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Summary

The participation of the anorexigenic peptide leptin and
the orexigenic peptide ghrelin in the pathogenesis of
metabolic syndrome and obesity is well studied. In this
review, we are taking a look at the structure, anatomical
expression, regulation, receptors and physiological
functions of these two neuropeptides. Leptin is produced
almost exclusively in adipose tissue. It acts on the brain
and is a key element in long-term regulation of energy
balance. Leptin suppresses appetite and reduces body
weight. Besides its central effects, important aspects of its
action on peripheral tissues have been discovered
recently: direct regulation of immune cells, pancreatic
beta cells, adipocytes and muscle cells. Ghrelin is an
endogenous ligand for the active form of the growth
hormone receptor (GHS-R1a) and stimulates food intake
and growth hormone secretion. We focus on the role of
leptin and ghrelin in central nervous system neural
mechanisms that are associated with depression. Studying
new aspects of these two neuropeptides aims to expand
our knowledge of the pathogenesis and therapeutic
approaches to diseases with which they are associated:
obesity, depression, type 2 diabetes, essential
hypertension, and more.

Keywords: leptin, ghrelin, obesity, depression.

Introduction

The participation of the anorexigenic peptide leptin
and the orexigenic peptide ghrelin in the regulation
of energy homeostasis and the pathogenesis of
metabolic syndrome and obesity is well studied.
Recent studies have linked these neuropeptides to the
regulation of mood and emotion. Therefore, we
focused on the leptin and ghrelin hypothesis of
depression, examining the potential link between
mood disorders and obesity.

We concentrated on the structure, anatomical
expression, regulation, receptors and physiological
functions of leptin and ghrelin. We also investigated
their involvement in the control of important
functions such as immunity, reproduction,
hematopoiesis and angiogenesis, bone growth, in the
pathogenesis of the obstructive sleep apnoea
syndrome (OSAS), polycystic ovary syndrome, and
more.
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Structure

Leptin is a peptide hormone discovered in 1994
and encoded by the obesity gene (ob-gene) as a
protein consisting of 167 amino acids. Secreted
by adipocytes, leptin circulates in blood as a
protein composed of 146 amino acids with a
weight of 16 kilodaltons. Its N-terminal region is
the most important for receptor binding and
biological functions.

Ghrelin is a 28-amino acid neuropeptide,
originally isolated from porcine stomach extracts
by Kojima et al. in 1999 [1]. It is an endogenous
ligand for the active form of the growth hormone
receptor GHS-R1a and stimulates the hormone's
secretion, as well as food intake [2].

Anatomical Expression

Leptin synthesis occurs primarily in white
adipose tissue, although recent studies have
shown that it is also produced in brown adipose
tissue (its role there is still unclear). There are
gender differences in plasma levels of leptin,
possibly caused by the higher concentration of
estrogen in women. Immunohistochemistry
methods have established that leptin in the
stomach is secreted by two cell populations —
gastric chief cells and enteroendocrine cells. It is
also produced by mammary epithelial cells, the
ovaries, placenta and some fetal tissues [3].

Ghrelin occurs in two forms in tissues and
plasma — acyl-modified and des-acyl ghrelin. In
the mucosal layer of the stomach (primarily the
fundus) there are X/A-like cells, whose granules
contain ghrelin [4]. Small amounts of such cells
that increase after births have also been found in
fetal stomach. Ghrelin-immunoreactive cells
have also been found in the intestines, where
ghrelin concentration decreases from the
duodenum to the colon.

Cells synthesizing this peptide in the pancreas
(alpha, beta or newly discovered epsilon cells)
remain a topic of debate. Unlike gastric ghrelin,
pancreatic ghrelin is high in the prenatal period
and decreases after birth. In addition, its levels
are not affected by fasting. Ghrelin concentration
in the brain is very low, found mainly in the
hypothalamic nucleus arcuatus associated with
appetite control. Ghrelin has also been detected
in the pituitary gland, where it affects the
secretion of growth hormone via auto- and
paracrine signaling. Ghrelin peptides have also
been identified in pituitary tumors.

Clearance and degradation of ghrelin occurs
in the kidney. In patients with end-stage renal
failure, plasma ghrelin concentration correlates
with that of serum creatinine and is three times
higher than that in patients with normal renal
function.

Regulation

Leptin in the serum is positively correlated to
BMI [5] and body fat [6], such that in obese
individuals its levels are higher in females. Lee et
al. have established that another important factor
is the size of adipocytes, which also exhibits a
positive correlation to leptin levels [7]. The
sympathetic nerves inhibit leptin biosynthesis via
B1- and P2-adrenergic receptors [8], while
insulin, prolactin and thyroid stimulating
hormone stimulate it [9, 10]. Short-chain fatty
acids enhance leptin secretion through G-protein
coupled receptors [11].

Physical exercise has a varied effect on leptin
levels depending on the intensity and type of
exercise, the duration of training, and other
factors[12].

Leptin acts at the level of the hypothalamic
nucleus arcuatus by interfering with the activity
of two groups of neurons: anorexigenic POMC
(pro-opiomelanocortin) — neurons that co-
express CART (cocaine-amphetamine-regulated
transcript) and orexigenic AgRP (agouti-related
peptide) — neurons that co-express neuropeptide
Y. Leptin suppresses appetite by stimulating
POMC neurons (it increases energy consumption
and the release of alpha-melanocyte stimulating
hormone), and inhibiting neuropeptide Y gene
expression.

Ghrelin is the strongest orexigenic peptide
[4]. While most orexigenic peptides originate
from the brain and are only active when injected
into the brain, ghrelin is active even by peripheral
administration leading to an increase in appetite
in rodents and humans [2]. At the level of
nucleus arcuatus, presynaptic ghrelin-producing
neurons stimulate the secretion of neuropeptide Y
and agouti-related peptide, thus increasing
appetite [13, 14]. In the paraventricular nucleus,
ghrelin also stimulates the release of
neuropeptide Y, which inhibits the secretion of
the neurotransmitter GABA, resulting in
increased corticotropin releasing hormone, and
subsequently increased adrenocorticotropic
hormone and cortisol. Ghrelin acts through the
vagal autonomic nervous system. Vagotomy
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eliminates its orexigenic effect.
Receptors

The leptin receptor is a single membrane-bound
protein, which belongs to type I cytokine
receptors [15]. It functions by means of Janus
kinases and STATs (signal transducers and
activators of transcription). There are 6 known
isoforms of ob-R receptors, grouped into three
classes - long (OB-Rb), short (OB-Ra, ¢, d, f) and
soluble - OB-Re. The long isoforms regulate
STAT-5 and ribosomal protein S-6, and the role
of the short isoforms remains unclear [16]. Mice
and humans that are genetically null for leptin
synthesis (ob/ob mice) or leptin receptor b (db/db
mice) develop secondary obesity due to an
increased appetite and decreased energy
utilization.

The long leptin receptor LRD is found in large
numbers in the arcuate, dorsomedial,
ventromedial, and ventral premamillary
hypothalamic nuclei. The chemical or physical
ablation of these nuclei leads to an increased
appetite and neuroendocrine disorders similar to
those in ob/ob and db/db mice. This indicates that
the aforementioned nuclei, or the so-called
"satiety center", are a critical location for leptin
function[17].

The ghrelin receptor GHS-R is a typical G-
protein coupled receptor with 7 transmembrane
domains. The mRNA of the ghrelin receptor is
expressed mainly in the nucleus arcuatus, the
ventromedial nucleus and in the hippocampus
(an area associated with learning and memory).
The ghrelin receptor is highly sensitive to growth
hormone and its expression is increased in GH-
deficient rats (dw/dw rats). Treatment of these
rats with GH reduces the expression of the
receptor. The mRNA of ghrelin receptors is also
expressed in some peripheral organs such as the
heart, lungs and liver, kidney, pancreas, stomach,
intestine, adipose tissue, and immune cells. This
indicates that ghrelin has diverse functions in
these organs. Ghrelin plasma levels increase 20-
30 min before meals. Thus, in obesity ghrelin
receptor antagonists could be used to block this
ghrelin stimulus and thereby reduce meal size
[18].

Physiological functions

Leptin is a key component in the regulation of
appetite and energy homeostasis [19]. The fact

that depressive disorders manifest themselves
with a change in appetite and food intake, has
drawn the attention of scientists to the
participation of leptin in these disorders [20].
Mice and rats exposed to chronic stress develop
behavioral and endocrine changes similar to
those seen in human depression. Their plasma
leptin levels are reduced. One model of
depressive behavior in chronically stressed
animals displays a reduced preference for
sucrose, which is considered to be an analogue of
anhedonia (lack of pleasure), a key symptom of
depression. Systemic application of leptin cures
this disorder.

Leptin in depressed patients occurs at various
levels [21]. Deuschle et al. have found that
plasma leptin concentrations do not differ
between patients with depression and healthy
controls [22]. Other authors have reported a
decrease of leptin in these patients. Milaneschi et
al. have established a connection between the
high levels of leptin, abdominal obesity and the
increased incidence of depression, which is
associated with leptin resistance [23]. In the
modern world, it has been found that obesity
increases depression in humans by 20%, whereby
the high levels of leptin indicate leptin resistance.

One of the possible mechanisms for the
antidepressant effect of leptin is its effect on the
hypothalamic-pituitary-adrenal axis. The
recently established neurotrophic function of
leptin may play a role in improving depressive
symptoms. Patients with depression revealed
atrophy of certain limbic structures, including the
hippocampus and the prefrontal cortex. New
research will clarify the possible use of leptin as
an antidepressant agent.

The following systemic effects of leptin have also

been identified:

e [t stimulates angiogenesis (via fibroblast and
vascular endothelial growth factor) and
vascular permeability.

e [t has an effect on the immune system by
directly affecting T-cells containing Lrb.

e [t regulates the proinflammatory immune
response (stimulating the secretion of
cytokines IL-6, IL-10 and TNF-a) and
apoptosis.

e [t participates in the regulation of
hematopoiesis and bone growth (an
antiosteogenic effect via the sympathetic
nervous system).

e It plays a key role in reproduction - the
beginning of puberty, fertility, pregnancy.
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Ob/ob and db/db mice with obesity and
infertility improve after treatment with
leptin. The effect is related to its influence on
the hypothalamic-pituitary axis and the
direct stimulation of the secretion of
luteinizing and follicle-stimulating hormone.

e Leptin resistance is associated with
obstructive sleep apnoea syndrome [24, 25]
and polycystic ovary syndrome [26, 27].

Ghrelin has other interesting features
alongside its orexigenic properties [28]. In 2008,
Lutter et al. found that chronic stress in mice
leads to an increase in ghrelin, which reduces the
signs of depression and anxiety disorder [29].
Later his team demonstrated that in humans, a
high level of ghrelin results in the formation of
new neurons in the hippocampus (the center
related to mood, memory, and eating behavior).
Increasing the effect of ghrelin on the
hippocampus by using a product directly
stimulating the production of new neurons in this
area (chemical codename P7C3 2010) has shown
promising results in the treatment of Parkinson's
disease, Alzheimer's disease, brain injury,
amyotrophic lateral sclerosis and others [30].

In their experiments Chuang et al. injected
ghrelin into overfed fed mice and found that the
mice exhibited a strong preference to an empty
room where they previously found high-fat
meals [31]. The mice fled a room in which they
received standard low-calorie portions. Their
behavior was similar to the wish to obtain
pleasure or reward in other animal experiments,
which have been used to study alcohol or cocaine
addiction. Modern stressed life in humans leads
to increased ghrelin and eating for comfort,
manifested in an increased desire for greasy and
sweet food. Ghrelin has an antidepressant effect,
but it causes people to overeat even when they are
full. Blocking its synthesis might lead to weight
loss, but it will have an adverse effect on mood.

Other effects of ghrelin are also of interest:

e It blocks interleukin-1 beta-induced
anorexia, suggesting a clinical application in
medical and postoperative induced anorexia,
such as the one occurring in cancer patients.

e In patients who have undergone gastric
bypass surgery, ghrelin concentration in
plasma decreases by 70%, resulting in a lack
of hyperphagia and decreased body weight
[32]. One hypothesis states that direct contact
between the gastric mucosa and food is a
leading factor in the secretion of ghrelin [33].

e By stimulating the vagal nerve, ghrelin

increases the secretion of hydrochloric acid
and the motility of the stomach.

e The cardiovascular functions of this
neuropeptide are associated with lower
blood pressure, left ventricular remodeling,
and improvement in the left ventricular
function.

e Total gastrectomy leads to a 70% reduction
in pre-operations levels of ghrelin because of
compensatory output from the intestines and
the pancreas. Post-operation osteopenia
indicates that ghrelin may also be involved in
the control of bone growth.

e Plasma levels of ghrelin are low in patients
with obesity and irritable bowel syndrome,
and high in thin people, patients with bulimia
and anorexia nervosa. In the latter, high
ghrelin increases ACTH, prolactin and
cortisol, which explains the amenorrhea and
behavioral changes in these patients.

e High levels of ghrelin also appear in Prader-
Willi syndrome, a genetic disease associated
with dysfunction of some hypothalamic
areas (including the center of appetite),
which explains the resulting hyperphagia
[34,35].

o Ghrelin levels increase after showing
pictures of food to volunteers [36]. These
findings support the hypothesis that
environmental factors contribute to eating
behavior in modern society, where visual
presentation of food products is common.

Conclusions

The clinical applications of the neuropeptides
leptin and ghrelin are diverse: from eating
disorders, gastrointestinal and cardiovascular
diseases to catabolic conditions, depression,
anxiety and diseases associated with aging.
Future studies of these neuropeptides will help
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