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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 γ-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, β-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 area 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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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 γ-aminobutyric acid, or GABA), mo-
noamines (serotonin (5-HT), norepinephrine (NE), dopamine (DA), and histamine (HA)),
neuropeptides (β-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. 
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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-HT3 serotonin receptors. There are one or two 
receptor in each monoamine system which are 
acting as autoreceptor. All known autoreceptors 
are coupled to GI proteins. Activation of these 
receptors usually leads to the opening of second-
messenger-mediated ion channels (such as GIβγ-
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 (MAO), 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). 
MAO 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-

Table 1
Receptors to monoamines 

 Serotonin (5-HT) Receptors 
Norepinephrine (NE) 

Receptors 
Dopamine (DA)  

Receptors 

GI/O-Coupled 5-HT1A, 5-HT1B, 5-HT5 α1-adrenergic 
D2-like receptors  

(D1, D4) 

GS-Coupled 5-HT2A, 5-HT2B, 5-HT2C β-adrenergic 
D2-like receptors  

(D2, D3, D5) 
GQ/Z-Coupled 5-HT4, 5-HT6, 5-HT7 α2-adrenergic  
Other 5-HT3 (super-family-coupled to K+ channels)   
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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: H1-H4 [5, 8, 26, 
32]. Histamine-1, H2, and H2 receptors are ex-
pressed both in the immune system and in the 
brain [9]. The H3 receptors are expressed nearly 
exclusive in the CNS. They are widely distri-
buted across the brain; the highest density of H3 
receptors has been observed in the striatum, hip-
pocampus and cerebral cortex [1, 34, 37]. Hista-
mine-1 receptors are GQ, H2 - GS and H3 and H4 - 
GI/O protein-coupled. The activation of H1 and H2 
receptors leads to neuronal excitation and H3 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 H3 re-
ceptors play an important role in the regulation 
of brain HA system. Thioperamide, an inverse 
agonist of H3/H4 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 H3 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 H3 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 H3/H4 
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 H1 receptors in the 
VTA) rather than via direct effect of thiopera-
mide on VTA H3 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-HT1A or H3 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-HT2C 
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-HT2C 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 D1 and A2A, interact with GI-
coupled receptors, such as D2 and A1, by forming 
a GQ-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 
A2A receptors, ZM 241385, potentiates the D2 
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 A2A 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 A2A receptors also interact with 
other than D2 GI/GO-coupled monoamine recep-
tors, such as α2-adrenergic and 5-HT1A/1B seroto-
nin receptors. It is making A2A 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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reward feeling is opposite. The δ-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 (β-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. 

10. Acknowledgements 
This author of this work was supported via 

the Slovak Academy of Sciences Scholarship 
Program and Vega Grant  2/0024/15.  

 
References 

1. Airaksinen A.J., Jablonowski J.A.,  
van der Mey M., Barbieret A.J. Radiosynthesis 
and Biodistribution of a Histamine H3 Receptor 
Antagonist 4-[3-(4-Piperidin-1-yl-But-1-Ynyl)-
[11C]Benzyl]-Morpholine: Evaluation of a Po-
tential PET Ligand. Nucl Med Biol (England), 
2006, vol. 33, pp. 801–810. 

2. Airaksinen M.S., Panula P. The Histami-
nergic System in the Guinea Pig Central Nervous 
System: An Immunocytochemical Mapping 
Study Using an Antiserum Against Histamine.  
J Comp Neurol (United States), 1988, vol. 273, 
pp. 163–186. 

3. Airaksinen M.S., Flugge G., Fuchs E., Pa-
nula P. Histaminergic System in the Tree Shrew 

Brain. J Comp Neurol (United States), 1989, 
vol. 286, pp. 289–310. 

4. Allmark M.G., Lu F.C., Carmichael E., 
Lavallee A. Some Pharmacological Observations 
on Isoniazid and Iproniazid. Ammerical Reviews 
in Tuberculosis, 1953, vol. 68, pp. 199–206. 

5. Bakker R.A., Timmerman H., Leurs R. 
Histamine Receptors: Specific Ligands, Receptor 
Biochemistry, and Signal Transduction. Clin  
Allergy Immunol (United States). 2002, vol. 17, 
pp. 27–64. 

6. Blier P., Montigny C. Serotoninergic But 
Not Noradrenergic Neurons in Rat Central Ner-
vous System Adapt to Long-Term Treatment 
with Monoamine Oxidase Inhibitors. Neuros-
cience (England), 1985, vol. 16, pp. 949–955. 

7. Blier P., Montigny C.D., Azzaro A.J. 
Modification of Serotonergic and Noradrenergic 
Neurotransmissions by Repeated Administration 
of Monoamine Oxidase Inhibitors: Electrophy-
siological Studies in the Rat Central Nervous 
System. J Pharmacol Exp Ther (United States), 
1986, vol. 237, pp. 987–994. 

8. Brown R.E., Stevens D.R., Haas H.L. 
The Physiology of Brain Histamine. Prog Neu-
robiol (England), 2001, vol. 63, pp. 637–672. 

9. Connelly W.M., Shenton F.C., Leth-
bridge N. The Histamine H4 Receptor is Func-
tionally Expressed on Neurons in the Mammalian 
CNS. Br J Pharmacol (England), 2009, vol. 157, 
pp. 55–63. 

10. Corrodi H., Fuxe K. The Effect of Imi-
pramine on Central Monoamine Neurons. J Pharm 
Pharmacol (England), 1968, vol. 20, pp. 230–231. 

11. Cremers T.I., Rea K., Bosker F.J., Wik-
stromet H.V. Augmentation of SSRI Effects on 
Serotonin by 5-HT2C Antagonists: Mechanistic 
Studies. Neuropsychopharmacology (United 
States), 2007, vol. 32, pp. 1550–1557. 

12. Cremers T.I., Giorgetti M., Bosker F.J., 
Hogg S., Arnt J. Inactivation of 5-HT(2C) Recep-
tors Potentiates Consequences of Serotonin 
Reuptake Blockade. Neuropsychopharmacology 
(United States), 2004, vol. 29, pp. 1782–1789. 

13. Delay J., Buisson J.F. Psychic Action of 
Isoniazid in the Treatment of Depressive States. 
Journal of Clinical and Experimental Psychopa-
thololy, 1958, vol. 19. pp. 51–55. 

14. Delgado P.L., Miller H.L., Salomon R.M. 
Tryptophan-Depletion Challenge in Depressed 
Patients Treated with Desipramine or Fluoxetine: 
Implications for the Role of Serotonin in the Me-
chanism of Antidepressant Action. Biol Psychiatry 
(United States), 1999, vol. 46, pp. 212–220. 



Дременков Э.            Роль взаимодействий между нейромедиаторами головного мозга  
      в патофизиологии и лечении аффективных расстройств  

Человек. Спорт. Медицина  
2016. Т. 16, № 2. С. 18–29  27

15. Dremencov E., Mansari M.E., Blier P. 
Distinct Electrophysiological Effect of Paliperi-
done and Risperidone on the Firing Activity of 
Rat Serotonin and Norepinephrine Neurons.  
Psychopharmacology (Germany), 2007, vol. 194, 
pp. 63–72. 

16. Dremencov E. Aiming at New Targets 
for the Treatment of Affective Disorders: An in-
troduction. Curr Drug Targets (Netherlands), 
2009, vol. 10, pp. 1050–1051. 

17. Dremencov E., Mansari M.E., Blier P. 
Effects of Sustained Serotonin Reuptake Inhibi-
tion on the Firing of Dopamine Neurons in the 
Rat Ventral Tegmental Area. J Psychiatry Neu-
rosci (Canada), 2009, vol. 34, pp. 223–229.  

18. Dremencov E., Mansari M.E,, Blier P. 
Brain Norepinephrine System as a Target for An-
tidepressant and Mood Stabilizing Medications. 
Curr Drug Targets (Netherlands), 2009, vol. 10, 
pp. 1061–1068. 

19. Dremencov E., Mansari M.E., Blier P. 
Noradrenergic Augmentation of Escitalopram 
Response by Risperidone: Electrophysiologic 
Studies in the Rat Brain. Biol Psychiatry, 2007, 
vol. 61, pp. 671–678. 

20. Dremencov E., Gur E., Lerer B., New-
man M.E. Effects of Chronic Antidepressants and 
Electroconvulsive Shock on Serotonergic Neuro-
transmission in the Rat Hippocampus. Prog Neu-
ropsychopharmacol Biol Psychiatry (England), 
2003, vol. 27, pp. 729–739. 

21. Dremencov E., Gur E., Lerer B., New-
man M.E. Effects of Chronic Antidepressants and 
Electroconvulsive Shock on Serotonergic Neuro-
transmission in the Rat Hypothalamus. Prog 
Neuropsychopharmacol Biol Psychiatry (Eng-
land), 2002, vol. 26, pp. 1029–1034. 

22. Dremencov E., Gispan-Herman I., Ro-
senstein M., Mendelman A., Overstreet D.H., 
Zohar J., Yadid G. The Serotonin-Dopamine 
Interaction is Critical for Fast-Onset Action of 
Antidepressant Treatment: In Vivo Studies in 
an Animal Model of Depression. Prog Neuropsy-
chopharmacol Biol Psychiatry (England), 2004, 
vol. 28, pp. 141–147. 

23. Mansari E.M., Guiard B.P., Cherno- 
loz O., Ghanbari R., Katz N., Blier P. Relevance 
of Norepinephrine-Dopamine Interactions in the 
Treatment of Major Depressive Disorder. CNS 
Neurosci Ther (England), 2010, vol. 16, p. 17.  

24. Guiard B.P., Mansari M.E., Merali Z., 
Blier P. Functional Interaction Between Mono-
aminergic Neurons. Biol Psychiatry, 2007,  
vol. 61, pp. 125–125. 

25. Guiard B.P., Mansari E.M., Merali Z., 
Blier P. Functional Interactions Between Dopa-
mine, Serotonin and Norepinephrine Neurons: 
An In-Vivo Electrophysiological Study in Rats 
with Monoaminergic Lesions. Int J Neuro-
psychopharmacol (England), 2008, vol. 11,  
pp. 625–639. 

26. Haas H.L., Sergeeva O.A., Selbach O. 
Histamine in the Nervous System. Physiol Rev 
(United States), 2008, vol. 88, pp. 1183–1241. 

27. Hew R.W., Hodgkinson C.R., Hill S.J. 
Characterization of Histamine H3-Receptors in 
Guinea-Pig Ileum with H3-Selective Ligands.  
Br J Pharmacol (England), 1990, vol. 101,  
pp. 621–624. 

28. Iwase M., Homma I., Shioda S., Nakai Y. 
Histamine Immunoreactive Neurons in the Brain 
Stem of the Rabbit. Brain Res Bull (United 
States), 1993, vol. 32, pp. 267–272. 

29. Kandel E.R., Schwartz J.H., Jessell T.M. 
Principles of Neural Science. New York: 
McGraw-Hill, Health Professions Division, 2000. 

30. Kawahara Y., Kawahara H., Kaneko F., 
Tanaka M. Long-Term Administration of Cita-
lopram Reduces Basal and Stress-Induced Extra-
cellular Noradrenaline Levels in Rat Brain. Psy-
chopharmacology (Germany), 2007, vol. 194, 
pp. 73–81. 

31. Kennedy S.H. A Review of Antidepres-
sant Treatments Today. Eur Neuropsychophar-
macol (Netherlands), 2006, vol. 5, pp. 619–623. 

32. Leurs R., Blandina P., Tedford C., 
Timmerman H. Therapeutic Potential of Hista-
mine H3 Receptor Agonists and Antagonists. 
Trends Pharmacol Sci (England), 1998, vol. 19,  
pp. 177–183. 

33. Lin J.S., Hou Y., Sakai K., Jouvet M. 
Histaminergic Descending Inputs to the Meso-
pontine Tegmentum and Their Role in the Con-
trol of Cortical Activation and Wakefulness in 
the Cat. J Neurosci (United States), 1996, vol. 16, 
pp. 1523–1537. 

34. Martinez-Mir M.I., Pollard H., Moreau J., 
Arrang J.M., Ruat M., Traiffort E., Schwartz 
J.C., Palacios J.M. Three Histamine Receptors 
(H1, H2 and H3) Visualized in the Brain of 
Human and Non-Human Primates. Brain Res 
(Netherlands), 1990, vol. 526, pp. 322–327. 

35. Moret C., Briley M. Effect of Antide-
pressant Drugs on Monoamine Synthesis in Brain 
in Vivo. Neuropharmacology (England), 1992, 
vol. 31, pp. 679–684. 

36. Panula P., Pirvola U., Auvinen S., Airak-
sinen M.S. Histamine-Immunoreactive Nerve 



Клиническая и экспериментальная медицина 

Human. Sport. Medicine 
2016, vol. 16, no. 2, pp. 18–29 28 

Fibers in the Rat Brain. Neuroscience (England), 
1989, vol. 28, pp. 585–610. 

37. Pollard H., Moreau J., Arrang J.M., 
Schwartz J.C. A Detailed Autoradiographic 
Mapping of Histamine H3 Receptors in Rat Brain 
Areas.  Neuroscience (England), 1993, vol. 52, 
pp. 169–189. 

38. Ravindran L., Kennedy S.H. Are Anti-
depressants as Effective as Claimed? Yes, But... 
Can J Psychiatry (Canada), 2007, vol. 52,  
pp. 98–99. 

39. Robot M. Isoniazid and Its Psychological 
Effects. Annual Medical Psychology (Paris), 1954, 
vol. 112, pp. 161–183. 

40. Salzer H.M., Lurie M.L. Depressive 
States Treated with Isonicotinyl Hydrazide (Iso-
niazid); A Follow-Up Study. Ohio Medicine, 
1955, vol. 51, pp. 437–441. 

41. Schlicker E., Malinowska B., Kath-
mann M., Gothert M. Modulation of Neuro-
transmitter Release Via Histamine H3 Heterore-

ceptors. Fundam Clin Pharmacol (France), 1994, 
vol. 8, pp. 128–137. 

42. Schlicker E., Kathmann M., Detzner M., 
Exner H.J., Gothert M. H3 Receptor-Mediated 
Inhibition of Noradrenaline Release: An Investi-
gation into the Involvement of Ca2+ and K+ 
Ions, G Protein and Adenylate Cyclase. Naunyn 
Schmiedebergs Arch Pharmacol (Germany), 
1994, vol. 350, pp. 34–41. 

43. Vanhala A., Yamatodani A., Panula P. 
Distribution of Histamine-, 5-Hydroxytrypta-
mine-, and Tyrosine Hydroxylase-Immunoreac-
tive Neurons and Nerve Fibers in Developing 
Rat Brain. J Comp Neurol (United States), 1994, 
vol. 347, pp. 101–114. 

44. Vollinga R.C., Koning J.P., Jansen F.P., 
Leurs R., Menge W.M., Timmerman H. A New 
Potent and Selective Histamine H3 Receptor 
Agonist, 4-(1H-Imidazol-4-Ylmethyl) Piperidine. 
J Med Chem (United States), 1994, vol. 37,  
pp. 332–333. 

Received 15 May 2016
 
__________________________________________________________________
 
УДК 616.831-001              DOI: 10.14529/hsm160202

 

РОЛЬ ВЗАИМОДЕЙСТВИЙ МЕЖДУ НЕЙРОМЕДИАТОРАМИ 
ГОЛОВНОГО МОЗГА В ПАТОФИЗИОЛОГИИ  
И ЛЕЧЕНИИ АФФЕКТИВНЫХ РАССТРОЙСТВ 
 
Э. Дременков 
Институт молекулярной физиологии и генетики, Словацкая академия наук,  
Братислава, Словакия;  
Институт экспериментальной эндокринологии, Центр биомедицинских исследований, 
Словацкая академия наук, Братислава, Словакия;  
Консалтинговая компания Neuroken Consulting, Гронинген, Нидерланды 

 
 

Целью настоящей обзорной статьи является обобщение известных на текущий мо-
мент данных о взаимодействиях между нейромедиаторами головного мозга и их роли в
патофизиологии и лечении депрессии. Введение. Нейромедиаторы головного мозга
представляют собой биологические молекулы, ответственные за передачу сигнала
между нейронами. Нейромедиаторы головного мозга у млекопитающих относятся
к разным типам биологических молекул, включающим аминокислоты (глутамат и
γ-аминомасляную кислоту, или ГАМК), моноамины (серотонин (5-HT), норадреналин
(НА), допамин (Д), а также гистамин (Г)), нейропептиды (β-эндорфин, нейрокинин, ва-
зопрессин и окситоцин) и нуклеотиды (аденозин). Материалы и методы. Автор ана-
лизирует научные работы, изданные в период с 1953 по 2014 г. и посвященные нейро-
медиаторам и их функциям в регуляции настроения. Статья посвящена в первую оче-
редь оценке данных о механизмах взаимодействия различных нейромедиаторов и их
роли в развитии и лечении отдельных психических расстройств. Результаты. Согласно
литературным источникам, нейромедиаторы, нередко относящиеся к разным типам
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биологических молекул, взаимодействуют на поведенческом, функциональном, сис-
темном и молекулярном уровнях. Эти взаимодействия играют важную роль в патофи-
зиологии заболеваний головного мозга, в частности, депрессии и стрессовых и тревож-
ных расстройств. Заключение. Практически все существующие антидепрессанты воз-
действуют на моноаминовые системы головного мозга (5-HT, НЭ и Д). Невзирая на то, 
что антидепрессанты и стабилизаторы настроения последнего поколения обладают вы-
сокой степенью надежности и эффективности, их терапевтический потенциал пока ог-
раничен. Большой интерес представляет разработка антидепрессантов, стабилизаторов 
настроения и нейролептиков, воздействующих на нейропередачу с участием аденозина. 
Однако такие препараты могут иметь серьезные побочные эффекты, например, нега-
тивно влиять на сердечную деятельность. Для разрешения существующих трудностей 
необходимо проведение дальнейших научных и клинических исследований. 

Ключевые слова: серотонин (5-HT), норадреналин, допамин, глутамат, ГАМК, 
нейропептиды, гипоталамус, гиппокамп, потенциалзависимые кальциевые каналы. 

 
 
Дременков Элияху, PhD, Институт молекулярной физиологии и генетики, Словацкая акаде-

мия наук; Институт экспериментальной эндокринологии, Центр биомедицинских исследований, 
Словацкая академия наук, Братислава, Словакия; Консалтинговая компания Neuroken Consulting, 
Гронинген, Нидерланды, eliyahu.dremencov@savba.sk. 

 
Поступила в редакцию 15 мая 2016 г. 

 
 

ОБРАЗЕЦ ЦИТИРОВАНИЯ  FOR CITATION 

Dremencov, E. The role of interactions between 
brain neurotransmitters in pathophysiology and treatment 
of affective disorders / E. Dremencov // Человек. Спорт. 
Медицина. – 2016. – Т. 16, № 2. – С. 18–29. DOI: 
10.14529/hsm160202 
 

 Dremencov E. The Role of Interactions Between 
Brain Neurotransmitters in Pathophysiology and Treat-
ment of Affective Disorders. Human. Sport. Medicine, 
2016, vol. 16, no. 2, pp. 18–29. DOI: 10.14529/hsm160202 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


