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Public health efforts and current antiobesity agents have not
controlled the increasing epidemic of obesity. Investigational
antiobesity agents consist of 1) central nervous system agents
that affect neurotransmitters or neural ion channels, including
antidepressants (bupropion), selective serotonin 2c receptor
agonists, antiseizure agents (topiramate, zonisamide), some
dopamine antagonists, and cannabinoid-1 receptor antagonists
(rimonabant); 2) leptin/insulin/central nervous system pathway
agents, including leptin analogues, leptin transport and/or lep-
tin receptor promoters, ciliary neurotrophic factor (Axokine),
neuropeptide Y and agouti-related peptide antagonists, pro-
opiomelanocortin and cocaine and amphetamine regulated
transcript promoters, �-melanocyte-stimulating hormone ana-
logues, melanocortin-4 receptor agonists, and agents that affect
insulin metabolism/activity, which include protein-tyrosine
phosphatase-1B inhibitors, peroxisome proliferator activated
receptor-� receptor antagonists, short-acting bromocriptine (er-
goset), somatostatin agonists (octreotide), and adiponectin; 3)
gastrointestinal-neural pathway agents, including those that
increase cholecystokinin activity, increase glucagon-like pep-
tide-1 activity (extendin 4, liraglutide, dipeptidyl peptidase IV
inhibitors), and increase protein YY3-36 activity and those that
decrease ghrelin activity, as well as amylin analogues (pram-
lintide); 4) agents that may increase resting metabolic rate
(“selective” �-3 stimulators/agonist, uncoupling protein homo-
logues, and thyroid receptor agonists); and 5) other more
diverse agents, including melanin concentrating hormone an-
tagonists, phytostanol analogues, functional oils, P57, amylase
inhibitors, growth hormone fragments, synthetic analogues of
dehydroepiandrosterone sulfate, antagonists of adipocyte 11B-
hydroxysteroid dehydrogenase type 1 activity, corticotropin-

releasing hormone agonists, inhibitors of fatty acid synthesis,
carboxypeptidase inhibitors, indanones/indanols, aminosterols,
and other gastrointestinal lipase inhibitors (ATL962). Finally,
an emerging concept is that the development of antiobesity
agents must not only reduce fat mass (adiposity) but must also
correct fat dysfunction (adiposopathy).
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Introduction
Obesity is the most common metabolic disease in devel-

oped nations. Despite public health education and initia-
tives, its prevalence continues to increase, with �30% of
adults in the United States being obese and �60% of adults
being overweight or obese (1). The World Health Organi-
zation has estimated that worldwide, over one billion adults
are overweight, with at least 300 million of them being
obese (2). The increasing prevalence of obesity among
children and adolescents is also of great concern (3) and
suggests a likelihood of worsening obesity trends in future
adults. Obesity leads to, or significantly increases the risk
of, comorbidities involving various body systems including
1) cardiovascular [hypertension, congestive cardiomyopa-
thy, varicosities, pulmonary embolism, coronary heart dis-
ease (CHD)1], 2) neurological (stroke, idiopathic intracra-
nial hypertension, meralgia parethetica), 3) respiratory
(dyspnea, obstructive sleep apnea, hypoventilation syn-
drome, Pickwickian syndrome, asthma), 4) musculoskeletal
(immobility, degenerative osteoarthritis, low back pain), 5)
skin (striae distensae or “stretch marks,” venous stasis of the
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1 Nonstandard abbreviations: CHD, coronary heart disease; GI, gastrointestinal; 5-HT,
5-hydroxytryptamine (serotonin); CNS, central nervous system; GABA, �-aminobutyric
acid; CB, cannabinoid; BBB, blood-brain barrier; JAK/STAT, janus kinase/signal transducer
and activator of transcription; CNTF, ciliary neurotrophic factor; NYP, neuropeptide Y;
AgRP, agouti-related peptide; POMC, proopiomelanocortin; CART, cocaine and amphet-
amine regulated transcript; PYY, protein YY3-36; MC, melanocortin; �MSH, �-melano-
cyte-stimulating hormone; CRH, corticotropin-releasing hormone; PI3K, phosphatidylino-
sitol 3 kinase; IRS-1, insulin receptor substrate; PTP, protein-tyrosine phosphatase; PPAR,
peroxisome proliferator activated receptor; CCK, cholecystokinin; GLP-1, glucagon-like
peptide-1; DPP IV, dipeptidyl peptidase IV; RMR, resting metabolic rate; UCP, uncoupling
protein; BAT, brown adipose tissue; MCH, melanin-concentrating hormone; DHEAS,
dehydroepiandrosterone sulfate.
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lower extremities, lymphedema, cellulitis, intertrigo, car-
buncles, acanthosis nigricans, skin tags), 6) gastrointestinal
(GI; gastro-esophageal reflux disorder, nonalcoholic fatty
liver/steatohepatitis, cholelithiasis, hernias, colon cancer),
7) genitourinary (stress incontinence, obesity-related glo-
merulopathy, breast and uterine cancer), 8) psychological
(depression and low self-esteem, impaired quality of life),
and 9) endocrine (metabolic syndrome, type 2 diabetes,
dyslipidemia, hyperandrogenemia in women, polycystic
ovarian syndrome, dysmenorrhea, infertility, pregnancy
complications, male hypogonadism) (4).

Therefore, it has been a therapeutic and research goal to
develop strategies to reduce the worldwide obesity epidemic
(5,6) and a research goal to develop safe and effective
antiobesity drugs, analogous to what has occurred with
hypertension, dyslipidemia, and diabetes (7).

Current Therapies
Amphetamines (dextroamphetamine) have been used as

antiobesity drugs, but can cause unacceptable tachycardia
and hypertension. They also have a high rate of abuse
potential and do not have a U.S. Food and Drug Adminis-
tration indication for the treatment of obesity. Other sym-
pathomimetic adrenergic agents, including phentermine,
benzphetamine, phendimetrazine, mazindol, and diethylpro-
pion, have less abuse potential than amphetamines; but
these agents may have adverse cardiovascular side effects,
and their indicated use is only short term (�12 weeks) (8)
for the treatment of what is commonly a chronic metabolic
disease. In 2000, the appetite suppressant phenylpropanol-
amine was removed from the over-the-counter market in the
United States because of unacceptable risks of stroke, es-
pecially in adult women.

Sibutramine is a noradrenaline and serotonin (5-HT) re-
uptake inhibitor drug that has an indication for treatment of
obesity by primarily increasing satiety (although some ther-
mogenic effects may exist as well) (9). Sibutramine-associ-
ated weight loss occurs within the first 6 months of treat-
ment, may be maintained for at least 2 years (10,11), and
may have favorable effects on CHD risk factors, such as
increasing high-density lipoprotein-cholesterol and decreas-
ing triglyceride blood levels (12), as well as improving
glucose control in patients with diabetes (13,14). However,
because patients administered sibutramine may experience
increases in blood pressure and heart rate, sibutramine’s use
is contraindicated in patients with uncontrolled hyperten-
sion, CHD, cardiac dysrhythmias, congestive heart failure,
or stroke (15).

Orlistat, a gastrointestinal lipase inhibitor that impairs the
absorption of dietary fat, has been shown to result in sig-
nificant and sustained weight reduction for at least 2 years
(16) and to favorably affect CHD risk factors. Orlistat may
improve lipid blood levels (17,18), improve glucose metab-
olism in obese patients with and without diabetes (19–21),

and reduce high blood pressure (22). Orlistat use frequently
results in adverse events including flatus, oily stools, fecal
urgency or fecal incontinence, and abdominal pain, partic-
ularly among patients who do not follow the recommended
low-fat diet. Daily multivitamin supplementation is recom-
mended to prevent the potential of impaired absorption of
fat-soluble vitamins (A, D, E, and K) that may theoretically
occur with long-term use.

Antiobesity Agents that Affect
Neurotransmitters and/or Neural Ion

Channels (Table 1)
From a public health standpoint, diet, exercise, lifestyle,

and behavior modifications (23,24) should be the first steps
in obesity management. Avoidance of drugs known to po-
tentially contribute to obesity is another step.

Various drugs and drug classes are known to affect body
weight. Steroid hormones (glucocorticoids, estrogens, pro-
gestins), diabetes therapies (insulin, sulfonylureas, thiazo-
lidinediones), highly active antiretroviral protease inhibi-
tors, �-adrenergic blockers (most commonly described with
nonselective �-blockers such as propranolol), some �-ad-
renergic blockers, and certain antihistamines (diphenhydra-
mine) may increase body weight. Agents that affect the
central nervous system (CNS) may either increase or de-
crease body weight. CNS drugs associated with increased
body weight include some antidepressants [tricyclic antide-
pressants, irreversible monoamine oxides (MAO) inhibitors,
mirtazapine, and some selective serotonin reuptake inhibi-
tors (such as paroxetine)], antiserotonin agents (pizotifen),
some antiseizure drugs (valproate, gabapentin, and carbam-
azepine), some psychotropic drugs (clozapine, olanzapine,
risperidone, quetiapine, thioridazine, divalproex, and chlor-
pormazine) (25), and lithium. CNS drugs that may decrease
body weight are described later.

The weight gain and metabolic effects associated with
some of these CNS drugs may be of potential clinical
significance, and monitoring for significant weight gain,
dyslipidemia, and diabetes has been recommended (25). For
example, while it has been suggested that caloric intake may
be decreased with dopamine antagonists such as risperidone
in some patients with Prader-Willi syndrome (26), most
studies have suggested that certain psychotropic drugs (in-
cluding risperidone) are not only associated with weight
gain, but also may be a particular concern in adolescents,
perhaps increasing the risk of type 2 diabetes (27,28).

Thus, it is clinically useful to know the potential for
weight gain or loss when using CNS drugs in the obese
patient (Figure 2). Bupropion is an aminoketone unrelated to
tricyclic antidepressants or selective serotonin reuptake inhib-
itors that seems to be a weak inhibitor of the neuronal uptake
of norepinephrine, serotonin, and dopamine and is currently
indicated for the treatment of depression and smoking ces-
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sation. It also has been shown to be effective in promoting
weight loss in clinical trials in patients with or without
depression (29,30). However, the antiobesity effects have
been variable among individual patients, and bupropion
does not currently have a specific indication for weight loss.

Other noradrenaline reuptake inhibitors are also some-
times used as antidepressant agents. GW320659 is a nor-
adrenaline reuptake inhibitor that has undergone evaluation
as both an antiobesity agent and a potential treatment for
attention deficit hyperactivity disorder (31,32).

Dexfenfluramine and fenfluramine were dual 5-HT re-
uptake inhibitors and serotonin-releasing agents that were
not indicated for treatment of depression, but had previously
been used for suppression of appetite as antiobesity drugs.
They were subsequently withdrawn from the market be-
cause of the onset of heart valve abnormalities thought to be
related to the stimulation of peripheral (heart) 5-hydroxy-
tryptamine (5-HT) 2b receptors (7,33,34). Investigational
“selective” 5-HT 2c receptor agonists under development
may induce satiety by selective effects on the hypothalamus
while avoid toxicities to the heart.

Topiramate is a derivative of the naturally occurring
sugar monosaccharide D-fructose and was originally devel-
oped as a diabetes treatment. Studies have suggested some
potentially favorable effects on glucose tolerance and insu-
lin sensitivity in animals administered topiramate and some
glucose lowering in obese type 2 diabetic patients. How-
ever, direct antihyperglycemic effects of topiramate (inde-
pendent of weight loss) have not been proven clinically, and
topiramate’s indicated use has been as an antiseizure drug.
Topiramate modulates neuronal sodium and calcium chan-
nels, enhances �-aminobutyric acid (GABA)-coupled ion
channel flux, and blocks glutamate receptors. Topiramate
has been shown to be efficacious in treating binge-eating
disorder (35) and may increase energy expenditure in rats
(36), but the potential for increased energy expenditure in
humans has yet to be proven. A 6-month clinical trial of
topiramate showed weight loss compared with placebo, but
21% of topiramate subjects withdrew because of adverse
events (compared with 11% of placebo-administered pa-
tients) (37). In another trial, after �1 year (60 weeks) of
treatment, topiramate continuously and significantly re-
duced mean body weight and significantly reduced mean
visceral abdominal fat (38). The most common adverse
effects of topiramate include cognitive dysfunction and
(mostly transient) paresthesias, which may be related to the
fact that topiramate is a weak inhibitor of carbonic anhy-
drase (types 2 and 4). A controlled-release formulation is
currently in development that may maintain weight loss
benefits with reduced risk of adverse side effects.

Zonisamide is also an antiseizure drug being evaluated
for potential benefits in treatment of obesity. Zonisamide
has serotonergic and dopaminergic activity and may also
block neuronal sodium and calcium channels. In a small

16-week trial of 60 subjects (92% women) administered a
hypocaloric diet, Zonisamide was shown to result in greater
weight loss compared with placebo, with few adverse ef-
fects (39).

As noted before, antipsychotic drugs functioning as do-
pamine antagonists may be associated with weight gain and
potentially increase the risk of abnormalities in glucose
metabolism. However, not all antipsychotic drugs that have
dopamine antagonist activity are necessarily associated with
weight gain (e.g., ziprasidone and aripiprazole) (25). Ecopi-
pam is a dopamine antagonist that was being evaluated as a
weight loss agent in obese subjects, including patients with
diabetes (31). It is no longer in development as an antiobe-
sity agent.

Finally, cannabinoid (CB) receptors may control neuro-
transmitters, including 1) glutamate and possibly other ex-
citatory amino acids, 2) GABA and glycine and possibly
other inhibitory amino acids, and 3) noradrenaline, 5-HT,
dopamine, acetylcholine, neuropeptides, and possibly other
monoamines (40). Rimonabant is an example of a CB
antagonist that blocks the CB-1 receptor that may be in-
volved with appetite. It was developed through the obser-
vation that cannabis smokers may experience increased
appetite (“munchies”) (41). Rimonabant may increase sati-
ety and cause weight reduction. It is currently under devel-
opment as an antiobesity agent and is being studied in phase
III clinical trials of over 6000 patients, including patients
with type 2 diabetes (42). Early results suggest favorable
effects on lipids such as triglyceride, high-density lipopro-
tein-cholesterol levels, and small dense low-density lipopro-
tein particles, and a reduction in the number of patients
meeting the criteria for the metabolic syndrome (43).

Investigational Antiobesity Agents that Affect
the Leptin/Insulin/CNS Pathways

Leptin (derived from Greek leptos, meaning thin) is a
hormone produced predominantly by fat cells that normally
circulates and crosses the blood-brain barrier (BBB) (Table
2). In obese humans, leptin blood levels generally correlate
with the amount of fat stored in the body. Leptin stimulates
cytokine or cytokine-like receptors and is sometimes char-
acterized as a cytokine. An important effect of leptin recep-
tor stimulation is the promotion of the janus kinase/signal
transducer and activator of transcription (JAK/STAT) cas-
cade, which is one of the major mechanisms by which
cytokine receptors transduce intracellular signals and is a
pathway that mediates important leptin-induced CNS ef-
fects.

The CNS (especially the hypothalamus) may influence
caloric balance due to actions on 1) feeding through effects
on the CNS neuroendocrine system involved with appetite
and behavior, 2) autonomic nervous system activity through
effects on energy expenditure, and 3) hormone secretion
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Table 1. Examples of antiobesity agents in development

CNS agents that affect neurotransmitters or neural ion channels
Antidepressants (bupropion)
Noradrenaline reuptake inhibitors (GW320659)
Selective 5HT 2c receptor agonists
Antiseizure agents (topiramate, zonisamide)
Some dopamine antagonists
CB-1 receptor antagonists (rimonabant)

Leptin/insulin/CNS pathway agents
Leptin analogues
Leptin transport and/or receptor promoters
CNTF (Axokine)
NPY antagonists
AgRP antagonists
POMC promoters
CART promoters
�MSH analogues
MC4 receptor agonists
Agents that affect insulin metabolism/activity [PTP-1B inhibitors, PPAR � receptor antagonists, short-acting bromocriptine

(ergoset), somatostatin agonists (octreotide), and adiponectin/Acrp30 (Famoxin or Fatty Acid Metabolic OXidation INducer)]
Gastrointestinal-neural pathway agents

Agents that increase CCK and PYY activity
Agents that increase GLP-1 activity (extendin 4, liraglutide, DPP IV inhibitor)
Agents that decrease ghrelin activity
Amylin (pramlinitide)

Agents that may increase RMR
“Selective” �-3 stimulators/agonist
UCP homologues
Thyroid receptor agonists

Other agents
MCH antagonists
Phytostanol analogues
Functional oils
P57
Amylase inhibitors
Growth hormone fragments
Synthetic analogues of DHEAS (fluasterone)
Antagonists of adipocyte 11B-hydroxysteroid dehydrogenase type 1 activity
CRH agonists
Carboxypeptidase inhibitors
Inhibitors of fatty acid synthesis (cerulenin and C75)
Indanones/indanols
Aminosterols (Trodusquemine/trodulamine)
Other gastrointestinal lipase inhibitors (ATL962)

CNS, central nervous system; 5HT 2c, 5-hydroxytryptamine 2c; CB, cannabinoid; CNTF, ciliary neurotrophic factor; NPY, neuropeptide
Y; AgRP, agouti-related peptide; POMC, proopiomelanocortin; CART, cocaine and amphetamine regulated transcript; alpha-MSH, alpha
melanocyte-stimulating hormone; MC4R, melanocortin-4 receptor; PTP, protein-tyrosine phosphatase; PPAR, peroxisome proliferator
activated receptors; Acrp30, adipocyte complement-related protein of 30kDa; CCK-A, Cholecystokinin-A; GLP-1, glucagon-like peptide-1;
PYY, Protein YY3-36; DPP, dipeptidyl peptidase; RMR, resting metabolic rate; UCP, uncoupling protein; MCH, melanin concentrating
hormone; DHEAS, dehydroepiandrosterone sulfate; CRH, corticotropin releasing hormone.
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through effects on secretion of growth hormone, thyroid-
related hormones, cortisol, insulin, sex steroids, etc. (44).
Thus, decreased leptin/insulin activity in the CNS may
promote obesity through increased caloric balance as a

result of effects on 1) the CNS neuroendocrine system, 2)
decreased energy expenditure through targeted sympathetic
nervous system effects on fat, muscle, and liver, and 3)
effects on secretion of hormones, all resulting in positive
caloric balance and weight (fat) gain (Figure 1).

Leptin, in some respects, may be considered a counter-
regulatory hormone that acts in a similar way to that of a
thermostat by signaling the hypothalamus when the body
has too little, sufficient, or too much fat. In fact, direct
administration of leptin into the CNS reduces caloric bal-
ance, with subsequent weight loss that may be caused en-
tirely by loss of fat (45). Thus, with excessive fat, leptin’s
signaling to the hypothalamus should theoretically result in
decreased food intake through effects on the brain and
increased energy expenditure through effects on the sym-
pathetic nervous system. This may, in fact, occur in lean
individuals, particularly if they engage in routine physical
exercise. However, this counterregulatory effect clearly
fails to prevent excessive fat accumulation in obese patients,
presumably because obese patients with elevated leptin
blood levels have leptin insensitivity or other circumstances
that overcome or overwhelm leptin’s antiobesity signaling
effects. Administration of more leptin may seem like a
reasonable solution. Unfortunately, while some clinical tri-
als have suggested modest benefit with peripheral leptin or
leptin analogue administration, other studies have been dis-
appointing (46,47).

Nonetheless, other leptin analogues or agonists are un-
dergoing development that may prove to be more effective
than previous preparations or native leptin (48). Leptin
promoters are also in development that may increase pe-
ripheral leptin levels through increased gene expression.
However, simply increasing leptin blood levels might not be
expected to overcome significant “resistance” to leptin as
might occur through 1) impaired leptin transport across the
BBB, 2) impaired leptin receptor-stimulated functions, or 3)
impaired response to leptin-induced hormones/factors. In-
stead, agents that target leptin resistance may prove to be
promising targets in improving leptin’s CNS activity.

Reducing leptin resistance may theoretically be achieved
through improving leptin’s transport across the BBB. Al-
though obese patients frequently have elevated leptin blood
levels, they may not necessarily have elevated leptin cere-
bral spinal fluid levels, likely because of 1) decreased trans-
port capacity, 2) partial saturation of the transport mecha-
nism, and/or 3) inability of the leptin transporter to be
up-regulated, all resulting in a limitation of how much
circulating leptin crosses the BBB. Currently, it is not
entirely clear exactly how leptin crosses the BBB. Some
evidence supports an uncharacterized leptin transporter in
the brain capillary endothelium. Leptin BBB transport may
also be augmented through leptin receptor variants or
through leptin receptors themselves. Either way, increasing

Table 2. Examples of select endocrine and metabolic
factors released from fat cells

Examples of hormones released from fat cells*
Leptin
Adiponectin (adipoQ, adipocyte complement-related

protein of 30 kDa)
Resistin

Examples of cytokines released from fat cells*
Tumor necrosis factor-�
Interleukin-6

Examples of other enzymes, molecules, or factors
described as being released from fat cells

Acylation-stimulating protein (ASP)
Adipophilin
Adipsin
Agouti protein
Angiotensinogen
Apolipoprotein E
Endothelin-1
Fasting-induced adipose factor (FIAF)
Cholesteryl ester transfer protein (CETP)
Estrogen
Free fatty acids
Galectin-12
Insulin-like growth factor (IGF-1)
Lactate
Lipoprotein lipase
Macrophage inhibitory factor (MIF)
Metallotionein
Monobutyrin
Nitric oxide synthase
Phospholipid transfer protein
Plasminogen activator inhibitor (PAI-1)
Prostaglandins I2 & F2 prostacyclins
Retinol-binding protein
Tissue factor
Transforming growth factor � (TGF�)

* Cytokines are proteins that are secreted by one cell for the
purpose of autocrine effect or paracrine effects, and are often
involved in the inflammatory and immune processes. Adipocyte
hormones are sometimes referred to as cytokines, as they may have
potential autocrine or paracrine effects or, at least, may result in
subsequent actions that result in autocrine or paracrine effects.
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leptin BBB transport, or otherwise increasing CNS leptin
receptor activity, may prove to be an important antiobesity
target.

Leptin-like effects may also be increased through ciliary
neurotrophic factor (CNTF). CNTF was first characterized
as a trophic factor for motor neurons in the ciliary ganglion
and spinal cord. During its evaluation for potential treat-
ment of amyotropic lateral sclerosis, CNTF was serendipi-
tously found to result in weight loss. Axokine (Regeneron
Pharmaceuticals, Tarrytown, NY) is a second-generation
variant of CNTF that seems to activate leptin-like postre-
ceptor mechanisms in leptin-resistant animals through

CNTF receptors in the hypothalamus and is under develop-
ment as an antiobesity agent. Axokine has been shown to
promote weight reduction in early clinical trials (49). A
much larger phase III study showed that Axokine was
generally well tolerated, with the main adverse events being
mild injection site reactions, nausea, and cough. The weight
loss achieved by Axokine was limited by the development
of Axokine antibodies. Nonetheless, in the �30% of the
1467 subjects administered Axokine who did not develop
Axokine antibodies, weight loss occurred that was similar to
what has been described with existing antiobesity drugs
(50). Axokine is currently being evaluated to determine

Figure 1: Simplified and illustrative select antiobesity drug targets of the leptin/insulin/CNS pathways. Although circulating levels may be
increased, CNS leptin and insulin activity may be decreased in obese patients. Decreased CNS leptin and insulin activity may increase NPY/AgRP,
decrease POMC and CART, and have other effects (such as decreased �MSH and decreased MC4 receptor activity), leading to positive caloric
balance (fat weight gain). Targets of antiobesity agents include the following: (1) Leptin analogues, leptin gene promoters, leptin-like agonists
(Axokine), leptin BBB transport enhancers, and leptin receptor facilitators; (2) NPY and AgRP antagonists; (3) POMC and CART promoters
(CART peptides); (4) �MSH analogues; (5) MC4 receptor agonists; and (6) agents that favorably affect insulin metabolism/activity. Through these
pathways and other effects, CNS leptin and insulin activity may affect feeding, targeted sympathetic nervous system activity (and thus, influence
energy expenditure), and secretion of various neuroendocrine factors/hormones. *NYP, AgRP, POMC, and CART are found in the arcuate nucleus
of the hypothalamus.
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what type of patients might best achieve weight loss with
this agent, as well as its efficacy in specific patient popu-
lations, including those with type 2 diabetes (51).

Other antiobesity agents undergoing development include
those that affect satiety as agonists and antagonists of hypo-
thalamic hormones involved with food intake signaling. De-
creased brain leptin/insulin activity may stimulate the neu-
ropeptide Y (NPY)/agouti-related peptide (AgRP) axis and,
conversely, decrease the proopiomelanocortin (POMC)/co-
caine and amphetamine regulated transcript (CART) axis, thus
increasing feeding and decreasing energy expenditure. This
promotes positive caloric balance and weight (fat) gain (Figure
1). Conversely, agents that inhibit NPY and AgRP and/or
stimulate the POMC and CART pathways may help create
negative caloric balance and may decrease weight (fat).

NPY is a neuropeptide produced in the hypothalamus that
is the most abundant neuropeptide in the brain in mammals
and humans. As many as six G-protein–coupled NPY re-
ceptor subtypes have been described (Y1, Y2, Y3, Y4, Y5,
Y6) (52). NPY shares structural homology with peptide YY
(PYY) from the intestine and pancreatic polypeptide from
the pancreas (53). Both Y1 and Y2 NPY receptors seem to
be involved in feeding and may interact with one another
(53), and these receptors are among the most promising
antiobesity targets. NPY receptor antagonists have been
evaluated and have been shown to inhibit NPY-induced
feeding in animals (52,53). In humans, at least one such
agent has been discontinued because of elevated liver en-
zymes (54). Newer NPY antagonists are in the pipeline of
pharmaceutical companies and are at variable stages of
development as antiobesity agents.

AgRP (also found in the hypothalamus) antagonizes
melanocortin (MC) receptors, such as the MC4 (and
MC3) receptors, which are found only in the brain (55)
(Figure 1). Stimulation of MC4 receptors normally re-
sults in inhibition of feeding. In fact, impaired MC4
activity through MC4 receptor mutations has been de-
scribed to account for 0.5% to 5.8% of severe cases of
obesity (56). AgRP blocks �-melanocyte-stimulating
hormone (�MSH)’s effects on MC4 receptors, resulting
in weight gain (and, interestingly, decreased black and
increased yellow fur pigment in mutant agouti strains of
overweight mice that hypersecrete AgRP, which blocks
the stimulation of melanin by �MSH). Inhibiting the
antagonist effects of AgRP might be a promising target in
the development of antiobesity agents.

POMC precursor production is a process that may be
regulated by various hypothalamic hormones, neurotrans-
mitters, and neuropeptides, including sex steroids, glucocor-
ticoids, opioids, dopamine, GABA, corticotropin releasing
hormone (CRH), and even NPY (57). POMC is cleaved to
various derivatives, including an �MSH segment that stim-
ulates MC4 receptors and promotes negative caloric balance

(weight loss) (Figure 1). Thus, POMC promoters, �MSH
analogues, and MC4 receptor agonists may all prove to be
promising antiobesity agents.

While leptin’s CNS signaling is perhaps more effective in
affecting caloric balance, insulin is also an important circu-
lating hormone with CNS signaling that affects adiposity
(58). Both leptin and insulin 1) have blood concentrations
that frequently correspond to adiposity, 2) enter the CNS by
a receptor-mediated, saturable transport process across
brain capillary endothelial cells (59), and 3) have receptors
located in similar hypothalamic areas. The direct action of
increased leptin and insulin activity to the brain is to de-
crease feeding and increase energy expenditure. Con-
versely, diminished CNS insulin (or leptin) activity in the
brain may promote positive caloric balance and weight (fat)
gain (Figure 1). Thus, there is substantial analogy, redun-
dancy, and, in fact, interaction (“cross-talk”) between CNS
leptin and insulin receptors and activity (58,60).

With regard to signaling, increased leptin receptor activ-
ity seems to propagate pathways, such as 1) the JAK/
STAT3 pathway, which may mediate leptin’s action in the
hypothalamus through effects on NPY and POMC and
possibly other factors (61); 2) the mitogen-activated protein
kinase pathway (60), which may have various effects on cell
(adipose) growth and differentiation, inflammatory re-
sponses (62,63), and increases in plasminogen activation
inhibitor-1 (64); and 3) the phosphatidylinositol 3 kinase
(PI3K) pathway (60), which may affect glucose transport
and endothelial nitric oxide production (65). Similarly, both
the mitogen-activated protein kinase and PI3K pathways are
part of insulin’s cascade effect (65), and insulin may mod-
ulate leptin’s signal transduction through JAK/STAT3.
Thus, just as with leptin, CNS insulin activity may affect
feeding (66), autonomic nervous system activity, and hor-
monal secretions.

Leptin binds to the extracellular portion of the leptin
receptor, stimulating intracellular tyrosine kinase enzyme
(JAK2) and promoting the JAK/STAT3 cascade. In an
analogous way, insulin binds to the extracellular domain of
the insulin receptor, which activates intracellular tyrosine
kinase, which, in turn, mediates phosphorylation of the
insulin receptor substrate (IRS-1) protein required for the
propagation of subsequent cascade signaling to enzymes
including PI3K, which, as noted before, is a kinase that may
elicit cell growth and proliferation, differentiation, cell sur-
vival, protein synthesis, and lipid metabolism and which is
also a crucial component of insulin signaling, glycogen syn-
thesis, and glucose transport (through glucose transporter-4).

Leptin resistance associated with obesity results in ele-
vated leptin blood levels. Similarly, insulin resistance re-
sults in hyperinsulinemia, which also may occur early in the
onset of obesity. Acarbose is an antidiabetes treatment that
improves glucose metabolism, but does not seem to affect
fasting insulin levels (67). While it may not have significant
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benefits in improving weight maintenance after weight loss
in obese patients, acarbose has been associated with modest
weight loss in some clinical trials (68). Metformin also
improves glucose metabolism, but results in reduction in
insulin levels when administered to patients with insulin
resistance. Metformin is commonly associated with weight
loss, at least partially because of a decrease in caloric intake
(69). In contrast to agents that increase insulin sensitivity
with no increase (or perhaps even a decrease) in insulin
levels, antidiabetes drug treatments that may increase insu-
lin levels or increase insulin production (such as insulin
administration or sulfonylureas) are often associated with
weight gain (70). Even without pharmacologically induced
hyperinsulinemia, elevated blood levels of insulin (a growth
factor), as occurs with insulin resistance, are associated with
excessive body weight—particularly central obesity (71).
Thus, improving glucose metabolism through increased in-
sulin sensitivity (which may improve peripheral and central
glucose metabolism) and decreased insulin levels (which
may have advantages with respect to minimizing weight
gain) has been, and may continue to be, a useful treatment
strategy in treating obese patients with type 2 diabetes and
insulin resistance.

Dysfunctional adipose tissue (adiposopathy) is a contrib-
uting cause of insulin resistance in skeletal muscle and liver
(72), which results in an increase in insulin blood levels.
Because adipose tissue may remain relatively sensitive to
insulin in an environment of muscle and liver insulin insen-
sitivity, increased insulin blood levels may further promote
adiposity, potentially further worsen adiposopathy, and in
turn, potentially further worsen insulin resistance. The hy-
perinsulinemia followed by worsening insulin resistance,
followed by even greater hyperinsulinemia, may promote an
“obesity metabolic cycle.” Agents that improve insulin sen-
sitivity and decrease insulin blood levels may prove to be
promising useful antiobesity treatments, particularly in pa-
tients with type 2 diabetes or insulin resistance.

An illustrative example would be patients with type 2
diabetes who have impaired insulin-stimulated glucose
transport largely because of a marked reduction in IRS-1
protein activity. Inactivation of IRS-1 may occur through
protein-tyrosine phosphatase (PTP)-1B, which is a key en-
zyme involved in regulation of the reversible tyrosine phos-
phorylation. PTP-1B inactivates insulin receptors by remov-
ing phosphates from active insulin receptors and IRS-1. The
effects of insulin are reduced, contributing to insulin resis-
tance/intolerance, promoting the metabolic syndrome, and
potentially leading to type 2 diabetes itself. Interestingly,
PTP-1B may also dephosphorylate JAK/STAT3, decreasing
leptin’s effects and potentially contributing to leptin resis-
tance as well (73).

PTP-1B levels have reportedly been found to be in-
creased in patients with insulin resistance. Reducing the
production or activity of PTP-1B may increase insulin sen-

sitivity, reduce insulin levels, and, thus, reduce the obesity
metabolic cycle of hyperinsulinemia-stimulated fat increase
and may even increase energy expenditure, which would all
be favorable effects in obese patients. A novel approach in
accomplishing this may be through the development of an
antisense inhibitor of the gene encoding for PTP-1B (74).

Peroxisome proliferator activated receptor (PPAR) activ-
ity may also affect body weight. PPARs are nuclear recep-
tors involved in fat and glucose metabolism. PPAR� recep-
tors are preferentially found in the liver and have
historically been the targets of lipid-altering drugs (fi-
brates), whereas PPAR� receptors are predominantly found
in adipose tissue and have historically been the targets of
type 2 diabetes treatments (thiazolidinediones) (75). How-
ever, this functional delineation of nuclear receptor types
may not be so distinct. Animal studies have suggested that
non-PPAR� agonists (i.e., PPAR agonists without � activ-
ity, such as PPAR� and � agents) may also result in in-
creased insulin sensitivity and weight loss (75,76).

Although PPAR� activation may reduce insulin resis-
tance, it also promotes the differentiation and proliferation
of adipocytes from fibroblasts, thus causing an increase in
fat that, at least partially, explains some of the weight gain
observed with these insulin-sensitizing drugs. It is theoret-
ically possible that impairing, or in fact reversing, adipocyte
differentiation through PPAR� antagonism may be the tar-
get for future antiobesity drug development. Mice treated
with PPAR� antagonists have shown decreases in triglyc-
eride content in white adipose tissue, skeletal muscle, and
liver. PPAR� antagonists have also been shown to potenti-
ate leptin’s effects, and adiponectin levels may be stimu-
lated, resulting in increase fatty acid combustion and in-
creased energy expenditure. Finally, high-fat diet-induced
obesity and insulin resistance may be decreased as well
(77).

However, there are reasons to be cautious about antago-
nizing the potential beneficial effects of PPAR�-stimulated
adipose tissue differentiation and development. An emerg-
ing concept of the pathogenesis of type 2 diabetes is that
dysfunctional adipose tissue (adiposopathy) may contribute
to the pathogenesis of type 2 diabetes through excessive
release of free fatty acids that may be “lipotoxic” to liver,
muscle, and, perhaps, pancreatic � cells, resulting in hepatic
and muscle insulin resistance, and, perhaps, diminished �
cell function (72). Adiposopathy may also increase adipo-
cyte cytokine release (Table 2), which may contribute to
glucose intolerance, the metabolic syndrome, and type 2
diabetes (75). These abnormalities associated with adipos-
opathy may be corrected with PPAR� agonism (72). Thus,
the ensuing fat weight gain that frequently occurs with
PPAR� agents (thiazolidinediones) could be viewed as a
beneficial effect of the drugs through the recruitment and
differentiation of adipose cells into a more healthy adipose
organ, resulting in reduced circulating free fatty acids, im-
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proved glucose metabolism, and decreased inflammatory
response (72). Antagonism of these PPAR� effects has the
potential to negate these beneficial effects and/or conceiv-
ably worsen adiposopathy, which would theoretically
worsen fatty acid and glucose handling by fat cells, with
potentially undesirable metabolic consequences.

This is an illustrative example of an important principle
that the development of any effective antiobesity agent must
not only reduce fat mass (adiposity) but must also correct fat
dysfunction (adiposopathy) to maximize metabolic health.

Other potential antiobesity drugs that may improve insu-
lin sensitivity and thus be promising antiobesity targets
include short-acting bromocriptine (ergoset—a dopamine
receptor agonist) (78) and octreotide, a synthetic somatosta-
tin analogue that may 1) inhibit gastrointestinal gastrin and
serotonin, 2) inhibit secretion of growth hormone, insulin,
and glucagons, 3) modulate biliary and gastrointestinal mo-
tility, and 4) act as a neurotransmitter. Clinical trials of
octreotide have shown efficacy in pediatric hypothalamic
obesity (79,80).

Finally, adiponectin (adipocyte complement-related pro-
tein of 30 kDa) is a hormone produced by fat cells that is
associated with fatty acid oxidation and energy release,
increased insulin sensitivity, and possible antiatherogenic
properties because of favorable effects on endothelial in-
flammation (Table 2). Adiponectin blood levels are de-
creased in obesity and type 2 diabetes. Increasing the ac-
tivity of adiponectin may be a potential target as an
antiobesity agent, with anticipated favorable effects on body
weight, glucose metabolism, lipid blood levels, and reduc-
tion in atherosclerosis (81).

Investigational Antiobesity Agents that Affect
the GI Pathways

Food intake may also be influenced by neural and hor-
monal actions of the GI tract, including the vagus neural
pathways (e.g., stretch and chemoreceptors) and various
endocrine factors (the gut is also among the most active of
endocrine organs). Examples of hormones located in the GI
system that are thought to be most promising as potential
antiobesity targets include cholecystokinin (CCK), gluca-
gon-like peptide-1 protein (GLP-1), PYY, and ghrelin (Fig-
ure 2).

CCK is produced in gall bladder, pancreas, and stomach
and concentrated in the small intestine. It is released mainly
in response to dietary fat and functions to regulate gallblad-
der contraction, pancreatic exocrine secretion, gastric emp-
tying, and gut motility. CCK also has central nervous sys-
tem effects that may increase satiety and decrease appetite.
CCK-A (“alimentary”) receptors are alternatively termed
CCK-1 receptors, in part, because some of these receptors
can also be found in the brain. Similarly, CCK-B (“brain”)
receptors are alternatively termed CCK-2 receptors because

some of these receptors are also found in the GI/alimentary
system. CCK receptor agonism inhibits gastric emptying
and primarily increases central signaling of satiety through
vagal afferent signals to the brain resulting in short-term
inhibition of food intake. Increasing CCK activity is being
evaluated as a potential antiobesity and antidiabetes treat-
ment target (82) (Figure 2).

GLP-1 is an insulinotropic peptide gut hormone (incretin
hormone) produced mainly in the distal ileum and colon that
delays gastric emptying, inhibits glucagon secretion, stim-
ulates glucose-induced insulin secretion (possibly through

Figure 2: Simplified and illustrative select antiobesity drug targets
of the gastrointestinal/CNS and neurotransmitter/neuronal ion
channel pathways. Postprandial increase in CCK, GLP-1, PYY,
and fasting decrease in ghrelin activity may decrease feeding.
Submaximal activity or decreased effectiveness of CCK, GLP-1,
PYY, or an increase in ghrelin may result in positive caloric
balance (fat weight gain). Targets of antiobesity agents include the
following: (1) ghrelin antagonism (or gastric bypass); (2) CCK
agonism; (3) GLP-1 agonism (extendin 4, liraglutide, DPP IV
inhibitors); and (4) PYY agonism. CNS drugs that may decrease
appetite through a variety of effects on neurotransmitters, neuronal
ion channels, and possibly other pathways, include the following:
some antidepressants (bupropion), some noradrenaline reuptake
inhibitors, selective 5HT receptor agonists, some antiseizure drugs
(topiramate, zonisamide), some dopamine antagonists, and CB 1
receptor antagonists (rimonabant).
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restored pancreatic � cell sensitivity to exogenous secreta-
gogues), increases insulin sensitivity, delays or prevents the
decay in pancreatic � cell insulin production, improves
glucose blood levels in patients with diabetes, and increases
satiety. Thus, GLP-1 is another promising target for antidia-
betes and antiobesity agents (83). GLP-1 agonism may be
achieved through direct administration of analogues. Ex-
tendin-4 (exenatide) is a potent and long-acting GLP-1
analogue [originating in the saliva of Heloderma suspectum
(Gila monster lizard)] that may not only inhibit gastric
emptying and increase central signaling of satiety, but may
also have favorable effects in the treatment of type 2 dia-
betes (84). Liraglutide is also a long-acting derivative of
GLP-1 (85) (Figure 2).

Normally, the enzyme dipeptidyl peptidase IV (DPP IV)
rapidly inactivates GLP-1. DPP IV inhibitors increase en-
dogenous GLP-1 levels and are being evaluated as an an-
tidiabetes agent in overweight patients with diabetes
(83,86,87); however, it remains to be shown that these oral
agents result in the same degree of weight loss as achieved
with the GLP-1 injectable analogues.

PYY is a hormone shown to have postprandial secretion
by intestinal cells that may signal satiety in the hypothala-
mus possibly through a decrease in NPY and an increase in
POMC activity. Administration of PYY before meals has
been shown to result in decreased food consumption after
meals in humans (88), presumably because it provides the
same sense of satiety as a postprandial snack. It has, thus,
been characterized as a “third-helping hormone,” in that it
has been shown to result in diminished postprandial “snack-
ing” after meals (Figure 2).

The peptide hormone ghrelin is synthesized in the
stomach (as well as intestine, pituitary, and possibly
hypothalamus) and may activate the growth hormone
secretagogue receptor. (The “gh” portion of ghrelin orig-
inates from growth hormone.) With decreased food in-
take in animals and humans, ghrelin secretion may in-
crease and stimulate food intake. Thus, the “drive to eat”
after dieting may be partially because of ghrelin secre-
tion. Reducing ghrelin activity may reduce the “drive to
eat,” and, in fact, it has been suggested that it is the
reduction in ghrelin that partially accounts for the effec-
tiveness of gastric bypass surgery. Therefore, ghrelin
antagonism may potentially decrease or at least blunt the
increased appetite that may occur with decreased feeding
and, thus, be a potential adjunctive treatment for obesity
(89,90) (Figure 2).

Finally, amylin is a peptide secreted by the pancreas in
response to nutrients and other insulinogenic stimuli. Amy-
lin is a neuroendocrine hormone (91) that may be a prom-
ising antiobesity or antidiabetes treatment target. Pramlint-
ide is a subcutaneously administered synthetic analogue of
amylin that is currently in development as a possible ben-

eficial adjunct to insulin. It has been shown to improve
blood sugar control and reduce weight among patients with
type 2 diabetes (92–94).

Investigational Antiobesity Agents that May
Increase Resting Metabolic Rate

Increasing energy expenditure through physical activity,
or through an increase in resting metabolic rate (RMR)
and/or thermogenesis, is another important part of the equa-
tion in achieving weight reduction in obese patients. Unfor-
tunately, long-term compliance and commitment to routine
physical exercise frequently does not occur. Therefore, the
target of some investigational antiobesity drugs is to in-
crease RMR and/or thermogenesis.

�-Adrenergic agonists selective for �3 receptors in adi-
pose tissue may increase heat production through effects on
fat cell mitochondria and, thus, theoretically increase RMR
and reduce body fat (95). Unfortunately, early clinical trials
have suggested that “selective” �3 receptor agonists have
not always been so “selective” and stimulate other � recep-
tors, including the �1 receptors in the heart, resulting in
tachycardia. Nonetheless, studies continue in pursuit of
selective agents that can promote fatty acid oxidation, es-
pecially in adipose tissue, while avoiding adverse cardio-
vascular effects.

Similarly, uncoupling protein (UCP) homologues are be-
ing developed that may increase thermogenesis. The mito-
chondria are the intracellular furnaces where fuels derived
from fatty acids and glucose are oxidized (45). Energy is
either stored (through creation of ATP through a respiration
process coupled with oxygen consumption) or released as
heat (not linked to ATP production and not coupled to
oxygen consumption). UCP-1 is found in brown adipose
tissue (BAT) (whose color is caused by the rich vascular-
ization and densely packed mitochondria). BAT is present
in small amounts at birth but is an important contributor to
thermogenic responses and thermoregulation, as might be
beneficial after birth when emerging from a warm, isother-
mic uterine environment to the colder outside world. In
adults, UCP-1–associated BAT is negligible. However, the
UCP-2, as found in adult white adipose tissue, is ubiquitous,
whereas UCP-3 is found in skeletal muscle (96). UCPs
serve as transporters of cations and, perhaps, anions across
the mitochondrial membranes, reducing ADP phosphoryla-
tion, decreasing ATP energy storage, and increasing energy
expenditure in the form of heat (referred to as “uncou-
pling”), and thus may increase thermogenesis. UCP-acting
agents may be antiobesity targets.

Thyroid hormone is also known to increase thermogene-
sis. However, because of its potential adverse side effects at
superphysiologic doses (cardiovascular toxicity, myopathy,
and potential acceleration of osteoporosis), thyroid hormone
is contraindicated as a treatment specifically for obesity
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alone. Agents that target certain actions at the thyroid hor-
mone receptor, while at the same time avoiding the unde-
sirable side effects of current thyroid hormone drugs, are
under development as an adjunct in the treatment of obesity
and, potentially, dyslipidemia (97). However, an efficacy
focus of thyroid receptor agonists would be to ensure that
weight loss is predominantly fat, rather than lean body
tissue loss, including muscle and bone.

Finally, other previously mentioned agents (such as adi-
ponectin) may increase energy expenditure in animals (98)
but have yet to be proven to do so in humans, or at least, yet
to be proven to do so to a clinically significant extent.

Other Investigational Antiobesity Agents
Melanin-concentrating hormone (MCH) may increase

food intake by its interaction with the G-protein–coupled
receptor (somatostatin-like receptor). MCH receptor (soma-
tostatin-like receptor) antagonism has been shown to inhibit
food intake in rats and may also have antidepressant and
anxiolytic effects as well. Thus, MCH receptor antagonism
may prove to be an important target for antiobesity drug
development (99).

Certain “natural” or nutraceutical analogues also have
been suggested to have favorable effects on weight reduc-
tion. These include phytosterol analogues (including diso-
dium ascorbyl phytostanol phosphate) (75,100), functional
oils/medium-chain fatty acids (75,101–105), P57 [a cactus
extract that is consumed by African tribesmen to decrease
hunger during long hunting trips] (106), and various amy-
lase inhibitors that may be derived from wheat and beans
(107,108).

Last, a remaining diverse group of antiobesity drugs are
currently under development. Administration of growth
hormone to growth hormone–deficient patients may result
in an increase in lean body mass with reduction in fat mass.
Particularly in patients with Prader-Willi syndrome, growth
hormone administration has been shown to result in sus-
tained fat use and physical strength (109). However, the
beneficial effects of intact growth hormone on obesity may
be limited (110). Intact growth hormone may also induce
insulin resistance. It is, therefore, possible that the develop-
ment of growth hormone fragments (with predominant ac-
tivity directed at fat) may preserve or potentially improve
lean body mass benefits without adversely affecting glucose
metabolism (111,112).

Other novel agents under investigation as antiobesity
treatment targets include steroid drugs, including fluaster-
one, which is a synthetic analogue of the adrenal steroid
hormone dehydroepiandrosterone (DHEAS). DHEAS has
been proposed, but not proven, to increase mitochondrial
respiration, augment thyroid hormone function, and possi-
bly influence peroxisome proliferation (113); its question-
able and potential benefits in patients await the outcomes of
long-term clinical trials (114). Other novel agents are the

antagonist of adipocyte 11�-hydroxysteroid dehydrogenase
type 1 activity (pharmaceutical agents or possibly through
magnolia officinalis bark extract), which is an enzyme sug-
gested to contribute to visceral obesity, as well as the
metabolic syndrome (115,116); agonists of the catabolic
corticotropin releasing hormone or factor (CRH) molecule
(animal studies have shown that human CRH increases
thermogenesis, increases fat oxidation, and decreases food
intake) (117); agents that decrease carboxypeptidase activ-
ity (an enzyme necessary for proteolytic processing and,
thus, biosynthesis of insulin, MC, and NPY) (118,119);
inhibitors of fatty acid synthesis (cerulenin and C75)
(120,121); and a diverse variety of compounds, including
indanones/indanols (122), aminosterols (Trodusquemine,
formerly known as trodulamine), and other gastrointestinal
lipase inhibitors (ATL962) (123).

In conclusion, this review has focused on the existing
and some of the more promising investigational antiobe-
sity agents and targets. However, examples of other mol-
ecules, enzymes, and assorted factors being evaluated in
relation to obesity research include adrenomedullin,
adenosine monophosphate-activated protein kinase, apo-
lipoprotein A-IV, attractin, beacon, bombesin, bombina-
kinin M gene associated peptide, calcitonin receptor-
stimulating peptide, dynorphin, endorphin, enterostatin,
fatty acid synthase, feeding circuit-activating peptides,
galanin, galanin-like peptide, gastric inhibitory polypep-
tide, gastrin releasing peptide, glucagons, growth hor-
mone releasing factor, high mobility group protein iso-
form I-C, HS014, JKC363, myostatin, neuromedin B and
U, neurotensin, neuropeptide B and W, orexins, oxytocin,
oxynomodulin, pitiutary adenylate cyclase-activating
polypeptide, perilipin, protein kinase A, resistin, secretin,
somatostatin, thyroid-releasing hormone, tubero-infun-
dibular peptide, and urocortin (124,125). Because studies
in antiobesity research are in such a state of infancy, it is
difficult to determine which of these single treatment
targets, or which combination of treatment targets, has
the best potential to effectively manage the worldwide
epidemic of obesity. Therefore, it is impossible to predict
at this point which agent or agents will eventually prove
to revolutionize obesity treatment, as occurred when di-
uretics were introduced to treat hypertension, when in-
sulin was introduced to treat diabetes, and when statins
were introduced to treat dyslipidemia (7). However,
given that medical science has almost always risen to and
met epidemic challenges, there is no reason to believe
that such a therapy or therapies are not forthcoming.
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