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Aim of the review is to summarize the contemporary evidences on interactions between
brain neurotransmitters and their role in pathophysiology and treatment of depression. Intro-
duction. Brain neurotransmitters are biological molecules responsible for signal transduction
between the neurons. Mammalian brain neurotransmitters belong to the different types of bio-
logical molecules, such as amino acids (glutamate and y-aminobutyric acid, or GABA), mo-
noamines (serotonin (5-HT), norepinephrine (NE), dopamine (DA), and histamine (HA)),
neuropeptides (B-endorphin, neurokinin, vasopressin, and oxytocin), or nucleotides (adeno-
sine). Materials and Methods. The author analyzes research papers dedicated to neuro-
transmitters and their functions in mood regulation and published between 1953 and 2014.
The paper focuses on evaluation of data on mechanisms of interactions between different
neurotransmitters and their role in development and treatment of certain mental disorders.
Results. It has been reported that different neurotransmitters, often belonging to the different
types of biological molecules, interact on behavioral, functional, system and molecular levels.
These interactions play an important role in pathophysiology of brain diseases, particularly,
depression and stress and anxiety-related disorders. Conclusion. Literally all existing anti-
depressant drugs act on monoamine systems of the brain (5-HT, NE, and DA). Although
the last-generation antidepressants and mood stabilizers demonstrated higher safety and
efficacy, their therapeutic potential remains limited. The brain adenosine neurotransmission
is also a potential target for the future antidepressant, mood stabilizing and antipsychotic
drugs. However, these drugs may have severe side effects, for example, on cardiac activity.
It is necessary to perform further research and clinical trials to find a solution to the existing
difficulties.

Keywords: serotonin (5-HT), norepinephrine, dopamine, glutamate, GABA, neuropep-
tides, hypothalamus, hippocampus, voltage-dependent calcium channels.

1. Introduction

Neural system uses two basic mechanisms
of information processing. Within neurons,
information is processed via passive (synaptic
potential) or active (action potential) flow of
the electrical signal. Between the neurons, in-
formation is exchanged by chemical mediators,
called neurotransmitters. Different type of bio-
logical molecules act as neurotransmitters, such
as amino acids (glutamate and y-aminobutyric
acid, or GABA), monoamines (serotonin or
5-HT, norepinephrine or NE, dopamine or DA,
and histamine or HA) small peptides (so-called
neuropeptides, such as encephalin, B-endor-
phin), nucleosides (e.g., adenosine), and small
organic (such as the ester acetylcholine) and
even inorganic molecules (such as nitric oxide
or NO) [29].

Some neurotransmitters are specific for cen-
tral neuronal system (CNS), such as neuropep-
tides, glutamate and GABA. Others act in both
CNS and periphery, such as acetylcholine and
monoamines. The majority of neurons projecting
from one areca of the CNS to another (e.g.,
between brain hemispheres or between midbrain
and cerebral cortex) are secreting glutamate or
GABA (Fig. 1). Thus, these two neurotransmit-
ters play a primary role in neuronal functions in-
volving distant exchange of information, such as
sensory and motor functions. It is notable that
the distantly-projecting cortical usually neurons
release glutamate, while midbrain (thalamic and
striatal) cells secret GABA. The locally-pro-
jecting CNS interneurons express GABA (e.g.,
cortical interneurons) or acetylcholine (some
striatal interneurons).
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Fig. 1. Glutamate and y-aminobutyric acid (GABA) pathways of human brain:
Glutamate pathways (A); GABA pathways (B). From CNS Forum (www.cnsforum.com);
published with the permission of Lundbeck Institute, Valby, Denmark

Neuronal systems expressing monoamines
and neuropeptides have different functional anat-
omy (Fig.2), suggesting a unique biological
function. For several reasons will be explained
below, these neurotransmitters are considered as
a primary target for the treatment of mood dis-
orders.
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Fig. 2. Serotonin (5-HT), norepinephrine (NE),
and dopamine (SA) pathways of human brain.
From CNS Forum (www.cnsforum.com); published
with the permission of Lundbeck Institute, Valby, Denmark

2. Role of monoamines in the regulation

of the mood

The catecholamines dopamine and norepi-
nephrine and indolamine serotonin (or 5-HT) are
traditionally referred to as monoamines. Mono-
amines share several features, such as chemical
structure, metabolism, and functional organiza-
tion of monoamine-secreting neurons.

Monoamine systems share similar neuro-
anatomy. The cell bodies of monoamine-secreting
neurons are located in one or several closely lo-
cated brain midbrain areas and their axons inner-
vate distant areas of the CNS, such as cerebral
cortex, basal ganglia, cerebellum, brain stem and
spinal cord (Figs. 2 and 3). The majority of pro-
jections of monoamine-secreting neurons inner-
vate limbic areas of the brain, such as hippocam-
pus, amygdala, nucleus accumbens, and prefrontal
cortex [17, 20, 22]. These special neuroanatomi-
cal features of monoamine-secreting neurons
suggest that they play a unique role in the CNS.
While amino acid (glutamate and GABA) sec-
reting neurons are responsible for the flow of
information from one brain area to another, mo-
noamine neurons modulate information flow and
processing across the CNS. This feature, together
with the fact that the higher density of axons of
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Table 1
Receptors to monoamines
Serotonin (5-HT) Receptors Norepinephrine (NE) Dopamine (DA)
Receptors Receptors
Gyo-Coupled 5-HT4, 5-HTp, 5-HT; a,-adrenergic D,-like receptors
(Dls D4)
Gs-Coupled 5-HT,4, 5-HTyg, 5-HTy¢ B-adrenergic D,-like receptors
(Dy, D3, Ds)

Gqz-Coupled 5-HT,, 5-HT, 5-HT; op-adrenergic
Other 5-HT; (super-family-coupled to K channels)

monoamine-secreting neurons arrive to the limbic
system, suggest that brain monoamines play
a primary role in memory, learning, cognition,
and emotional processing.

Almost all receptors to monoamines are
G-protein coupled (Table 1), with the only known
exception is “superfamily” ion-channel coupled
5-HTj; serotonin receptors. There are one or two
receptor in each monoamine system which are
acting as autoreceptor. All known autoreceptors
are coupled to G; proteins. Activation of these
receptors usually leads to the opening of second-
messenger-mediated ion channels (such as Gyg,-
dependent K channels) and to the hyperpolariza-
tion of cell membrane.

There are four sources of evidence on the
role of monoamines in mood regulation. The first
is depletion studies in humans, meaning artificial
reduction of biosynthesis of specific monoamine,
e.g., by specific diet lacking precursor for this
transmitter. For instance, reserpine, a blocker of
vesicular monoamine transporter, can induce
depressive symptoms. Down-regulation of 5-HT
system by the dietary depletion of its precursor
tryptophan results in rapid relapse of depression
in successfully treated patients. Partial relapse on
depressive symptoms was also observed after
catecholamine depletion [14]. Second source
of evidences is clinical observations of the effects
of antidepressant drugs. This topic will be elabo-
rated in depth in the next paragraph.

Third source of evidences is neuroimaging
studies in animals or human subjects. The ad-
vanced imaging techniques, such as positron
emission tomography (PET), allow quantitative
detection of levels of specific neurotransmitters,
using radioactive-labeled ligands to the receptors
(usually autoreceptors) of this transmitter.

The forth source of evidence are behavior
and in vivo studies in laboratory animals, and
especially combination of these methods. Beha-
vior neuroscience techniques are used to investi-
gate the effects of psychoactive compounds on

certain behavior characteristics of laboratory
animals, such as motivation, reward, cognition,
anxiety, and exploratory behavior. In vivo micro-
dialysis and electrophysiology are used to study
the effects of CNS drugs on the release of neuro-
transmitters and electrical activity of neurons
(synaptic and action potentials, respectively).

3. Development of the antidepressant

drugs: from multiple-target medicines

to highly-selective medicines and back

to multiple-target drugs

The first antidepressant drug, isoniasid, was
coincidentally discovered in 1953, when the aim
was to develop new anti-tuberculosis medication
[4]. It was suggested that the antidepressant
effect of isoniaside could be explained by its
ability to inhibit monoamine oxidase (MAQ), an
enzyme metabolizing serotonin (5-HT), norepi-
nephrine (NE) and dopamine (DA). It was there-
fore hypothesized that depression and affective
disorders result from reduced transmission within
5-HT, NE and/or DA systems [13, 39].

Based on this hypothesis, two first families
of antidepressant drugs were developed. They are
MAO inhibitors (like the above-mentioned iso-
niasid) and tricyclic antidepressants (TCAs).
MAQO inhibitors increase 5-HT, NE and DA avai-
lability by suppressing their metabolism [6, 7].
TCAs stimulate monoamine tone by inhibiting
the reuptake of 5-HT, NE and/or DA [10, 35].

Further research and development of antide-
pressant medications have been motivated by two
main goals: reducing toxicity and side effects of
the drugs and improving their clinical efficacy.
The first attempt to increase clinical efficacy of
antidepressant drugs was to increase their selec-
tivity to the NE system. NE transmission is cau-
sally related to fear, stress and anxiety. The NE
system was therefore suggested to play a central
role in mood and affective disorders. Indeed,
the selective NE reuptake inhibitors that were
developed demonstrated effectiveness in the
treatment of depression. However, it was sug-
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gested that the antidepressant effect of NE reup-
take inhibitors is mediated by their indirect sti-
mulatory effect on the 5-HT system rather than
by their direct effect on the NE system. Thus,
depressive symptoms return when 5-HT, but not
NE depletion is following the treatment with NE
reuptake inhibitors [14]. Moreover, all antide-
pressants, including selective NE reuptake inhibi-
tors, stimulate 5-HT transmission, whereas some
antidepressants suppress NE transmission [19,
20, 30].

It is well established today that the main the-
rapeutic effects of antidepressants is explained
by their ability to stimulate 5-HT transmission,
either directly or non-directly. As a result, SSRIs
are used as a first-line treatment in depression.
However, the clinical efficacy of SSRIs is still
limited. The major limitations are the lack of
adequate response to the treatment (estimated to
be at approximately 30%), risk of post-treatment
relapse of the disease (~ 30%) and delay between
beginning of the treatment and the onset of the
first clinical effect (2-3 weeks) [31, 38].

Depression is characterized by multiple
cognitive, emotional and physical symptoms.
It is therefore likely that several different neu-
ronal systems and transmitters are involved in
the pathophysiology of the disease. For example,
an abnormality in DA and endorphin transmis-
sion might be relevant to anhedonia, NE to fati-
gue and anxiety, histamine and acetylcholine to
cognitive disturbances. Most neurotransmitter
systems in the brain are auto-regulated and cross-
regulated by other systems. Antidepressant medi-
cations that directly modulate one system will
indirectly affect others as well. For example,
since 5-HT inhibits NE and DA neuronal firing
activity, SSRIs stimulate 5-HT transmission di-
rectly and might suppress NE and DA tone indi-
rectly. The lack of adequate treatment response
observed in some patients might actually be ex-
plained by this inhibition of catecholamine neu-
rotransmission [15, 16].

4. Histamine, a forgotten monoamine

Histamine (HA) is a monoamine synthesized
from the amino acid histidine. Histamine is pri-
mary known as an important mediator of the im-
mune system. However, it is also acting as a CNS
neurotransmitter.

It was discussed in the previous paragraphs
that the functional interactions between 5-HT,
norepinephrine NE and dopamine DA systems
play an important role in the response to antide-
pressant and antipsychotic treatments [18, 22, 23,

24, 25]. The interaction HA and other mono-
amines (5-HT, NE, and DA) received, however,
lesser attention.

The neuroanatomy of brain HA system is
similar to other monoamine systems. The cell
bodies of HA neurons are located in the tubero-
mammillary nucleus (TMN) of the hypothala-
mus. Their projections innervate different areas
of midbrain and telencephalon, including the dor-
sal raphe nucleus (DRN), locus coeruleus (LC)
and ventral regimental area (VTA), the brain
areas consist of cell bodies of 5-HT, NE and DA
neurons, respectively [1, 2, 3, 28, 33, 36, 43].
This suggests that HA functionally interacts with
5-HT, NE, and DA systems.

There are four HA receptors: H;-Hy [5, 8, 26,
32]. Histamine-1, H,, and H, receptors are ex-
pressed both in the immune system and in the
brain [9]. The H; receptors are expressed nearly
exclusive in the CNS. They are widely distri-
buted across the brain; the highest density of H;
receptors has been observed in the striatum, hip-
pocampus and cerebral cortex [1, 34, 37]. Hista-
mine-1 receptors are Gq, H, - Gs and H3 and H, -
Gyo protein-coupled. The activation of H; and H,
receptors leads to neuronal excitation and Hj to
inhibition [41, 42]. Histamine-3 receptors are
only inhibitory histamine receptors widely and
densely expressed in the brain, on both nerve
terminals of histamine neurons and on post-
synaptic cells [26].

It has been previously reported that H; re-
ceptors play an important role in the regulation
of brain HA system. Thioperamide, an inverse
agonist of Hiy/H, receptors [27], increased extra-
cellular HA levels in the TMN and prefrontal
cortex (PFC). Systemic administration (1 mg/kg,
s.c.) of the selective agonist of H; receptors, im-
mepip dihydrochloride [44], decreased HA con-
centrations in the TMN and PFC. Local intra-
PFC perfusion of thioperamide increased, and of
immepip decreased extracellular HA in both
TMN and PFC. Local intra-TMN perfusion of
thioperamide or immepip decreased HA levels
in the TMN, but in the PFC. It was therefore
concluded that cortical H; receptors negatively
regulate HA neurotransmission, possibly through
the inhibition of excitatory cortical neurons pro-
jecting into the TMN.

It was recently observed that the systemic
administration of the inverse agonist of Hs/Hy
receptors, thioperamide, stimulate 5-HT, NE,
and DA release in the prefrontal cortex (PFC).
Thioperamide stimulate the firing activity of DA
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Fig. 3. The difference between neuromodulators and other brain neurotransmitters: Serotonin pathways (A);
Norepinephrine pathways (B); Dopamine pathways (C). “Regular” neurotransmitters, such as glutamate and GABA,
perform the flow of neural information from one brain area to another. The cell bodies of glutamate and GABA-
secreting neurons (shown with black rhombs) are distributed across the whole brain. Neuromodulators, however, mod-
ulate the flow of neural information across of the brain. The cell bodies of neuromodulatory neurons (shown
with black oval) are concentrated in one brain area (raphe nuclei for serotonin, locus coeruleus for norepinephrine,
ventral tegmental area and substantia nigra for dopamine, and tuberomammillary nucleus for histamine), and their
axons innervate distant areas of the brain
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neurons in the VTA, and immepip reversed the
stimulatory effect of thioepramide on DA neu-
ronal activity. Direct local iotophoretic applica-
tion of HA into the VTA mimicked the effect of
systemic administration of thioperamide, sug-
gesting that the effect of thioperamide is me-
diated via the activation of brain HA release
(and subsequent activation of H; receptors in the
VTA) rather than via direct effect of thiopera-
mide on VTA Hj; receptors (Fig. 3).

5. Role of brain amino acids (glutamate

and GABA) and autoregulation

of monoaminergic systems

and interactions between them

Brain monoamine systems are auto-regulated
and interact each another either directly (mono-
synaptically) or via polysynaptic loops, involving
glutamate and GABA neurons. Thus, an increase
in 5-HT or HA levels in the PFC leads to the ac-
tivation of inhibitory 5-HT;, or H; receptors on
cortical neurons projecting to the DRN and
TMN, respectively. Serotonin-2A receptors acti-
vate GABA neurons projecting into the LC. This
pathway plays a central role in 5-HT-NE interac-
tions [15, 19]. Finally, the activation of 5-HT,¢
receptors, expressed on the GABA neurons pro-
jecting into the DRN and VTA, play an important
role in autoregulation of 5-HT system and in
5-HT-DA interactions, respectively [11, 12, 18].

The DRN-projecting GABA neurons, acti-
vated by 5-HT,c receptors, on their torn, inhibit
5-HT neurons via GABAB receptors. It is sug-
gesting that some antagonists of GABAB recep-
tors might be used in the treatment of depression
and anxiety disorders [11, 12].

6. Nucleotide adenosine, the most prevalent

and the less studied neurotransmitter

Adenosine is a purine nucleoside playing an
important role in numerous biological functions,
such as storage and translation of genetic infor-
mation (as a part of DNA and RNA), metabolism
and energy accumulation (within ATP and NADH),
and signal transduction (within the second mes-
senger molecules such as cAMP.

In neurons, adenosine aggregated within
the synaptic vesicles as a product of metabolism
of ATP, which is required for the active transport
of the molecules of neurotransmitters into the
vesicles. Adenosine aggregated within the synap-
tic vesicles is co-released together with the pri-
mary neurotransmitter into the synaptic shelf and
activate specific receptors on the post-synaptic
neurons. Thus, adenosine can be considered as

one of the most universal and prevalent brain
transmitter. However, the neuronal adenosine
and its interactions with other neurotransmitters
are poorly understood. It is possible that CNS
adenosine interact with monoamine systems,
suggesting that this transmitter can be involved
in pathophysiology and treatment of mood
disorders, as will be described in the next para-
graph.

7. Interaction between different

neurotransmitters, acting via different

G-protein coupled receptors,

on intracellular signal transduction level

It has been observed that some Gs-coupled
receptors, such as Dy and A,,, interact with Gj-
coupled receptors, such as D, and A, by forming
a Gg-protein coupled dimmer (Fig.4). Thus,
dimmerization of these receptors, which occurs in
the CNS under certain condition, leads to the ac-
tivation of different pathways of intracellular sig-
nal transduction: activation of phosholypase C
(PLC) instead of activation or inhibition of ade-
nylate cyclase (AC).

The recent studies suggest that this molecu-
lar interaction has an clinically-important func-
tional output. Thus, an antagonist of adenosine
Aya receptors, ZM 241385, potentiates the D,
antagonist haloperidol-induced increase in DA
and NE levels in the nucleus accumbens (NAcc)
and PFC, respectively. This may explain the
beneficial role of some A,, antagonists in reduc-
tion of the side effect of classical antipsychotic
drugs (such as catalepsy) and enhancing of their
clinical effect on negative and cognitive symp-
toms of schizophrenia [1]. It is also possible that
the Gs-coupled A, receptors also interact with
other than D, Gy/Go-coupled monoamine recep-
tors, such as o,-adrenergic and 5-HT /1 seroto-
nin receptors. It is making A, receptor-making
agents potential adjuncts to antidepressant and
anxiolytic drugs.

Furthermore, NE plays an important role in
the feeling of energy and modulation of feeding
behavior. On the other side, adenosine levels cor-
respond to the actual energetic level of the orga-
nism. In high energy levels, ATP metabolism is
usually stops at ADP level, when in the low-
energy situations ADP can further metabolite into
the AMP and/or adenosine (Berg et al., 2002).
Adenosine-norepinephrine  interactions may,
therefore, mediate the cross-talk between the
energetic level and feeling of energy and to adapt
the feeding behavior to the real energetic needs.
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Fig. 4. Autoregulation of brain histamine system and interactions between histamine and other monoamines

of the brain. The reverse agonist of histamine-3 and histamine-4 receptors, thioperamide, and the selective agonist of

histamine-3 receptors, immepip, oppositely regulate the firing activity of histamine-secreting neurons of the rat tubero-

mammillary nucleus in a dose-dependent mater (A); immepip increases, and thioperamide decreases, extracellular

levels of histamine in the rat prefrontal cortex (PFC, B); local iontophoretic administration of histamine into the rat ventral

tegmental area activates the firing activity of dopamine-secreting neurons (C); systemic administration of thioperamide
increases serotonin, norepinephrine, and dopamine levels in the rat prefrontal cortex (PFC, D)

8. Neuropeptides of the hypothalamus

and their role in pathophysiology

and treatment of mood disorders

Oxytocin (OXT) and arginine (AVP) vaso-
pressin are two related neuropeptides, acting as
peripheral hormones and CNS neurotransmitters.
The majority of OXT and AVP secreting neurons
are located in the paraventricular (PVN) and su-
praoptic (SON) nuclei of the hypothalamus.
The axons of the OXT and AVP-secreting neu-
rons located in the SON projecting into the pi-
tuitary. OXT and AVP secreted in the SON are
released into the blood circulation and act as
peripheral hormones. OXT stimulate the uterus
contractions during the labor and subsequent
milk secretion. AVP is responsible for the water
and electrolyte balance.

The axons of OXT and AVP-secreting neu-
rons located in the PVN project into the pituitary,
as well as into other brain areas, such as hippo-
campus, medial amygdala, VTA, substantia ni-
gra, olfactory bulbs and medial preoptic and

medial basal areas of the hypothalamus, bed nuc-
leus of stria terminalis, and septum.So far, one
type of OXT (OXTR) and two subtypes of AVP
(Via and V) have been identified in the CNS.
The OXTR and Vi, and Vg are Ggq-protein
coupled. Their activation leads to the activation of
phospholipase C (PLC), protein kinase C (PKC)
and Ca®" influx into the cells. The OXY and AVP
projections are, therefore, “classical” neuromodu-
latory pathways and play an important role in
memory, cognition, and emotional processing.
OXT and AVP may play an important role in
stress response, anxiety, and depression. One
study reported that OXT-knockout male and
OXT-deficient female mice show increased an-
xiety. The anxiety level in OXT-deficient female
mice was reserved by OXT treatment and en-
hanced by OXTR antagonist. Acute and chronic
OXT had also an antidepressant-like effect in
normal rats, as was measured using the forced
swim test. Another study, however, reported that
OXT knockout mice show similar anxiety level,
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Fig. 5. Interactions between brain adenosine and monoamines. Adenosine-2A (Azx) is a Gas-coupled receptor.
Its activation stimulates the adenylyl cyclase (AC)-mediated cyclic adenosine monophosphate (cAMP)formation.
Dopamine-2 (D), az-adrenergic, and serotonin-1A/1B receptors (5-HT1a1g) are Gaj-coupled. Its activation inhibits
the adenylyl cyclase (AC)-mediated cyclic adenosine monophosphate (CAMP)formation.Adenosine-2A and dopamine-2
(and perhaps also a-adrenergic and serotonin-1A/1B receptors) form a dimmer which is Gag-coupled and stimulates
phospholipase-C (PLC, A); CGS 21680, a selective adenosine-2A adenosine receptor agonist, and ZM 241385,
a selective adenosine-2A adenosine receptor antagonist, oppositely regulate the firing activity of norepinephrine
neurons of the locus coeruleus and dopamine neurons of the ventral tegmental area (B); ZM 241385 potentiates
the haloperidol-induced increase in dopamine levels in the nucleus accumbens (NAcc, C) and norepinephrine levels

in the prefrontal cortex (PFC, D)

but decreased aggression in comparison to wild
type controls.

It was reported that Brattleboro AVP kno-
ckout rat demonstrate decreased anxiety and de-
pressive-like behaviour following stress). Simi-
larly, decreased anxiety was observed in Vi,
knockout mice, when the overexpression of this
receptors leaded to increased anxiety. The Vg
knockout mice did not demonstrate, however,
any behavior changes related to the anxiety.

The neuropeptide B-endorphin are belongs to
the family of endogenous opiates, or opioids. Si-
milarly to monamines, OXT, and AVP, brain
B-endorphin pathways demonstrate “classical”
features of neuromodulatory system. The cell
bodies of B-endorphin-secreting neurons are con-
centrated in the arcuate nucleus (ARN) of the
hypothalamus and their axons innervate distant

areas of the brain, such as periaqueductal area of
the brain stem (where they activate other opioid-
secreting neurons projecting into the spinal cord),
hypothalamus, thalamus, prefrontal and cingulate
cortex, and hippocampus. Similarly to other
opoids, B-endorphin plays a central role in pain
modulation. However, B-endorphin system is
also fundamental in the mediation of motiva-
tion, reward, memory, and emotional processing
[21, 40].

The CNS receptors to B-endorphin are di-
vided into three subtypes: p, x, and 5. All these
receptors are Ggo-protein coupled. The p-opioid
receptors play a central role in pain modulation
and euphoria; these receptors are also primarily
responsible for the addictive properties of opiates.
The k-receptors have an analgesic effect similar
to p-opioid receptors; however, their effect on
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reward feeling is opposite. The d-opioid receptors
are out of special interest, since they play an im-
portant role in stress response, anxiety, and de-
pression. Some agonists of these receptors are
under preclinical and early clinical investigations
as potential antidepressant and antiolytic drugs.

9. Conclusion

Interactions between different neurotrans-
mitter systems, rather than an individual neuro-
transmitter, play a key role in pathophysiology
and treatment of depression and related mood and
anxiety disorder. Literally all existing antidepres-
sant drugs act on monoamine systems of the
brain (5-HT, NE, and DA). Although the last-
generation antidepressants and mood stabilizers
demonstrated higher safety and efficacy, their
therapeutic potential remains limited. To achieve
the better outcome in the treatment of depression,
new medications and/or adjuncts to the existing
ones should be developed. These new medica-
tions may target brain histamine and neuropep-
tide (B-endorphin, oxytocin, and vasopressin)
systems. The brain adenosine neurotransmission
is also a potential target for the future antidepres-
sant, mood stabilizing, and antipsychotic drugs.
Since adenosine receptors are widely expressed
over the body and mediate numerous crucial phy-
siological functions, such as regulation of cardiac
activity, these drugs may have severe side effects.
The direct targeting of these drugs into the site of
their action (e.g., PFC), using advanced neuro-
surgical and/or pharmaceutical means, can pro-
vide a solution to this difficulty.
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PONb BSAUMOOENCTBUU MEXQY HEAPOMEOUATOPAMU
FONOBHOIO MO3rA B MATO®U3UOIIOTUA
N NEYHEHUN ADDEKTUBHbLIX PACCTPOUCTB

3. pemeHkos

UHCcmumym monekynsapHou ¢usuonoauu u 2eHemuku, Criogaukas akademusi Hayk,
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Heabio HacTosel 0030pHOI cTaThU SBISIETCS 0000IIEHNE M3BECTHBIX HA TEKYIIWH MO-
MEHT JIaHHBIX O B3aUMOJICHCTBUAX MEXIy HEHPOMEIUaTOPaMH TOJIOBHOTO MO3Ta M HX POJU B
naToH3NOJIOTHN U JIeYeHHH Jenpeccuy. BBemenme. HelipomeanaTopsl rojoBHOro mosra
MPENCTABIAIOT cO00 OMONMOTHYECKHEe MOJIEKYJBI, OTBETCTBCHHEIE 3a Iepelady CUTHala
Mexay HelipoHamu. HefipomeamaTopbl TOJOBHOTO MO3ra y MIICKOHHUTAIOIIAX OTHOCSTCS
K Pa3HBIM THIMAM OHOJOTHYECKMX MOJEKYJ, BKIFOUYAIONINM aMHHOKHCIOTHI (TIyTaMaT U
Y-aMHHOMACISIHYI0 Kucnoty, win ' AMK), monoamuns! (ceporonus (5-HT), Hopaapenamux
(HA), nonamus (/]), a Takxe ructamud (I')), Heiponientuasl (B-a3Hm0pdHH, HEHPOKUHKH, Ba-
30IIPECCHH W OKCHTOIMH) M HYKJICOTUIB! (aeHOo3uH). MaTepuajibl U MeTOoAbl. ABTOp aHa-
JIU3UpYyeT HayuyHble paboThl, H3AaHHbIe B iepuos ¢ 1953 mo 2014 r. u nocesiieHHbIe Hellpo-
MenuaropaM M uX (YHKIHSM B PEryisiluu HacTpoeHHs.. CTaThs MOCBSILIEHA B MEPBYIO Oue-
peab OLCHKC AAaHHBIX O MCXaHHU3MaxX BSaHMOﬂeﬁCTBHﬂ Ppa3IMYHbIX HeﬁpOMeﬂHaTOI)OB n ux
POJH B Pa3BUTHHU U JICYCHUH OTICIBHBIX TICHXHUECKUX paccTpoicTB. PesyabTaThl. CortacHO
JUTEPATypHBIM HCTOYHUKAM, HEHPOMEIMATOPHI, HEPEIKO OTHOCSIIUECS K PAa3HBIM THUIIAM
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OHOJIOTMYECKUX MOJIEKYJI, B3aUMOJACHCTBYIOT Ha IOBEICHYECKOM, (DYHKIIMOHAJIBHOM, CHC-
TEMHOM M MOJIEKYJISIPHOM YPOBHSIX. DTH B3aUMOJAEHCTBHUS UTPAIOT BAXKHYIO POJIb B aTo(u-
3MOJIOTHHU 3200JIEBaHUI FOJIOBHOTO MO3Ta, B YaCTHOCTH, JIEMIPECCUH U CTPECCOBBIX M TPEBOXK-
HBIX paccTpoiicTB. 3ak/rodeHue. [IpakTudyecku Bce CyIIECTBYIOUINE aHTUICTIPECCAHTHI BO3-
JEWCTBYIOT HA MOHOAMHHOBBIE crcTeMbl rosioBHoro mo3ra (5-HT, HO u [1). HeB3upas Ha To,
YTO aHTHJIETIPECCAHTHl U CTAOMIIN3aTOPbl HACTPOCHUS TIOCIIETHETO MTOKOJICHHST 00JIaatoT BbI-
COKOM CTENeHbI0 HaJIeKHOCTH U 3((HEKTUBHOCTH, NX TEPANEBTUUECKUH IMOTEHIINAI ITOKA Or-
paHndeH. bonpuioi nHTEpeC MpeAcTaBIseT pa3paboTka aHTHACIPECCAHTOB, CTAOMIN3aTOPOB
HaCTPOCHUS U HEHPOJICITUKOB, BO3ICHCTBYIONINX HA HEHpOINepeaady ¢ yIacTHEM aJCHO3HHA.
OpHako Takue IpenapaThl MOTYT MMETh Cepbe3HbIe M0O04HBIe 3(D(eKThI, HalpuMep, Hera-
THUBHO BIIMSATH Ha CEPICUHYIO AESTEIbHOCTh. [l pa3peleHus CynecTBYIOINX TPYIHOCTEH
HE0OX0MMO IPOBEACHHE AANBHEUIIINX HAYYHBIX U KIMHUYECKUX MCCIICIOBAHHMN.

Knroueewte cnosa: cepomonun (5-HT), nopaopenanun, oonamun, enymamam, I'AMK,
Helponenmuobl, 2UNOMaNamyc, 2UNNOKAMN, NOMEHYUANZABUCUMbLE KATbYUEesble KAHATbL.
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