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Abstract 

The hypothalamus plays a central role in maintaining energy homeostasis by integrating 

hormonal, nutritional, and neuronal signals that regulate hunger, satiety, and metabolic 

processes. Within this system, the arcuate nucleus functions as a key metabolic sensor, 

housing two neuronal populations: orexigenic AgRP/NPY neurons and anorexigenic 

POMC neurons. These neurons respond dynamically to peripheral cues such as leptin, 

ghrelin, insulin, glucose, gut-derived peptides, and modulate feeding behaviour through 

extensive projections to hypothalamic and extra-hypothalamic regions.  

This thesis provides a detailed anatomical and functional overview of hypothalamic nuclei, 

emphasizing the role of the arcuate nucleus in regulating food intake, energy expenditure, 

glucose homeostasis, and stress-related feeding responses. Special attention is given to the 

molecular and hormonal regulation of AgRP/NPY and POMC neurons, including AMPK-

mediated signaling, ROS dynamics, and sirtuin-dependent adaptations.  

Collectively, the findings highlight the arcuate nucleus as the decisive integrator of 

homeostatic signals that govern appetite and energy balance. Dysregulation of these 

pathways disrupts neuronal responsiveness, contributing to various metabolic disorders. 

Understanding these mechanisms provides essential insights for developing targeted 

therapies for metabolic and hypothalamic disorders.  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1. Inner structure of the hypothalamus, its afferent and efferent pathways 

The hypothalamus, a complex neuroendocrine tissue, is formed during the first trimester 

around the eighth week of pregnancy, derived from the diencephalon. It is located in the 

ventral brain, below the thalamus and on the floor of the third ventricle. Landmarks 

defining the regions of the hypothalamus include the lamina terminalis, pituitary gland, 

mammillary bodies, and superior hypothalamic sulcus. It is a small cone-shaped structure 

with a bilateral collection of nuclei divided into three zones by the anterior horns of the 

fornix, surrounding the third ventricle and the mammillary bodies. (1) These three zones 

are called periventricular, medial and lateral zones, and by a coronal plane passing through 

the infundibulum separating these into an anterior and posterior region. The anterior region 

is also referred to as the prechiasmatic region, due to its location above the chiasma optic, 

while the posterior region is called the mammillary region. The infundibular region is 

situated between the previous two regions. (2,9)(Figure 1.) 

1.1 Hypothalamic nuclei 

The area inferior to the thalamus has eleven unique nuclei. The paraventricular and 

supraoptic nuclei both produce the peptides oxytocin and vasopressin, also known as 

antidiuretic hormone (ADH), which are released from neuronal axons into the capillaries 

of the posterior lobe of the pituitary gland. Being both hormones and neurotransmitters, 

these are responsible for blood pressure control and water balance of the organism.  

Oxytocin in systemic circulation affects uterine contractions during labor and milk is let 
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Figure 1. Schematic representation of the inner structure of the hypothalamus, showing 
the major regions and zones. Transverse cross-section.



down during breastfeeding. Systemic ADH increases the transfer of aquaporin to the apical 

membrane of the renal distal convoluted tubules, increasing its permeability and resulting 

in increased water reabsorption, usually during dehydration.(1,3,7) 

The preoptic, anterior and posterior nucleus are involved in cooling of the body through 

the sweating process and in thermoregulation. By decreasing the sympathetic tone of the 

skeletal muscles, increasing the sympathetic tone of the skin, causing capillary dilation, 

resulting in heat exchange with the environment. (1,12) 

The suprachiasmatic nuclei act as the biological clock of the organism, circadian 

pacemakers, and have the function of managing the timing in physiology and behaviour. 

They control circadian rhythms in other parts of the brain and in peripheral tissues as well. 

The clock is influenced by the environmental light-dark cycle, but is also able to generate 

its own rhythms according to light input through the eyes.(6) Increasing locomotor activity 

during the day and lowering it at night, and influencing cortisol and growth hormone 

release. 

The ventromedial nucleus regulates feeding behaviour, habits of eating and feeling satiety. 

The dorsomedial nucleus is responsible for rage behaviour. Due to the close connection of 

the ventromedial and the dorsomedial nuclei, lack of satiety can lead to aggression.(1) 

The arcuate nucleus consists of various neurons with diverse physiological roles ranging 

from cardiovascular regulation, feeding, energy balance, fertility to metabolism. These 

neurons can be classified into two groups: neuroendocrine neurons and centrally projecting 

neurons. The neuroendocrine neurons release neuropeptide Y (NPY), agouti-related 

peptide (AgRP), cocaine- and amphetamine-regulated transcript (CART), dopamine, 

gonadotropin-releasing hormone (GnRH), growth hormone-releasing hormone (GHRH), 

kisspeptin (Kiss1), neurokinin B (NKB), dynorphin A, proopiomelanocortin (POMC) and 

substance B. The centrally-projecting neurons notify other hypothalamic nuclei and other 

brain regions. (20) 

The mammillary nuclei or the mammillary bodies, as one of the primary nuclei within the 

Papez Circuit, are involved in memory formation, control exploratory behaviour and assist 
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with emotions. The primary function associated with the mammillary bodies is recollective 

memory. These nuclei do not have interneurons, therefor the processing of information 

within the nuclei occurs from projection neurons of other regions of the brain, then it is 

forwarded to the anterior thalamic nucleus, Papez circuit, and the cerebellum. They also to 

other limbic functions, including learning, decision making and planning. (21) 

1.2 Major afferent pathways of the hypothalamus 

It is important to acknowledge that most behaviours are not exclusively driven by output 

signals. Sensory information from the external environment and internal organs 

continuously alters the activity of afferent neurons on a moment to moment basis. The 

dorsal horn of the spinal cord receives most afferent signals from sensory neurons in the 

dorsal root ganglia, and then can transmit it to the brain through ascending pathways.(23) 

The afferent pathways to the hypothalamic nuclei, the majority of which are located in the 

anterior hypothalamus, arise from the brainstem, thalamus, basal ganglia, cerebral cortex, 

and olfactory areas. (26)  
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Figure 2. Hypothalamic nuclei, surrounding anatomical structures and regions. Sagittal cross-section.



Hippocampal input to the hypothalamus is known to be deeply involved in mediating the 

negative feedback inhibition of stress response. Transsynaptic rabies tracing research 

revealed that the ventral hippocampus is monosynaptically connected to inhibitory cells in 

the anterior hypothalamic nucleus. These ventral hippocampus neurons do not directly 

innervate the paraventricular nucleus, instead they send glutamatergic projections to 

various paraventricular nucleus projecting GABAergic structures within and outside the 

hypothalamic region, including stria terminalis, medial preoptic area, anterior 

hypothalamic nuclei, and dorsomedial hypothalamus.(22) 

Amygdala is a key component of a broader neural circuit that regulate emotional aspects of 

feeding behaviour, including the hypothalamus, hippocampus, orbitofrontal cortex, and 

preaqueductal gray matter. Showing reciprocal connections with the hypothalamus, mainly 

through the fornix and stria terminalis, and with the preaqueductal gray matter through the 

ventral amygdalofugal pathway.(25) The amygdala is mainly connected to the lateral 

hypothalamus through the basolateral and basomedial nuclei. This region of the amygdala 

is associated with the control of food consumption by extrinsic cues, also can be produced 

by pavlovian conditioning. (24) 

Circulating leptin, insulin, glucose, and ghrelin each function as afferent signals to the 

hypothalamus in a feedback loop that regulates body adiposity. Leptin is an adipose tissue-

derived hormone that inhibits food intake, enhance energy utilization, and maintain energy 

homeostasis. High levels of leptin inhibit adenosine-5’-monophosphate-activated protein 

kinase (AMPK) activity in the hypothalamic arcuate nucleus and paraventricular nucleus, 

preventing feeding. Numerous studies have found that leptin can increase the levels of  

anorectic peptides POMC and CART, while decreasing the levels of orexigenic peptides 

NPY and AgRP, proving an other connection to the arcuate nucleus.(27) Under a normal 

state, low circulating glucose levels and high ghrelin levels indicate the state of hunger, 

which activates the AgRP and GABAergic neurons in the arcuate nucleus and inhibit the 

POMC neurons, promoting feeding and suppressing satiety. Orexin neurons will be 

activated, promoting the secretion of orexin peptide.(28) Insulin signaling in the 

hypothalamus suppresses food intake and regulates systemic glucose metabolism, and 

recently has been discovered to be involved in fat metabolism as well. Insulin acts on 

POMC neurons to inhibit lipolysis, enhancing lipogenesis in adipose tissue. (29) 
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The gut-brain axis is a reciprocal communication pathway between the gastrointestinal 

tract and the central nervous system. The gut microbiome has a fundamental role, 

influencing digestion, brain function, and behaviour by producing neurotransmitters such 

as serotonin, dopamin, and gamma-aminobutyric acid (GABA), which are essential for 

regulating mood and anxiety. The neural pathway operates through the vagus nerve and 

enteric nervous system, reaching the hypothalamic arcuate nucleus.(30) Other stimuli, in 

particular nutrient signals, glucose and fats, along with hormonal signals, including 

glucagon-like peptide (GLP-1, GLP-2), Peptide YY (PYY), ghrelin, cholecystokinin 

(CCK), and bile acids can also enter the central nervous system through the blood stream 

or the vagus nerve. (31) 

1.3 Major efferent pathways of the hypothalamus 

The hypothalamus sends descending signals through neuroendocrine and neural pathways 

to the autonomic centers and the limbic system, regulates both sympathetic and 

parasympathetic systems.  

Humans and animals respond to environmental disruptions with a stress response, allowing 

physiological adaptation to the stressor to maintain homeostasis. A major component of the 

homeostatic response is the hypothalamic-pituitary-adrenal (HPA) axis, a neuroendocrine 

mechanism that controls many physiological processes, including metabolism, immune 

responses, and the autonomic nerves systems. The HPA axis is composed of interconnected 

endocrine pathways that operate through negative feedback loops, involving the 

paraventricular nucleus of the hypothalamus, anterior pituitary, and adrenal glands. (32) 

The paraventricular nucleus (PVN) contains the critical neurons that regulate the activity of 

the HPA axis, metabolic processes, growth, immune responses, and pre-autonomic control 

of gastrointestinal, cardiovascular, and renal functions. Consisting of two main types of 

neurons distinguished by their fiber distribution: neuroendocrine and pre-autonomic. The 

neuroendocrine neurons project either to the median eminence, where their chemical 

content is released into the hypothalamo-hypophyseal portal veins (17), or to the posterior 

pituitary gland. Once the anterior pituitary gland is reached, they trigger the release of 

hormones into the systemic circulation. In contrast, pre-autonomic neurons connect 
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directly to preganglionic autonomic neurons of the brainstem and spinal cord, modulating 

cardiovascular, thermoregulatory, and gastrointestinal functions. (5, 33) 

The tuberoinfundibular pathway is a dopaminergic neural pathway, originates in the 

arcuate nucleus and projects to the external zone of the median eminence near the primary 

capillary loops of the pituitary portal vessels. It is essential in neuroendocrine regulation by 

delivering dopamine to the median eminence, releasing it into the hypothalamic-pituitary 

portal system and then dopamine is transported to the anterior pituitary gland. (34) 

The mammillary bodies provide a major excitatory input to the anterior thalamic nuclei 

through dense, unidirectional projections transmitted via the mammillothalamic tract. 

While the mammillary bodies do not directly affect wider memory networks, they can 

influence other brain regions via the projections of the anterior thalamic nuclei, playing a 

key role in cognition and memory. (35) 

The mammillotegmental tract is one of the major efferent fibers from the mammillary 

bodies, connecting with various nuclei in the midbrain, including the tegmental nuclei and 

tegmental pontine reticular nuclei. The bundle plays a critical role in the regulation of 

visceral functions and the processing of spatial information, a function closely linked to 

other parts of the limbic system it connects to, such as the mammillothalamic tract. (36) 

The dorsal longitudinal fasciculus is found within the dorsal brainstem tegmentum. It 

passes through the periaqueductal gray matter and contains both ascending and descending 

fibers. The ascending fibers pass from the reticular formation to the hypothalamus, 

transmitting information related to the viscera. The descending portions arises from the 

hypothalamus and passes to a variety of brain areas responsible for processing pain, 

cardiorespiratory functions and the autonomic system. The efferent fibers will also 

terminate on the preganglionic fibers of the autonomic nervous system. (37) 

The medial forebrain bundle is considered to be a central component of the mesolimbic 

dopamine reward system, and is believed to connect several brain areas. This bundle can 

be divided into two major neuroanatomical areas, the medial portion that follows the lateral 

wall of the third ventricle connecting the lateral hypothalamus to the reticular formation of 
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the brainstem through its descending fibers, and the lateral portion which projects to 

several nuclei in the brainstem. (38) This neural pathway is crucial for reward, motivation, 

and other motivated behaviours.  

2. The role of hypothalamic nuclei in the regulation of food intake 

The central regulation of food intake is organized by a long-loop mechanism involving 

humoral signals and afferent pathways to the hypothalamus, obligatory processing in 

hypothalamic neuronal circuits, and descending commands through vagal and spinal 

neurons to the body. Receptors sensitive to glucose metabolism, body fat reserves, as well 

as neuropeptide and cannabinoid signaling, have been identified and localized within the 

hypothalamus. The five main area, that contain neurons with either anorexic actions or 

food intake stimulation, are arcuate, paraventricular, ventromedial and dorsomedial nuclei, 

and the lateral hypothalamic area. (8,39) 

Although the regulation of hunger and satiety involves multiple hypothalamic nuclei, the 

arcuate nucleus is often regarded as the most critical. The arcuate nucleus maintains 

reciprocal connections with other hypothalamic regions implicated in feeding regulation. 

(4) 

The paraventricular nucleus of the hypothalamus has emerged as one of the most important 

hypothalamic autonomic control centers in the brain, with neurons playing essential roles 

in controlling stress, metabolism, growth, reproduction, immune and other autonomic 

functions, such as gastrointestinal, renal and cardiovascular. (10,11) Furthermore it has a 

critical part in the regulation of food intake and energy homeostasis. Many neuropeptides 

are synthesized in the paraventricular nucleus, and some of them are involved in the central 

regulation of food intake. Corticotropin-releasing hormone (CRH) stimulates 

adrenocorticotrophic hormone (ACTH) and ultimately glucocorticoid secretion from the 

pituitary gland, key regulator of the HPA axis and CRH neurons, located in the medial 

parvicellular part of the paraventricular nucleus, form the final common pathway for 

adrenocortical stress response. Their activity is controlled by sets of GABA-, glutamate-, 

catecholamine-containing and inputs from peptidergic neurons, including NPY, AgRP, 

alpha-melanocyte stimulating hormone (α-MSH) and opioids, arranged in an interactive 

pre-motor network. (41) The minimal model for how they control CRH neurons is that 
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each provides varying degrees of excitatory or inhibitory drive directly and with little 

interaction with other inputs, basically a parallel network. Appropriately graded responses 

are then generated in a simple integrative manner. (42) Catecholaminergic inputs from the 

hindbrain to the paraventricular nucleus are essential for HPA and feeding responses when 

glucose homeostasis is compromised. CRH is able to suppress food intake, and linked to 

satiety regulation. 

The ventromedial nucleus (VMN) can be divided into two major parts, dorsomedial and 

ventrolateral subdivisions, and the dorsomedial part is connected to feeding responses. The 

ventromedial nucleus has long been recognized as a satiety center, where its activation 

suppresses hunger and inhibits food intake. More recent research shows the complex 

network of neural cicuits and signaling pathways within the ventromedial nucleus that 

regulate feeding behaviour in response to various hormonal, neural, and nutritional cues, 

and there are numerous receptors that respond to dopamine, serotonin, GABA, and 

histamine, all of which also influence feeding behaviour. (43) The VMN is one of the most 

important hypothalamic nuclei that regulate glucose homeostasis. It contains neurons that 

express steroidogenic-factor-1 (SF-1) and subpopulations of these neurons respond to 

changes in blood glucose. Populations of VMN neurons expressing glucokinase, a marker 

for both glucose-excited and glucose-inhibited neurons, also contribute to glycemic 

control, and maintaining blood glucose during fasting or hypoglycemia. (44) 

Neurons within the VMN express receptors for key metabolic ligands such as leptin, NPY, 

melanocortin, and cholecystokinin (CCK). GABAergic neurons in this nucleus are highly 

sensitve to stress stimuli and play a critical role in regulating metabolic balance and 

glucose homeostasis. Increased GABA release can reduce the excitability of SF-1 neurons, 

which leads to impaired glucose and lipid metabolism. (45) 

The dorsomedial nucleus of the hypothalamus (DMN) is responsible for controlling 

thermogenesis and maintaining energy balance. The DMN contains GABAergic and 

prolactin-releasing peptide (PrRP) neurons, which respond to leptin signaling. DMN 

neurons expressing the tropomyosin receptor kinase B (TrkB) receptor are crucial for 

feeding regulation. In case of mice, chemogenetic activation of these neurons result in 

decreased food intake during dark cycle, when typically they exhibit increased hunger. On 
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the other hand, inhibition of these neurons during light cycle stimulates feeding without the 

disruption of nocturnal behaviours, indicating a circadian-dependent regulatory role. (16, 

45) 

The lateral hypothalamic area (LHA) has long been recognized as essential for the 

regulation of food intake and body weight, often described as the feeding center. (39) 

GABAergic neurons in the LHA are key integrators of homeostatic and hedonic drives, 

coordinating consummatory behaviours through multiple functional subpopulations, and 

are highly responsive to palatable substances like sucrose. (46) The elimination of LHA 

GABAergic neurons impairs appetitive learning and reduces weight gain, and activation of 

these neurons reliably enhances feeding behaviours. (47) 

Most LHA populations promote food intake and water consumption but LHA neurotensin 

neurons preferentially induce water intake while suppressing feeding. Two molecularly and 

projection-specified subpopulations of LHA neurotensin neurons are identified, and they 

are positioned to coordinate either feeding or drinking. One of them co-expresses the long 

form of the leptin receptor (LepRb) and is activated by the anorectic hormon leptin. The 

other separate subpopulation lacks LepRb and is activated by dehydration. (48) 

3. The arcuate nucleus of the hypothalamus 

The arcuate nucleus (ARC) is located in the mediobasal hypothalamus close to the third 

ventricle and the median eminence. It has been established as a critical neural hub for 

regulating feeding behaviour and energy homeostasis, as well as playing an intricate role in 

appetite control, particularly through the identification and functional characterization of 

neuropeptide Y (NPY) and AgRP neurons. (40) 

The arcuate nucleus consists of various neurons that have diverse physiological roles 

ranging from cardiovascular regulation, feeding, energy expenditure, and fertility to 

metabolism. These neurons can be separated into two groups: neuroendocrine and 

centrally-projecting neurons. The neuroendocrine neurons release neurotransmitters and 

neuropeptides, and the centrally-projecting neurons forward information to other 

hypothalamic nuclei or other brain regions outside the hypothalamus. (20) 
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In the ARC, GABAergic neurons predominantly fall into two categories, orexigenic NPY/

AgRP neurons and anorexigenic POMC/CART neurons. NPY/AgRP neurons in the ARC 

have been considered essential for maintaining normal feeding and body weight, their 

inhibition is often associated with severe anorexia, starvation, and reduced body weight, 

evidently due to loss of inhibitory signaling to the brain stem. Similar and other approaches 

have revealed that POMC neurons control the exact opposite actions in energy balance. 

These two populations regulate feeding through sensing blood-borne metabolic factors and 

synaptically releasing their expressed peptides or derivates into various brain regions, 

including the paraventricular nucleus (PVN) and the lateral hypothalamus (LHA). (49, 50) 

Furthermore, they modulate the activity of a wide-ranging network of postsynaptic 

melanocortin 4 receptor (MC4R)-expressing neurons, particularly the ones located in the 

paraventricular nucleus play a crucial role in regulating energy balance. Chemogenetic 

activation of MC4R-expressing neurons in the PVN reduces food intake after fasting, 

indicating that activation of these neurons is sufficient to promote satiety. (51) 

Further more neuroendocrine neurons are present in the ARC. Dopamine-expressing 

neurons regulate prolactin secretion. GnRH-expressing neurons are the final output of the 

brain controlling the reproduction, and the patterns of GnRH secretion. Even though 

metabolic stress is able to influence its function, GnRH neurons lack leptin receptors, 

which suggests that leptin signalling does not have an impact on reproduction. GHRH-

expressing neurons stimulate the secretion of growth hormon in the anterior pituitary 

gland. Study shows, the knockout of GHRH in mice results in reduced body weight, 

increased insulin sensitivity, and a prolonged lifespan compared to their littermates. (52) 

Kiss1-expressing neurons exhibit electrophysiological properties characteristic of 

pacemaker neurons, and synthesize neurokinin B (NKB) and dynorphin as well. Upon 

binding to its cognate receptor GPR54, also known as Kiss1 receptor (Kiss1R), Kiss1 

stimulates GnRH neurons triggering pulsatile GnRH release, inducing the secretion of LH 

and FSH from the anterior pituitary gland. Inhibition and mutation of Kiss1 neurons result 

in infertility and reproductive disturbances. (20) 

The ARC recieves signals from various sources through the median eminence, afferent 

inputs from the vagus nerve and other brain nuclei, coordinates them and sends feedback 

responses via centrally-projecting neurons. AgRP and NPY neurons project to the PVN, 
�13



binding to MC3R, MC4R and NPY1 receptor, suppressing the anorexigenic effect of α-

MSH in the PVN, and activates GABAergic neurons. This stimulates feeding behaviour 

and decreases energy expenditure via reduced sympathetic output to the brown adipose 

tissue thermogenesis. (53, 54) Following nutrient intake, POMC-expressing neurons in the 

ARC projecting to the PVN release α-MSH, activating MC4R signaling, resulting in 

suppressed food intake. (55) 

ARC neurons co-expressing AgRP and NPY project to the LHA, and optogenetic 

stimulation of this pathway induces feeding behaviour. Kiss1 neurons project to DMN, 

after activation glutamate is released, thus regulating energy expenditure. AgRP-expressing 

neurons project to two parts of the anterior bed nucleus of the stria terminalis (BNST), the 

dorsomedial and the ventromedial, where they promote feeding and peripheral insulin 

resistance. (20)  

Reciprocal projections run between NPY and AgRP-expressing neurons of the ARC and 

the central nucleus of the amygdala (CEA) neurons, involved in the regulation of energy 

balance and emotional responses. (56) ARC neurons co-expressing AgRP, NPY and GABA 

project to the parabrachial nucleus in the pons, inhibiting calcitonin generated peptide-

expressing neurons via GABAa receptor signaling, and delaying meal termination. (57) 

POMC neurons project to the ventral tegmental area (VTA), inhibiting dopamine neurons, 

and influencing body weight, food intake, depression-like behaviours and anhedonia. (58) 

Leptin receptor-positive GABAergic neurons in the ARC extend projections to neurons in 

the rostral preoptic area, establishing a vital link in the hypothalamic-pituitary-gonadal 

axis. This connection is crutial in managing both reproductive and metabolic functions. 

(45) 

4. Structure of agouti-related peptide (AgRP), and its expression in the brain 

Agouti-related peptide is a 132 amino acid long peptide, predominantly expressed in the 

ARC. AgRP is a potent orexigenic neuropeptide that stimulates appetite and reduces 

energy expenditure, acting as an antagonist to melanocortin receptors. Activated AgRP 

neurons can increase food intake and adiposity. The expression of AgRP in the ARC is 

decreased by positive energy balance and increased leptin levels, and increased by negative 
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energy balance and decreased leptin levels. AgRP is upregulated in leptin deficiency in 

case of obesity and diabetes. (59) 

AgRP neurons are located at the bottom of the third ventricle close to the median 

eminence, which allows them to sense and integrate peripheral metabolic signals. Energy 

deficit increases AgRP neuronal excitability, and suppressed after feeding. These neurons 

also release NPY and the inhibitory neurotransmitter gamma-aminobutyric acid (GABA), 

both of which are essential for feeding response induced by AgRP neuron activation. (60) 

After food deprivation, the activity of AgRP neurons is required for compensatory 

refeeding.  

GABA-releasing AgRP terminals directly suppress POMC neurons, resulting in a dual 

inhibitory effect  on POMC signaling. AgRP neurons also project to the PVN, where 

optogenetic activation of these projections induces feeding. Furthermore, optogenetic 

stimulation of AgRP projections to the LHA, the anterior BNST, and the paraventricular 

thalamus similarly elicits a feeding response. (61) 

Besides their role in controlling feeding, activation of AgRP neurons induces a rapid shift 

in substrate utilization, decreasing fat oxidation while increasing systemic glucose use, 

independently of food intake. In addition to regulating whole-body substrate metabolism, 

AgRP neurons also influence glucose homeostasis by modulating peripheral insulin 

sensitivity. Acute activation of AgRP neurons causes impaired systemic insulin sensitivity.  

These neurons regulate systemic insulin sensitivity through the acute reprogramming of 

brown adipose tissue gene expression toward a myonic profile, leading to increased 

myostatin levels and thereby coordinating hunger states with glucose homeostasis. This 

AgRP neuron-dependent induction of peripheral insulin resistance reduces peripheral 

glucose utilization when food sources are limited. (62)  
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5. Hormons influencing the activity of AgRP/NPY neurons 

During hunger, hormonal feedback plays an important regulatory role over AgRP neurons, 

including high plasma ghrelin, which increases AgRP activity, and low levels of leptin and 

insulin, which reduces their inhibitory input on AgRP neurons. The decrease in AgRP 

neuronal activity in response to food is proportional to both the metabolic state and the 

caloric density of the available food. (69) 

Hunger, a state of negative energy balance, increases circulating ghrelin level, which 

suggests that ghrelin acts as a meal initiation signal, and it induces feeding by stimulating 

AgRP and NPY neuronal activity. (63)  

Energy depletion increases the activity of AgRP neurons, whereas leptin administration 

mitigates this effect by hyperpolarizing AgRP neurons and decreasing their expression of 

AgRP and NPY, resulting in suppressed food intake. (71) 

Insulin acts on AgRP neurons to acutely reduce meal size, thereby limiting postprandial 

glucose and insulin excursions. Enhanced insulin signaling within AgRP neurons decreases 

meal size without altering total caloric intake. (72) 

Furthermore, peripheral cholecystokinin (CCK) is able to rapidly inhibit AgRP neurons, 

when it has been released into the circulation after fat ingestion. This indicates a key role 

for CCK as a short-term satiety signal. (64) 

6. The role of pro-opiomelanocortin (POMC) neurons in the regulation of food intake 

POMC, a prohormone and an anorexigenic peptide, is highly expressed in the ARC, 

pituitary gland, and the brainstem. Depending on the levels of prohormone convertases, 

POMC elevates various active peptides and hormones, including MSH, ACTH, 

corticotropin-like intermediate lobe peptide (CLIP), lipotropin, and met-enkephalin. It 

suppresses appetite and promotes metabolism, moreover it regulates stress response, the 

immune system, and sexual functions. (65) POMC neurons are activated by energy surplus 

and inhibit food intake after prolonged periods of feeding. They integrate long-term 

adiposity signals from the hypothalamus and short-term satiety signals from the brainstem , 
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and release MSH to activate MC3R and MC4R, thereby reducing food intake and 

increasing energy expenditure. (15) 

Numerous factors mediate the epigenetic modifications of POMC, influencing phenotypic 

expressions and metabolic outcomes. In a study by Cifani et al. (66), rats were fed a high-

fat diet for 21 weeks, and at the end brains were collected to be analyzed. Methylation 

status of gene promoter regions was determined using pyrosequencing of bisulfite 

converted DNA. After 21 weeks of free access to high fat diet, a significant increase was 

observed in POMC gene expression. 

Another factor that affects the methylation status of POMC is undernutrition. The 

researchers found that POMC expression was higher in underweight, anorexic patients than 

in weight-recovered or healthy controls. (67) 

The transgenerational effect of diet and environmental factors on epigenetic regulation of 

DNA methylation of hypothalamic neuropeptides is gaining attention among researchers. 

Study shows that the methylation of the POMC promoter can occur as early as embryonic 

development and at different cell states. This early occurence implies that metabolic 

disease risk could be programmed at a cellular level before birth. Consequently, if these 

methylation patterns persist or are further aggravated after birth due to dietary or 

environmental influences, they may predispose individuals to metabolic disorders by 

altering energy homeostasis and promoting obesity. (65, 68) 

7. The regulatory role of ghrelin and leptin in food intake 

Leptin and ghrelin are two key hormones exerting opposing effects on the regulation of 

appetite and energy balance. Ghrelin stimulates hunger and food intake by binding to its 

receptors and activating orexigenic neurons in the ARC. In contrast, leptin suppresses 

appetite and reduces food intake by inhibiting ghrelin-activated neurons while concurrently 

activating anorexigenic pathways that promote satiety and enhance energy expenditure. 

(73) 

Ghrelin was discovered in 1999 as an endogenous ligand for growth hormone secretagogue 

receptor (GHS-R). It is a 28-amino acid peptide, primarily secreted by neuroendocrine 
�17



cells in the oxyntic glands of the gastric fundus. (74) Ghrelin exerts orexigenic effects via 

three main pathways. From the stomach it enetrs the bloodstream and reaches the ARC and 

other brain regions, crossing the blood-brain barrier to influence appetite regulation. 

Peripherally produced ghrlein also activates vagal nerve endings, transmitting signals to 

the hypothalamus through the nucleus tractus solitarius. In addition, ghrelin is locally 

synthesized within the hypothalamus, directly stimulating AgRP/NPY neurons and other 

cell populations. In the fasting state, it promotes feeding by activating AgRP/NPY neurons, 

and in satiety, ghrelin release by the stomach decreases, resulting in reduced AgRP/NPY 

activity, activated POMC neurons, and α-MSH is secreted to activate MC4R, which leads 

to suppressed appetite. (75) Ghrelin also enhances the rewarding properties of palatable 

foods, particularly those rich in sugar and fat, thereby promoting hedonic eating behaviour. 

This effect is mediated through the dopaminergic system, as ghrelin stimulates dopamine 

release from ventral tegmental area neurons and increases their action potential frequency. 

(76, 77) 

Leptin is an adipokine protein consisting of 167 amino acids. It is synthesized primarily by 

subcutaneous white adipose tissue, and its production is influenced by the volume of fat 

deposits in the body. Its secretion follows a circadian pattern, peaking at night and 

decreasing during the day. Leptin crosses the blood-brain barrier, and interacts with 

hypothalamic receptors situated in neurons across various nuclei. The primary site of 

action is the ARC, affecting AgRP/NPY and POMC neurons, where leptin exerts its effects 

on food intake and energy expenditure by binding to and activating the long form of its 

membrane receptor (LepR), resulting in appetite suppression and satiety stimulation. (70) 

The interaction between leptin signaling and the key hypothalamic pathways regulating 

food intake can be summarized in a simple model: leptin stimulates the transcription of 

POMC and α-MSH is released into the synapse to activate neurons via binding to MCR, 

leading to suppressed appetite. Concurrently, leptin inhibits AgRP/NPY expression, 

Thereby reducing the antagonistic effect of AgRP on MCR signaling. (78) 

Numerous studies have demonstrated that circulating leptin levels decline during fasting or 

energy restriction, but increase in response to overfeeding. These observations highlight 
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the dynamic regulation of leptin signaling through multiple physiological pathways aimed 

at maintaining body mass stability. (70) 

8. The regulatory role of hypothalamic AMPK 

Adenosine monophosphate-activated protein kinase (AMPK) is a heterotrimetric serine/

threonine kinase expressed in different tissues, including the brain, liver, and skeletal 

muscle. Its activity is determined by the AMP : ATP ratio, direct allosteric activation of 

AMP, reversible phosphorylation, ADP, or degradation by ubiquitination. Numerous 

factors influence energy intake and expenditure through the activation or inhibition of 

AMPK in the brain, especially in the hypothalamus. Although various molecular 

mechanisms regulate AMPK activity, these factors affect the activity of AMPK by altering 

its phosphorylation. (18,19) 

Beyond its peripheral actions, AMPK functions as a key nutrient and glucose sensor within 

the hypothalamus, where it plays a crucial role in the regulation of body weight, energy 

homeostasis, and appetite. Hypothalamic AMPK is influenced by energy intake and 

availability, fasting increases and re-feeding decreases its activity. Furthermore, it is also 

affected by several orexigenic and anorexigenic signals in the hypothalamus. Both short 

and long-term energy signals influence AMPK activity. (79) 

Leptin has a tissue-specific effect on AMPK: it stimulates AMPK in skeletal muscle, 

whereas in the hypothalamus it produces the opposite effect, inhibiting AMPK activity in 

the ARC and PVN, leading to suppressed feeding behaviour. Inhibition of hypothalamic 

AMPK is also necessary for the effects of leptin on food intake and body weight, as active 

AMPK blocks these effects. Leptin regulates food intake by selectively activating POMC 

neurons. It binds to Lepr and directly depolarizes the POMC neurons stimulating β-

endorphin and α-MSH secretion to downregulate elevated synaptic activity. After that, 

leptin and opioids from POMC can inhibit the activation of AMPK on a positive feedback 

loop. (80, 81) 

Insulin has a broad inhibitory, anorexigenic effect on AMPK activity across various regions 

of the hypothalamus, including the ARC, PVN, and LHA. Conversely, insulin-induced 

hypoglycemia increases AMPK phosphorylation and activity, a counter-regulatory 
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response. The suppressive effect of insulin on hypothalamic AMPK is reduced by cold 

exposure, which could explain why cold conditions reduce the effectiveness of insulin in 

inhibiting feeding. (82) 

The orexigenic effect of ghrelin seems to be mediated by hypothalamic AMPK through 

multiple downstream pathways. For instance, ghrelin releases Ca²⁺ from the endoplasmatic 

reticulum to activate AgRP/NPY neurons via AMPK-dependent mechanisms. Ghrelin 

enchances NPY neuronal activity by stimulating AMPK in presynaptic neurons and by 

modulating synaptic plasticity in NPY neurons. Additionally, ghrelin downregulates fatty 

acid synthase through an AMPK-dependent mechanism, which is a key factor in fasting-

induced hyperphagia. (83, 84) 

Furthermore, AMPK appears to have an alternative role in the hypothalamic neurons 

because AMPK loss in AgRP neurons leads to reduced body weight, whereas its loss in 

POMC neurons leads to increased appetite and body weight, suggesting a cell-specific role 

for this enzyme. (85) 

9. Homeostatic regulation of food intake 

Food intake is highly regulated by internal physiological and external environmental 

informations, and this essential function is coordinated by gastrointestinal, endocrine and 

nervous systems to maintain energy homeostasis. It is called the homeostatic pathway, 

when the focus is on the regulation of energy balance. In contrast, hedonic or reward-based 

regulation can override the homeostatic pathway during periods of relative energy 

abundance by increasing the desire to consume highly palatable foods. (87) 

The food intake cycle stages are hunger, satiation and satiety. Hunger is the desire to eat 

and is commonly experienced as an uncomfortable sensation of emptiness in the abdomen. 

Satiation describes the feeling of fullness that leads to termination of a meal, whereas 

satiety indicates the postprandial state that suppresses further eating and determines the 

interval before the next meal. In a homeostatic regulation, meal initiation results from 

satiety fading and hunger increasing during the postprandial period or from prolonged 

fasting. (86) 
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Satiation controls the meal size based on the amount of calories consumed, and also relies 

on volume-dependent signals from the gastrointestinal tract and neuroendocrine effectors 

released from the interaction between the gut epithelium and nutrients. Altogether, this 

chain of events turns on the appetite inhibition neuron system in the brainstem and 

hypothalamus. (86, 88)  

Gastric motility is highly involved in the cephalic, gastric and enteric phases of digestion. 

Taste and other visceral sensations project into the NTS, a sensory complex that is linked 

to the dorsal motor nucleus of the vagus in the brainstem to activate the processes of 

digestion. CCK and gastrin are additional modulators that control digestive response, 

gastric acid and pepsin secretion, gastric motility and emptying, and integrated 

pancreatico-biliary secretion. (89) 

Hypothalamic pathways involve several peptide receptors that regulate appetite and food 

intake, including cannabinoid, NPY, POMC, AgRP, α-MSH, CCK, melanin-concentrating 

hormone (MCH), cocaine- and amphetamine-regulated transcript (CART), and glucagon-

like peptide 1 (GLP-1). Gastrointestinal hormones including leptin, CCK, peptide YY 

(PYY), oxyntomodulin (OXM), and GLP-1 has an effect on the hypothalamic nuclei and 

brainstem. These circulating peptides inhibit the AgRP/NPY pathway in the ARC, reducing 

appetite and stimulate the POMC/α-MSH pathway, increasing satiety and indirectly 

reducing appetite. (89, 90) 

Leptin has a critical role in conserving fat mass for survival and reproduction. Its 

concentration positively correlates with total body fat storages and its levels decrease 

during starvation. Furthermore, leptin reduces the orexigenic action of ghrelin and gastric 

emptying rate, resulting in the promotion of satiety. (86) 

Ghrelin increases gastrointestinal motility, its circulating levels surge before meals and are 

decreased by ingested nutrients, hence it can be responsible for hunger and meal initiation. 

Beyond its short-term feeding control, ghrelin contributes to long-term body weight 

regulation by influencing neuronal activity through its receptor in several areas of the 

brain, especially AgRP/NPY neurons in the ARC. (91) 
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PYY is a hormone secreted by enteroendocrine L-cells of the ileum and colon, responding 

to nutrients, mainly fat, and contributes to satiety by activating POMC neurons, 

suppressing appetite and food intake, decreasing intestinal peristalsis and gastric emptying.  

GLP-1 is an incretin hormone that stimulates insulin release, and is released in response to 

intestinal luminal nutrients and bile acids. Its peripheral action can promote postprandial 

stomach capacity and satiety by delaying gastric emptying. The vagal-mediated effects of 

GLP-1 plays a critical role in inducing satiety and preventing overeating. In the 

hypothalamus, GLP-1 activates GLP-1 receptors (GLP-1R) on POMC neurons, and 

inhibits AgRP/NPY neurons, hence suppressing food intake. (92) 

OXM is co-released by L-cells alongside GLP-1 and may contribute to physiological 

glucose homeostasis and appetite control as it promotes activity of GLP-1R and glucagon 

receptors. (103) OXM was shown to lower food intake and reduce body weight, as well as 

increase core temperature, suggesting it increases energy expenditure. (94) 

CCK stimulates intestinal motility and gallbladder contractions, promotes the release of 

digestive enzymes and insulin, enhances satiety and reduces food intake. Intestinal CCK is 

secreted in response to luminal nutrients, lipids and proteins. (87) 

The hypothalamus receives neuronal and endocrine inputs from the gastrointestinal tract, 

integrates the information, and translates it into a feeding behaviour. The hunger system in 

the ARC is activated, AgRP neurons release two inhibitory transmitters, GABA and NPY, 

to antagonize MC4R actions in the PVN. AgRP neurons recieve signals, ghrelin and low 

leptin promote excitatory synapses, initiating feeding in minutes. Following this increased 

leptin, CCK, PYY, GLP-1 and OXM can inhibit AgRP neuronal activity. Due to energy 

surplus, POMC/CART neurons are activated, stimulating α-MSH production, which targets 

and agonizes MC4R, resulting in suppressed food intake and promoting satiety. (86) 
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9.1 Body weight management 

The homeostatic regulation of energy balance defends against body weight excursions 

below the lower limits of adiposity, but often fails to prevent weight gain. Non-metabolic 

factors can contribute to overeating and obesity, including food palatability, availability, 

sensory-specific satiety, energy density of food, consumption rate, stress, social 

environment and energy output. (95) 

Regulation of energy balance can be short- or long-term, and there are some factors 

involved in both. Short-term regulation refers to the physiological response associated with 

the ingestion and absorption of food, involving gastrointestinal hormones, pancreatic 

hormones, and nutrients. Long-term regulation primarily involves adiposity signals acting 

on the hypothalamus. (96) 

Peripheral hormones regulate hypothalamic expression of orexigenic and anorexigenic 

neuropeptides, and loss of leptin or insulin signaling in the hypothalamus is sufficient to 

induce or promote obesity and diabetes mellitus. Overnutrition or high-fat diet 

consumption blunts central insulin/leptin sensitivity, further disrupting energy homeostasis. 

(113) 

10. Central nervous system regulation of blood glucose 

Many CNS regions that are crucial to glucose regulation are thought to mediate their action 

via glucose-excited (GE) and glucose-inhibited (GI) neurons. These neurons are present in 

multiple brain regions but particularly in the hypothalamus (101), specifically the VMN 

and ARC integrate hormonal and nutrient signals impacting peripheral metabolism. (102) It 

has been shown that the CNS senses hormones, namely insulin, leptin, GLP-1 and -2, and 

nutrients, fatty acids and glucose, to regulate glucose homeostasis.  

GE neurons detect rising glucose through mechanisms that resemble those of pancreatic β-

cells. In these neurons, glucokinase phosphorylates glucose and initiates a metabolic 

cascade, elevating the intracellular ATP/ADP ratio. The resulting increase in ATP leads to 

the closure of ATP-sensitive potassium (KATP) channels, causing membrane 

depolarization and enhanced neuronal firing. The role of hypothalamic KATP channels in 

modulating the effects of central insulin has been well documented in rodents. In 
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hypothalamic glucose-sensing neurons obtained in lean rats, insulin stimulated firing of 

KATP channels, but this effect was impaired in neurons from obese rats. (108) Clinical 

observations and studies (106, 107) have shown that individuals with activating 

glucokinase mutations exhibit hyperinsulinemia and hypoglycemia, whereas those with 

loss-of-function mutations develop diabetes. Glucokinase is expressed in a significant 

proportion of GE and GI neurons within the VMN and ARC, although not all glucose-

sensing neurons rely on this pathway.  

GI neurons may express glucokinase as well, but their activation during hypoglycemia 

occurs through reductions in ATP/ADP ratio. AMPK is another central mediator in GI 

neuron glucose-sensing, as its activation by low glucose or pharmacological agents 

imitates hypoglycemic responses. (101) 

Insulin is essential for the regulation of glucose homeostasis by acting directly on insulin 

receptors within the liver and skeletal muscles. In addition to leptin, insulin circulate in 

proportion to body fat, serving information about the current amount of body fat in order to 

regulate long-term energy storages. After crossing the blood-brain barrier, it binds to its 

receptors, regulating energy and glucose homeostasis. Activation of insulin receptors 

within the ARC have a potent effect on suppressing hepatic glucose production (HGP) by 

inhibiting gluconeogenesis and glycogenolysis. (103) 

Once in the CNS, insulin binds to insulin receptors expressed on AgRP/NPY neurons and 

POMC neurons in the ARC. Both optogenetic and chemogenetic activation studies have 

shown that AgRP neurons play a major role in acutely inducing systemic insulin resistance, 

and increasing blood glucose. Acute activation of AgRP neurons inhibits insulin-stimulated 

glucose uptake in brown adipose tissue (BAT), regulates sympathetic nerve activity to 

BAT, and leads to altered gene expression in BAT with upregulation of a myogenic gene 

signature, including myostatin. (62) Additionally, NPY is critical in the developement of 

insulin resistance. Study shows that the ability of AgRP neurons to induce insulin 

resistance depends on NPY expression. (104) 

Arcuate POMC neurons also contribute to glucose homeostasis, thus they are glucose-

sensing neurons and their activity increases with rising blood glucose levels. POMC 
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glucose-sensing is impaired by obesity and diabetes mellitus suggesting blunted glucose 

sensing by this neural population may contribute to impaired glucose metabolism in 

obesity. (105) 

Beyond its well-known effects on satiety and weight regulation, leptin also exerts 

significant influence on glucose metabolism. It interacts with LepR expressed in various 

tissues, including the hypothalamus, liver, muscle, and pancreatic islets, mediating both 

central and peripheral pathways that contribute to metabolic homeostasis. Central leptin 

signaling modulates hypothalamic neuronal circuits that regulate HGP and peripheral 

tissue glucose uptake. Activation of LepR leads to downstream signaling cascades, 

including the phosphatidylinositol 3-kinase (PI3K) pathway, which plays a crucial role in 

mediating the effects of leptin on glucose regulation. Via the ARC, leptin can suppress 

hepatic gluconeogenesis and promote glucose utilization in peripheral tissues. Interacting 

with insulin, together they coordinate systemic glucose regulation. (110) Like glucose and 

insulin, leptin hyperpolarizes hypothalamic KATP channels in neurons from lean, but not 

obese, rats. (109) 

11. The effect of stress on feeding behaviour 

One of the major impacts of stress besides changes in psychological behaviour is altered 

feeding responses. Stress-induced bidirectional feeding responses underline the complex 

mechanisms and multiple contributing factors, including the levels of glucocorticoids, the 

interaction between glucocorticoids and feeding related neuropeptides such as NPY, AgRP, 

POMC, α-MSH, melanocortin, corticotropin-releasing hormone (CRH), and peripheral 

signals. (111) 

Under stress, the activation of the HPA axis and changes in neurotransmitter activity can 

disrupt normal appetite regulation. Acute stress may transiently suppress appetite through 

activation of anorexigenic pathways, while chronic stress often leads to dysregulation, 

resulting in either hyperphagia or hypophagia. Stress-induced hormonal and neurochemical 

changes can alter the sensitivity of appetite-regulating neurons, affecting the release of 

neuropeptides. These alterations influence food preferences, meal size, and feeding 

frequency. Additionally, stress can modify the reward value of food, leading to increased 
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consumption of high-calorie, palatable foods in some individuals, or reduced appetite and 

food intake in others. (112) 

Understanding the intricate link between stress and feeding behaviour is vital for 

promoting animal welfare and optimizing health outcomes. Stress-induced changes in 

feeding are not merely behavioural anomalies but reflect deeper physiological and 

psychological states that can influence growth, reproduction, and overall well-being. 

Recognizing individual and environmental factors that modulate these responses allows for 

more targeted and effective management strategies. 

12. The significance of ROS levels in hypothalamic cells 

Reactive oxygen species (ROS) in the hypothalamus act as damaging by-products of 

metabolism and critical intracellular signaling molecules that regulate feeding behaviour, 

energy expenditure, glucose homeostasis, and neuroendocrine function. Their effects are 

highly cell-type specific, especially in POMC and AgRP/NPY neuron populations of the 

ARC. A precise balance between ROS production and buffering is essential for maintaining 

physiological energy balance. Its disruption contributes directly to obesity, insulin 

resistance, and diabetes mellitus. 

Hypothalamic neurons detect circulating nutrients through changes in ROS levels, serving 

as fast intracellular indicators of metabolic state. A physiological increase in glucose 

rapidly increases mitochondrial ROS in the ARC, acting as a signal to activate glucose-

excited neurons and suppress feeding. Blocking ROS eliminates the hypothalamic glucose-

sensing response, including glucose-induced insulin release via parasympathetic pathways. 

Acute increases in circulating triglycerides trigger rapid and transient ROS production in 

the VMN, which inhibits feeding. Antioxidants stop this lipid-induced satiety response, 

meaning hypothalamic ROS are necessary for lipid sensing. 

POMC and AgRP/NPY neurons use ROS in fundamentally different ways. Anorexigenic 

POMC neurons are highly active during positive energy balance, using glucose as a 

primary fuel. Their activity requires sufficient ROS leves, which act as an intrinsic 

excitatory signal. Elevated ROS levels promote POMC activity, resulting in reduced food 

intake. Decreased ROS levels inhibit POMC, and may promote obesity. 
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Orexigenic AgRP/NPY neurons prefer fatty acids as fuel, and remain active during fasting. 

They express strong ROS-buffering systems, including mitochondrial uncoupling protein 2 

(UCP2) and secretagogin to prevent ROS accumulation, as increasing ROS levels can 

inhibit their neuronal activity.  

Key metabolic hormones can influence feeding by altering hypothalamic ROS production. 

Ghrelin activates AgRP/NPY neurons via Ca²⁺ and AMPK signaling, increasing 

mitochondrial respiration, and ROS production due to the increased intracellular Ca²⁺ 

levels. It also activates Calmodulin-dependent protein kinase kinase (CaMKK), which 

induces AMPK activation, generating ATP and fatty acid oxidation, and resulting in 

buffering of ROS. 

Leptin acts on both AgRP/NPY and POMC neurons through LepR. It reaches the 

hypothalamus, and increases the activity of POMC neurons, also inducing ROS levels in 

them, which results in enhanced neuron excitability and satiety promotion. In diet-induced 

obesity, despite high levels of leptin, POMC ROS signaling becomes defective, 

contributing to leptin resistance. 

In addition to its peripheral effect on glucose storage, insulin acts on the hypothalamus to 

modulate energy homeostasis and food intake. In particular, insulin inhibits food intake 

through ROS production.  

Chronic elevation or impaired regulation of ROS leads to dysfunction in neuroendocrine 

circuits. High-fat diet increases peroxisomes in POMC neurons, excessively detoxifying 

ROS, and resulting in blunted satiety signaling and increased food intake, leading to 

obesity and leptin resistance. Loss of ROS-dependent nutrient sensing in the hypothalamus 

leads to impaired autonomic control of glucose metabolism, disturbed insulin secretion, 

and systemic insulin resistance. Chronic oxidative stress results in Ca²⁺ overload, 

mitochondrial failure, and neuronal death, contributing to metabolic and neurodegenerative 

disease progression. (99, 100) 
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13. The significance of Sirtuin gene reactivation in AgRP neurons 

Sirtuins are NAD+-dependent deacetylases, originally identified in Saccharomyces 

cerevisiae, where they were named yeast silent information regulator 2 (Sir2). In 

mammals, these enzymes are known as SIRTs, belonging to the class III histone 

deacetylase family. The distribution of SIRT family members varies, affecting their 

substrate specificity, interactions with intracellular regulatory molecules, and functional 

diversity of their enzymes. (97) 

SIRTs play significant roles in regulating cellular metabolism, stress response, and aging. 

SIRT1 has been connected to caloric-restriction-induced longevity. Evidence suggests that 

the effects of SIRTs mimic the beneficial effects of calorie restriction, and based on the 

similarities, there is a possibility that SIRTs may affect brain circuits controlling negative 

energy balance. (98) 

The reactivation of SIRT1 in AgRP neurons is a fundamental molecular mechanism that 

enables the central nervous system to coordinate behavioural and metabolic responses to 

energy deficiency. During fasting or calorie restriction, NAD+ levels rise in hypothalamic 

neurons, leading to augmented SIRT1 activity. This increase is especially important within 

AgRP/NPY neurons, the primary orexigenic population in the ARC responsible for 

initiating food-seeking behaviour when energy availability is limited.  

SIRT1 plays a critical role in allowing AgRP neurons to respond to ghrelin. When SIRT1 

activity is elevated, ghrelin increases AgRP neuronal firing more effectively, amplifying 

the orexigenic output of AgRP neurons, and promoting appropriate feeding responses 

during fasting.  

Reactivation triggers changes in intracellular metabolism, supporting the energetic 

demands of AgRP neurons during nutrient scarcity by enhancing neuronal capacity to 

utilize fatty acids, reducing reactive oxygen species (ROS), and supporting metabolic 

switching during fasting toward lipid oxidation. These adaptation ensure that AgRP 

neurons remain functional when circulating glucose is low, thereby preserving the neural 

drive to eat during prolonged energy deprivation.  
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As mentioned before, SIRT1 is required for behavioural and physiological adaptation to 

fasting. AgRP neuron-specific SIRT1 deficiency leads to failure to promote food intake 

during fasting, altered expression of AgRP and NPY, and impaired ability to maintain 

glucose and lipid homeostasis during calorie scarcity. (13,14) 
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Summary 

This thesis highlights the central role of the hypothalamus, particularly the arcuate nucleus, 

in the neuroendocrine regulation of hunger, satiety, and whole-body energy homeostasis. 

Through an integrated network of orexigenic and anorexigenic neurons, the arcuate 

nucleus functions as a  metabolic control hub that continuously recieves and interprets 

hormonal, nutrient, and neural signals. These pathways allow the brain to adapt feeding 

behaviour and metabolism to both short-term nutritional availability and long-term energy 

stores. 

The complex interactions between peripheral signals, such as leptin, ghrelin, insulin, 

gastrointestinal peptides, and nutrient-derived cues demonstrate how tightly coordinated 

the hypothalamic control of feeding must be to maintain physiological balance. Central 

regulators, including AMPK, ROS signaling, and SIRT1 activity, further refine neuronal 

responsiveness, ensuring appropriate behavioural and metabolic adaptations during fasting, 

feeding, and stress. Importantly, the dysregulation of these systems contributes directly to 

obesity, insulin resistance, and other metabolic disorders, underscoring the clinical 

relevance of understanding these mechanisms.  

Ultimately, the findings presented here emphasize that the regulation of food intake and 

body weight extends far beyond simple caloric balance, and the arcuate nucleus is not 

simply one of many regions involved in appetite control, but it is the central integrator of 

energy-related information and the decisive orchestrator of feeding behaviour. Its capacity 

to coordinate peripheral signals, central pathways, and intracellular metabolic sensors 

places it at the core of body weight regulation. A deeper understanding of these pathways 

and the function of the arcuate nucleus not only advances our knowledge of basic 

physiology but also provides essential insights for developing future therapeutic strategies 

targeting obesity, metabolic diseases, and hypothalamic dysfunction. 
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