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RE ~ IE ~ ~ S Obesity has reached epidemic proportions worldwide, and the economic cost of an orexigenic response; conversely, during satiety, the brain prompts an anorexigenic

treating its health consequences has been estimated at more than US$100 billion in response. In the past few decades, numerous molecules have been identified as playing
the United States alone. Research efforts are aimed at increasing our understanding of  a partin the regulation of energy balance. Their discovery has helped to unravel a

how the brain regulates food intake to identify potential targets for anti-obesity drugs.  complex network involving peripheral tissues and the brain to coordinate food intake.
Information about the body’s metabolic state is conveyed to the brain by hormones, This poster provides an overview of some of the molecules and circuits involved in the
peptides and nutrients from the periphery. During a state of hunger, the brain triggers regulation of feeding behaviour.

To adapt to daily variations in energy intake and expenditure, our bodies sense and integrate information about energy availability that is
conveyed to the brain by hormones and nutrients from the periphery. These molecules regulate feeding behaviour by acting on neurons in the
hypothalamus and the brainstem.

During periods of satiety, the body works towards storage of the acquired nutrients. Satiety is associated with increased sympathetic activity,
which promotes both insulin release by the pancreas (and thus stimulates glucose storage in the liver and muscle) and fat deposition (which leads to
arise in leptin levels). Food ingestion results in a release of incretins by the gut. These include GLP1, which stimulates the pancreas to secrete insulin;
both GLP1 and insulin are thought to reduce food intake by acting directly in the brain. In pancreatic f-cells, the hormone amylin is co-released with
insulin in response to a meal. It is a potent satiety signal, inhibits digestive secretion and slows gastric emptying. The precise brain targets of
amylin are not known, but include the area postrema (AP) in the brainstem and the lateral hypothalamus. Two further examples of gut
peptides released in response to food intake are PP and OX, which act in the stomach to slow gastric emptying and putatively
act in the brain to decrease food intake.

Conversely, during periods of hunger, the hypothalamus regulates the activity of the autonomic nervous system

Leptin and insulin signalling

By binding to its receptor in POMC-expressing neurons, leptin activates the
JAK2-STAT3 pathway, which ultimately leads to an increase in POMC expression.
Subsequently, convertases cleave POMC to generate aMSH. Once released,
aMSH binds to and activates MC4R-expressing target neurons, inducing an
anorexigenic response. Specific enzymes in the synapse (for example, PRCP)
cleave and inactivate aMSH. Leptin can also rapidly depolarize POMC-expressing
neurons by opening as yet unidentified, non-specific cation channels.

The binding of insulin to its receptor activates the classical PI3K pathway,
which opens K, channels and so hyperpolarizes the POMC-expressing neuron.

Hypothalamus

ﬁBrainstem

JAK2—STAT3 ATE

to promote fat release from white adipose tissue and trigger gluconeogenesis in the liver. These changes in atiety pathway PI3K pathway Gltgfaﬁ_;ﬁtahke l:)y LA OC(CjU': thrrc])ugh specia.lizeld glucolse t{'a?slriort.ers, such
peripheral nutrient levels lead to a decrease in the levels of thyroid hormones, insulin and leptin, and anorexigenic as Ll o L el o fprosee drel s leree e 1 glleee el eloning
to an increase in the level of ghrelin and corticosteroids, which increase food-seeking behaviour ponse Depolarization feeding leads to an increase in glucose uptake in POMC-expressing cells, which

raises levels of ATP and subsequently closes the the K, channel. Glucose

Leptin oxidation also produces ROS, which may be involved in the anorexigenic
t receptor
receptor response.

through their effect on the brain.

The hormones and peptides mentioned above are only a few among a myriad of
molecules thought to be involved in the regulation of energy balance. Research
into this complex system continues to identify new candidates that could
be pharmacologically targeted to regulate energy balance.
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jesponse) Ghrelin binds to the GHSR in NPY/AGRP-expressing neurons, leading to an
immediate depolarization of the cell membrane and an increase in neuron firing rate.
Ghrelin signalling involves phosphorylation of AMPK, with consequent
phosphorylation and inhibition of ACC. This decreases the levels of malonyl-CoA,
leading to a disinhibition of CPT1, which enables the cell to 3-oxidize LCFAs to
generate ATP and ROS. ROS activate mitochondrial UCP2, which limits ROS
production. This feedback loop between ROS and UCP2 provides a mechanism for
cellular homeostasis. The sustained and regulated production of ROS also stimulates the
transcription of genes involved in the production of mitochondria (for example, Nrf1) and
in the orexigenic response (for example, Npy and Agrp), which helps to sustain the activity

of these cells during periods of hunger. e

Brain nuclei involved in energy
balance regulation

Neurons of the arcuate nucleus (ARC) in the hypothalamus
project to the lateral hypothalamus (LHA), which sends
projections to the nucleus accumbens (NAc) through the
ventral tegmental area (VTA). The NAc is thought to mediate
most of the rewarding effects of food intake. The
dopaminergic neurons in the VTA also send projections to
other brain regions that mediate the hedonic aspects of
feeding, such as the amygdala and the dorsal striatum. ARC
neurons also project to the parabrachial nucleus (PBN),
which mediates food aversion. Furthermore, ARC projections
regulate the activity of neurons in the paraventricular
nucleus (PVN), the dorsomedial nucleus (DMH) and the
ventromedial nucleus (VMN) (not shown) of the G tisol
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Drug (company) Mechanism Effect in humans Development stage Obesity can dramatically diminish both the quality and length of life. The causes

hypothalamus, which have a role in maintaining energy F’eptiFIase Inhibit peptidases,'such as  *Decreased food inta'ke Experimental of human obesity may lie in the circuitry of brain areas that regulate food-seeking
balance. In addition, the ARC projects to the nucleus tractus inhibitors prolylcarboxypeptidase e De.creased body weight behaviour in coordination with peripheral hormonal signalling. Pharmacological
solitarius (NTS) in the brainstem. Local connections in the (estimated) therapies for treating obesity are limited, mostly because of harmful side effects.
brainstem, such as that between the NTS and the dorsal MCHR1 : Inhibits MCHR1 ® Decreased food inta!ke Expesr!ment‘al. Interestingly, an effective option is bariatric surgery, which has been shown to not
motor nucleus of the vagal nerve (DMV), integrate hormonal antagonists * Decreased body weight = Awaiting clinical only decrease body weight but also to improve diabetes, which is commonly
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Qnexa: Stimulates noradrenaline Decreased body weight Phase Il replacement, which suggested that leptin had potential as an anti-obesity drug.
phentermine plus release (>5%) Normally, however, leptin levels increase during the development of obesity.
topiramate (Vivus) Stimulates GABA receptors ® No major side effects Consequently, the ARC in the hypothalamus becomes less responsive to leptin,
Signa“ing in the arcuate nucleus Contrave: Inhibits dopamine reuptake ® Decreased body weight Phase Il thus promoting contir!uous food intake and fat deposition.
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