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Neurophysiology and Endocrine Responses to Hunger and Satiety Mechanisms:
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Abstract

Background: Obesity is a main public health problem which substantially increases the risk of many
diseases. The complex neural circuitry controls energy homeostasis and food consumption by the
incorporation of hormonal and neural signals. Circulating hormones, in specific the gut hormones, have
been found to be very important in appetite regulation. These hormones transfer energy situation signs to
the brain throughout three principle paths: the circulation system, activation of the vagus nerve, and direct
modification of main brain regions such as the hypothalamus and brainstem. The control of food eating is
not exclusively dependent on the homeostatic processes, rather it includes reward mechanisms in which
the brain plays a key role. Highly palatable foods, especially those high in sugar and fat, have clear
impacts on brain circuits through activating main reward-related areas such as the nucleus accumbens
and prefrontal cortex. Frequent exposure to these stimuli increases neural replies, causing increased
ingestion due to the over activation of reward systems, which contributes to weight gain and obesity.
Objective: This review aims to give an overview of the relationship between obesity and food eating from
a neuroscientific view, and highlight the interaction between the central nervous system and the
endocrine system in appetite and energy homeostasis regulation. Also, it investigates how energy-dense
foods affect reward paths, contributing to overeating and obesity. Key Findings: The findings indicate that
the hypothalamus and reward circuits play a vital role in energy homeostasis. Also, hormonal signs, such
as leptin and ghrelin, regulate the feeding behavior, affecting weight regulation. Conclusion:
Understanding the neuroendocrine basis of the eating behavior and addiction to highly palatable food is
important for improving the non-surgical strategies for therapeutic obesity. Recommendation: Future
research should aim to explore targeted interventions that adjust the reward pathways.
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REVIEW ARTICLE

Neurophysiology and Endocrine Responses to
Hunger and Satiety Mechanisms: The
Brain-gut Crosstalk

Nour Shakir Rezaieg’, Muthanna M. Awad

Department of Biology, College of Education for Pure Sciences, University of Anbar, Anbar, Iraq

Abstract

Background: Obesity is a main public health problem which substantially increases the risk of many diseases. The
complex neural circuitry controls energy homeostasis and food consumption by the incorporation of hormonal and
neural signals. Circulating hormones, in specific the gut hormones, have been found to be very important in appetite
regulation. These hormones transfer energy situation signs to the brain throughout three principle paths: the circulation
system, activation of the vagus nerve, and direct modification of main brain regions such as the hypothalamus and
brainstem. The control of food eating is not exclusively dependent on the homeostatic processes, rather it includes
reward mechanisms in which the brain plays a key role. Highly palatable foods, especially those high in sugar and fat,
have clear impacts on brain circuits through activating main reward-related areas such as the nucleus accumbens and
prefrontal cortex. Frequent exposure to these stimuli increases neural replies, causing increased ingestion due to the over
activation of reward systems, which contributes to weight gain and obesity.

Objective: This review aims to give an overview of the relationship between obesity and food eating from a neuro-
scientific view, and highlight the interaction between the central nervous system and the endocrine system in appetite
and energy homeostasis regulation. Also, it investigates how energy-dense foods affect reward paths, contributing to
overeating and obesity.

Key findings: The findings indicate that the hypothalamus and reward circuits play a vital role in energy homeostasis.
Also, hormonal signs, such as leptin and ghrelin, regulate the feeding behavior, affecting weight regulation.

Conclusion: Understanding the neuroendocrine basis of the eating behavior and addiction to highly palatable food is
important for improving the non-surgical strategies for therapeutic obesity.

Recommendation: Future research should aim to explore targeted interventions that adjust the reward pathways.

Keywords: Hypothalamus, Obesity, Arcuate nucleus, High-palatable foods, Endocrine hormone

1. Introduction Over the past decades, the World Health Orga-
nization's (WHO) recommendations confirmed that
suitable nutrient consumption participates in
strengthening and promoting the immune system,
decreasing the risk of the non-communicable dis-
eases, and basically, increasing longevity.

For most of us, the composition and amount of
food consumed differ greatly from one meal to the
next and from one day to the other. Hence, our
combined experience seems to be at disagreement
with the hypothesis that food intake is highly

F ood eating is a primary mechanism for survival,
and it is one of the greatest human pleasures.
One of the important keys for living a healthy life
is a suitable nutrition which depends on eating a
variety of foods that contain the nutrients the
body needs to maintain health, feel comfortable,
and obtain energy. These elements include: pro-
teins, carbohydrates, fats, water, vitamins, and
minerals [1].
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regulated. There are many variables such as social
factors, time of day, emotions, cost, and conve-
nience, which are not biologically regulated, but
nonetheless impact energy intake [2].

For this reason, daily energy consumption is var-
iable and differs among individuals, and it is not
well associated with daily energy expenditure.
Despite short-term mismatches in energy balance
(homeostasis), however, most of us try to match
energy intake to energy expenditure with great
precision by balancing the energy s/he eats during
his/her daily meals. This phenomenon reflects an
active regulatory process, termed energy homeo-
stasis, which promotes stability in the amount of
body energy stored in the form of fat [3].

The central nervous system (CNS) maintains this
balance through several brain systems to ensure
that there is enough energy available and that the
body weight remains stable.

The brainstem receives neural information from
the digestive system, while the hypothalamus re-
ceives nutritional and hormonal signs from the cir-
culatory system. These systems, then, gather and
respond to the facts about the body's nutritious
condition. Also, they react with reward and moti-
vation paths which are responsible for the food-
seeking conduct [4].

Energy intake and expenditure are two processes
which are modulated by the two systems; orexigenic
and anorexigenic systems [5]. These are the two
main systems in the body which control appetite
and body weight. The orexigenic (Appetite-
producing) system [6] helps to increase or keep
body weight. It does this by increasing the feeling of
hunger and the desire to food consumption, and
also by decreasing energy spending so that the
added fat is stored. The aim of this system is to
make sure that the body has an adequate energy
reserve [7].

The anorexigenic (Appetite-suppressing) system
works to maintain or reduce body weight. It does
this by increasing the body's energy spending and
reducing the desire to food consumption, which aids
in burning fat and reducing its storage. The aim of
this system is to prevent unnecessary weight gain.
The key difference between the two systems is that
the first pushes the body to store energy and gain
weight, while the second seeks to burn energy and
lose weight [6].

Previous studies have indicated that one of the
main causes of obesity is associated to changes in
eating behaviors. As daily consumption of highly
palatable and caloric foods has become a habit for
many individuals, it has led to the development the
obesity [7,8].

Evidence suggests that foods high in fat and sugar,
which are highly rewarding, not only satisfy a
physiological need, but also activate dopamine
pathways, promoting the inclination to consume
them repeatedly even in the absence of real hunger.
This chronic stimulation weakens central satiety
control mechanisms and leads to an imbalance in
appetite-associated hormonal systems [3,8].

The significance of the study is present insights
into the neurophysiological mechanisms respon-
sible for regulating food intake, especially the
complex interaction between hormonal and neural
signals. This study is critical for understanding how
unhealthy foods patterns and weight gain can
damage the homeostatic control of appetite and
satiety. By exploring these pathways, the study may
contribute to a better understanding of obesity
pathogenesis and support the development of more
effective interventions targeting both the central and
peripheral systems involved in eating behavior.

Therefore, this review focuses on (a) the central
mechanisms by which the brain regulates food
intake with a focus on the integration of neural and
hormonal functions in maintaining homeostasis, (b)
the impact of highly palatable foods on neural cir-
cuits, especially through the activation of the brain's
reward system and hypothalamic pathways, (c) the
role of key metabolic hormones, leptin, ghrelin and
insulin in regulating food intake and explaining the
changes that occur in the context of obesity.

2. Food classification and health impacts

Food is any material containing basic nutrients
consumed to keep up life processes involving en-
ergy production, growth, repair, and regulation of
body functions. Food consists of macronutrients
(carbohydrates, proteins, and fats) and micro-
nutrients (vitamins and minerals), and can be
consumed through eating or drinking. It is digested
and metabolized to deliver the elements essential to
maintain health and life [9].

Consuming a wide variety of healthy foods
throughout a person's life helps maintain good
health and protect against diet related no-commu-
nicable diseases such as diabetes, heart disease,
stroke, and cancer [10].

Foods are generally classified into “healthy and
unhealthy categories” based on their nutritional
composition and physiological impact on the body.

A healthy food is nutrient-dense, and it is rich in
essential vitamins, minerals, fiber, and beneficial
macronutrients. Eating healthy foods can help
maintain the energy in high levels throughout the
day and curb unexpected blood glucose decreases
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or increases. Also, staying hydrated is another major
part of the equation. This happens by drinking large
amounts of water throughout the day, not only
when you are really thirsty. It also helps the person
to stay active, and it can prevent feelings of lethargy
or fogginess [11].

In contrast, unhealthy food often lacks high
nutritional values; it either has very low or devoid of
nutritional values. Thus, unhealthy food is a food
rich in calories and very poor in essential nutrients,
and it also contains ingredients that may be harmful
to health such as added sugars, saturated and trans
fats, a very high percentage of sodium, pre-
servatives, additives, refined carbohydrates among
other things [12].

Nowadays, delicious foods are preferred and
admired by a very wide range of individuals, in
addition to being rewarding in terms of taste. Soda,
fried chicken, potato chips, sugar sweetened bev-
erages, egg and sausage sandwiches, cake, sweets,
French fries, pizza, etc. are just examples of these
types of food. All these foods are available around
us, yet they encourage obesity and increase the risk
of chronic diseases such as cardiovascular diseases
and type 2 diabetes [13].

This classification of foods serves as a funda-
mental framework for understanding the role of diet
in healthy and unhealthy conditions.

Many studies have examined the physiological
and metabolic impacts of unhealthy foods. For
instance, Cloetens and his colleagues [12] have
shown that diets rich in saturated fats and simple
sugars lead to impaired insulin sensitivity and
increased chronic low-grade inflammation.

Their study shows that these types of food cause
changes in the gut microbiota, negatively impacting
the digestive and endocrine functions. Excessive
consumption of such foods also promotes visceral
fat storage and disrupts the regulation of hormones
associated with hunger and satiety, such as leptin
and ghrelin. These combined effects contribute to
the development of insulin resistance, obesity, and
metabolic disorders [13].

3. Highly palatable foods and the reward
system

If food consumption which provides energy sub-
strates for metabolism was just controlled via ho-
meostatic mechanisms, food eating would directly
be a reply to a physiological need, and the large
number of individuals would regard their body
mass as typical. However, appetite organization in
humans is more complicated because it is also
driven by agents beyond physiological needs [14].

Currently, one of the important reasons that push
people to eat a lot of food without a physiological
need can be attributed to the changes that have
occurred in foods. The daily consumption of the
majority of people has become associated with foods
that are very tasty and have high calories.

Therefore, highly palatable foods have become a
behavior that has led many persons to develop
obesity. The results of recent studies that have used
the highly palatable foods as an experimental model
of obesity, indicated that animals exposed to these
foods became obese and exhibited significant
changes in endocrine markers, lipid profiles and
over eating (hyperphagia) [15].

Highly palatable foods and their associated cues
disrupt appetite regulation and stimulate reward
pathways in the brain, leading to increased food
seeking and consumption. The reward pathway
plays an influential role in what we choose to eat so
that the individuals prefer sweet or salty foods with
high energy densities and refuse the bitter or acidic
foods [16].

The reward pathway is composed of the amygdala
(AMG), ventral-tegmental area (VTA), prefrontal
cortex (PFC) and nucleus accumbens (NAc), since it
is stimulated by the overeating of palatable foods.
However, it leads to the secretion of dopamine
which controls the motivational states of wanting or
craving these foods; once overstimulated, the
pathway becomes primed to request more of those
special stimuli (Fig. 1).

Therefore, as humans, our brains are pro-
grammed to seek out behaviors or activities that
trigger the release of dopamine in our reward sys-
tem. For example, when a person does something
pleasurable, the brain produces a large amount of
dopamine, which creates a feeling of pleasure and
thus stimulates the desire to repeat the experience
to get the same feeling. Similarly, fast foods and
sweets are addictive; they provide a temporary
feeling of pleasure that makes you want to relive the
experience again [17].

4. Obesity: the mechanisms of its development

In most people, body weight remains stable, and
an individual can maintain this weight for many
years by keeping the energy balance. This means
that the amount of energy consumed is equal to the
amount of energy burnt. However, when the energy
homeostasis gets disturbed, this would lead to sus-
tained weight issues. If the amount of energy
consumed is more than the energy burnt, the body
will store the excess as fat, leading to weight gain.
On the other hand, if the amount of energy burnt is
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Fig. 1. Signaling of food consumption in the brain. The signaling
pathway stimulated by high palatable foods is shown in red arrows (on the
left), which is associated with stimulating the reward system and it in-
creases the release of dopamine without an effective stopping mechanism.
In contrast, the signaling stimulated by healthy foods is shown in green
arrows (on the right). Regulatory signals are activated, which leads to the
cessation of eating via satiety centers. The figure reflects the contrast in
neural and hormonal responses between the two species and their potential
impact on overeating and obesity (Designed By researcher).

larger than the energy consumed, the body will
burn the stored fat for energy, leading to weight
loss [18].

Obesity is a medical condition characterized by
excessive accumulation of fat in the body, which
increases the risk of developing numerous condi-
tions such as cardiovascular diseases, type 2 dia-
betes, osteoarthritis, hypertension, and even some
kinds of cancer. Also, metabolic syndrome is linked
with obesity; it involves some conditions such as
hyperinsulinemia, insulin resistance, dyslipidemia,
and hypertension; each with risk factors directly
related with both types 2 diabetes and cardiovas-
cular diseases (CVD) [19].

Obesity is one of the prominent health challenges
in the current time as its rates are constantly rising
in the world. This is attributed to numerous inter-
twined factors including lifestyle changes, increased
reliance on processed foods, lack of physical activity,
and genetic factors [20].

An unhealthy diet is one of the most prominent
contributors to overweight and obesity. This hap-
pens when an imbalance between the energy (Cal-
ories) consuming and the energy (Calories) burning
occurs, with an increase in the energy consumed
because of the increasing intake of foods rich in
energy particularly foods that are high in fat and
sugar such as Hyper-palatable foods (HPF). This
leads to the excess energy being stored as fat in the

body. This is accompanied with a decrease in
physical activity because of the sedentary nature of
numerous types of jobs, increasing urbanization, as
well as changing modes of transportation. This leads
to a decrease in calories burning, which also causes
weight gain [21].

The hyper-palatable foods (HPF) which are rich in
fat and sugar, are considered more attractive to a
very large number of people because they are con-
verted very quickly into energy, so their consump-
tion over long periods can be compared to drug
addiction because both lead to the stimulation of the
reward system in the brain [22].

Ease access to HPFs (for example their wide
availability and cheap price), as well as, their signal
(Like the smell, the taste and even the color and
shape) represent important sources of the stimula-
tion that may lead to unnecessary consumption of
food and participate to the increase of obesity.

HPFs encourage more and more of their con-
sumption through increasing each of the hedonic
components and motivation of the reward system.
In obese cases, high food consumption may reflect
an allostatic move in the set-point, described by
either an increased hedonic requirement or an
increased motivation to compensate for a deficit in
the reward system. Then overeating begins due to
the increased need for pleasure, yet with more
exposure, the hedonic value of the HPF is reduced,
leading to an increased motivation for eating [23].

However, the biological regulation of food selec-
tion and consumption is mediated by an interaction
between energy balance and complex neural circuits
in the hypothalamus. Generally, cues produced in
the intestine tract and processed by the sensory
receptors in central brain structures could spur or
inhibit energy expenditure [24] (Fig. 2).

5. Central control of eating behavior

Homeostasis happens through a never-ending
conversation that takes place between the brain and
the rest of the body. The body's energy balance
(Homeostasis) is finely regulated by a complex
system that includes reciprocal communication be-
tween the brain and the peripheral organs (such as
the liver, adipose tissue, kidney, intestines, and
pancreas) [25].

Purnell and Roux mentioned that one of most
important structures included in this regulation is the
hypothalamus (HT); a small part (about an almond in
size) of the brain and a very important part of the
central nervous system which lies in the forebrain.
Despite its small size, it possesses a key role in con-
trolling numerous biological functions [26].
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Fig. 2. A schematic diagram illustrating the hedonic systems work
in the obesogenic food environment. The diagram shows how an
environment rich in highly palatable foods can overstimulate the he-
donic system, leading to hedonic overeating, a contributing factor to the
development of obesity. Over time, obesity itself may lead to a disrup-
tion in the sensitivity of the hedonic system and the efficiency of
metabolic processes, impairing normal compensatory responses to food
intake and contributing to the persistence of overeating. This disruption
is exacerbated by a negative feedback loop that promotes the develop-
ment of obesity and increases the risk of metabolic
disorders (Researcher’s design).

The hypothalamus (HT) is a major brain center,
having a net of neuronal mechanisms responsible
for many important functions including. The main
function is to maintain homeostasis (controls
feeding) by integrating peripheral humoral signals
that influence food intake and energy expenditure
with neural signals from the brainstem and higher
cortical centers. Other functions include thermo-
regulation, fluid equilibrium, circadian rhythm,
stress response, conative and social behaviors,
growth and reproduction, among other things [27].

The central control mechanism of eating food is an
extremely complex process dependent on humoral
and neural signs that reach the HT in the brain. This
mechanism serves as a long loop that includes
numerous linked processes which are:

e Hormonal signs come from various organs of the
body to HT, including signals from ghrelin
(which catalyzes the hunger) and leptin (which
reduces appetite and promotes the fullness) [28].

e Nerve paths come from several organs and
zones of the nervous system to HT, and transmit
input about the body's situation in terms of en-
ergy and nutritional requirements.

e Obligatory processing: when the hormonal and
nervous signals reach HT, this information is

processed in particular HT circuits to be
explained, then a suitable response is deter-
mined [29].

e Following processing the information, HT for-
wards descending nerve commands by vagus
nerve and spinal cord into the peripheral ner-
vous system. These commands act through
impacting the several body organs to control
energy intake according to the body's necessities
[30].

The hypothalamus organ has four key sub-zones,
namely, anterior, tubular, posterior and lateral
zones, each of which contains clusters of specialized
nerve nuclei that work together to perform
numerous diverse physiological functions. These
areas are linked to the autonomic nervous system
and aid in controlling several vital processes in the
body over complex connections between nerve and
hormonal signs (Fig. 3) [31].

The anterior (Preoptic) area is located in the
anterior part of the HT, and it contains the nerve
nuclei which are; the preoptic nuclei, the para-
ventricular nuclei (PVN), the anteroventral peri-
ventricular nuclei, the supra-optic nuclei and the
suprachiasmatic nuclei. The medial area is located
in the middle of the HT, and it contains the dorso-
medial nuclei, the ventromedial nuclei, and the
arcuate nuclei (ARC). The lateral area contains the
lateral nucleus. The posterior area is located at the
back of the HT, and it contains the posterior nucleus
and the mammillary bodies [32].

Especially within the HT, the ARC nucleus is
important for controlling the eating behavior and
metabolic processes. The ARC lies close to the me-
dian eminence (ME). Since the ME acts to transfer
the peripheral hormonal and nutritional cues and
then their sensing through the ARC nerve cells, the
ARC integrates these cues from the bloodstream
with the neuronal information to create a suitable
response [33].

The ARC possesses two functionally opposed types
of nerve cells, namely, the appetite stimulating neu-
rons that promote hunger and expressed neuropep-
tide Y (NPY) and agouti related peptide (AgRP), and
appetite suppressing neurons that promote satiety
and expressed proopiomelanocortin (POMC).

The PVN regulates the endocrine and autonomic
reactions by information from ARC, whereby it re-
leases a hormone that impacts the feeding behavior.
The VMH is also known as the “satiety center”.
Therefore, any destruction in this area leads to
overeating (hyperphagia). However, the LHA is also
known the “hunger center”, yet it acts to stimulate
feeding [34].



N.S. Rezaieg, M.M. Awad / Karbala International Journal of Modern Science 11 (2025) 438—448 443

NAC
VIA

44 PBN

NTS

*-———o

~— AR( /
ME POME \\ ")
lﬁm'

| Brpothalamus |

0

Fig. 3. Summary hypothalamus nuclei for appetite balance. The
hypothalamic nuclei are involved in regulating food intake through a
complex network of neural and hormonal signals. The ARC regulates
appetite via POMC cells and their stimulatory AGRP, and sends signals
to PVH and VMN to regulate satiety and hunger. LH is activated by
hunger, while the NTS is involved in satiety responses. Hormonal
factors such as leptin and insulin influence these nuclei, stimulating
satiety via POMC and inhibiting appetite via AGRP. TME also plays a
role in linking hormonal and neural signals, while PBN contributes to
the transmission of satiety signals via the NTS. NAc interacts with
reward pathways in the brain, enhancing feelings of satisfaction with
eating through its influence on the VTA. Abbreviations: *PVH: para-
ventricular, LH: lateral hypothalamic area, NTS: nucleus of the solitary
tract, ARC: arcuate nucleus, NAc: The nucleus accumbens, VTA: ventral
tegmental area, NTS: nucleus of solitary tract, VMN: ventromedial
nucleus, DHM: dorsomedial hypothalamic, PBN: parabrachial nucleus,
ME: median eminence, POMC: pro-opiomelanocortin, AGRP: agouti-
related peptide, MEE: median eminence (Designed by researcher).

6. Neuroendocrine control of homeostasis

The human body uses energy to run all biological
functions. This energy comes from food intake,
which is an organized vital process coordinated by a
complex regulatory system, i.e. the hunger and
satiety system. This system includes:

1- The central (the hypothalamus) organ.
2- Peripheral (the gastrointestinal tract, adipose
tissue) organs [35].

Energy homeostasis is dependent on the balance
between food intake and energy expenditure, and is
regulated by:

o The endocrine system.
e The metabolic process.
e The hunger and satiety system.

All of these systems are mainly organized through
HT centers at the brain level. By a complex neuro
circuitry, appetite is regulated, and is defined as the
motivational drive to obtain food by merging a di-
versity of interceptive cues to measure the nutri-
tional state and then direct suitable levels for
seeking foods [36].

The phases of the food intake cycle include hun-
ger and satiety.

The need to eat, also known as hunger, is char-
acterized by an uneasy feeling of emptiness in the
abdomen, while the feeling of fullness which leads
to the end of a meal is referred to as satiety.

In order to prevent overeating and regulate it, the
body works to activate a set of the peripheral satiety
signs (i.e. the metabolic, hormones and nervous
signs), which in turn spread the brain centers (pri-
marily HT, brain stem and reward stations) over the
blood circulation, and thus, they facilitate commu-
nication between the central nervous system and
the gastrointestinal tract [37].

Along with the quantity, the structure and the
calories amount of meal also play a significant role in
estimating satiety (fullness). By neural (vagal affer-
ences) and hormonal signs, the beginning and end of
a meal are controlled, and this signal of reception
and integration occurs in the central nervous system
(CNS), particularly in the hypothalamus.

The brain has the capacity to receive and process a
wide variety of signals that indicate the nutritional
status and energy level of the organism, and thus
produce the proper reactions in terms of food intake,
energy expenditure, and metabolic activity [38].

The central nervous system is informed of the
nutritional status of the body in order to regulate
food intake through HT which receives signs from
periphery as metabolic and endocrine nervous
motivations.

The nutrients act to stimulate the production and
secretion of hormones from the gut, pancreas, and
adipose tissue. These hormones' cues are sent from
the vagus nerve to the brainstem and hypothala-
mus, then, in the brain, peripheral signs are com-
bined in the brainstem and HT which is involved in
regulating energy metabolism [39].

Most peripheral signs can act directly on various
hypothalamic nuclei. So, they induce the satiety
center which is attributed to the ventromedial nu-
cleus (VMN), or the hunger center which is attrib-
uted to the lateral hypothalamic area (LH) in order
to promote appetite or satiety.
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For example, hunger (which is a lack of internal
energy) is expressed through hormonal signals such
as ghrelin. The mechanism of action of the ghrelin
activates NPY/AgRP neurons in the hypothalamic
arcuate nucleus (ARC) in order to stimulate the
hunger feeling. On the other hand, satiety peptides,
including glucagon like peptide-1 (GLP-1), stimu-
late satiety through prompting POMC/CART neu-
rons in the hypothalamic arcuate nucleus (ARC) and
prevent hunger by inhibiting NPY/AgRP neurons
[40].

Also, adiposity cues such as leptin and insulin act
on neurons in HT, which in turn transmits cues to
nerve cells to control satiety and hunger (Fig. 4).
Leptin regulates energy balance and inhibits food
intake through its action of inhibiting orexigenic
peptides such as NPY and AgRP, while promoting
anorexigenic peptides such as POMC and CART.
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Fig. 4. A schematic diagram illustrating the hormones pathways
involved in appetite regulation. GLP-1 (From small intestine), leptin
(from adipose tissue) and insulin (from the pancreas) stimulate POMC/
CART neurons and inhibit NPY/AgRP neurons, resulting in appetite
suppression, while, ghrelin (from the stomach) activates NPY/AgRP
neurons, promoting food intake. The ARC communicates with other
hypothalamic nuclei such as the PVH to modulate the feeding behavior.
Red arrows indicate stimulatory effects, while green arrows represent
inhibitory actions. Abbreviations: ARC: Arcuate Nucleus of the Hy-
pothalamus, POMC: Pro-opiomelanocortin, AGRP: Agouti-Related
Peptide, NPY: Neuropeptide Y, CART: Cocaine- and Amphetamine-
Regulated Transcript, PVN: Paraventricular Nucleus of the
Hypothalamus.

Also, anorexigenic (Inhibit appetite) and orexi-
genic (Stimulate appetite) signs from nucleus tractus
solitarius (NTS) of hindbrain impact hypothalamic
neurons, which are effected by peripheral signs
working on vagal afferents. In individuals, the en-
ergy balance regulation involves not only the expert
of various HT areas like: ARC, DMN and PVN, but
also other brain areas participate in this regulation
[41].

The process of regulating food eating and under-
standing pleasure from food consumption can be
classified into many stages that happen within the
brain. During food intake, numerous sensory organs
in the mouth and other digestive tract parts send out
sensory signs about food characteristics like taste,
structure and smell, then, these signs are first
explained in specific zones of the brain, such as
mesencephalon bridge and thalamus, which are
responsible for processing main sensory inputs [42].

After that, the input stored via these principal
zones interact with higher brain zones namely, the
amygdala and the prefrontal cortex. These zones are
in control of more complex tasks, combine cognitive
and emotional information (i.e. they assess the
pleasant or unpleasant food) and then store this
input for future use [43]. For instance, when an in-
dividual intakes a certain food and gains an enjoy-
able experience, these higher brain zones register
this experience, thus impact if the individual desires
to consume that food again [44].

Nevertheless, despite the value of these neural
circuits in controlling food consumption, the central
regulation of food intake is not enough to keep a
steady body weight over time. This is true because
additional agents like dietary habits, the environ-
ment and psychological factors, also impact eating
food decisions [45].

7. Regulation of feeding in short term way

Hunger and satiety are controlled in the short
term way by many cues sent via the gut to the brain
depending on the situation of the digestive tract. In
the fasting state, when the stomach is empty, the
stretch sends signals through the nerves to the brain
stem, giving a sign that the body is feeling hungry
[46]. Also, the stomach produces and secretes a
ghrelin hormone, which plays a main role in acti-
vating the feeling of hunger [47]. It is termed the
“hunger hormone” which stimulates appetite, rises
food intake and stimulates fat storage. It circulates
in the bloodstream and works at the hypothalamus
mainly the arcuate nucleus, where it stimulates
the secretion of the orexigenic peptides NPY and
AgRP (which stimulate food intake). Also, ghrelin
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has been shown to work on areas of the brain shared
in reward processing like the amygdala [48].

Ghrelin links to its receptors in the ARC of the HT
and activates AgRP/NPY nerve cells which forward
cues to the body to promote hunger and lead to food
consumption, slow metabolic processes, and stim-
ulate fat storage in preparation for times of food
scarcity [49].

In obesity, there appears to be resistance to
ghrelin signaling, leading to impaired appetite
regulation. The relationship between ghrelin and
obesity is complex. While ghrelin contributes to the
regulation of hunger and satiety, altered respon-
siveness in obesity can lead to difficulty managing
weight [50].

When eating food, once it begins to fill up the
stomach, the stomach forwards signs to the brain
stem, notifying a feeling of fullness because of
stomach expansion, which decreases the feeling of
hunger [51]. The ghrelin production is stopped,
which reduces the stimulation of the hunger [52]. At
the same time, the gut secretes many hormones and
peptides, such as Cholecystokinin (CKK), glucan like
peptide-1 (GLP-1), and peptide YY (PYY). All these
peptides act on various zones of the brain involving
HT where they contribute to decrease appetite, and
promote increase energy expenditure [53].

In this mechanism, the brain receives specific
signs about the state of the gut and energy levels,
which assist it to control the eating behavior and
achieve energy balance in the short term [54].

8. Regulation of feeding in long term way

In the regulation of feeding in the long term way,
the body depends on hormonal signs that reflect the
quantity of fat stored. The low body fat amount
promotes feeding and energy keeping, while the
high body fat amount reduces appetite and stimu-
lates energy expenditure. The two principal hor-
mones in this mechanism are leptin and insulin,
each of which impacts HT in the brain [55].

Insulin is released from the pancreas into the
blood after eating when blood sugar levels increase.
In addition to its main role in controlling the levels
of blood sugar, insulin impacts appetite via sending
signals to the brain [56].

Insulin can enter the brain by being transferred
across the blood-brain barrier (BBB) through
particular transporters, and it usually enters specific
areas of the brain including the hippocampus,
striatum, hypothalamus, amygdala, pons, cere-
bellum, frontal cortices and parietal [57].

Insulin receptors are mostly expressed in the
brain, particularly in the hypothalamic nuclei,

including the ARC, DMN, and PVN, all of which
have a key role in controlling food intake [58].

Leptin is produced by the adipose tissue in a
process based on insulin. The quantity of leptin in
the blood is proportional to the body fat amount.
When the levels of fat are high, leptin also increases
and sends cues to the brain that the body has
enough stored energy. So, it exerts its anorexigenic
impact via the ARC. Within the ARC, there are two
principal groups of neurons that carry leptin re-
ceptors, namely, POMC/CART neurons and AGRP/
NPY neurons [59].

Leptin inhibits its NPY/AgRP neurons that are
responsible for rising the appetite. At the same time,
it promotes POMC/CART neurons that are
responsible for decreasing the appetite and rising
energy expenditure. This controlling mechanism
aids to keep the energy balance and avert weight
gain via prohibiting overconsumption of food and
rising calorie expenditure [58,60].

Leptin and insulin interconnect in the brain to
regulate food consumption and energy spending.
When there are sufficient fat stores, the high levels
of leptin act together with high levels of insulin to
activate the centers of satiety in HT nuclei to
decrease feelings of hunger. In contrast, the low
levels of fat lead to reduced levels of leptin, leading
to feelings of hunger and a crave to eat food [61].

8.1. Leptin resistance

Obese persons possess raised levels of leptin in
their blood proportional to their body fat mass
(adipose tissues), but the raised levels of leptin do
not act to decrease food intake. So, they lead to gain
weight and cause obesity [61].

In simple terms, the inability of high levels of
leptin to suppress appetite and reduce weight in
obese individuals suggests a relative resistance to
the effects of leptin in stimulating weight loss in
these individuals.

Many agents participate to decrease the signaling
of leptin, but the contribution of each agent differs
from person to another. These factors include ge-
netics, lifestyle, changes in cellular signaling, among
others [61].

In obesity that occurs because of following a diet
with high energy, the person takes in a lot of satu-
rated fatty acids (SFA). These SFAs can travel across
BBB and reach a particular zone, namely, HT, which
regulates the appetite and satiety. In this area, the
SFAs prompt an inflammatory response in the
neurons there. This inflammation causes stress on
these neurons and weakens their capability to
respond to the leptin. Therefore, these neurons
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become unable to receive signals from leptin effec-
tively, and this is known as leptin resistance [62].

In spite of the high levels of leptin in the blood as a
result of fat accumulation, the brain cannot interpret
this as a satiety signal due to leptin resistance. This
occurs as a result of a defect in the long form of the
leptin receptor (Ob-Rb) in HT. HT is responsible for
activating the Janus Kinase 2/Signal Transducer and
Activator of Transcription 3 pathway (JAK2/STAT3
which Transmits leptin signals from receptors in the
brain to regulate appetite and energy balance).

With obesity, the expression of the Suppressor of
Cytokine Signaling 3 (SOCS3) increases, which
suppresses the signal and increases the feeling of
hunger. This leads to continued eating without
feeling satisfied, resulting in weight gain and
worsening obesity [63].

8.2. Insulin resistance

Insulin resistance and obesity are increasingly
prevalent health conditions worldwide, with obesity
being one of the major factors contributing to the
improvement of insulin resistance.

Physiologically, insulin resistance is defined as a
state characterized by incapability of some types of
tissues to response to normal levels of insulin. This
causes blood sugar levels to rise, and the pancreas
has to secrete more insulin to try to control these
levels. In the long run, this situation can stress the
pancreas and increase the risk of developing type 2
diabetes and metabolic syndrome [64].

It is worth noting that insulin plays a fundamental
role in regulating blood sugar levels, such as
inhibiting high blood sugar levels, preventing fat
breakdown, increasing glucose absorption into cells,
and stimulating the synthesis of both glycogen and
proteins. All of the above roles are not observed in
insulin-resistant tissues.

Obesity, especially central obesity (excess fat
around the abdomen), is a major factor contributing
to the development of insulin resistance. Excess fat
releases hormones and inflammatory factors that
negatively affect the effectiveness of insulin. In fact,
people who have overweight are more likely to
develop insulin resistance than those of normal
weight, a condition that is exacerbated by a seden-
tary lifestyle and overeating [65].

Insufficient leptin signaling in HT, which is pro-
duced via either reduced availability of leptin for
delivering HT (Leptinopenia case), or limited leptin
passing across BBB (Hyperleptinemia case in obese
persons), is mainly responsible for stimulating hy-
perglycemia (high blood glucose) and hyper-
insulinemia (high blood insulin) [66].

9. Conclusion

Obesity is a main public health problem affecting
an important proportion of children and adults
worldwide. It is associated with increased mortality
rates and a higher risk of numerous diseases
including chronic inflammation, cardiovascular
diseases, and type 2 diabetes. This study explains
the biological mechanisms which prefer unhealthy
foods, with a specific focus on hypothalamus, a main
brain region implicated in controlling food intake.
Understanding how the neural circuits affect nutri-
tional choices might offer visions into obesity pre-
vention and intervention strategies.
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