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Abstract—The role of astroglial cells is much more complicated than the notion of an “elastic framework,”
which provides structural and metabolic support for brain structures. Astrocytes can affect synaptic processes
by participating in the transmission of information by releasing or modulating the activity of neurotransmit-
ters. In vitro and in situ studies revealed a large spectrum of molecules secreted by neuroglial cells. Analysis
of the patterns that accompany the secretory mission of astrocytes led to the term “gliotransmission,” which
gave rise to a new understanding of plastic regulation of the synaptic function and organization of the neural
network, memory, and cognitive processes. The concept of the integrating mission of astroglia also opens up
new opportunities for understanding the mechanisms of neurodegenerative diseases and identifying new tar-
gets for therapy.
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INTRODUCTION
Contrary to the conventional dogma of astroglia as

a system of support cells of the brain, a different con-
cept has formed as a result of studies of the last twenty
years. In this concept, the role of astrocytes is more
important than its functioning as a f lexible frame that
provides structural and metabolic support for neurons.
Modern studies combining highly sensitive electron
microscopy with biochemical, computer, and neuro-
physiological techniques provided information about
the special role of astroglial cells in the modulation of
synaptic processes and the formation of neuronal
domains.

In view of above, studies of the role of astrocytes in
the orchestration of the synaptic process, the network
consolidation of neurons, the organization of infor-
mation fields, and the effect on cognitive processes
seem unique. This work takes into account the vast
body of modern information in an attempt to general-
ize and systematize such data and to present a perspec-
tive view of the unique mission of astroglial cells.

ASTROGLIA: A GENERAL VIEW
Astrocytes are involved in the developmental pro-

cesses of the central nervous system. They provide
metabolic support for neurons and affect their sur-
vival, differentiation, synaptogenesis, etc. Astrocytes
are involved in a wide range of synaptic processes,
such as the formation, maturation, and elimination
(pruning) of synapses, activation of specific receptors,
release of neurotransmitters, and modulation of syn-

aptic plasticity (Araque et al., 2014; Dallérac and
Rouach, 2016).

New methodological approaches indicate the
topographical peculiarities of astrocyte populations in
different regions of the brain (Khakh and Sofroniew,
2015). The plasma astrocytes, which are located in
close proximity to the nerve cell body, are often
referred to as its satellites. The morphology and, cor-
respondingly, the functions of astrocytes in different
brain regions are different. Moreover, certain sub-
classes of astrocytes can exist within one brain region.
Comparative studies show that the ratio of the number
of astrocytes to the number of neurons substantially
increases in the evolutionary line of the brain (Bass
et al., 1971). Human astrocytes are structurally more
sophisticated, and their intercellular signaling, which
is realized with the involvement of glial neurotrans-
mitters and accessory proteins, becomes more diverse
(Oberheim et al., 2012).

Astrocytes are differently organized cells with a
small soma (diameter <10 μm) and branched pro-
cesses extending over distances up to 100 μm. A char-
acteristic feature of astrocytes is the formation of
numerous contacts with nerve cells with both presyn-
aptic and postsynaptic structures.

Neurons and astrocytes are sequentially formed
from the pool of neural stem cells. Neurogenesis
(transformation of progenitor cells) is accompanied
via regulated reprogramming between neurons and
astrocytes. These processes are crucial in the forma-
tion of a balanced number of astrocytes.
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Human astrocytes exhibit a greater morphological
diversity in the cerebral cortex layers, which indicates
a high degree of specialization and, hence, opportuni-
ties to solve complex problems. Based on comparative
studies, it was concluded that the morphology and
number of human and rodent astrocytes considerably
differ. This finding may be associated with the conclu-
sion about the role of astroglia in performing more
advanced physiological functions (Vasile et al., 2017).

A characteristic feature of astrocytes is the change
in their morphology in contact with neurons, blood
vessels, and other astrocytes. They form a neuronal
network of interconnected elements that form individ-
ual domains. It was found that, within one domain,
the astrocyte can form junctions with a great number
of synapses (reaching tens of thousands). This means
that the contact between astrocytes and neurons is a
highly dynamic mechanism that is important for the
organization of information association in the brain
(Bushong et al., 2002; Halassa et al., 2007). Astrocytes
are extremely sensitive to changes in the intracellular
Ca2+ concentration and respond by releasing signaling
molecules with different functions. The most com-
mon agents in this list are glutamate, ATP, GABA,
D-serine, and taurine. Astrocytes are also involved in the
release of interleukin-1, tumor necrosis factor (TNF-α),
neurotrophins (BDNF), and neuropeptide Y.

ASTROCYTES AS SYNAPTIC MODULATORS
Cajal was the first to assume that the nervous tissue

consists of elementary units (neurons), which have an
independent value in the anatomical, genetic, func-
tional, trophic, pathological, and behavioral aspects.
This listing is the essence of the positions expressed by
Cajal himself (Cajal, 1937). Developing this conjec-
ture, Sherrington assumed that there are stops (syn-
apses) in the neuronal network, where the signal
“makes a decision” (Sherrington, 1906).

New data made it possible to develop the idea of
  the synapse as the main tool in the mediator-regulated
transfer of the information signal. High-resolution
laser microscopy reveals spines, bulb-like microstruc-
tures protruding from the neuronal processes (den-
drites). Their main function is to receive and amplify
the excitatory signals produced in synapses and to
transduce them to hundreds of similar microforma-
tions in the neuronal network. Spine genesis patterns
indicating regulated rearrangements in response to
external stimuli were recorded. It is important to note
that the changes in the shape and density of spines are
associated with learning and memory. An incorrect
structure of spines and a decrease in their number
hamper information signal transduction and, more-
over, are associated with mental and neurodegenera-
tive diseases (De Roo et al., 2008; Bourne and Harris,
2011). Laser confocal microscopy studies made it pos-
sible to obtain unique patterns of synaptic organiza-
tion. Using three-dimensional reconstructions, the
B

interaction of dendritic spines with astroglial cells was
demonstrated via analysis of the neuropil volume in
the hippocampal zones. The formation of presynaptic
buds (multiple synapses) on dendritic spines in CA1
and CA3 hippocampal zones was shown (Popov et al.,
2003).

Modern studies with in situ and in vivo imaging
made it possible to obtain the patterns of changes in
the shape of astrocytes contacting with neurons.
Chemical activation caused changes in the structure
and mobility of astroglial cells; the astrocyte inter-
acted with synapses by forming leaflets or open-work
coverlets. The stimulation of leaflet mobility facili-
tated these contacts, and the degree to which the
astrocyte covered the synapse depended on the activity
of regulatory molecules (Allen and Barres, 2009).

These results allowed the formulation of the con-
cept of a tripartite synapse (Araque et al., 1999), which
considers astrocytes to be direct participants of the sig-
nal function of neurons. According to the tripartite
synapse concept, astrocytes form a space in which syn-
aptic, extrasynaptic, and perisynaptic mechanisms
function; they are involved in the implementation of
integrative processes of the neuronal network. This
relationship between the neuroglia and neurons is
realized via gliotransmitters—mediators secreted by
astrocytes.

The ability of one astrocyte to contact with a large
number of synapses suggests the possibility of a simul-
taneous activation of entire neuron populations. Such
effects were demonstrated in the hippocampus, where
the expression of astrocytes and the release of gluta-
mate led to the synchronous excitation of entire clus-
ters of pyramidal cells (Angulo et al., 2004). Structural
redefinitions of astrocytes were observed under these
conditions; they formed special units in the form of
microdomains with a branched network (Nedergaard
et al., 2003). Within the structural microdomains,
astrocytes interact with synapses and form fixed con-
tacts with membranes of neurons and blood vessels
(Halassa et al., 2007). The shape, velocity, and degree
to which the astrocyte covers the neuron are regulated
by additional chemical influences, which affect the
efficiency and nature of synaptic transmission. These
modulated contacts are created due to the diffuse
influence of neurotransmitters on different cellular
targets.

GLIOTRANSMISSION: RELEASE
OF CHEMICAL TRANSMITTERS

FROM ASTROCYTES

The doctrine developed over 100 years ago consid-
ered the neuronal network as the only instrument of
the brain. Cytobiochemical studies performed in the
last decade gave evidence that the special synaptic
mission of astroglia is to provide an astroglial cradle
that shields the neuron from the extrasynaptic signals,
IOLOGY BULLETIN REVIEWS  Vol. 9  No. 2  2019
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Fig. 1. Schematic representation of the tripartite synapse. Changes in the calcium ion concentration in astrocytes cause synaptic
signal initiation. The bidirectional nature of intracellular Ca2+ oscillations determines the interactions between neurons and
astrocytes with the involvement of glutamate (Glu) and other mediator molecules (gliotransmitters).
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thus ensuring the dialectic constancy and plasticity of
synaptic contacts (Nedergaard and Verkhratsky,
2012).

There is evidence of changes in the calcium con-
centration in astrocytes that are required to initiate the
synaptic signal. The bidirectional nature of intracellu-
lar oscillations of Ca2+ was established, when the com-
munication between neurons and astrocytes is ensured
with the involvement of other astroglial molecules
(Pasti et al., 1997; Perea and Araque, 2005; Wu et al.,
2014; Guerra-Gomes et al., 2017) (Fig. 1). Genomic
analysis documented the changes in the intracellular
Ca2+ concentration due to the coding signaling pro-
teins RYR3, MRVI1, and RGN, which promote the
expression of transporters of the neurotransmitter glu-
tamate and the activation of receptors for other neu-
rotransmitters (Genoud et al., 2006; Henneberger and
Rusakov, 2010).

Experiments performed on single astrocytes
showed that Ca2+ changes stimulate a cascade of bio-
chemical processes to release mediators called glio-
transmitters (Bezzi and Volterra, 2001). This new con-
cept is logically associated with the tripartite synapse
structure as a mechanism of information processing in
the interaction between astrocytes and neurons. The
regulated order of the bidirectional communication is
defined as labile deviations of signaling (transmitter)
molecules. Astrocyte activation leads to expression of
their receptors associated with G proteins, which
BIOLOGY BULLETIN REVIEWS  Vol. 9  No. 2  2019
interact with the neurotransmitters released from the
synapse upon its activation. A rapid change in the Ca2+

concentration in the cytosol stimulates the release of
gliotransmitters, which, in turn, can interact with the
synaptic elements (Santello et al., 2012).

Some gliotransmitters show great variability in
affecting neuronal targets. The role of glutamate
should be specially mentioned: it excites the presynap-
tic NMDARs in the dentate gyrus of the hippocam-
pus, activates mGluRs in the CA1–CA3 hippocampal
structures, or functions as an inhibitor of presynaptic
kainate receptors. D-serine, which is synthesized in
astroglial cells, functions as an endogenous coagonist
of NMDARs (Oliet and Mothet, 2009). Purinergic
(transmitted by ATP and adenosine) signaling mole-
cules also play an important role in synaptic transmis-
sion (Fellin et al., 2006b). However, in addition to
participation in the initiation of neural excitation,
astrocytes, by activating NMDARs, are involved in the
generation of apoptotic signals and the elimination of
damaged neurons (Loane et al., 2012). The general
principle of such polyphony is that one gliotransmitter
can stimulate various reactions due to interaction with
neurons of different phenotypes. By functioning at the
presynaptic and postsynaptic levels, gliotransmitters
affect neurotransmission by both excitatory and inhib-
itory synapses.

The use of D-aspartic acid as a false gliotransmitter
made it possible to determine the degree of local exci-
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tation of neurons during the release of substances from
the astrocytes in the ventrobasal thalamic structures,
hippocampal CA1 cells, and the somatosensory cor-
tex. These results demonstrate that astrocytes function
as integrative nodes that can affect neurons in different
brain regions. The obtained results also suggest that an
excessive increase in the glutamate level may lead to
unregulated expression of other gliotransmitters and
cause desynchronization of neurons and development
of pathological states (Pirttimaki et al., 2017).

It was shown that astrocytes secrete proteins that
are involved in the tone regulation of synaptic activity.
Transforming growth factor beta (TGF-β1) promoted
the formation of new synapses in the brain cortex by
influencing the activity of astrocytic D-serine (Diniz
et al., 2012). Astrocytes also secrete neuropeptide Y
(NPY): the NPY gene expression in cultures of rat and
human astrocytes was demonstrated (Barnea et al.,
1998). The secretion of this coregulator from astro-
cytic granules is associated with increased levels of
cytosolic Ca2+ and mGluR activation (Ramamoorthy
and Whim, 2008).

Thus, by secreting vesicular gliotransmitters, astro-
cytes are involved in the reorganization of the synaptic
process. The complex of gliotransmitter molecules
creates a specific neurotransmission mechanism that
ensures the network lability. It was shown in vivo with
a three-dimensional reconstruction model that astro-
cytes in the hippocampus, as well as in the cerebral
cortex, occupy nonoverlapping areas. Experiments
with immunofluorescent markers made it possible to
establish that one astrocyte can form contacts with
numerous neurons. Based on these studies, it was
hypothesized that entire synaptic islets, which are
modulated by the gliotransmitter environment, may
exist within the network areas (Halassa et al., 2007).

The generalization of this information led to the
development of a concept that sheds new light on the
role of astroglia (Araque et al., 2014). Certain logic can
be traced in the understanding of the influence of
astrocytes on synapses and, as a logical extension, on
the functional properties of the neuronal network.
Apparently, astrocytes transmit signals primarily
through the high-affinity receptors by performing spa-
tiotemporal network integration of cells via glioneuro-
nal transmission. The following sequence of events
that made it possible to characterize the role of astrog-
lia in the brain can be constructed.

(1) The primacy of biochemical changes in astro-
cytes.

Monitoring via modern techniques showed that the
initial cause of astrocyte activation is the Ca2+ concen-
tration in the cytosol rather than the electrical changes
in the membrane. The high biochemical and morpho-
logical dynamics of astrocytes is the basis for the cre-
ation of a single network that ensures polyvariance of
neurotransmission processes.
B

(2) Astrocytes as functional elements of synaptic
neurotransmission.

Changes in the Ca2+ level in astrocytes stimulate
the release of glutamate, ATP, D-serine, and other
substances that regulate neuronal excitability and syn-
aptic transmission. The tripartite synapse structure
includes the effects of various gliotransmitter mole-
cules on the presynaptic and postsynaptic neuronal
structures. Due to this specificity, astrocytes structur-
ally and functionally integrate the extracellular space
and are thus are directly involved in the information
transmission over the neural network.

(3) Astrocytes as a regulatory component of an
integrated neuronal network.

The interaction of an individual astrocyte with a
large number of synapses allows the simultaneous
activation of different neuronal populations. This
effect was demonstrated in the hippocampus, where
an increase in Ca2+ concentration and subsequent glu-
tamate release led to a synchronous excitation of entire
neuronal clusters. The gliotransmitter mission vari-
ability provides a great complexity of the physiological
effects at the level of the tetrad: astroglia → synapse →
neuron → network domains.

INFLUENCE OF ASTROCYTES
ON SYNAPTIC PLASTICITY

In modern neurophysiology, it is believed that the
key processes for the assessment of synaptic plasticity
are long-term potentiation (LTP) and long-term inhi-
bition (LTD), which demonstrate the strengthening or
weakening of junctions between adjacent cells. Synap-
tic plasticity is associated with changes in the neuron
structure, the distribution of dendritic spines in LTR
and, conversely, their limitation in LTD. Recent stud-
ies suggest that the integrated morphofunctional con-
struction “astrocyte–signal transmitters—synapse—
neuron–synaptic potentiation/synaptic inhibition” is
the basis for the interaction of nerve cells, their orga-
nization into functionally active domains, and the
recording of information that is important for the
reproduction of memory and cognitive processes.

The appearance of a new participant in these
events, astrocytes, and the related polyphony of cyto-
logical and molecular events marks a new stage in
brain research. Studies by many authors suggest that
astrocytes contribute to short-term or long-term
potentiation observed for individual synapses (Perea
and Araque, 2007; Henneberger et al., 2010; Sibille
et al., 2015). Data obtained on hippocampal sections
also indicate the involvement of astrocytes in hippo-
campal neuronal synchronization. The activity of CA3
hippocampal cell correlated with changes in the Ca2+

level in astrocytes. It was shown that Ca2+ blockade
with an injection of a chelating agent reduced the syn-
aptic transmission in neighboring pyramidal cells,
IOLOGY BULLETIN REVIEWS  Vol. 9  No. 2  2019
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leading to desynchronization of neuronal networks
(Fellin et al., 2004; Sasaki et al., 2014).

The involvement of astroglia in synaptic plasticity
is based on the following cascade: Ca2+ → glutamate →
NMDARs → D-serine. Knockout blockade of D-ser-
ine or the disruption of exocytosis in an individual
astrocyte blocks the LTP. Thus, the Ca2+ -dependent
release of D-serine regulates the NMDAR-associated
plasticity, and this effect may extend to other excit-
atory synapses (Henneberger et al., 2010). At the same
time, excitatory synaptic activity causes new expres-
sion of Ca2+ in astrocytes as a feedback response,
thereby stimulating the activation of metabotropic
glutamate receptors (mGluRs). The cyclicity of these
processes shows that the Ca2+ waves induced in astro-
cytes stimulate the expression of gliotransmitters,
which potentiate or inhibit synaptic transmission.
With respect to ATP as a gliotransmitter, it was found
that its release from astrocytes affect the excitability of
neurons in a concentration-dependent manner. Using
mutant mice with disrupted ATP release, it was shown
that synaptic potentiation evoked weak responses.
Conversely, an increased ATP release from astrocytes
increased the synaptic activity of hippocampal neu-
rons (Lee et al., 2013).

Regulated activation and the release of gliotrans-
mitters may be important for the regulation of syn-
chronous polarization of neuronal groups. It is a ques-
tion of deviant processes of potentiation or suppres-
sion of synaptic transmission. Due to the mosaic
scheme of the action of gliotransmitter, astrocytes
ensure a balanced state of excitation and inhibition of
the neuronal system. However, there are many
instances when an altered activity of astrocytes and a
shift in the equilibrium of synaptic processes lead to
disturbances, including neurodegeneration, epilepsy,
schizophrenia, and cognitive dysfunction, which may
develop as a result of hyper- or hypoactivation of asso-
ciated neurons (Elsayed and Magistretti, 2015; Sajja
et al., 2016; Khaspekov and Frumkina, 2017; Neal and
Richardson, 2018).

According to modern neurophysiology data, syn-
apses are regarded as specific structures that are
involved in processing and storing diverse informa-
tion. New ideas about the role of astrocytes in the tone
regulation of synapses allowed the proposal of the
concept of heterosynaptic plasticity. Spatial binding to
neurons forms tight contacts of glial branches of astro-
cytes through synaptic connections. By forming astro-
cytic networks, gliotransmitters (apparently due to a
coordinated release of glutamate, ATP, D-serine, and
endocannabinoids) become factors of heterosynaptic
plasticity, which are involved in balancing the neuro-
nal activity processes (Letellier et al., 2016). There-
fore, it can be concluded that the dynamic interactions
of astrocytes and neurons lead to changes in the syn-
aptic network properties. Obviously, the phenomenon
of heterosynaptic plasticity reflects the special role of
BIOLOGY BULLETIN REVIEWS  Vol. 9  No. 2  2019
astroglia as an integrator of the spatiotemporal deter-
minants of the brain due to the influence on the for-
mation of conjugated network units.

ASTROCYTE INVOLVEMENT
IN THE ORGANIZATION

OF THE BRAIN SYNAPTIC NETWORK

There is a substantiated assumption that the special
function of astrocytes is not limited to the formation of
a local tripartite synapse but may manifest itself in
other, fairly remote synapses. Due to the lateral regu-
lation of synaptic transmission, astrocytes serve as a
bridge of synaptic interaction without a direct neural
connection, preventing crosstalk interventions
between synapses. This new concept postulates that
the neuronal network function is determined by the
cooperative interaction of astrocytes and neurons
(Covelo and Araque, 2016). The understanding that
the complex structure of brain astrocytes affects their
interaction with other astrocytes, oligodendrocytes,
neurons, and vascular cells greatly changes the notion
of the organization of information processes in the
brain. An important observation is that active astro-
cytes may occupy a considerable space. A working
hypothesis that the astrocytes that form operational
microdomains determine the plastic changes in the
neuronal network can be formulated (Pasti et al., 1997;
Araque and Navarrete, 2010).

Entirely new provisions on the functional mission
of astrocytes were formulated with allowance for the
principle of heterosynaptic plasticity (Halassa et al.,
2009).

(1) Astrocytes are involved in synaptic integration,
bringing together different neuronal phenotypes.

(2) Astrocytes realize a f lexible scheme of diverse
information processes as integrating units, in contrast
to the processes that are typical for the conventional
postulates about neural circuits.

(3) Integration of the neural network, which is
implemented by astrocytes, may include extrasynaptic
signals from vascular, immune, and other cells, which
provides the optimal reprogramming of junctions in
accordance with the surrounding environment.

THE NEW MISSION OF ASTROCYTES: 
PROLOGUE TO REGULATION
OF MEMORY MECHANISMS

The sum and logics of the described results were
combined to propose a revolutionary concept, accord-
ing to which the special mission of astroglia contrib-
utes to the organization of the mechanisms of infor-
mation functions in the brain—memory, cognitive
processes, and behavior. As mentioned above, this
concept was objectively substantiated in studies of the
last decade and is discussed in a number of reviews
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(Bruel-Jungerman et al., 2007; Morris et al., 2013; Ota
et al., 2013).

According to the branched network organization,
astrocytes are spatially conjugated with various brain
neurons. This architecture is strategically convenient
for the reception and transmission of information sig-
nals, which are then transformed into the memory
function. This is a question of the global scaling of
neuronal networks with the involvement of the mor-
phobiochemical complex created by astroglial cells
(Stellwagen and Malenka, 2006). Additional argu-
ments illustrate the role of astrocytes as coordinators
of neuronal activity in the organization of informa-
tion-storing microdomains. In addition, astrocytes are
involved in memory fixation processes via integration
of the neurons included in separate subastrocytic
domains (Kang et al., 2005). Based on the specific
morphology of astrocytes and the variability of glio-
transmission factors, it was assumed that astrocytes
exhibit selectivity in implementing cognitive tasks: dis-
tant communication (interlayer astroglia), integrating
cooperation (protoplasmic astroglia), and metabolic
support (fibrous astroglia) (Fellin et al., 2006a). It was
established with electrophysiology and visual micros-
copy methods that astrocytes may affect the inhibitory
sensory processes in the thalamic brain region (Cope-
land et al., 2017). This implies the assumption that the
reduction in the electrical activity of the thalamus due
to astrocytic expression of the mGlu2 receptor reflects
the control of the sensory function as a component of
learning and memory (Copeland et al., 2017).

The involvement of astroglia in the realization of
contextual memory was established by computer sim-
ulation. A structure in which the astrocyte affects the
induction of CA1 and CA3 hippocampal neurons,
which leads to delta-rhythm tuning, was simulated.
This model is significantly associated with the electro-
physiological pattern of memory formation recorded
in neurons (Small et al., 2001; Tewari and Parpura,
2013). In transgenic mice with vesicular protein block-
ade, it was shown that the inhibition of gliotransmis-
sion in astrocytes caused desynchronization of theta-
oscillations in neurons at the level of the dorsal hippo-
campus and prefrontal cortex. Such mice had signifi-
cant cognitive disorders. The addition of the gliotrans-
mitter D-serine restored theta-synchronization and
the spatial and long-term memory indices. With this
elegant study as an example, the sequence of transmis-
sion processes in astrocytes and in the neuronal net-
work with direct consequences for the cognitive func-
tion can be traced (Sardinha et al., 2017).

The chemical blockade of gliotransmitter release
led to a disturbance of cognitive abilities in awake
mice. A series of tests was used to illustrate the mem-
ory deficit that occurs as a result of disruption of
astroglial vesicles, which secrete transmitters. These
effects were accompanied by changes in the EEG. In
addition, the chemical restriction of gliotransmission,
B

which was studied on hippocampal sections, caused
changes in gamma oscillations as evidence of altered
synaptic plasticity. Taken together, these experimental
data substantiate the role of astroglia in the control of
the cognitive function (Lee et al., 2014).

The role of astrocytes in the neurochemical regula-
tion of a complicated behavioral pattern such as fear
was studied on the excitatory synapses of the central
amygdala. The expression of astrocytes, adenosine
secretion, and bidirectional modulation of A1 and
A2A adenosine receptors reduced impulses in the
amygdala neurons and, most importantly, neutralized
the fear response in animals. Thus, astrocytes as trans-
mitter signal donors are involved in the control of this
behavioral pattern by selectively affecting the activity
of synapses (Martin-Fernandez et al., 2017).

Thus, in addition to the generally accepted idea
that astroglia functions as an elastic framework of the
brain, a new ideology is substantiated. It provides evi-
dence that astrocytes, the dominant glial cells, are an
important component of the synaptic network. The
notion of the role of astrocytes as gliotransmitters
encourage us to revisit the conventional scheme of
organization of synaptic mechanisms. The establish-
ment of the importance of astrocytes as interneuronal
integration factors testifies to its unique mission when
the delicate structures of astrocytes are involved in the
information field in time and space of brain structures,
which leads to an understanding of the cognitive and
behavioral processes of the highest order.

Two decades ago, participants of the International
Program “Decade of the Brain” formulated the goal to
elucidate how individual nerve cells in the brain by
means of their collective interaction generate human
intelligence (Jones and Mendell, 1999). At that time,
it looked like a task for science fiction. The sequence
synapses → neurons → information signal is still
regarded as a universal mechanism for the integration
of neuronal structures. However, this mechanism,
which was well studied in the last century, remains
insufficient for an understanding of the essence of
intelligence. Astrocytes amplify the opportunity to
interact with several synapses and several neurons at
once in the polyphony of regulatory instruments (glio-
transmitter and related signaling proteins), in the
organization of information-carrying neural domains,
and in the integration of the network spaces required
for the reception, storage, and reproduction of infor-
mation as the content base of the cognitive function.
The new mission represents a significant addition to
the mechanism of information communication of
brain cells and, apparently, provides new opportuni-
ties for an understanding of the enigma of intelligence.
A particular problem is the identification of new tar-
gets of neurodestructive disorders and traumatic and
age disorders, as well as the use of means for their ther-
apeutic correction.
IOLOGY BULLETIN REVIEWS  Vol. 9  No. 2  2019
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CONCLUSIONS
The data obtained in cytobiochemical and physio-

logical studies confirm the assumption that astrocytes
are integral components of neural networks. A funda-
mentally new concept defining the mechanisms of the
brain was discussed. It estimates the neuroglial system
as a special organized service. Sequentially listed pro-
visions summarize the current understanding of the
role of astrocytes as the key element of the glial brain
tissue.

(1) Astrocytes structurally and functionally form
the extracellular space of the brain.

(2) Astrocytes function as switching cells.
(3) Astrocytes directly interacting with neurons

form the tripartite synapse structure.
(4) Astrocytes form network neuronal domains—

carriers of information necessary for the memory
function.

(5) Disturbance or insufficiency of the gliotrans-
mitter function affects brain activity in the form of
age-related, neurodestructive, neuropsychiatric, and
other diseases of the brain that are associated with
memory, adaptive responses, and disorders of cogni-
tive capacities.

The role of gliotransmitter as regulatory mediators
involved in the coordination of the functioning of syn-
apses and neurons should be emphasized. It can be
assumed that astrocytes function as bridges for multi-
ple intersynaptic communications (Halassa and Hay-
don, 2010). The diversity of gliotransmitters and their
targets determines the multiplicity of forms of synaptic
plasticity modulation. Therefore, due to the interac-
tion with neurons, astrocytes can affect the formation
of specialized neuronal networks participating in the
regulation of complex behavioral acts in healthy and
diseased brains.
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