevant metabolic influences such as diabetes and vascular complications. Specific
receptors have been identified for G-protein coupled GLP-1 in tissues of the gastrointestinal tract, pancreas, car-
diac myocytes, liver, lung, blood vessels including the endothelium of the coronary artery, macrophages, peri-
pheral nerves and the central nervous system.

In experimental methods of specific mRNA transcriptions of GLP-1R were detected by RT-PCR in heart of
rats and in the human heart. Furthermore, immunohistochemical examination detected GLP-1R protein in car-
diac myocytes and in the endocardium of rats, while Western Blot revealed GLP-1R in all heart chambers of the
rats. In neonatal rat cardiac myocytes in culture, treatment with exenatide (3 nm) during 20 min increased Akt
and Erk, both regulators that characterize the growth of cardiac myocytes and glucose metabolism [49].

GLP-1 RAS slows gastric emptying providing weight loss, but preclinical studies suggest that the major me-
chanism associated with weight loss promoted by GLP-1 RAS results of the effects on appetite, which promotes
by brain signals [50]. These anorexigenic effects of GLP-1 seem to be transmitted by the paraventricular and
arcuate nucleus area of the hypothalamus and brain stem, as shown by magnetic resonance imaging in rats [51].
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Pharmacological doses of GLP-1 enhance GLP-1 levels in 8 to 10 times, and treatment with these agents de-
crease gastric emptying in a dose-dependent way, leading to a transient sensation of nausea, vomiting and thus
promoting weight loss [52].

GLP-1 receptors are expressed in several regions of the brain, predominantly in hypothalamus and brain stem,
where the core regulation of food intake and satiety resides. GLP-1 crosses the blood bran barrier and inhibits
food intake by promoting satiety. Animal studies have demonstrated that agonists of the GLP-1 receptor (for in-
stance, liraglutide) were also able to cross the blood brain barrier following peripheral administration, and peri-
pheral administration of GLP-1 suppressed food intake over the dependent and independent pathways of the
vagus nerve, resulting in direct action in the brain GLP-1 receptor in the central nervous system [53].

In the same study, liraglutide, increased the CART neurotransmitter expression of the POM/CART anorex-
igenic neurons in the hypothalamus, increasing energy expenditure and preventing the increase of the expression
of orexigenic neurons (NPYIARGP), promoting hunger control, thus avoiding weight gain [53].

One other investigation found out that liraglutide increases energy expenditure, through the activation of the
brown adipose tissue (thermogenic tissue) through the central action mechanism in the hypothalamic region,
specifically ventromedial nucleus [54].

GLP-1 RAs have also been shown to exert a neuroprotective role in rodents with Alzheimer’s and Parkinson’s
disease [50]. Preclinical studies demonstrated that exendin-4 decreased glutamate beta-amyloid peptide, pre-
venting apoptosis in rat hippocampal neurons in culture. Both glutamate and beta-amyloid peptide is involved in
neurodegeneration process [52].

Other studies using GLP-1 RAs involved the autonomic nervous system to mediate the reduction of blood
pressure, demonstrating that GLP-1 activation enhances the secretion of atrial natriuretic peptide, relevant to
vasodilatation and lowering blood pressure. The GLP-1 physiologic actions in their receptors, including the
heart, are not fully understood, but preclinical studies suggest that GLP-1 RAs interact with the heart and blood
vessels regardless of their glycemic effect, and that its cardioprotection may occur through a variety of direct
and indirect mechanisms.

Preclinical studies using natural GLP-1 and GLP-1 RAs provided good evidences for cardioprotective effects,
while clinical trials have shown beneficial effects in hypertension and dyslipidemia in patients with type 2 di-
abetes [50].

Liraglutide and exenatide have been shown to promote cardioprotective effect in preclinical studies. Liraglu-
tide reduced infarct size and improved survival after myocardial infarction in rats. Similarly, mice fed with
high-fat diet had improved cardiac function in treatment with liraglutide [50].

Exenatide also reduced secretion of TAG and ApoB, when administered 1 hour after oral fat load, suggesting
that the effect on postprandial lipid metabolism was not related to delayed gastric emptying. Furthermore, ex-
enatide (0.1 nM) decreased ApoB-48 directly in a culture of hamster enterocytes, as assessed by reduced levels
of ApoB-48 35S-labeled over a time course of 90 minutes. These findings suggest a key role of GLP-1 in con-
trol of chylomicrons secretion, independent of variations in gastric emptying [50].

If the classic GLP-1R is expressed in adipocytes is uncertain. GLP-1 binding sites were detected in the solubi-
lized membranes from both human adipose tissue and rat using radioligand binding assays, although other trials
have been unable to detect GLP-1 mRNA expression in adipose tissue of humans and rats [50].

Therefore, the incretin-based therapy may have beneficial effects in various organs, due to the presence of the
GLP-1 receptor in many physiologic systems of the human body. These effects are expected to be present in the
following systems: cardiovascular system, lipid metabolism, neurological disorders, blood pressure — especially
on systolic blood pressure, and in body weight. It is important to point out that there is also the possibility of
some non-beneficial effects, such as in the gastrointestinal system and in increased heart rate.

5. Trials on GLP-1 RAs and Cardiovascular Risk

Some evidence points to a positive effect of incretin therapy, based on the control of systolic blood pressure. In
pooled data from over 2000 patients in 6 exenatide trials, the drug was associated with greater reductions in
systolic blood pressure than placebo or insulin for a period of 6 months.

In the clinical study EUREXA, which compared the use of exenatide twice a day with glimepiride in subjects
with uncontrolled monotherapy with metformin type 2 diabetes, cardiovascular risk factors, including systolic
blood pressure, were significantly improved in subjects using exenatide [50].
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Although it has a general profile of reducing cardiovascular risk factor, the incretin-based therapy has also
been associated with increases in heart rate. In a meta-analysis of 22 clinical studies exenatide and liraglutide
were associated with an increase in median heart rate. It is unknown clinical significance of changes in heart rate
related to GLP-1 RAs, but it is the current aim in ongoing clinical trials.

Large multicentered studies are currently underway, to confirm the cardiovascular safety use of incretins in
sub jects with type 2 diabetes. Among them, LEADER stands out as an important study comparing long term
cardiovascular outcomes of liraglutide versus placebo, in patients with type 2 diabetes. This study enrolled 9340
type 2 diabetes patients 50 years of age or older, with a high cardiovascular risk, from August 2010 to Novem-
ber 2015.

EXCEL is a phase 3 study under way, started in 2010 and expected to end in 2018, with an estimate of 14,000
patients enrolled, focused on the analysis of the role of exenatide use once a week in security on major cardi-
ovascular events.

ELIXA, a study conducted with 6000 patients using lixisenatide for shortly over 2 years, published their re-
sults on June 2015, showing that the effects of this drug on cardiovascular outcomes in patients with type 2 di-
abetes after acute coronary syndrome was neutral, which means that there was neither an increase nor a decrease
in cardiovascular events among patients using lixisenatide [49]. Additionally, no increase in pancreatitis or pan-
creas cancer was detected.

Just as it goes with the effects on blood glucose and blood pressure, the potential effects of GLP-1 RAs in
triglycerides and other lipids parameters may be related with the simultaneous weight loss. However, the effects
on blood glucose, pancreatic hormones and motility might also contribute to improvement in lipid profile, and it
is possible that the incretin-based therapy may a direct influence on the intestinal metabolism of lipids, particu-
larly inhibiting the production of triglyceride-rich lipoproteins.

An aggressive intervention in dyslipidemia among patients with type 2 diabetes has an important impact in
preventing cardiovascular complications. The reductions in triglycerides and free fatty acids concentrations were
observed with the first infusion of natural GLP-1 [49]. Exenatide, administered twice a day, and liraglutide, once
a day, were associated with 20% or more reductions in triglyceride levels [52].

A meta-analysis of LEADER trials found that the treatment with liraglutide significantly reduced total cho-
lesterol, LDL cholesterol, free fatty acids and triglycerides as compared to baseline (P < 0.01, to all changes). It
is important to point out that LEADER enrolled high-risk patients with type 2 diabetes and a mean age of 64.3
years of age [49].

6. Weight Loss Associated with the Use of GLP-1 Receptor Agonists

The World Health Organization estimates that 1.5 billion adults worldwide are overweight and 500 million are
obese. Almost three million adults die each year as a result of being overweight or obese [55]. Overweight and
obesity lead to numerous adverse conditions including type 2 diabetes, cardiovascular disease, stroke, and cer-
tain cancers [56]. The risk of developing diabetes escalates with the degree of excess body weight, increasing
threefold with a body mass index of 25.0 to 29.9, and 20-fold with an index of 35 and higher compared with a
healthy index of 18.5 - 24.9 [1]. Weight loss of 5% to 10% can improve type 2 diabetes and related comorbidi-
ties [57].

The worldwide spread of obesity and associated comorbidities not only threatens quality of life but also
presents a significant economic burden. It has been projected that by 2030, costs associated with overweight and
obesity will comprise 16% - 18% of total health care expenses in the US [56]. Obesity treatment guidelines
recommend the use of pharmacologic therapy in adults who have a body mass index (BMI) of 30 kg/m? or high-
er or in patients with a BMI of 27 kg/m? or higher who have at least one weight-related comorbid condition (e.g.,
hypertension, dyslipidemia, insulin resistance, type 2 diabetes mellitus) [58]. While bariatric surgery has proven
to be a viable treatment option for the morbidly obese, there is clearly a need for less invasive alternatives [56].
The development of effective pharmacological treatments for obesity has thus far proven unsuccessful [59]. Few
safe, effective weight-management drugs are currently available [57]. Recent research has suggested that long-
acting analogs of the gut hormone, glucagon-like peptide 1 (GLP-1), may have potential as an antiobesity treat-
ment [56].

GLP-1 is an incretin hormone synthesized and secreted principally from two locations: the L cells in the small
intestine and neurons in the nucleus tractus solitarius (NTS) of the hindbrain. In addition to glycemic control, the
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GLP-1 system is also involved in regulating food intake in both human and animal models. However, clinical
use of the native peptide for obesity and hyperglycemia is limited by its rapid degradation rate by the dipep-
tidyl-peptidase-4 (DPP-1V) enzyme and other endopeptidases. Longer-acting pharmacological GLP-1 RAs that
are resistant to enzymatic degradation, including exendin-4 (trade name Byetta) and liraglutide (trade name Vi-
ctoza) are currently approved for human type 2 Diabetes Mellitus (T2DM) treatment and may also hold promise
for obesity treatment [59]. Several other GLP-1 analogs are currently under investigation or are approved for the
treatment of type 2 diabetes. These include lixsenatide (Sanofi Aventis, trade name Lyxumia) and albiglutide
(GlaxoSmithKline, trade names Epezan and Tanseum) which have amino acid modifications to resist degrada-
tion by DPP-IV. The recently FDA-approved drug, dulaglutide (Eli Lilly, trade name Trulicity), an analog of hu-
man GLP-1, is covalently linked to an Fc fragment of human IgG4 enabling it to resist degradation and reduce
renal clearance. These analogs were initially used as drugs for the treatment of type 2 diabetes; however, results
from clinical trials have repeatedly demonstrated their ability to induce weight loss [57].

The glucagon-like-peptide-1 receptor (GLP-1R) agonists, liraglutide (Victoza) and the synthetic product of
exendin-4 (Byetta), are approved for type Il diabetes mellitus (T2DM) treatment and may be efficacious in ob-
esity treatment as well, in part, due to the drugs’ resistance to enzymatic degradation and prolonged half-life rel-
ative to endogenous GLP-1. In the study “Comparative effects of the long-acting GLP-1 receptor ligands, lirag-
lutide and exendin-4, on food intake and body weight suppression in rats’’, showed that the administration of the
GLP-1R ligands, exendin-4 (b.i.d.) and liraglutide (q.d.), lead to comparable and pronounced suppression of
food intake and body weight in DIO rats, suggesting a potential role for these drugs as a clinical tool for obesity
treatment [60].

Liraglutide is a glucagon-like peptide-1 receptor agonist that has been successfully used in the treatment of
type 2 diabetes for several years. Weight loss has been well described as an additional benefit with liraglutide
therapy, which prompted the manufacturer to evaluate and develop a higher dose formulation specifically for the
treatment of obesity. Liraglutide 3 mg/day (trade name Saxanda) was approved by the U.S. Food and Drug Ad-
ministration for this indication in December 2014 [58]. This drug was approved for adults with a body mass in-
dex (BMI) of 30 or higher or those with a BMI of 27 or higher who have at least one weight-related comorbid
condition such as hypertension, type 2 diabetes, or elevated cholesterol [56]. Data demonstrated that liraglutide
can successfully achieve weight-loss benchmarks of 5% or more and 10% or more loss from baseline. The most
common adverse effects were gastrointestinal and mild to moderate in intensity. Liraglutide 3 mg/day represents
another pharmacologic option for the treatment of obesity [58]. This drug was approved on December 2014 by
the US Food and Drug Administration as an obesity treatment option and shown in clinical trials to be effective
in reducing and sustaining body weight loss [56].

The study “Efficacy of Liraglutide for Weight Loss Among Patients With Type 2 Diabetes”, one randomized
clinical trial to investigate efficacy and safety of liraglutide vs placebo for weight management in adults with
overweight or obesity and type 2 diabetes, showed that the use of subcutaneous liraglutide (3.0 mg) daily, com-
pared with placebo, resulted in weight loss over 56 weeks. Weight loss was 6.0% (6.4 kg) with liraglutide (3.0-
mg dose), 4.7% (5.0 kg) with liraglutide (1.8-mg dose), and 2.0% (2.2 kg) with placebo. Weight loss of 5% or
greater occurred in 54.3% with liraglutide (3.0 mg) and 40.4% with liraglutide (1.8 mg) vs 21.4% with placebo.
Weight loss greater than 10% occurred in 25.2% with liraglutide (3.0 mg) and 15.9% with liraglutide (1.8 mg)
vs 6.7% with placebo. More gastrointestinal disorders were reported with liraglutide (3.0 mg) vs liraglutide (1.8
mg) and placebo. No pancreatitis was reported in this study. Among overweight and obese participants with type
2 diabetes, use of subcutaneous liraglutide (3.0 mg) daily, compared with placebo, resulted in weight loss over
56 weeks [57].

A recent comparison between the clinical efficacy of bariatric surgery and liraglutide found surgery to be su-
perior to liraglutide for both body weight reduction and improvements in metabolic parameters. Despite this,
many individuals are not ideal candidates for surgery and would benefit from noninvasive medical treatments.
Liraglutide has been demonstrated to produce significant weight loss in humans, with and without type 2 di-
abetes, while producing minimal side effects and thus is an attractive treatment option. Additional research is
warranted for its potential in combinatorial weight loss treatments that may further enhance and sustain weight
loss [56].

A relevant systematic review called “Effects of glucagon-like peptide-1 receptor agonists on weight loss” is a
meta-analysis of randomised controlled trials conducted with patients showing a body mass index of 25 or high-
er, with or without type 2 diabetes mellitus, receiving exenatide twice daily, exenatide once weekly, or liraglu-
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tide once daily at clinically relevant doses for at least 20 weeks. GLP-1R agonist groups achieved a greater
weight loss than control groups (mean difference —2.9 kg, 95% confidence interval —3.6 to —2.2; 21 trials, 6411
participants). The results showed weight loss in the GLP-1R agonist groups for patients without diabetes (—3.2
kg, —4.3 to —2.1; three trials) as well as in patients with diabetes (—2.8 kg, —3.4 to —2.3; 18 trials). In patients
with type 2 diabetes, improved glycemic control was often associated with increased body weight. The partici-
pants without diabetes achieved greater reductions in body weight than those with diabetes. The effects of
GLP-1 RAs were more pronounced in patients without diabetes. In the overall analysis, GLP-1 RAs had benefi-
cial effects on systolic and diastolic blood pressure, plasma concentrations of cholesterol, and glycaemic control,
and did not have a significant effect on plasma concentrations of liver enzymes. GLP-1 RAs were associated
with nausea, diarrhoea, and vomiting, but not with hypoglycaemia. Adverse events became more frequent in
higher doses. This review provides evidence that treatment with GLP-1 Ras leads to weight loss in overweight
or obese patients, with or without type 2 diabetes mellitus [55].

The FDA-approved GLP-1 ARs agonists exendin-4 and liraglutide reduce food intake and body weight. Nau-
sea is the most common adverse side effect reported with these GLP-1R agonists. Whether food intake suppres-
sion by exendin-4 and liraglutide occurs independently of nausea is unknown. Further, the neurophy-siological
mechanisms mediating the nausea associated with peripheral GLP-1R agonist use are poorly understood [59]. De-
lays in gastric emptying may partially contribute to the reduction in meal intake produced by liraglutide in humans
[37]. The food intake suppression by the GLP-1 RAs is accompanied by nausea. The nauseating effects accompa-
nying peripheral exendin-4 are mediated by a vagal-independent pathway that appears to involve BBB penetrance
and subsequent GLP-1R activation in the CNS. The GLP-1R expressed within the mNTS and potentially in oth-
er, yet undefined GLP-1R brain nuclei are likely key contributors to both the food intake suppressive and nau-
seating effects of these long-acting GLP-1 RAs [59].

The mechanisms by which long-acting GLP-1 receptor agonists reduce food intake and body weight are ac-
tively under investigation. One potential mechanism for reducing body weight is through GLP-1’s effects on
energy expenditure. Central injection of liraglutide in rodents stimulates brown-fat thermogenesis and induces
browning of white adipose tissue independent of its ability to suppress food intake [37]. In rodents, the
long-term liraglutide treatment significantly increased expression of cocaine and amphetamine-related transcript
but did not increase neuropeptide Y (NPY)/agouti-related protein (AgRP) gene expression in the arcuate nucleus
suggesting that liraglutide prevents the normal activation of the NPY/AgRP system to increase food intake dur-
ing periods of weight loss. Preventing the normal stimulation of food intake by NPY/AgRP that occurs during
energy deficit would benefit sustained decreases in body weight [56].

An interaction between the adipose-derived peptide, leptin, and GLP-1 has been demonstrated in experiments
in rodents showing that subthreshold doses of leptin increased the ability of GLP-1 inhibit food intake. Further-
more, GLP-1 receptor agonists can reinstate leptin sensitivity in obese animals. As in animals, obese humans
have high levels of circulating leptin but are leptin resistant and therefore do not respond appropriately to this
signal to reduce energy intake. During weight loss, a drop in plasma leptin levels that results from decreased fat
mass produces a rebound response that favors increased food intake. Based on animal studies, it was postulated
that administration of a GLP-1 receptor agonist during diet-induced weight loss would inhibit decreases in so-
luble leptin receptor plasma concentrations (one marker for leptin activity) caused by decreased adiposity and
thus prevent a regain in body weight. This study demonstrated that liraglutide (1.2 mg/day) inhibited the in-
crease in soluble leptin receptor that is normally seen in individuals undergoing weight loss. Consequently, free
leptin levels were increased, thereby providing a signal that would prevent an increase in food intake and a de-
crease in energy expenditure. Supporting the hypothesis, the results indicated that the group receiving the lirag-
lutide, in conjunction with reduced caloric intake, had greater weight loss during the maintenance period than
the group that did not receive liraglutide. This study has important implications for the potential use of liraglu-
tide as an adjunct to more traditional weight loss regimens and for the long-term sustainability of weight loss
treatments. Additionally, it suggests another avenue through which GLP-1 receptor agonists contribute to weight
loss [56].

The GLP-1 RAs have been demonstrated to reduce food intake, promote weight loss, and improve indices of
metabolic function in both animal and human studies. The primary mechanisms associated with these effects are
proposed to be due to actions of GLP-1 on peripheral (vagal) and central pathways that affect food intake and
metabolism via hindbrain and hypothalamic activation, as well as those brain areas associated with motivation

and reward processes [56].
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7. Side Effects and Associated Risks of GLP-1 Agonists Receptor

1) Gastrointestinal Effects

The most common adverse reactions found from the use of GLP-1 RAs are gastrointestinal motility disorders,
such as nausea, vomiting and diarrhea, due to the mechanism of action of GLP-1. These side effects often lead
to discontinuation of treatment by the patient [61]. They were the most commonly observed effect, and its oc-
currence varied from 10% to 42% of patients, as the different doses were used in trials. Gastrointestinal side ef-
fects were more common in the high-dose regimens and tend to improve with use over time [62]. The slow and
gradual titration of the dose, over the first few weeks of treatment, often helps reducing the effects [55]. Howev-
er, despite common, such reactions do not imply concrete health risks to the patient [61].

2) Acute Pancreatitis

GLP-1 RAs are associated with an increased risk of acute pancreatitis in diabetic patients [63]. Pancreatitis
cases have been reported in animals and in humans treated with agents of this class. Exenatide and Liraglutide
are associated with reported cases of acute pancreatitis, whereas lixisenatide has not, so far [64]. Studies show
an average incidence of 1.6 cases of acute pancreatitis per 1000 patients/years of exposure, as for Liraglutide
[65].

Many cases of pancreatitis have been reported in patients treated with exenatide, leading to the conduction
informative and regulatory reviews [66]. Data from animal exposure studies, as well as several clinical trials in
over 28,000 patients that received some type of incretin-based therapy, have been extensively reviewed by the
US Food and Drug Administration (FDA) and the European Medicine Agency (EMA). Nonetheless, even after
all those data raised to date, pancreatitis remains as a risk associated with the use of such drugs until new studies
that clearly demonstrate a safety profile are available [66]. The latest guidelines still recommend the careful use
of GLP-1 RAs in patients with a historic of pancreatic disease and suspending it if acute pancreatitis develops
during the drug use. Besides, all patients in use of GLP-1 RAs should be advised of the increased risk of pan-
creatitis associated with liraglutide and exenatide use, which may be a class effect [67].

3) Medular Thyroid Carcinoma

GLP-1 receptors are expressed in thyroid tissue, especially in C cells [63] [68]. In animal studies in preclinical
stage, there was an increase in C cell hyperplasia frequency and thyroid cancer among mice and rats exposed to
liraglutide [48]. While stimulating the GLP-1 receptor induces the release of calcitonin in rodents, it is unknown
if GLP-1 RAs are associated with a raised incidence of medullary thyroid carcinoma MTC) in humans, implying
potential species-specific differences in the GLP-1 receptor expression in the thyroid. Rodents have significantly
more C cell receptors than humans, which could justify the increase of thyroid disorders in these animal studies
[63] [69].

Medullary thyroid carcinoma cases were reported in patients in use of liraglutide. These cases are not suffi-
cient to establish or to deny a causal association [70] [71]. To date, the FDA and the European Medical Associa-
tion have not reach a final conclusion regarding this possible association, as expressed on a 2014 panel pub-
lished at the New England Journal of Medicine. FDA still recommends specific monitoring of MTC in patients
on GLP-1 RAs therapy, and these drugs are currently contraindicated in patients with a family history of MEN 2
or MTC [67].

4) Renal Effects

The experience of the use of GLP-1 receptor in patients with chronic kidney disease (CKD) is still very li-
mited. Exenatide has renal elimination and should be avoided in patients with CKD [72]. Liraglutide has no ren-
al excretion, but should be used with caution in patients with CKD, due to the necessity of more studies con-
firming their safety [73]. The available data are still very limited on lixisenatide, long-acting exenatide and other
weekly applicable drugs that are in development [65] [73]. Many case reports of acute renal failure have been
reported with the use of GLP-1 agonists, most likely triggered by dehydration from the gastrointestinal adverse
effects—interpret vomiting and diarrhea [65] [73]. Thus, until more data are available, it is recommended the
cautious use of this drug class in patients with CKD [65].

5) Hypoglycemia

Hypoglycemia is not a prominent effect of treatment with GLP-1 agonists. In general, this only occurs when
there is concomitant use of insulin or sulfonylureas [55] or if a reduction of medication doses is not thought of,
when starting a new antidiabetic drug [74] [75]. Therefore, it is recommended to lower the dose of these agents

in order to add a GLP-1 RA [75].
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6) Antibodies Formation

GLP-1 RAs are peptide agents. Thus, there is a concern that anti-drug antibodies may appear, leading to de-
creased efficiency and increased hypersensitivity reactions over time [71].

Antibody levels have been measured in clinical trials, with great variation among class agents, which might
represent differences in immunogenicity of the formulations. The newer formulations, including albiglutide and
dulaglutide, show a lower risk of antibody formation, when compared to exenatide and liraglutide [76]. Exena-
tide is a GLP-1 RA that leads to the formation of antibodies, probably due to lower homology to native GLP-1
[76]. Liraglutide is less immunogenic than exenatide [77]. In clinical trials, patients who had the highest titles of
anti-drug antibodies had worse performance in reducing Alc hemoglobin [78].

7) Local Reactions

Skin reactions at the injection site were observed in patients with positive anti-drug antibody titration [71].
The long-duration agents exenatide LAR and albiglutide have a significant incidence of such reactions, while li-
raglutide, lixisenatide and daily application exenatide do not present these problems. Interestingly, dulaglutide,
despite the long-term action (weekly application), showed no significant levels of local reactions [61].

8. Conclusions

Incretin-based therapy may have beneficial effects on various organs and metabolic mechanisms, due to the
presence of the GLP-1 receptor in many physiologic systems of the human body. These effects are expected the
following systems: cardiovascular system, lipid metabolism, neurological disorders, blood pressure—especially
on systolic blood pressure, and in body weight. It is important to point out that there is also the possibility of
some non-beneficial effects, such as in the gastrointestinal system and in increased heart rate.

Treatment with GLP-1 receptor agonists may enhance the endogenous secretion of insulin induced by meal
ingestion and inhibit glucagon secretion, thereby improving glucose homoeostasis. Notably, it also suppresses
food intake and appetite. Trials of patients with type 2 diabetes suggest that agonists of GLP-1 receptor (GLP-
1R) have beneficial effects on metabolic regulation and lead to weight loss. Besides its presence in the gastroin-
testinal tract, GLP-1 is found in the central nervous system localized to neurons primarily in the nucleus of the
solitary tract (NTS) in the caudal brainstem. Neurons in the NTS that express GLP-1 send projections to several
brain regions that take part in feeding behavior and energy homeostasis.

Thus, GLP-1 receptor antagonists show broad metabolic effects, far beyond the glycemic control, and re-
present effective therapies for type 2 diabetes. Further benefits on metabolism are being discovered, as new tri-
als come out. The next few years are expected to bring relevant new data regarding extra glycemic effects of
GLP-1 receptor agonists.
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