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Abstract

Leptin and ghrelin are two hormones associated with
multiple physiological functions, especially energy
balance. Leptin is an adipocyte-secreted hormone
discovered in 1950 and ghrelin which was found in
1999, is a peptide hormone produced and secreted in
the stomach. A number of previous studies showed
that these hormones could be associated with different
types of mood disorders. The results of previous studies,
nevertheless, are confounded by diverse sample selection
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and different methodologies. A search for related articles
in the PubMed database was attempted. The search
covered studies, reports, reviews and editorials published
in the last ten years. Older references served as auxiliary
sources for comparison purposes. However, due to the
different results of the studies, there is a need for more
investigation in order to establish the exact biochemical
mechanisms that are responsible for these diseases and
ghrelin’s and leptin’s effects on mood.

Key words: Mood disorders; Ghrelin; Leptin

© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: Mood disorders are affecting a major amount
of the world population. Considering the multiple factors
that are contributing in the development of mood
disorders, this review emphasizes on the role of leptin
and ghrelin hormones. These two hormones have a
key role in energy balance but they also have an effect
on other physiological functions too, therefore we
emphasize on the recent findings which raise a potential
link between the hormones and the disorders of mood.

Zarouna S, Wozniak G, Papachristou Al. Mood disorders: A
potential link between ghrelin and leptin on human body? World J
Exp Med 2015; 5(2): 103-109 Available from: URL: http://www.
wjgnet.com/2220-315X/full/v5/i2/103.htm DOI: http://dx.doi.
org/10.5493/wjem.v5.i2.103

INTRODUCTION

Mood disorders (MD) cover a wide range of mental
illnesses and many studies have examined different
aspects of them, such as their effect on social life of
a person and how they are evolutionary changing
through the years. Anxiety disorders and major
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depressive disorder (MDD) are the most prevalent
mental disabilities and affect a large amount of the
world populationt™. The etiology of MDs is diverse.
Genetic factors like family history, as well as psy-
chological and socioeconomic features have a key
role on the development of MDs"**. As far as genetic
factors are concerned, there has been a great deal
of research on a specific gene called brain-derived
neurotrophic factor (BDNF), which has an important
role to the pathophysiology of MDs but which might
also contribute to the therapeutic mechanisms, by
exerting antidepressant effects'®!. BDNF is involved
in neuronal plasticity, and has antidepressant effects
probably due to its interaction with serotonin systems!’-®,
This interaction monitors the development and
plasticity of the neural circuits which have a role in
MDs. Likewise, antidepressant drugs can alter the
levels of neurotrophic factors and therefore are able to
contribute in neuronal plasticity™.

Different parts of the brain are involved in the
regulation of mood and the expression of emotions,
as well as other functions, like reward processing'’..
Neuroimaging and neuropathological studies support
that the medial prefrontal cortex, the caudolateral
orbital cortex, the amygdala, the hippocampus and the
ventromedial parts of the basal ganglia are networks
which modulate emotional behavior™™®. There is evidence
that the function of these structures is altered in patients
with MDs!""**!, For example, in cases of stress and long-
term depression, the hippocampus and the prefrontal
cortex are subjected to atrophy while amygdala is
subjected to hyperaction™™. Another important site of
the brain that associates with MDs is the hypothalamic-
pituitary-adrenal axis (HPA) which consists of the
hypothalamus, the pituitary and adrenal cortex!**’. The
regulation of the HPA-axis depends on the inputs that
the paraventricular nucleus receives but it is also auto-
regulatory. The auto-regulation is important for allostasis
and it is hypothesized that allostatic change may link to
MDs!"*!, Moreover, a dysregulation of the HPA axis it is
often connected with MDD.

The areas of the brain mentioned above are not
only associated to MDs but they also have an important
role in feeding behavior and nutrition hormones.
Whether food choice and mood have a negative or a
positive relationship depends on the psychological and
the neurohormonal characteristics of a person'®. The
correlation of MDs and food intake is supported by
the irregularities of the HPA axis function'””. Danaei et
al"® reported that obesity has become a pandemic in
the last five decades. Numerous studies have showed
that obesity and MDs are related. More specifically,
depression and major depression are reported as
risks factors for developing obesity particularly for
women!**?,

There is evidence that obesity may be a risk factor
for anxiety disorders too**”), Under normal conditions,
the brain is activated to confront perceived threats,
by altering the HPA axis and by entering into an
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anabolic state. When an individual faces chronic stress,
however, the metabolism shifts to catabolic state'®.

HPA axis is not the only region of the brain that
is affected by MDs. The cortex, the limbic system,
the midbrain and the brainstem are also subjected
to changes™!. When the physiological pathways are
activated due to chronic stress, cortisol rises, and
appetite hormones as well as weight are altered™.
The reinforced motivation for food is caused by the
increased secretion of glucocorticoids and which in turn
leads to obesity™"!.

Another hypothesis which supports the relation
between obesity and MDs refers to the inefficiency of
leptin signaling®®”. Leptin is a 16-kDa protein which is
encoded by the obese (ob) gene and is mainly secreted
by the white adipose tissue™. Leptin suppresses
food intake, whereas another hormone called ghrelin
stimulates appetite. Ghrelin, is a hormone secreted
from stomach but it can be found in small amounts
in the brain too". Surprisingly, obese individuals
have high circulating leptin levels, in contrast to the
orexigenic hormone which is found in low levels. This
suggests that obese people are leptin-resistant™®..

In this review, we focus on recent findings regarding
the role of ghrelin and leptin in the regulation of MDs
such MDD, and we refer to the mechanism of the
pathophysiology of MD. This review points at the
potential link between ghrelin and leptin on human body
and MDs, as they serve as complementary hormones
with multiple functions. This review takes into account
information from 2004 to 2014 on the leptin and ghrelin
hormones and more specifically, their function in the
central nervous system (CNS), and their potential role
in MDs.

LEPTIN’S ROLE IN MOOD REGULATION

Leptin has a key role in energy intake and expenditure.
Specifically, circulating leptin sends information to the
hypothalamus about the changes of energy intake and
how much energy is stored in the adipose tissue®®.
Leptin is produced peripherally in the adipose tissue
so it is essential to cross the blood-brain barrier to act
inside the brain®”., It is believed that the transportation
of leptin into the brain follows a saturable system and
crosses the blood-brain barrier via LepRs which are
located in nonneural cells in the meninges, choroid
and blood vessels***, The transportation of leptin
becomes more intensive in the hypothalamic ARC
(Arcuate Nucleus), a major site for leptin signaling and
resistance™®. Leptin affects two types of neurons in
the ARC; a group of neurons secrets the protein POMC
(proopiomelanocortin) together with cocaine and
amphetamine-regulated transcript (CART), whereas
the other class of neurons expresses neuropeptide Y
(NPY) and AgRP (agouti-related protein)*”. The NPY
and AgRP peptides are expressed with the reduction of
leptin, while CART and POMC are suppressed™*!,

The HPA is a brain area that was systematically
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Table 1 Leptin in patients with mood disorders according
study’s since 2004

Ref. Findings
Westling et al™" Low CSF leptin in MDD women
Atmaca et al®™ Low in OCD + D

Esel et al®™ High in women but not in men
Gecici et al™ High in patients with atypical
depressive disorder but not with
- non-atypical
Jow et al Low
Emul et al®™ No difference
Pasco et al*” High in females non-smokers

Jimenez et al*®! High in patients with post-stroke
depression

Hafner et al®™ High in men with social isolation
and depressed

Lawson et al™” Low "
Hafner et al®™

During antidepressant therapy
1421

High in normal-weight women

Himmerich ef a High after successful treatment

CSF: Cerebrospinal fluid; MDD: Major depressive disorder; OCD + D:
Obsessive compulsive disorder + depression.

found to be associated with MDs. In depression, the
overstimulation of HPA axis caused by glucocorticoid
receptor resistance increase leptin synthesis and
secretion*. Thus, studies on mouse models showed
that leptin might modulate HPA function. Specifically, it
seems that peripheral and hippocampal administration
of leptin mitigates symptoms of depression™****1, The
results of some human studies are consistent with animal
studies as they showed that leptin reduces symptoms
of depression and had anxiolytic effects!*®!. There is
a study by Jimenez et al'*®!, however, which suggests
that leptin might predict post-stroke depression,
as higher leptin levels were found in patients with
depression after stroke!*!. Similarly, a cross-sectional
study by Pasco et al'*”!, demonstrated that depressive
disorders can be predicted by high serum leptin levels
among female non-smokers. In addition, elevated
leptin levels as well as visceral fat seem to predict
depressive symptoms in old men!*®, Likewise, in a
longitudinal study by Milaneschi et ai*” high levels of
leptin and abdominal adiposity were a high risk factor
for the development of depressed mood over a 9-year
follow up.

Studies in humans have given controversial evidence
about the role of leptin in MDs. A few studies reported
that depression is associated with low leptin levels
independent of body mass*>*". Furthermore, one
study revealed that female suicide attempters with
MDD had lower cerebrospinal fluid leptin than in the
group with other disorders, even though both groups
had similar body mass index (BMI)!. Patients with
MDD, Obsessive Compulsive Disorder (OCD) and
comorbid depression were examined in various studies.
It was found that these patients had significantly lower
leptin levels and higher cortisol levels than healthy
controls and patients without comorbid depression
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and MDDP*, Furthermore, Emul et a/®* found that
the comorbid MDD with OCD group did not have any
difference compared to patients with pure OCD and
controls.

On the contrary, other studies showed that patients
with different types or symptoms of depression, such
as atypical depressive disorders, depressed mood
and sleep disturbances as well as social isolation,
had higher leptin levels than a control group™>**%,
Researchers who investigated the effects of leptin on
antidepressant treatments found out that leptin was
increased during drug treatment™**”), As far as anxiety
is concerned, Lawson et al*”! found that increased
symptoms of anxiety were related with low levels of
leptin, independent of BMI and weight, supporting that
leptin is an anti-stress hormone (Table 1).

GHRELIN’S ROLE IN MOOD REGULATION

Ghrelin is a 28-amino acid peptide, secreted from
stomach and functions as an orexigenic hormone,
while it is increased before meals and reduced after
meals®® !, Ghrelin is acylated [acyl ghrelin (AG)] by
ghrelin O-acyl transferase in the stomach and 10%-20%
of circulating ghrelin exists in this form™. Acylation is
required for ghrelin to activate its receptor, the growth
hormone secretagogue receptor (GHSR). In particular, it
promotes food intake and adiposity sending a peripheral
signal to the hypothalamus through the neuropeptide
Y and agouti-related protein®®”. Even though AG has a
major role in energy balance it also contributes in other
biological functions too, such as the regulation of insulin
secretion, the regulation of glucose metabolism and
influences the pituitary-gonadal axis'®*.

Although ghrelin is present in the stomach and
other peripheral tissues like the pancreas, it is also
found in smalls amounts in the hypothalamus!***¢%,
Therefore ghrelin affects the CNS and does not act only
as a hunger signal®. There is evidence that plasma
ghrelin passes the blood-brain barrier and binds with the
hippocampus thus promoting synaptic plasticity®®>!. AG
activates GHSR-expressing neurons of the hypothalamus
to stimulate food intake and secretion of growth
hormone (GH). Ghrelin acts through the GHSR thus it
stimulates the secretion of the GH from the anterior lobe
of pituitary®®®*®”). As an orexigenic hormone, ghrelin
has an important role in weight gain and adiposity.
Druce et af®"! though, found that obese people do not
have different ghrelin levels that lean individuals®®', The
studies that focused on the extremes of the BMI range,
found that the correlation between ghrelin levels and
BMI are inversed; the lower the BMI the higher are the
ghrelin levels®. On the contrary, leptin and ghrelin are
correlated positively.

As it was mentioned already, ghrelin does not only
act as a hunger signal but it is also involved in reward,
motivation and signaling pathways, and is in this way
linked with stress, anxiety disorders and depression'®.,
Carlini et a’® suggest that the relation between the
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Table 2 Ghrelin in patients with mood disorders according

study’s since 2007

Ref. Findings

Rouach et ™

High in patients with binge-eating
disorders
Schanze et al® No difference

Kluge et al™
71681

No difference

Barim et a Low

2l No difference

Matsuo et al'
Ishitobi et al'™!

Ozsoy et al™

Treatment and ghrelin levels

Schmid et al®

High in non-responders with MDD
High

Decrease with mirtazapine

MDD: Major depressive disorder.

limbic areas and the hypothalamus create a circuit that
connects emotional states and eating behavior. Moreover,
Nakashima et a/’", found an association between a
gene polymorphism and depression. Different studies in
animals yielded contrasting findings. Some showed that
ghrelin could be an anxiogenic hormone whereas others
revealed that it can have anxiolytic and anti-depressive
responses”’*’*”%, High levels of ghrelin were observed
after conditions of energy insufficiency but also after
acute or chronic stress’””,

In human studies too contrasting findings were
reported. Some researches did not find any differences
in ghrelin levels between patients with major depression
and controls®>’®”?! while other researchers suggested
that plasma ghrelin levels as well as pre-proghrelin
mRNA levels are elevated in conditions of stress””*”,
Ozsoy et al'®, for example, found higher levels in
serum ghrelin levels in depressive patients, than in
controls and they also found that high serum ghrelin
levels were normalized by treatment. An improvement
of depressive symptoms was found in men with MDD
after they were administrated with ghrelin®. On
the other hand, a reduction of ghrelin levels in MDD
patients revealed a reduction of psychopathological
symptoms®®. Barim et al®® examined patients with
depression before and after treatment with citalopram
and showed that the levels of ghrelin of the depression
patients were lower than the ones of healthy individuals
in both periods of time. This antidepressant effect of
high levels of ghrelin might be associated with the
restriction of food or with hyperactivity of the HPA
axis in depression and anxiety which increases the
stimulation of ACTH and glucocorticoids that increase
ghrelin levels”®®*®*%. The change in ghrelin levels may
imply a reaction to symptoms of depression, such as
loss of weight and appetite®®" (Table 2).

DISCUSSION

Leptin and ghrelin are two complementary hormones
that have a major impact on energy balance. Leptin
restrains gastric ghrelin to secret and inhibits the
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stimulation of feeding™. It is hypothesized that these
hormones control energy homeostasis through two
independent systems. Leptin functions as a feedback
mechanism that signals to key regulatory centers in
the brain to inhibit food intake and to regulate body
weight and energy homeostasis. Ghrelin stimulates
the activity of neurons expressing NPY, AgRP and
orexin. Furthermore, ghrelin has an inhibitory effect
on POMC neurons and CRH-producing neurons®,
Even though leptin as well as ghrelin, exert peripheral
signals, evidence from studies in animals showed that
leptin is also produced in the brain and that ghrelin is
synthesized in neuronal cells of the hypothalamus!®*®,
Due to their multiple functions, researchers are trying
to discover their effect on MDs. Many studies showed
that the mechanisms that underlie their function are
critical to the development and the treatment of MDs.

Studies with patients with depression seem to suggest
that that the two hormones might exert antidepressant
effects, due to the change of their levels in patients
with depression as opposed to controls. However, the
potential antidepressant effect of the hormones is not
clear, as other studies did not find any changes to
serum levels between patients with depression and
control and some other studies even report reverse
results. Particularly, some studies revealed that high
levels of the hormones are associated with depression
and anxiety disorders, while others showed that
depressive patients have low levels of the hormones,
even before and after treatment, compared to
controls. It is clear however, that the neural circuits
involved in the regulation of food intake via ghrelin
and leptin, affect emotional changes too. The systems
in the CNS that are involved in energy balance are
associated with the regulation of emotions®. The ARC
of the hypothalamus and the HPA axis are two critical
areas both in MDs and for the secretion and synthesis
of ghrelin and leptin.

Chronic stress can lead to changes in eating
patterns and metabolism, and eating and metabolism
may in turn affect mood. This is only a conjecture for
now as it has not been thoroughly studied to date.
The researchers concluded that they had identified a
previously unknown role for ghrelin in regulating mood.
Results of studies have shown that ghrelin levels can
be increased by chronic stress and can reduce anxiety
and depression-like behaviours. These findings may be
relevant to conditions such as anorexia, where ghrelin
levels are known increased. Much more research will
be needed to look into whether this hormone plays a
role in anxiety and depression in humans.

The current review indicates that leptin and
ghrelin are indeed involved in the process of MDs.
The variety of methodologies used in different studies
over the past 10 years might be responsible for the
conflicting findings. It appears that the mechanism
in which these two hormones affect mood or are
affected by mood could be further enlightened if a
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study is repeated controlling for dual diagnosis and
comorbidity, as well as the severity of depression.
Focusing on MDD can be a better indicator of biological
markers since melancholia can be a result of every day
events. Therefore, findings for MDD can be used as a
precursor for examining other MDs with closely related
symptoms.

CONCLUSION

Leptin and ghrelin do not only have a key role in
energy homeostasis but they have also pleiotropic
effects on the CNS and periphery. The evidence from
different studies on the association between MDs
and the two hormones is controversial. This can be
explained by the diverse characteristics of the patients
participating in the studies, the various methodologies
that are used and the different measurements of the
levels of hormones. As a result, the role of ghrelin and
leptin in MDs is not yet clearly established. It will be
interesting to examine more extensively the role of the
two hormones in all of the different types of MDs in
order to reveal potential common features of emotional
changes and changes of the hormones levels.
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