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Obesity is a chronic metabolic disorder that affects one
third of American adults. Modest weight losses of just
5% to 10% of body weight, which are achievable with
lifestyle modification and pharmacotherapy, can lead to
remarkable improvements in many obesity-associated
co-morbidities, including dyslipidemia, hypertension,
and type 2 diabetes. In this review, the indications
for pharmacotherapy and the goals of treatment are
discussed, and current and future pharmacologic
approaches to the treatment of obesity are examined.
Current pharmacologic therapies for obesity are limited,
but recent advances in our understanding of the com-
plex and overlapping endocrine pathways that regulate
body weight have led to new opportunities for antiobe-
sity drug development. Important drug targets that are
highlighted in this review include adipocyte-derived
hormones, hypothalamic neuropeptides, and gastroin-
testinal hormaones.

Introduction

Obesity is a chronic metabolic disorder thar affects one
third of American adules [1]. The accumulation of excess
adipose tissue affects all organ systems and results in an
increased risk of morbidity and mortality. Even modest
weight losses of 3% to 10% of initial body weight can
lead to remarkable improvements in the severity of many
obesity-associated co-morbidities, including dyslipidemia,
hypertension, and type 2 diabetes [2]. However, caloric
restriction and the resulting losses of adipose tissue activate
a complex system of overlapping endocrine responses that
increase appetite and reduce energy expenditure, making
continued weight loss and maintenance of weight loss very
difficult. Pharmacotherapy can augment the weight-reduc-
ing effects of lifestyle changes and can facilitate long-term
maintenance of weight loss. As a result, pharmacotherapy
provides a useful and imporrant adjunct to lifestyle modi-

fication in the treatment of obesity. In this review, the
indications for pharmacotherapy and the goals of trear-
ment are discussed, and current and future pharmacologic
approaches to the treatment of obesity are examined.

Indications for Pharmacotherapy

and Goals of Treatment

According to evidence-based treatment guidelines from
the MNational Institutes of Health, pharmacotherapy
should be considered for patients who have a body mass
index (BMI) of 30 kg/m® or higher if lifestyle changes
have failed to produce weight loss within & months [3].
Pharmacotherapy should also be considered for individu-
als with a BMI of 27 kg/m® or higher if weight-related
co-morbidities are present.

Realistic goals of pharmacologic treatment include the
loss of 5% to 10% of initial body weight and long-term
maintenance at a reduced body weight. Treatment guide-
lines suggest that if an individual patient does not lose at
least 2 kg in the first 4 weeks of pharmacotherapy, he or
she is unlikely to benefit from continued treatment with
thar medicarion [3]. However, patients who are unrespon-
sive to one agent may respond well to another agent.

Available Pharmacologic Agents

Only two weight loss medicarions, sibutramine and
orlistat, have been approved by the US Food and Drug
Administration (FDA) for long-term use. One additional
medication, rimonabant, is currently available in Europe
and may become available in the United Stares in the
future. Other medications, such as the sympathomimetic
agent phentermine, are approved by the FDA for short-
term use only (< 12 weeks), due to the lack of long-term
data from clinical trials. However, obesity is a chronic
condition, and relapse typically occurs when treatment
1s stopped, just as is seen in other chronic medical con-
ditions, such as hypertension or diabetes. Therefore, a
sensible, long-term approach is essential in the pharmaco-
logic management of obesity.

Sibutramine

Sibutramine (Meridia; Abbott Laboratories, Abbott Parl,
IL), a centrally acting norepinephrine, serotonin, and dopa-
mine reuptake inhibitor, was approved by the FDA in 1997
for the long-term treatment of obesity. Sibutramine acts
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primarily as an appetite suppressant. In clinical trials, it has
been shown to reduce hunger, increase satiety, and reduce
food intake [4,5]. Sibutramine may also have a small ther-
mogenic effect, raising energy expenditure by 3% to 5%
above basal levels and attenuating the decline in energy
expenditure that is usually seen with weight loss [4,6].

At least 29 randomized controlled erials confirm that
sibutramine is an effective adjunctive therapy for weight
loss [7#]. An analysis of three high-quality randomized
controlled trials (m = 929 subjects) of at least 1 year in
duration shows that, on average, subjects randomized
to sibutramine lost 4.3 kg (or 4.6%) more weight than
those assigned to placebo [8]. In addition, as compared
with placebo-treated individuals, 34% more sibutramine-
treated subjects achieved weight losses of at least §%.
Continued treatment with sibutramine for up to 2 years
has been shown to improve patients’ ability to maintain a
reduced body weight over time [¥].

As compared with placebo, treatment with sibutra-
mine is associated with significantly greater improvements
in waist circumference, serum triglycerides, high-den-
sity lipoprotein (HDL) cholesterol, fasting glucose, and
glycosylated hemoglobin (HbA ) [7+,8,10]. However,
sibutramine treatment is also associated with small
but significant increases in heart rate and systolic and
diastolic blood pressure. On average, systolic blood pres-
sure increases by 2 to § mm Hg, diastolic blood pressure
increases by 1 to 4 mm Hg, and pulsc increases by 4 to &
beats per minute [7e,8).

Other common adverse effects of sibutramine are
headaches, dry mouth, nausea, constipation, and insom-
nia. Sibutramine does not appear to increase the risk of
valvular heart disease or primary pulmonary hyperten-
sion, conditions that have been associated with the use of
serotonin-releasing agents for weight loss, such as dexfen-
fluramine, Sibutramine is contraindicated in patients with
uncontrolled hypertension, but it can be used safely in
those with well-controlled hypertension. Sibutramine is
also contraindicated in patients with a history of coronary
artery disease or arrhythmia, Concomitant use of sibutra-
mine and other serotonergic agents may increase the risk of
serotonin syndrome, a rare bur potentially fatal condition.

Orlistat
The lipase inhibitor orlistat (Xenical; Hoffman-LaRoche,
Nutley, NJ) was approved by the FDA in 1999 for the
long-term treatment of obesity. By interfering with the
activity of pancreatic and gastric lipases, orlistat prevents
the absorption of about 30% of ingested fat and the calo-
ries contained therein. Orlistat-induced far malabsorption
also plays an important role in behavior modificarion.
Parients learn to reduce their dietary fat intake in order
to avoid unpleasant gastrointestinal side effects, and this
often leads to reductions in toral caloric intake as well.
At least 28 randomized controlled trials demonstrate
that orlistat is an effective adjunctive therapy for weighe

loss [11]. An analysis of 11 trials (n = 6021 subjects) of
at least 1 vear in duration shows that, on average, sub-
jects randomized to orlistar lost 2.7 kg (or 2.9%) more
weight than those randomized to placebo [8]. In addi-
tion, as compared with placebo-treated individuals, 21%
more orlistat-treated subjects achieved weight loss of 5%
or greater. Orlistat has also been shown to be helpful for
long-term maintenance of weight loss; trials of up to 4
years in duration demonstrate that subjects treated with
otlistat experience significancly less weight regain than
those assigned to placebo [12e,13#].

Orlistat reduces the absorption not only of dietary fat
but also of dietary cholesterol, and it therefore produces
improvements in total and low-density lipoprotein (LDL)
cholesterol that are greater than would be expected for
the amount of weight loss achieved [14]. As compared
with placebo, treatment with orlistat is also associared
with significantly greater improvements in waist circum-
ference, systolic and diastolic blood pressure, fasting
blood glucose, and HbA| [8,11]. Treatment with orlistar
has also been shown to reduce the risk of progression to
type 2 diabetes by 37% over a 4-year period as compared
with placebo [139].

Orlistar is minimally absorbed, and as a resule signifi-
cant systemic adverse effects are extremely rare. However,
adverse gastrointestinal effects, such as oily stools and
fecal urgency, are very common. Orlistar reduces the
absorprion of fat-soluble vitamins, so all orlistat-treated
patients should consume a multivicamin once a day, at
least 2 hours before or after a dose, Orlistat can also inter-
fere with the absorption of cyclosporine and amiodarone
and enhance the effects of warfarin, so caution should be
used in patients taking these medications.

A reduced dose of orlistar (Alli; GlaxoSmithKline,
Research Triangle Park, NC) has recently been approved
by the FDA for sale over the counter. Clinical trial data
suggest that the over-the-counter dose of orlistat (60 mg
three times daily) is slightly less effective than the pre-
scription dose (120 mg three times daily), but it may also
be associated with a slightly reduced incidence of gastro-
intestinal side effects [15].

Rimonabant
Rimonabant (Acomplia; Sanofi-Aventis, Bridgewater, NJ),
a selective cannabinoid-1 (CB,) receptor antagonist, was
approved for the treatment of obesity in Europe in 2006,
although it has not yet been approved by the FDA for use
in the United States. The endocannabinoid system includes
two endogenous cannabinoids (anandamide and 2-ara-
chidonoylglycerol) and two G protein—coupled receptors
(CB, and CB,). Endocannabinoids modulate a variety of
physiologic funcrions, including neuroprotection, memory
processing, immune function, cardiovascular function,
and energy metabolism [16#].

Qur understanding of the role of endocannabinoids
in energy metabolism has increased significantly in recent
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years. Overactivation of the endocannabinoid system
appears to be present in human obesity [17]. Studies
of CB, knockout mice, which are lean and resistant to
diet-induced obesity, and studies of selective CB, recep-
tor antagonists, such as rimonabant, have shown that
CB, is involved in the regulation of body weight [18-21].
CB, receptors are found in a variety of tissues involved
in energy metabolism, including the brain, adipose tis-
sue, muscle, liver, and gastrointestinal tracr [16+,22]. In
the central nervous system, CB, activation influences both
the homeostatic regulation of energy metabolism and
the hedonic aspects of food intake, leading to increased
food intake [23]. In muscle, CB, activity appears to
modulate glucose uptake [24]. In adipocytes, CB, activa-
tion increases the expression of the transcription factor
SREBP-1¢, leading to enhanced lipogenesis, and it also
appears to influence the secretion of the anti-inflamma-
tory and insulin-sensitizing hormone adiponectin [21,235].
CB, activation also increases SREBP-1c expression in the
liver, and hepatic steatosis can result [21]. CB, antagonists
blunt hepatic fatty acid synthesis, and CB, knockout mice
are resistant to the development of fatty liver. In the gas-
trointestinal tract, CB, receptor activity may modulate
the secretion of the orexigenic (appetite-stimulating) gut
peptide ghrelin. Administration of rimonabant to rodents
during a fast leads to a significant decline, rather than the
expected increase, in ghrelin concentration [26]. There-
fore, CB, receptor antagonists appear to decrease food
intake and body weight via both central and peripheral
mechanisms, and they may also enhance insulin sensitiv-
ity and improve hepatic steatosis, even in the absence of
weight loss.

In four large, phase III clinical trials, overweight or
obese volunteers (m = 6625) were randomized to § mg
or 20 mg of rimonabant or placebo daily for at least 1
year [27,28,29.30). In each of these trials, 20 mg/d of
rimonabant was shown to produce greater weight loss
and greater improvements in waist circumference, HDL
cholesterol levels, serum triglycerides, and measures of
insulin sensitivity as compared with placebo. A meta-
analysis of the Rimonabant in Obesity (RIO) trials
concluded thar 20 mg/d of rimonabant produced a mean
weight loss that was 4.9 kg greater than that seen with
placebo [31v]. As compared with placebo, treatment with
20 mg/d of rimonabant was also associated with a 3.8
cm greater decrease in waist circumference, a 3.5 mg/dL
greater increase in HDL cholesterol, and a 19.8 mg/dL
greater improvement in serum triglycerides. Smaller
improvements in weight and cardiometabolic parameters
were seen in the groups assigned to 5 mg/d of rimonabant
as compared with those assigned to 20 mg/d.

In the RIO-North America trial [28¢], rimonabant
was also shown to be effective for long-term maintenance
of weight. After randomization to 5 mg/d or 20 mg/d of
rimonabant or placebo daily for 1 year, subjects in the
rimonabant groups were rerandomized to receive either pla-

cebo or rimonabant at the same dose for an additional year.
Subjects who continued to receive 20 mg/d of rimonabant in
the second year of the study maintained an average weight
loss of 7.4 kg, whereas those who were rerandomized to
placebo regained most of the weight lost in the first year.
Ar the end of 2 vears, 40% of subjects assigned to 20 mg/d
of rimonabant for the duration of the study maintained a
weight loss of at least 5% of baseline weight as compared
with only 19% in the placebo group.

In the RIO-Lipids trial [29], individuals with hyper-
triglyceridemia or an elevated total cholesterol to HDL
cholesterol ratio were randomized to 5 mg/d or 20 mg/d of
rimonabant or placebo for 1 year. In this trial, treatment
with 20 mg/d of rimonabant was associated not only with
greater improvements in weight, serum triglycerides, HDL
cholesterol, and fasting insulin, but also with significantly
greater improvements in systolic and diastolic blood pres-
sure, LDL particle size, adiponectin concentration, and
glucose and insulin levels after an oral glucose challenge.

Individuals with type 2 diabetes were studied in
the RIO-Diabetes trial [30]. In addition to significant
improvements in weight, waist circumference, HDL
cholesterol, and triglycerides, treatment with 20 mg/d
of rimonabant also led to a significant 0.6% decline in
HbA, , whereas placebo treatment was associated with
a 0.1% increase. As compared with placebo, treatment
with 20 mg/d of rimonabant was also associated with
significantly greater improvements in fasting glucose,
homeostatic model assessment score, systolic blood pres-
sure, and C-reactive protein.

Significant improvements in blood pressure were seen
in only two of the trials despite medically significant
weight loss in all four trials [29,30]. CB, receptors have
been identified in the vasculature and the myocardium,
raising concern that CB, antagonism may produce car-
diovascular effects that blunt the antihypertensive effects
of weight loss. However, increases in blood pressure were
not seen in any of the R1O trials.

In a meta-analysis of the RIO trials, treatment with
20 mg/d of rimonabant was associated with a greater
relative risk of adverse effects (1.05) and serious adverse
effects (1.37) than placebo [31%]. Reported adverse effects
included nausea, dizziness, diarrhea, depressed mood,
anxiety, insomnia, and fatigue. In most cases, these effects
were mild or moderate and transient in nature; however,
adverse effects leading to study discontinuation occurred
in 13.8% of subjects treated with 20 mg/d of rimonabant
as compared with 7.2% of placebo-treated subjects [319).
Depressed mood was cited as the most common adverse
effect leading to discontinuation in each of the four tri-
als, occurring in 2.8% of subjects treated with 20 mg/d
of rimonabant and 1.4% of placebo-treated individuals.
Because the RIO trials excluded patients on antidepres-
sants and those with clinically significant depression and
other psychiatric conditions at baseline, the safety of
rimonabant use in such patients is not known, In June
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2007, concerns about potential adverse psychiatric and
neurologic effects, including suicidality, prompted an
FDA advisory committee to recommend thar additional
long-term safety data be gathered prior to approval.

An ongoing clinical trial, the Strategy To Reduce
Atherosclerosis Development Involving Administra-
tion of Rimonabant—the Intravascular Ultrasound
Study (STRADIVARIUS), is investigating the effects of
rimonabant on the progression of coronary atheroscle-
rosis in individuals with abdominal obesity and either
metabolic syndrome or current tobacco use. Intravascu-
lar ultrasound will be used to assess atheroma volume
before and after 18 months of treatment with 20 mg/d of
rimonabant or placebo. Another ongoing clinical trial,
the Comprehensive Rimonabant Evaluation Study of Car-
diovascular ENDpoints and Outcomes (CRESCENDO),
is a rraditional cardiovascular outcome trial designed to
determine whether treatment with rimonabant reduces
the risk of death due to cardiovascular events in individu-
als with abdominal obesity and other cardiometabolic
risk factors. Additional trials are investigating the effects
of rimonabant on microalbuminuria, visceral far mass,
glycemic control, and smoking cessation.

Adjunctive medications for co-morbid conditions

For overweight and obese individuals who require pharma-
cologic management of co-morbid conditions, preference
should be given whenever possible to medications that have
either weight-neutral or weight-reducing effects.

Metformin

Metformin, which is approved for the treatment of
type 2 diabetes, was studied in the Diabetes Prevention
Program trial [32] as a means to prevent progression to
diabetes in nondiabetic patients with elevated fasting or
post-challenge glucose levels. Although not as effective
as an intensive lifestyle program, metformin produced a
mean weight loss of 2.1 kg and reduced the incidence of
diabetes by 31% as compared with placebo over a mean
follow-up time of 2.8 years. Therefore, metformin may be
considered as adjunctive therapy in overweight or obese
individuals with either rype 2 diabetes or prediabetes.

Exenatide

In recent years, there has been a greater appreciation of
the role of gastrointestinal hormones in the control of
body weight and glucose metabolism. One such hormone,
glucagon-like peptide-1 (GLP-1), is produced in endocrine
L cells in the small intestine and colon in response to
food intake. GLP-1 inhibits glucagon release, enhances
glucose-dependent insulin secretion, and reduces gas-
tric motility and food intake [33]. The injectable GLP-1
receptor agonist exenatide (Byetta; Amylin Pharmaceuti-
cals and Eli Lilly, Indianapolis, IN), has been shown to
improve glycemic control, enhance satiety, and reduce
food intake and body weight in humans [33]. Exenatide is

approved for use in patients with type 2 diabetes who have
not achieved adequate glycemic control despite the use of
oral antidiabetic agents. In randomized controlled trials,
treatment with exenatide twice a day for 30 weeks was
associated with mean weight losses of 1.6 to 2.8 kg and
mean reductions in glycosylated hemoglobin of around
0.8% [34,35]. Adverse effects of exenatide include nau-
sea, diarrhea, and vomiting; in the phase III trials, these
effects were generally mild or moderate and rarely led to
drug discontinuation. Co-administration of exenatide and
sulfonylureas (but not metformin) has been associated
with an increased risk of hypoglycemia.

Sitagliptin

In viva, GLP-1 has a short half-life, mainly due to rapid
degradation by the protease dipeptidyl peptidase-4 (DPP-
4). One orally administered DPP-4 inhibitor, sitagliptin
(Januvia; Merck & Co., Whitehouse Station, NJ), is now
available in the United States for the treatment of patients
with type 2 diabetes. DPP-4 inhibitors have been shown
to enhance glucose-dependent insulin secretion and
inhibit glucagon release (as exenatide does), but they do
not appear to have significant effects on gastric empty-
ing or satiety [33]. As a result, they have a neutral effect
on body weight. In phase I11 clinical trials of sitagliptin,
adverse effects were rare and included upper respiratory
tract infections and headaches. Gastrointestinal side
effects occurred in less than 5% of treated patients.

Pramlintide

Amylin, a peptide secreted by pancreatic P-cells in
response to food intake, has important glucoregula-
tory and metabolic effects. Acutely, amylin secretion
or administration suppresses glucagon release and
regulates gastric emptying; chronic administration of
amylin also reduces food intake and body weight in
animals [36]. Pramlintide (Symlin; Amylin Pharmaceu-
ticals, San Diego, CA), a synthetic analogue of amylin,
was approved by the FDA in 2005 for use in insulin-
treated patients with either type 1 or type 2 diabetes.
Clinical trials in patients with type 2 diabetes have
shown that treatment with pramlintide for 52 weeks
improves HbA by about 0.4% more than placebo and
reduces body weight by over 2 kg more than placebo
[36]. Adverse effects of pramlintide in insulin-treated
patients include nausea and hypoglycemia. Clinical
trials are now under way to assess the safety and effi-
cacy of pramlintide for weight loss in obese individuals
without diabetes. In a recent phase Il trial thar did not
employ a concomitant lifestyle intervention, pramlint-
ide-treated obese subjects lost an average of 3.7% more
weight over 16 weeks than placebo-treated subjects
[37]. In addition, 31% of pramlintide-treated subjects
lost at least 5% of their weight compared with just 2%
in the placebo group. Adverse effects included nausea,
which was generally mild and transient, and mild, self-
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limiting symptoms of hypoglycemia in 8% of subjects.
There were no reports of moderate or severe hypoglvce-
mic episodes in any subjects.

Topiramate and zonisamide

Two antiepileptic medications, topiramate and zonisamide,
have also been investigated for the treatment of obesity.
In clinical trials lasting from 6 to 15 months, treatment
with 192 mg/d of ropiramate has been shown to produce
mean weight losses of 6.3% to 9.1% as compared with
losses of 1.7% to 2.5% in placebo-treated subjects [38].
The high frequency of adverse central nervous system
effects (including parasthesias, memory difficulties, and
somnolence) in phase I1 and I studies of topiramate for
obesity led to the discontinuation of these trials in 2004,
However, the combination of topiramate and phentermine
is still under investigation as a potential obesity therapy.
Topiramate is approved for the treatment of seizure disor-
der and for the prevention of migraines, and its use should
be considered in overweight or obese patients with these
conditions. In addition, although clinical trial data are
currently limited, there may be a role for topiramate in the
treatment of binge-eating disorder [39]. In a small clini-
cal trial that lasted 16 weeks, treatment with zonisamide
produced a placebo-subtracted weight loss of 5% [40]. A
single-blind extension of this treatment over an additional
16 weeks resulted in a net placebo-subtracted weight loss
of 7.6% in zonisamide-treated subjects. In another small
16-week clinical trial, zonisamide was shown to be more
effective than placebo for binge-eating disorder [41]. It
also produced significant weight loss, but adverse effects
(including central nervous system effects) led to drug dis-
continuation in over 25% of zonisamide-treated subjects,
Ongoing trials are investigating the role of zonisamide
alone and in combination with bupropion for the treat-
ment of obesity.

Bupropion

Bupropion, which is currently approved in the United
States for the treatment of depression and as a smoking
cessation aid, has been shown to enhance weight loss
in randomized clinical trials. In one multicenter trial,
treatment with either 300 mg/d or 400 mg/d of sus-
tained-release bupropion for 24 weeks was associated
with placebo-subtracred weight losses of 1.7% and 3.7%,
respectively [42]. After 24 weeks, placcbo-treated sub-
jects were rerandomized to either 300 mg/d or 400 mg/d
of bupropion, and bupropion-treated subjects continued
on the same dose. Subjects who complered 48 weeks
of treatment with 300 mg/d or 400 mg/d of bupropion
maintained mean losses of 7.5% and 8.6% of initial body
weight, respectively. Bupropion is generally well tolerated,
but seizures occur in 0.4% of individuals treated with
400 mg/d. Due to an increased seizure risk in those with
seizure disorder or bulimia nervosa, the medication is
contraindicated in these individuals.

Future Directions

Other lipase inhibitors, CB, receptor antagonists, GLP-1
agonists, and DPP-4 inhibitors are in various stages of
development, but it is not vet clear whether these new
compounds will have significant advantages over the first-
in-class agents. A variety of new therapeutic strategies
are also being explored in light of new knowledge abour
the effects of adipocyte-derived hormones, hypothalamic
neuropeptides, and gastrointestinal hormones on food
intake and body weight. Figure 1 illustrates the complex,
overlapping pathways involved in energy metabolism.

Adipocyte-derived hormones

Qur understanding of the role of adipocytes in the regulation
of body weight and energy metabolism has increased greatly
since the discovery of leptin. Leptin, a hormone produced
primarily by adipocytes, serves as a signal of energy stores;
circulating levels of leptin are positively correlated with
adiposity. Leptin acts on pro-opiomelanocortin (POMC)
and neuropeptide Y (NPY) neurons in the hypothalamus to
promote the synthesis of anorexigenic (appetite-suppressing)
peptides like a-melanocyte-stimulating hormone (o-MSH)
and to suppress production of orexigenic (appetite-stimu-
lating) peptides like NPY and agouti-related peptide [43].
Congenital leptin deficiency is associated with severe obe-
sity, and leptin replacement therapy promotes weight loss
in these patients. However, this condition is extremely rare,
and in most cases of human obesity a state of leptin resis-
tance (rather than deficiency) exists. Unfortunately, as a
result, the use of exogenous leptin to induce weight loss in
humans has been limited by both adverse effects and disap-
pointing results. However, leptin may still be useful as an
adjunctive therapy for long-term weight loss maintenance.
Administration of low doses of leptin may blunt the adaptive
metabolic and neuroendocrine responses to weight loss that
make weight maintenance so difficult [449].

Adiponectin, another hormone secreted by adipocytes,
has a variety of beneficial metabolic effects, including the
stimulation of fatty acid oxidation and the suppression
of hepatic gluconeogenesis [43]. Low circulating levels
of adiponectin, as are found in people with obesity, are
associated with insulin resistance, dyslipidemia, and an
increased risk of atherosclerotic disease. In transgenic
mice, overexpression of adiponectin has been associated
with reduced adiposity, decreased susceptibility to diet-
induced obesity, reduced accumulation of macrophages in
adipose tissue, improved insulin sensitivity, and decreased
maortality [45]. Pharmaceutical agents that increase adipo-
nectin levels (such as rimonabant) or target adiponectin
receptors may therefore be useful in the treatment of obe-
sity and related metabolic diseases.

Hypothalamic neuropeptides

NPY and POMC neurons in the hypothalamus play a
critical role in energy metabolism; as a result, their neu-
ropeptide products and the receptors that modulate their
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Figure 1. A diagram of the hormones and peptides involved in energy metabolism. A variety of adiposity, hunger, and satiety signals from the

periphery are integrated in the central nervous system, leading to changes in energy intake and expenditure to maintain energy homeostasis.
a-MSH—a-melanocyte-stimulating hormone; AgRP—agouti-related peptide; CART— cocaine and amphetamine-regulated transcript;
CCK— cholecystokinin; GLP-1—glucagon-like peptide-1; MCH—melanin-concentrating hormaone; MNPY—neuropeptide ¥;
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activity {such as serotonin [SHT] and CB, among others)
represent potential targets for antiobesity drug develop-
ment. Several NPY Y5 receptor antagonists are currently
in preclinical or early clinical development. In a phase
Ia trial, one such agent (5-2367, Shionogi USA, Florham
Park, NJ) was reported to increase diet-induced weight
loss in obese subjects without causing significant adverse
effects [46].

Lorcaserin {Arena Pharmaceuticals, 5an Diego, CA), a
selective SHT,_receptor agonist, displayed good efficacy and
safety profiles in phase Il trials and is currently in phase III
trials [47]. It is hoped that lorcaserin will retain the apperite-
suppressing properties {mediated through SHT,_ receptors
on POMC neurons) of the older seratonergic weight loss
medications while minimizing the adverse cardiovascular
and central nervous system effects (mediated through SHT,,

and SHT,, receptors) seen with those agents. Other SHT,
receptor agonists are also in development.

The melanocortin-4 receptor (MC4R) is activated
by e@-MSH, a product of POMC neurons. MC4R ago-
nists have been shown to decrease food intake and body
weight in rodents [48]. Although most human obesity is
polygenic in origin, MC4R mutations are thought to be
the most commeon cause of monogenic obesity in humans.
MC4R mutations have been found in up to 7% of indi-
viduals with severe early-onset obesity, underscoring the
importance of this receptor and the melanocortin system
in the control of body weight.

The release of melanin-concentrating hormone
{(MCH), an orexigenic peptide produced in the lateral
hypothalamic area, is inhibited by «-MSH and stimulated
by NPY. Administration of an MCH-1 receptor antago-







