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A Clinical View of the Obesity Epidemic
and Current Pharmacological Treatments

F. Xavier Pi-Sunyer, M.D.
St. Luke's-Roosevelt Hospital Center
Columbia University College of Physicians and Surgeons
New York, N.Y.

The prevalence of overweight in the United States has increased dramatically
in the last decade. Data from the third National Health and Nutrition Survey (NHANES
IIT), conducted from 1988-1991, showed that 33.4% of Americans were obese. This is an
8% increase over a decade earlier. Americans are moving into the obese category at the
rate of 1% a year. Overweight and obesity are more prevalent in certain ethnic groups of
the U.S. population such as Mexican men, African American women, and Native
Americans. Obesity is increasing not only in adults, but also in children and adolescents.
This is despite the fact that obesity is very much in the minds of Americans. In fact, they
are spending over $40 billion yearly on weight reduction products and services. The
discrepancy between effort and result has led to inspection of our treatment methods,
to see where they may be coming short.

For the past three decades, behavior modification has been used to treat obesity. No
single definition of behavior modification exists. Definitions range from the applications
of operant conditioning, classical conditioning, or principles of learning theory, to more
broadly based cognitive behavioral models. The primary goal is to change an obese
individual's eating and physical activity habits. Changes are gradual. Following
achievement of a weight that is maintainable without excessive exercise or overly
restrictive eating limitations, relapse prevention training is used to teach the individual
how to cope with emotional and social situations associated with eating relapse.
Unfortunately, in the few studies available, three to five year follow-ups show gradual
return to baseline.

Because of the relative lack of success of behavior modification, diet, and exercise,
there is an interest in drug therapy for obesity.

For patients with a body mass index (BMI) =>30 or for those with a BMI of 27-30
with two or more risk factors, however, who have failed on diet and exercise alone,
pharmacotherapy is an option.



The New Neuroendocrinology of Energy Homeostasis

Michael W. Schwartz, M.D.
University of Washington

The homeostatic regulation of adiposity involves humoral mediators that circulate
at levels proportional to body fat stores and, acting through neuronal receptors, elicit
behavioral and metabolic responses over time that promote stability of body fat content.
In recent years, our understanding of how information regarding body energy stores is
communicated to the brain and subsequently integrated into behavioral and metabolic
responses has greatly improved. Much of this progress is due to the identification of
specific neurons in the arcuate nucleus of the hypothalamus that serve as sensors of
whole-body energy status, and initiate downstream responses designed to maintain fuel
stores at a constant level. While many regions of the brain are involved in energy
homeostasis, circuits that begin in the arcuate nucleus are some of the best understood at
a molecular level. New information regarding the roles played by two adiposity-related
hormones — insulin and leptin -- in the control of discrete subsets of arcuate nucleus
neurons, and the cellular pathways that mediate these effects, provides a model for
understanding how energy homeostasis is achieved.

Contained within the arcuate nucleus are neurons that potently stimulate food
intake via the release of both neuropeptide Y (NPY) and agouti-related peptide (AgRP),
and these neurons are inhibited by input from insulin and leptin. Opposing the effects of
these NPY/AgRP neurons are adjacent melanocortin-containing neurons that reduce food
intake and are stimulated by insulin and leptin. Both subsets of arcuate neurons in turn
project to other key hypothalamic areas, including the paraventricular nuclei and lateral
hypothalamic area, where “second order” neurons in a food intake-regulatory circuit are
found. Ultimately, signaling via this pathway is linked to hindbrain areas that sense and
respond to meal-related signals involved in the perception of satiety and meal
termination.

Efforts to delineate the mechanisms whereby changes of body fat content are
transduced into compensatory adjustments of food intake provide a framework for
understanding how genetic and dietary factors can disrupt energy homeostasis signals and
thereby lead to obesity, and identify new targets for drug development in the treatment of
obesity and related disorders.
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The Pharmacology of Melanin Concentrating Hormone-1 Receptor
Antagonists in the Regulation of Food Intake
and Body Weight

Timothy J. Kowalski, Ph.D.
Schering Plough Research Institute

Pharmacological experiments and studies with genetically modified mice have
shown that melanin-concentrating hormone (MCH) plays a role in feeding and energy
homeostasis. In the central nervous system, MCH expression is limited to the lateral
hypothalamus and the zona incerta. Two MCH receptors have been identified; MCHI1-
R, which is expressed throughout the brain of rodents and higher mammalian species and
MCH2-R, which is not expressed in rodents but is widely expressed in the brain of higher
mammalian species. In rodents, acute central infusion of MCH increases food intake,
while chronic central infusion or transgenic MCH over-expression promotes hyperphagia,
increased adiposity and insulin resistance. Genetic ablation of mch or mchi-r produces a
lean phenotype in mice. This evidence, along with reports showing that small molecular
weight MCH1-R antagonists decrease food intake and body weight in rodents, suggests
that MCH1-R antagonists may be efficacious for the treatment of obesity and metabolic
syndrome.

The effects of MCHI1-R antagonists on food intake and metabolic syndrome
abnormalities (elevated adiposity, impaired insulin sensitivity, and hyperlipidemia) in
rodent models of diet-induced obesity will be presented.



Melanocortin Receptors as Targets for the Development
of Novel Anti-Obesity Agents

Russell J. Sheldon, Ph.D.
Procter & Gamble Pharmaceuticals, Mason, OH

Pathways involving melanocortin peptides and their receptors constitute one of the most
exciting areas of obesity research. Melanocortin signaling involves the interplay among four
agonist ligands ( a-MSH, B-MSH, y-MSH, and ACTH) that are all derived from a common
precursor protein (pro-opiomelanocortin [POMC]), two antagonist ligands (agouti and agouti-
related protein [AgRP]), and five melanocortin receptors (named MCI1-R thru MC5-R). Of the
potential receptor targets, the MC4-R and MC3-R have been associated with pathways involved
in energy intake, energy expenditure and nutrient partitioning. Studies of mice with null
mutations in the MC4-R and MC3-R and the more recent identification of loss-of-function
mutations in these receptors in obese humans provide part of the rationale for the development of
MC4-R and/or MC3-R agonists to lower food consumption and to enhance energy expenditure in
obese humans.

MT-II is a synthetic, cyclic melanocortin peptide that exhibits high affinity and full agonist
activity at the MC1-R, MC3-R, MC4-R and MC5-R. Our group and others have used MT-II as a
tool to explore the pharmacology of MC4-R and MC3-R agonism, using assays and endpoints
that are relevant to the use of melanocortin drugs for weight loss. Our research has focused on
understanding the in vivo activity of MT-II and other MC agonists when delivered by peripheral
routes of administration, which is relevant to the eventual mode of delivery of melanocortin drugs
in humans. MT-II produces a strong suppression of 24-hour food intake when given either
intraperitoneally (IP) or subcutaneously (SC) to lean rats. Repeated or continuous dosing of MT-
II to obese rats for up to 28 days leads to a reduction of body weight that is proportional to the
reduction of cumulative food intake over the duration of dosing. MT-II treatment of DIO rats
also causes lower levels of fat mass and reduces plasma levels of leptin, triglycerides and free-
fatty acids. These findings provide encouraging support for the further development of MC4-R
and MC3-R agonists for the treatment of obesity.

Our group has also explored the aversive properties of peripherally dosed MT-II using
acute and subchronic conditioned-taste aversion (CTA) paradigms. Findings from acute dosing
studies led to the general conclusion that strong suppression of food intake by acute, peripheral
delivery of MTH-II is associated with a positive CTA response, while lower levels of food intake
reduction are not. We have extended these findings to repeated dosing of MT-II where
continuous dosing of rats with MT-II for 7 days also supported a positive CTA response,
suggesting an inability to extinguish the aversive stimulus with continuous exposure of MT-II.
The progression of peptide and small molecule melanocortin drugs toward clinical trials will help
to dimension the physiological basis and human relevance of these preclinical findings.
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Aside from the typical challenges of designing compounds with high affinity and efficacy at the
appropriate melanocortin receptors, more intangible properties (e.g, relative level of MC4-R and
MC3-R activity, blood-brain barrier transport properties) may dictate the weight loss efficacy or
side-effect profile observed with a given drug in the clinic. Despite these challenges,
melanocortin drugs continue to show promise as an approach for treatment of human obesity and
its comorbidities.
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Peripheral Peptidergic Mechanisms Regulating Food Intake

Timothy H. Moran,
Department of Psychiatry and Behavioral Sciences
Johns Hopkins University School of Medicine, Baltimore, MD, 21205

During and following a meal, the physical and chemical properties of ingested food
evoke a variety of feedback signals that can serve to module current and future food
intake. Food accumulates in the stomach resulting in gastric distention and a
significant portion of ingested nutrients pass quickly from the stomach into the
proximal intestine contacting receptive elements sensitive to both the volume and
chemical character of the digestion products. Gastrointestinal peptide release is
altered and neural elements are activated. = Meal-released peptides such as
cholecystokinin (CCK) and pancreatic glucagon have documented actions in meal
termination. In contrast, the release of ghrelin, a gastric peptide that stimulates food
intake through actions involving hypothalamic sites, is inhibited by nutrients entering
the intestine. As digestion continues, nutrient digestive products contact receptive
elements in the lower intestine, stimulating the release of additional peptides that may
have effects in modulating food intake over the longer term. These peptides include
GLP-1, peptide YY (3-36) and pancreatic polypeptide (PP). Various roles for these
peptides in modulating hypothalamic feeding circuits have been proposed. Together,
these feedback signals play important roles in modulating both within and across
meal food intake and as such are potential targets for the development of antiobesity
agents.

Key words: cholecystokinin, gut peptides, satiety



Molecular Physiology of Adipocyte Signaling and Fuel Utilization

Sheila Collins, Ph.D.
Duke University Medical College

The primacy of the catecholamines and the B-adrenergic receptors (BARs) in the
control of adipocyte lipolysis and thermogenesis are well established. The BARs are
recognized as the predominant force in the mobilization of metabolic energy, which is
stored largely in the form of triglycerides, through their activation of the cAMP and PKA
signaling cascade. While key targets of PKA have been identified such as hormone
sensitive lipase and perilipin, we have shown that certain MAP kinase pathways,
including ERK and p38 MAPK, are also triggered in adipocytes in response to AR
activation. We have now established that ERK activation contributes to lipolysis and
investigating a novel mechanism of direct recruitment of components of the Src signaling
cascade to BAR intracellular domains by proteomic approaches. We also find that
cAMP-dependent PKA activation in brown adipocytes leads to activation of p38 MAPK,
and is required for UCP1 and PGC-1la gene transcription and brown fat thermogenesis.
Moreover, this pathway appears to be preferentially used in brown adipocytes by a
number of different cAMP-responsive genes, suggesting that it is a major ‘traffic’ route
for cAMP sensing in this cell type. But the identity of the components and their
hierarchy in this pathway has been unknown. We now find selective activation of p38a
MAPK in brown adipocytes, despite the greater overall abundance p383 MAPK in brown
fat, and the preferential recruitment of several novel signaling proteins.



Fatty Acid Metabolism and Energy Regulation: New Pharmacological
Strategies for Obesity Therapy

Francis P. Kuhajda, MD, Gabriele V. Ronnett, MD, PhD

Obesity is a world-wide health issue. Fatty acid synthase (FAS) is a lipogenic
enzyme that catalyzes the NADPH condensation of acetyl-CoA and malonyl-CoA to
generate long-chain fatty acids. We and others have demonstrated that inhibition of FAS
using synthetic FAS inhibitors such as C75, administered centrally or peripherally, was
able to reduce food intake and induce a profound loss of body weight. FAS is expressed
in a number of brain regions, including arcuate and paraventricular nuclei (PVN) within
regions that comprise the arcuate-PVN pathway. FAS co-localizes with neuropeptide Y
(NPY) in neurons in the arcuate nucleus, suggesting that C75 may alter food intake via
interactions within the arcuate-PVN pathway mediated by NPY. Indeed, C75 inhibits
fasting-induced increases in NPY, supporting this hypothesis. Moreover, chronic C75
treatment affects the expression of both anorexigenic and orexigenic hypothalamic
neuropeptides leading to reduced food intake. More recently, we have investigated the
cellular mechanisms of C75’s action to show in vitro and in vivo that at least part of the
anorexic effect of C75 may be due to modulation of AMP-activated protein kinase
(AMPK), a known peripheral energy-sensing kinase.

In addition to reduction in food intake, we have also observed that C75 treated
diet-induced obese mice lose more weight than pair-fed controls. Paradoxically, whole
animal calorimetry and in vitro studies of fatty acid oxidation revealed that C75 acted to
increase energy production as fatty acid oxidation. During FAS inhibition, there is an
accumulation of the FAS substrate, malonyl-CoA. Malonyl-CoA is known to inhibit
fatty acid oxidation through the inhibition carnitine palmitoyl-transferase-1 (CPT-1)
activity, the rate-limiting enzyme of fatty acid oxidation on the outer membrane of the
mitochondria. While C75 does inhibit FAS, it concomitantly stimulates CPT-1 activity,
even in the presence of inhibitory concentrations of malonyl-CoA leading to increased
fatty acid oxidation. Thus, at least one component of the mechanism leading to increased
fatty acid oxidation in C75 treated mice is the direct activation of CPT-1. While acute
treatment of C75 alters FAS and CPT-1 activity, chronic C75 treatment alters the
expression fatty acid metabolism genes, further promoting a lean phenotype. Thus, C75
decreases food intake by altering the expression of hypothalamic neuropeptides leading
to an overall anorexigenic signal. In addition, C75 also stimulates fatty acid oxidation, in
part by stimulating CPT-1, and altering fatty acid metabolism gene expression. Together,
these actions lead to profound weight loss in diet induced obese mice.

Recently, our collaborators have developed a series of compounds that selectively
inhibit FAS or stimulate fatty acid oxidation in vitro. Both of these classes of compounds
lead to weight reduction in diet induced obese mice, albeit through different mechanism
of action. Collectively, these data suggest a role for the pharmacological manipulation of
fatty acid metabolism as a means to treat obesity.
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Serotonergic Mechanisms Regulating Eating and Satiation

Kenny J. Simansky, Ph.D.
Department of Pharmacology and Physiology
Drexel University College of Medicine, Philadelphia, PA 19102

Four decades ago, the drug fenfluramine was shown to reduce food intake in animals and
humans. Early evidence that this agent released neuronal serotonin (5-HT) and blocked its
reuptake suggested that this monoamine served a physiological role to inhibit eating. 5-HT is
synthesized by enterochromaffin cells in the gastrointestinal mucosa and by neurons within the
enteric and central nervous systems. This distribution places 5-HT in position to mediate diverse
processes involved in regulating food intake. Such processes range from the endocrine and
paracrine signaling functions of the gut, to modulating the impact of sensory information in the
brainstem, to recruiting neuropeptide circuits in the forebrain that inhibit eating. Drugs that
activate 5-HT receptors postsynaptically on neurons, or on gut smooth muscle, reduce food
intake. These drugs can act indirectly by releasing 5-HT or preventing its reuptake (as with
fenfluramine), or directly by stimulating the receptors (as with the active metabolite of
fenfluramine and numerous other agents). Seven families of 5-HT receptors containing at least
14 subtypes have been cloned and the cellular transduction mechanisms identified for at least 12
of these. In the periphery, 5-HT itself and several of its structural analogs reduced food intake in
rats. These actions involved two subtypes of receptors (probably 5-HT,, and a 5-HT;-family
receptor). The specific physiological roles of these peripheral mechanisms remain to be
determined and it is premature to consider them targets for drug development. Suggestions that
5-HT,p and 5-HT; receptors regulate eating are similarly premature. Considerable evidence does
exist, however, that 5-HT,c and 5-HT)p receptors in the brain play significant roles to inhibit
consumption of food. The evidence is primarily pharmacological but also comes from
bioengineered mutants in which the receptor genes have been deleted. The cooperative action of
these two receptors in normally developed adults may be necessary for complete expression of all
aspects of satiety.
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Serotonergic 5-HT,c Receptor Agonists
as Novel Therapeutic Agents for Obesity

Keith J. Miller, Ph.D.
Principal Scientist
Metabolic Diseases Research, Bristol-Myers Squibb

Serotonin has long been known to participate in feeding behavior. For a number
of years it remained a mystery as to which serotonin receptor or receptors participated in
the regulation of food intake as the available pharmacological tools were relatively non-
selective. Evidence for the involvement of the 5-HT,c receptor in feeding, using
compounds such as mCPP and MK212, was developing but it took the advent of receptor
knockout technology to provide the strongest evidence. Tecott and colleagues generated a
5-HT,¢ knockout mouse that developed a late onset obesity syndrome. Additionally these
animals were relatively insensitive to the 5-HT releasing agent fenfluramine. These data
suggested that a selective 5-HT,¢ agonist would be useful in reducing food intake and
body weight.

A few years after Tecott’s seminal discovery, data implicating the chronic use of
fenfluramine in the development of heart valve hyperplasia emerged. Subsequently it was
determined that activation of serotonin 5-HT,p receptors by a metabolite of fenfluramine,
norfenfluramine, may play a role in the development of the heart valve lesion. These data
have had major impact on the development of 5-HT,c agonists for obesity in that
selectivity vs. other serotonin receptors has become paramount.

Agonist-based therapy has the inherent risk of tolerance. Thus the questions of
partial vs. full agonism and the potential for chronic therapy must be assessed. Vickers
and colleagues have presented data with various compounds that the feeding effects of
agents such as mCPP and Ro 60-0175 do not tolerate with chronic administration,
however highly selective compounds with varying intrinsic activities have not been
similarly examined.

The ability to surmount the hurdles mentioned above will be put into context
utilizing the 5-HT,¢ agonist IL639. The compound is a highly selective 5-HT,¢ receptor
agonist relative to other serotonin receptors, including 5-HT,4 and 5-HT,g. 1L639 has
been shown to be chronically effective in reducing food intake and body weight gain in
rats. Examination of c-Fos expression in the brain has revealed the compound activates
feeding centers in the brain, including those regions known to be activated by other
anorectics, highlighting the potential for complex interplay among other mediators of
food intake.
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Peripheral Peptidergic Mechanisms Regulating Food Intake

Timothy H. Moran,
Department of Psychiatry and Behavioral Sciences
Johns Hopkins University School of Medicine, Baltimore, MD, 21205

During and following a meal, the physical and chemical properties of ingested
food evoke a variety of feedback signals that can serve to module current and future
food intake. Food accumulates in the stomach resulting in gastric distention and a
significant portion of ingested nutrients pass quickly from the stomach into the
proximal intestine contacting receptive elements sensitive to both the volume and
chemical character of the digestion products. Gastrointestinal peptide release is
altered and neural elements are activated. = Meal-released peptides such as
cholecystokinin (CCK) and pancreatic glucagon have documented actions in meal
termination. In contrast, the release of ghrelin, a gastric peptide that stimulates food
intake through actions involving hypothalamic sites, is inhibited by nutrients entering
the intestine. As digestion continues, nutrient digestive products contact receptive
elements in the lower intestine, stimulating the release of additional peptides that may
have effects in modulating food intake over the longer term. These peptides include
GLP-1, peptide YY (3-36) and pancreatic polypeptide (PP). Various roles for these
peptides in modulating hypothalamic feeding circuits have been proposed. Together,
these feedback signals play important roles in modulating both within and across
meal food intake and as such are potential targets for the development of antiobesity
agents.

Key words: cholecystokinin, gut peptides, satiety



CCK-1 Receptors Agonists:
A Promising Approach for the Treatment of Obesity

Jerzy R. Szewczyk

Department of Medicinal Chemistry, GlaxoSmithKline,
Five Moore Drive, PO Box 13398, Research Triangle Park, North Carolina 27709-3398.
Phone (919) 483-6283 Fax (919) 315-5668 E-mail george.r.szewczyk@gsk.com.

Over 30 years have passed since Gibbs, Young, and Smith [1] demonstrated the
ability of exogenously administered cholecystokinin (CCK) to inhibit food intake in rats.
This observation was the beginning of very extensive studies into the role CCK plays in
the regulation of food intake in mammals. CCK is a brain-gut peptide, which exists in
multiple forms. CCK peptides exert their action on two distinct receptor subtypes: CCK-
A (Alimentary) now called the CCKIR, mostly expressed peripherally; and CCK-B
(Brain), renamed the CCK2R, which is primarily present in the brain. Through the use of
subtype-selective agonists and antagonists for the CCK receptor, it was determined that
the effect of CCK on feeding was dependent on agonist induced activation of peripheral
CCKI1 receptors[2,3]. This discovery was followed by intense research with the goal of
identifying small molecule agonists on the CCK1 receptor as potentially useful agents for
the treatment of obesity. This presentation will attempt to summarize the results of this
research.
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Ray W. Fuller
1935-1996

The ASPET-Ray Fuller Symposium is an annual series of sponsored meetings to bring
together academic, government and industry scientists to focus on an emerging area of
drug discovery, spanning basic to clinical considerations.

Ray Fuller was born in 1935 and grew up on a farm in Southern lllinois in a fairly isolated
area without electricity, telephones, or indoor plumbing. Despite never expecting to
attend high school when he was growing up, Ray Fuller received a B.A. in chemistry
from Southern lllinois University. He helped put himself through college by working at
the Anna State Hospital and it was during this job that he developed his interest in the
brain and the idea that a better understanding of the central nervous system could lead
to better treatments for the mentally ill. Following graduation from SIU with an M.A. in
microbiology, Ray got his Ph.D. in 1961 in biochemistry from Purdue University. In 1963
he moved to Eli Lilly and Company where he was a member of the scientific triad
responsible for the discovery of fluoxetine (Prozac). He served as an adjunct faculty
member at Southern lllinois University and Indiana University School of Medicine and
was a Visiting Lecturer at the Massachusetts Institute of Technology.

Ray Fuller was an active member of the American Society for Pharmacology and
Experimental Therapeutics (ASPET). He served as a Councilor of the Society as well as
a member of the Board of Publications Trustees, the Long Range Planning Committee,
several awards committees, and a member of the executive committee of the then
Section on Neuropharmacology. He received numerous honors, including two honorary
doctorates and the Pharmaceutical Manufacturers Association’s Discoverers Award, for
his work on fluoxetine.

In the commencement address that he gave to the graduates of the Southern lllinois
University in 1994, Ray Fuller provided three points of advice: “First is, be yourself.
Nobody else can do that. Second is, don’t let the fear of making mistakes keep you from
finding out what you can accomplish. And third is, keep learning—continue your
education—throughout life.” As a tribute to the breadth of his contributions to
pharmacology, ASPET Council has permanently named the symposium series to honor
the late Ray W. Fuller.
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