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Abstract

Several mechanisms both inside and outside the central nervous system (CNS) collaborate to control feeding. The hypo-
thalamus received food-related messages from different regions of the brain, and exports appropriate output through specific
hypothalamic nuclei. One of the most important of these hypothalamic nuclei is the lateral hypothalamus area (LHA). In this
review, multiple valid papers from electronic sources (including Web of Science, Scopus, PubMed, SID, Google Scholar, and
ISI databases) were used; which in them the role of LHA in the central regulation of feeding investigated. The hypothalamus
is responsible for the central control of food intake in the CNS. The arcuate nucleus, paraventricular nucleus, and LHA are
specific regions in the hypothalamus that regulate food intake. The LHA is considered to be the center of hunger or feed-
ing among these nuclei. With the interaction of orexigenic and anorexigenic neurons, as well as various neurotransmitters
in several neuronal pathways, this nucleus produces increased food intake. The LHA eventually improved food intake via
extensive brain connections. The LHA via various neurons and synaptic connections with other special hypothalamic nuclei
involved in the control of nutritional behavior (graphical abstract) stimulated food intake.
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Abbreviations

LHA Lateral hypothalamus area

PNS Peripheral nervous system

ARC Arcuate nucleus

PVN Paraventricular nucleus

AgRP Agouti-related protein

POMC Pro-opiomelanocortin

BNTS Bed nucleus of the stria terminalis
GABA Gamma-aminobutyric acid

GI Glucose-inhibition

GE Glucose-excited

CART Cocaine-amphetamine regulated transcript
BBB Blood—brain barrier

GLUTs  Glucose transporters

SGLTs Sodium-glucose co-transporters
NPYR Neuropeptide Y receptor

o-MSH  a-Melanocortin stimulating hormone
MC4R Melanocortin stimulating 4 receptor
ICV Intracerebroventricular injection
CRH Corticotropin-releasing hormone
Lp-R Leptin receptor

CNS Central nervous system

GPCR G protein-coupled receptor

OXR Orexin receptors

IR Insulin receptors

CAMP Cyclic adenosine monophosphate
GHSR1a Growth hormone secretagogue receptor la
NTs-R Neurotensin receptor

GalR1 Galanin-receptorl

Introduction

Concerning the importance of nutrition as an essential ingre-
dient of our lifestyle, we are going to acquire more knowl-
edge about the information as a balance of energy that is
was transmitted to the brain by several types of receptors
such as smell, taste, vision, and gastrointestinal hormones
(Zendehdel and Hassanpour 2014a, b; Zendehdel and Has-
sanpour 2014a, b; Hajinezhad et al. 2018). These data are
under surveillance of a special part of the brain namely the
forebrain and midbrain. In addition, it is transmitted by the
function of neurotransmitters to the hypothalamus with inhi-
bition and exhibition characters (Zendehdel et al. 2013a, b;
Zendehdel et al. 2015; Marino et al. 2020).

Our behavior is the outcome of diverse circuit control of
the brain alongside monitoring by considering full coordina-
tion at the level of the hypothalamus between foods related
input messages and appropriate responses (Zendehdel et al.
2017; Qualls-Creekmore and Miinzberg 2018).

By the last research in the field of neuroscience which had
been implemented, among new technologies, investigator’s
scientists have been proved to observe the neural intrinsic
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function of brain cells in tandem with control animal behavior
(Zendehdel et al. 2020; Rahmani et al. 2021). This progression
accommodates an atmosphere to innovative an array of mas-
sive populations of neurons and multiple neural circuits in the
brain associated with nutritional behaviours (Zendehdel et al.
2019). This, in turn, scientists have found numerous regions
deal with nutritional behavior. Many types of researches are
still being done to identify different regions of the brain center
controlling feeding (Clarke et al. 2018; Rossi and Stuber 2018).
A large number of studies on special hypothalamus nuclei by
the power of electrical stimulation consequently reveal that
the lateral hypothalamus area (LHA) is the master responsible
for the hunger center in the hypothalamus (Qualls-Creekmore
and Miinzberg 2018).

The LHA has several functions in the brain. Central con-
trol of food and water intake, blood pressure, heart rate,
sleep, peripheral nervous system (PNS), and reward system
are the most important functions of this nucleus (Farrokhi
et al. 2020). One of the most important functions of the LHA
is control of feeding. Multiple neuronal populations in this
nucleus, along with orexigenic and anorexigenic neurotrans-
mitters in LHA via multiple neural circuits send the message
of increasing food intake to other upstream regions (Stuber
and Wise 2016).

The LHA plays an important role in controlling food
intake, and increasing feeding through interactions between
multiple neurons and neurotransmitters. Review articles that
have previously examined the role of LHA in appetite have
merely described a specific neurotransmitter, or its neuro-
transmitter functions have been studied by various mecha-
nisms. The current review article comprehensively surveyed
the role of the most important neurotransmitters involved
in the central regulation of food intake through the LHA,
their receptors, and their associated second-order neurons.
As well this review article studied the main role of LHA in
the central regulation of food intake.

Study Design

In this study, the role of LHA in the central regulation of
food intake was investigated. Multiple valid papers from
electronic sources were used. Valuable articles indexed in
the Web of Science, Scopus, PubMed, SID, Google Scholar,
and ISI databases by using of Keywords: Central regulation
of food intake, Hypothalamus, Lateral hypothalamus area,
and Brain neurotransmitters.

The Role of LHA in Feeding

According to the central mechanism of feeding regulation,
the interaction among of arcuate nucleus (ARC), paraven-
tricular (PVN), and LHA is the most important central
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controller of feeding behaviour (Sahu 2003). The ARC is
responsible for maintaining the metabolic status of the body.
This nuclear function was performed by two neuronal popu-
lations including agouti-related protein (AgRP), and pro-
opiomelanocortin (POMC) (Hamidi and Yusefvand 2017).
When the body’s metabolic status changes, the starvation
or hormonal changes, these neuronal populations are acti-
vated in the ARC, and by their functions, they move the
body towards energy homeostasis (Yousefvand et al. 2020;
Yousefvand and Hamidi 2021). These two neural popula-
tions by body’s hormonal status are changed. Finally, they
send their outputs to the LHA, PVN, and bed nucleus of
the stria terminalis (BNTS). As it’s obvious, the LHA is the
center of hunger (feeding). As soon as the body’s energy
status changes (due to starvation, or hormonal changes), the
AGRP neuronal group activates, and inhibits the POMC neu-
ronal group through the gamma-aminobutyric acid (GABA)
branch. This, in turn, sends their excitatory output to mul-
tiple neuronal groups in the LHA (Chen et al. 2015, 2016).
As well, the LHA achieves input from another region, such
as the PVN. This nucleus also receives hormonal changes
in the body directly. LHA is considered as the nucleus that
integrates signals which are coming from the hypothalamus
and other regions. Then it sends the message of increased
feeding by changes in the activity of its neuronal pathways
(Stuber and Wise 2016). LHA affects the central control
of food intake through the function of various orexigenic,
and anorexic neurotransmitters (Table 1), their receptors
(Table 2), and second-order neurons. Orexigenic neuro-
transmitters include ghrelin (Toshinai et al. 2003), galanin
(Schick et al. 1993), orexin (Zhu et al. 2002), and neuropep-
tide Y (NPY) (Gumbs et al. 2020a, b). Anorexigenic neu-
rotransmitters include a-melanocortin stimulating hormone
(a-MSH) (McMinn et al. 2000), insulin (Yousefvand et al.
2020), leptin (Sahu 2003), dopamine (Vucetic and Reyes
2010), and neurotensin (Schroeder and Leinninger 2018).

Glucose

Glucose is the primary source of energy for neurons. Brain
neurons receive 10% of blood glucose. Blood glucose levels
dropped during fasting, and less glucose reached the brain’s
neurons. Glucose-sensing neurons detect glucose neurons
in the brain. The LHA and VMH were the first areas where
glucose-sensing neurons were discovered. The glucostatic
theory states that the management of food intake in a starv-
ing state is primary (Routh 2010). Glucose-sensing neurons
are divided into two types: glucose-inhibition (GI) neurons,
and glucose-excited (GE) neurons. These two neurons are
found in two different ARC populations. GE neuron located
on the POMC/cocaine-amphetamine regulated transcript
(CART), and GI neuron located on the NPY/AgRP neuron.
Because glucose is a large polar molecule, it is not able to

cross the blood—brain barrier (BBB) and must be transported
by a carrier. Glucose transporters from the BBB are glu-
cose transporters (GLUTSs), sodium—glucose co-transporters
(SGLTs), and sugars will eventually be exported transport-
ers (Takeda et al. 2021). Because of GLT2, and SLC5A2
express in the brain, and glucose sensor in the brain. GLT?2,
and SLC5A?2 inhibitors induced food intake in rats, they
are expected to play a key role in central control of food
intake, and via c-fos transcription factor upregulated in the
LHA, and increased food intake (Takeda et al. 2021). When
glucose blood drops, GI neurons on the NPY/AgRP neuron
activate, and stimulate this neuron’s population, after that
inhibited POMC. Activating NPY/AgRP neuron with GI
neuron resulted in NPY releasing into the synaptic cleft.
Then NPY in the synaptic cleft activated neuropeptide Y
receptor (NPYR) on the orexin neuron of LHA and increases
food intake. At the time of high energy levels (increasing
leptin, and insulin), GE neurons located on the POMC are
stimulated via different neurotransmitters. So GE neurons
stimulated POMC, and inhibited NPY/AgRP neuron, then
secreted a-MSH. a-MSH is located on the melanocor-
tin stimulating 4 receptors (MC4R) on the MC4R neuron
located on the LHA. Therefore decreased food intake (Song
et al. 2001). So, LHA in hunger state via NPY synthesis,
and in satiety state via a-MSH synthesis, increased and
decreased food intake respectively.

Melanocortin Stimulating Hormone

MSH is a hypothalamic neurohormone that plays an impor-
tant role in controlling food intake (Zendehdel et al. 2012).
Intracerebroventricular injection (ICV) injection of this neu-
rohormone decreased food intake in rats, and mice (Kim
et al. 2000). This neurohormone synthesis in the POMC
neuron and its receptors (MC4R) is in the ARC, PVN, and
LHA. The target of the second-order neuron for the MSH
is the corticotropin-releasing hormone (CRH) neuron in the
LHA (McMinn et al. 2000; Michael et al. 2020). The MC4R
is located on the MC4R and GE neurons on the LHA. When
the body’s energy level rises (after feeding), leptin was
released from adipose tissue. Leptin by leptin receptor (Lp-
R) binding to the POMC neuron located on the ARC, and
induced a-MSH synthesis and released. So, a-MSH binding
to the MC4R on the MC4R, and GE neurons on the LHA.
After that, activation of these hypophagic neurons decreased
feeding (Kim et al. 2000; Guan et al. 2017; Takeda et al.
2021). Therefore, a-MSH via binding to the MCR4 on the
MC4R neuron located on the LHA decreased food intake.

Neuropeptide Y

NPY is a peptide with 36 amino acids. NPY is the most
abundant neuropeptide in the central nervous system
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Table 1 The effect of main neurotransmitters in the LHA on food intake

Nucleus Neurotrans- ~ Animal type Admin- Co-trans- Second- Action Mechanism  Doses of References
mitter istration mitter order of action (s)  drug
method Neuron
LHA Ghrelin injec- Rat ICv Orexin ARC Increased Increased 200 pmol Toshinai et al.
tion food intake NPY, and (2003)
activated
orexin
neuron
LHA Dopamine Rat Intra LHA GABA NAc? Inhibited Reduce meal 0.5 pg/0.5 ul  Vucetic and
injection food intake size Reyes (2010)
ARC Ghrelin injec- Broiler chick ICV Dopamine VTA Decreased Dopamine 0.6 nmol Farrokhi et al.
tion food intake release (2020)
inhibition
LHA Dapagliflozin Rat ICv NPY Orexin Increased phospho- 0.52 pmol Takeda et al.
(SGLT2 food intake rylation of (2021)
inhibitor) AMPK
ARC Leptin Monkey ICV o-MSH LHA Decreased NPY sup- 1 pg/kg Sahu (2003)
food intake pression,
and POMC
stimulation
ARC o-MSH Rat ICcv NPY LHA Decreased NPY sup- 25 ug/25ul  McMinn et al.
food intake pression, (2000)
POMC
stimulation,
and C-Fos
induction
LHA Neurotensin ~ Mouse ICV Dopamine VTA Decreased Increased 9 nmol Schroeder and
food intake activity of Leinninger
neurotensin (2018)
neuron
LHA NPY Rat Intra-LHA  AgRP Orexin Increased Increased 0.3 pg/0.3 Il Gumbs et al.
food intake the orexin (20204, b)
neuron
activity
LHA Galanin Rat ICV NPY Orexin Increased Activation 10 pg/ug Schick et al.
food intake of feeding (1993)
circuits
LHA Orexin A Rat ICvV NPY ARC Increased Increased 10 nmol Zhu et al.
food intake NPY (2002)

#Nucleus accumbens

(CNS). This neuropeptide is stimulatory and plays an
important role in the central control of food intake. NPY
exerts its effect through NPY receptors such as NPYRI1,
NPYR2, NPYR4, NPYRS5, NPYR6, and NPYR7. These
receptors belong to the G protein-coupled receptor
(GPCR) family. NPYR1, NPYR2, and NPYRS5 mediated
the hyperphagic effect of NPY (Yousefvand et al. 2018a,
b; Yousefvand et al. 2019). NPY in the CNS synthesis
by NPY/AgRP neurons in the ARC. Anorexigenic factors
such as insulin, and leptin reduced NPY/AgRP neuron
function; but orexigenic factors such as ghrelin, orexin,
and galanin increased NPY/AgRP neuron function (Zhang
et al. 2019). NPYR1, and NPYRS are orexigenic recep-
tors, but NPYR?2 is anorexigenic receptor. NPYR2 is an
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auto-receptor (Hamidi and Yusefvand 2017). The most
important mediator of the orexigenic action of NPY is
NPYRI1 (Zhang et al. 2019).NPYRI1 is located on the
LHA. When orexigenic hormones, such as ghrelin, are
released into the bloodstream, this hormone crosses the
BBB, and lodges at its receptors in the ARC. It then stimu-
lates NPY/AgRP neurons in the ARC and releases NPY.
As well GABA in the NPY/AgRP neuron inhibited the
POMC neuron. After that NPY is located on NPYRI1 in
the orexin neurons of the LHA stimulates this neuron to
increase food intake (Mercer et al. 2011; Gumbs et al.
2020a, b). NPY via binding to the NPYRI1 in the orexin
neuron located on the LHA increased food intake.
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Table 2 The main receptors mediated the effect of LHA on food intake

Receptor  Type of receptor Location (s) Ligand Function References
D2 GPCR LHA Dopamine  Feeding suppress Vucetic and Reyes (2010)
GHS-Rla GPCR LHA, and ARC Ghrelin Feeding stimulated Prinz and Stengel (2017)
GLT2 Glucose transporters (mem-  LHA, and VMH Glucose Feeding stimulated Takeda et al. (2021)
brane proteins)
MC4R GPCR LHA, PVN, and ARC MSH Inhibition of feeding  Ono (2019)
Lp-R Cytokine receptor family ARC, VMH, PVN, DMH, Leptin Decreased food intake Yousefvand and Hamidi
and LHA (2021)
NTs-R GPCR LHA Neurotensin Decreased food intake Woodworth et al. (2017)
NPYRI1 GPCR LHA, ARC, PVN, VMH, and NPY Increased food intake  Mercer et al. (2011)
DMH
GalR1 GPCR ARC, PVN, and VMH Galanin Increased food intake  Qualls-Creekmore et al. (2017)
OX2R GPCR ARC, PVN, and VMH Orexin Increased food intake  Yousefvand and Hamidi
(2021)
IR Tyrosine kinase receptor LHA Insulin Decreased food intake Cui et al. (2012)
family
Orexin the CNS is mediated by insulin receptors (IR). IRs are mem-

Orexin is a hypothalamic neuropeptide that performs many
important functions in the CNS. Orexin contains Orexin-
A and B (Furuse et al. 1999). These neuropeptides are
orexigenic and exert their function through orexin receptors
(OXR) including OX1R and OX2R. These are receptors that
belong to the GPCR family. OX2R has a widespread distri-
bution in the LHA, ARC, PVN, and VMH (Yousefvand and
Hamidi 2021). As well, orexin neurons are located on the
LHA. In the hunger state or hypoglycemia, NPY synthesis
in the NPY/AgRP neuron located on the ARC. So, NPY
released to the synaptic cleft, and binding to the NPYRI1
on the LHA orexin neuron, and via activated orexin neuron
in this nucleus increased food intake (Hurley and Johnson
2014; Gumbs et al. 2020a, b). Indicated that, ICV injection
of orexin-A, induced food intake in satiated rats (Sutcliffe
and de Lecea 2002). During hypoglycemia, in the LHA
glucose-sensing neurons, orexin neurons are activated and
increased food intake (Liu et al. 2001). In the hunger status,
orexin neuron stimulated and secreted orexin neuropep-
tide. So this neuropeptide binds to the OX1R in the NPY/
AgRP located on the ARC. Orexin activated this neuron and
released NPY to the synaptic cleft. After that, NPY bind-
ing to the NPYR1 on the orexigenic neurons located on the
LHA, and with stimulation of these neurons increased food
intake (Sahu 2003; Luan et al. 2017).

Insulin

Insulin is a special neurohormone in the CNS; which regu-
lated food intake. The central and peripheral effects of insu-
lin have differed. Central insulin reduces food intake, but
peripheral insulin increases food intake. Insulin function in

bers of the tyrosine kinase receptor family (Yousefvand et al.
2018a, b; Yousefvand and Hamidi 2020; Yousefvand et al.
2020). These receptors are located on the glucose-sensing
neuron on the LHA. In the LHA, there is a population of
MCA4R neurons; which express MC4R, and Lp-R (Cui et al.
2012). MCRs are GPCR, and their actions are mediated
by the activity of adenylyl cyclases and cyclic adenosine
monophosphate (CAMP) (Yousefvand and Hamidi 2021).
When central insulin or insulin passed through the BBB, is
attached to IR located on the POMC in the ARC, it causes
the synthesis of a-MSH in this neuron (Yousefvand et al.
2020). After that a-MSH is released to the synaptic cleft,
and attached to the MC4R on the MC4R neuron (Cui et al.
2012), and thereby reducing food intake through the LHA.
Also, when blood glucose and insulin are high, insulin is
deposited on the IR receptor located on the glucose-sensing
neurons in the LHA (Ono 2019). So insulin by inhibiting
these neurons reduces food intake through the LHA. As
well, the ICV injection of insulin reduced galanin expres-
sion (Chaillou and Tillet 2005). So, insulin via synthesis of
o-MSH, and decreased function of glucose-sensing neurons,
reduced food intake.

Leptin

Leptin informs the body’s energy status to the nutrition con-
trol centers in the hypothalamus and is an important signal
of energy regulation in the body. Indicated that, central and
peripheral leptin administration reduces food intake, and
body weight in rats, monkeys, and mice (Sahu 2003). Leptin
exerts its function by Lp-R. Lp-R is a member of the class
1 cytokine receptor family. There are two isoforms of LpR:
short and long. Long isoforms are found in hypothalamic
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nuclei related to the central control of food intake, such as
the ARC, VMH, PVN, DMH, and LHA (Yousefvand and
Hamidi 2021). Lp-Rs are located on the galanin, and orexin
neurons in the LHA (Berthoud and Miinzberg 2011). These
neurons are orexigenic. When the body’s energy levels are
high, leptin binding to its receptors on these neurons, and
inhibits increased food intake (Sahu 2003). As well, indi-
cated that the ICV injection of leptin reduced galanin expres-
sion (Chaillou and Tillet 2005). Also, leptin from circulating
via binding to its receptors on POMC neuron activates GE
neurons located on the POMC. Activated GE neurons stimu-
lated POMC, and this neuron released aMSH into the syn-
aptic cleft. After that, -MSH binding to the MC4R receptor
located on the MC4R neuron on the LHA. So, a-MSH via
activation of MC4R neuron inhibited feeding. In addition,
MC4R neurons contain Lp-R. Therefore leptin via Lp-R is
located directly on MC4R neurons reducing food intake (Cui
et al. 2012; Ono 2019; Takeda et al. 2021). Neurotensin neu-
rons are the gabaergic neurons and are presented in the LHA.
The activity of this neuron is hypophagic. Lp-R is located on
these neurons and stimulated neurotensin neuron, so reduces
food intake (Brown et al. 2019). Leptin via increased synthe-
sis of a-MSH decreased the function of orexin, and galanin
neurons, but increased the function of neurotensin neurons,
so decreased food intake.

Dopamine

Dopamine is an organic compound in the family of catecho-
lamine and phenethylamines; which plays a vital role in the
body and brain (Meguid et al. 2000; Yousefvand and Hamidi
2021). Among brain monoamines, dopamine is involved in
controlling food intake. Dopamine is involved in regulating
the pattern of nutrition and is a factor in initiating nutrition.
At the beginning of feeding, the secretion of dopamine into
the LHA is at the highest (Szczypka et al. 2000). Dopamine
receptors in the LHA are predominantly dopamine receptor
(DR)2 and to a lower level DR1 (Vucetic and Reyes 2010).
DR1 and DR2 receptors belong to two different families
of dopamine receptors and therefore have different func-
tions. DR1 family receptors (DR1, DRS) are connected to
Gas, which raises the intracellular concentration of cAMP,
whereas DR2 family receptors (DR2, DR3, DR4) are con-
nected to Gai, which directly decreases cAMP production
by inhibiting adenylate cyclase (Bjorklund and Dunnett
2007). The impact of dopamine on food in the hypothalamus
depends on the nucleus being examined, the type of receptor
involved, and the nutritional status of the body. In the LHA,
the DR2 is the dominant receptor (Vucetic and Reyes 2010).
In the VMH, the DR1 is the dominant receptor (Yousefvand
and Hamidi 2021). Therefore, the function of dopamine in
this nucleus is different. It has been shown that dopamine
levels in the LHA increase during food intake decrease after
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food intake. Therefore, dopamine in the LHA is involved in
reducing food intake. Increasing the secretion of dopamine
in the LHA inhibits food intake (Nieh et al. 2016; Stuber and
Wise 2016). Maybe dopamine increased in the LHA, inhib-
ited the orexigenic neurons in this nucleus, and decreased
food intake. Also, this increase in dopamine secretion during
eating in the LHA may be a signal to control the size of the
meal (Van Gestel et al. 2014).

Ghrelin

Ghrelin is a peptide hormone secreted from the stomach with
various paracrine and endocrine effects. Immuno-radioac-
tive studies on ghrelin have shown that, high levels of this
neurohormone in the hypothalamus, and some parts of the
brain. The effect of ghrelin on nutritional behavior is dual
(Zendehdel et al. 2013a, b). Ghrelin increased food intake in
rats and mice, (Toshinai et al. 2003; Hsu et al. 2015; Lopez-
Ferreras et al. 2017) but decreases in broilers (Zendehdel
et al. 2013a, b; Farrokhi et al. 2020). Ghrelin reduces food
intake in birds through DR1 and CB1 receptors (Zendeh-
del et al. 2013a, b; Farrokhi et al. 2020). In rats and mice,
ghrelin exerts its effect on food intake through growth hor-
mone secretagogue receptor 1a (GHSR1a). This receptor
has highly expressed in LHA, and ARC, and exerts its effect
on food intake through direct and indirect effects (Prinz and
Stengel 2017). Ghrelin exerts its effect on food intake due
to the presence of GHSR1a on the LHA and activated the
orexin neuron in the LHA, and finally increased food intake.
As well, GHSRI1 is present on NPY/AgRP neurons in the
ARC. By stimulating these receptors by ghrelin, the NPY/
AgRP neuron is motivated and release NPY into the synaptic
space. Then NPY stimulated NPYRI1 on the LHA, after that
NPY fiber stimulates orexin neurons, and activation of this
neuron increased food intake (Toshinai et al. 2003; Chen
et al. 2004; Hsu et al. 2015). Orexin neurons are the target
of ghrelin to exert its hyperphagic effect in the LHA (L6pez-
Ferreras et al. 2017). Ghrelin via NPY synthesis increased,
and activation of orexin neurons increased food intake in
rats and mice. In broiler chicken ghrelin via DR1 and CB1
receptors reduced food intake.

Neurotensin

Neurotensin is a neuropeptide that is released from CNS
and digestive tract. This neurotransmitter via central effect
induced hypophagia, and weight loss. The central neuroten-
sin synthesis in the brain, and the peripheral neurotensin
synthesis in the adrenal gland. Neurotensin expresses its
effect on food intake through neurotensin receptor (NTs-R)
1, and 2. These receptors belong to the GPCR family. NTs-
R1 is widely distributed in the CNS, and maybe mediated the
hypophagic effect of neurotensin. The Neurotensin neurons
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express neurotensin and GABA. So this neuron is gabaergic
neurons. Neurotensin neurons are distributed in the brain
especially the hypothalamus. In the hypothalamus, this neu-
ron is located on the LHA. This neuron is a hypophagic
neuron, and induced reduction in food intake, and body
weight (Opland et al. 2013; Brown et al. 2019). Physiologi-
cally, these neurons are stimulated by food-inhibiting hor-
mones, including leptin (Patterson et al. 2015; Woodworth
et al. 2017). Increased feeding due to NTsR1 blockage in the
LHA. ICV injection of neurotensin lowered food intake in
mice via an action on the LHA (Myers et al. 2016; Schroeder
and Leinninger 2018). Lp-R is also found on the neurotensin
neuron, and so leptin induces hypophagia via this neuron.
(Leinninger et al. 2011; Brown et al. 2018). Food intake was
reduced by neurotensin binding to the NTs-R1 receptor and
neurotensin neuron stimulation.

Galanin

Galanin is a peptide with 29 amino acids (Schick et al.
1993). Galanin has a stimulating effect on food intake in
rodents (Chaillou and Tillet 2005). Galanin’s influence on
food intake is mediated by galanin-receptor-1 (GalR1).
GalR1 is a member of the GPCR family (Laque et al. 2015).
On the LHA, there is a Galanin orexigenic neuron. This neu-
ron is a gabaergic neuron. (Berthoud and Miinzberg 2011).
When galanin-expressing neurons are stimulated, these neu-
rons secrete the neurohormone galanin. Therefore galanin is
located on the ARC via GalR1 and stimulates NPY/AgRP
neurons. After that, NPY is released to the synaptic cleft.
Then NPY is located on NPYRI1 in the orexin neuron in
the LHA. Therefore, stimulate this gabaergic neuron to be
increasing food intake. The galanin receptor is also located
on the neurons of orexin, and by directly stimulating these
neurons, it increases food intake (Sahu 2003; Qualls-Creek-
more et al. 2017). Galanin via increased NPY synthesis, and
stimulation of orexin neuron increased food intake.

Conclusion

Feeding central regulation is a complicated process that
requires the cooperation of the CNS, PNS, and body. Vari-
ous hormones reflect the hormonal changes that occur in
the body during hunger and satiety to the CNS. The hypo-
thalamus receives these many messages from the CNS. The
hypothalamus is the brain’s fundamental regulating center
for nutrition. The hypothalamus regulates food intake by
interactions between the ARC and, in particular, the LHA.
Hypoglycemia, which is perceived by glucose-sensing neu-
rons and influences the function of other neurons in this
nucleus, is the most important stimuli in the LHA in control-
ling food intake. NPY and -MSH are the most critical brain

neurotransmitters in the LHA’s regulation of food intake.
To control food intake, these two neurotransmitters affect
separate neuron papulations in the LHA. An increase in food
intake is the outcome of the interaction of several neuronal
circuits in the LHA.
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