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Introduction

Astrocytes, traditionally regarded as passive support
cells within the central nervous system, have gained
recognition as dynamic and active participants in
neural processing and disease pathology. These star-
shaped glial cells are involved in a vast array of
functions, ranging from neurotransmitter uptake and
ion homeostasis to modulation of blood-brain barrier
permeability and energy metabolism. One of the most
critical discoveries in recent decades is the concept of
astrocytic ~ networks—interconnected  astrocytes
communicating via gap junctions and calcium
waves—demonstrating their role as an integrated
network system rather than isolated cells. These
networks are now being explored for their
contributions to both physiological and pathological
brain activity. Mounting evidence suggests that
dysregulation  in  astrocytic
contributes to the onset and progression of several
neurological and psychiatric disorders, thereby
offering a new dimension for therapeutic intervention
and diagnostic exploration [1].

communication

The complexity of astrocytic signaling lies in its non-
electrical nature. Unlike neurons, astrocytes use
calcium transients and  gliotransmission  to
communicate both among themselves and with
neighboring neurons. Through the release of

gliotransmitters such as glutamate, ATP, and D-
serine, astrocytes modulate synaptic strength,
neurovascular coupling, and synaptogenesis. These
functions are highly dependent on the integrity and
regulation of the astrocytic network. In conditions
such as epilepsy, altered calcium signaling within
astrocytes is associated with hyperexcitability and
synchronization of neural circuits, contributing to
seizure activity. Furthermore, in Alzheimer’s disease,
reactive astrogliosis—a hallmark of
neuroinflammation—alters the morphology and
signaling patterns of astrocytes, impairing their
ability to regulate extracellular glutamate and
potassium levels. This disruption creates a permissive
environment for excitotoxicity and progressive
neuronal damage. These examples highlight how
astrocytic dysfunction, particularly within their
interconnected networks, plays a central role in
exacerbating neural pathology [2].

Astrocytic involvement is not limited to classic
neurological diseases; emerging research has
implicated these cells in a range of psychiatric
disorders as well. In major depressive disorder
(MDD), post-mortem studies reveal decreased
astrocyte density in the prefrontal cortex, along with
reduced expression of glial fibrillary acidic protein
(GFAP), suggesting compromised astrocytic support.
Functional imaging studies have correlated these
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changes with deficits in mood regulation and
cognitive control. Similarly, in schizophrenia,
abnormalities in astrocyte-derived molecules such as
D-serine—a co-agonist of the NMDA receptor—may
contribute to the hypoactivity of glutamatergic
signaling, a key feature of the disorder. The
astrocytic  syncytium’s  ability to  modulate
neurotransmitter clearance and cerebral blood flow
further underscores its relevance in diseases
characterized by  cognitive and  affective
dysregulation. As psychiatric disorders become
increasingly recognized as
dysfunctions, the contribution of glial networks,
especially astrocytic ones, becomes essential to
understanding disease mechanisms and designing
targeted therapies [3].

network-based

Beyond molecular and functional alterations, the
spatial and temporal dynamics of astrocytic networks
offer deeper insights into their pathological roles.
Recent advances in two-photon microscopy and
genetically encoded calcium indicators have enabled
the visualization of astrocytic activity in vivo,
revealing distinct spatiotemporal patterns across
different brain states. For example, astrocytic calcium
waves are more prominent during sleep and have
been implicated in the clearance of metabolic waste,
including amyloid-beta. In sleep disorders and
neurodegenerative diseases, disruption of these
waves  corresponds to  impaired clearance
mechanisms and increased accumulation of
neurotoxic proteins. Similarly, in models of chronic
stress, astrocytes exhibit diminished calcium
signaling, potentially altering their support to neurons
and influencing stress responses. These findings
underscore the critical role of astrocytic dynamics in
maintaining neural homeostasis and the consequences
of their dysregulation in both structural and
functional terms [4].

Therapeutically, targeting astrocytic networks opens
new possibilities for modulating brain function.
Traditional pharmacological approaches have largely
focused on neurons, often overlooking the glial
contributions to disease. However, novel strategies

such as designer receptors exclusively activated by
designer drugs (DREADDSs), optogenetics, and viral
gene delivery systems now allow for precise
manipulation of astrocytic activity. For instance,
selectively enhancing astrocytic glutamate uptake
through gene therapy has shown promise in reducing
excitotoxicity in models of ALS and stroke.
Likewise, interventions aimed at modulating gap
junction communication within astrocytic networks
could potentially restore homeostatic balance in
epileptic tissue. Moreover, enhancing astrocyte-
mediated neuroprotection and metabolic support has
emerged as a potential approach in treating
psychiatric disorders, where neuronal metabolism
and synaptic plasticity are often impaired. As the
tools for glial manipulation continue to evolve,
astrocytes are no longer peripheral players but central
therapeutic targets in the quest to understand and
treat brain disorders [5].

Conclusion

The once-overlooked astrocyte has emerged as a key
player in the intricate web of brain function and
dysfunction. Astrocytic networks, characterized by
complex calcium signaling and extensive intercellular
communication, are intimately involved in
modulating synaptic transmission, neurovascular
function, and metabolic balance. In both neurological
and psychiatric disorders, disturbances in astrocytic
function—whether through reactive gliosis, impaired
gliotransmission, or network desynchronization—
have profound implications for disease onset,
progression, and symptomatology. From epilepsy and
Alzheimer’s disease to depression and schizophrenia,
the functional state of astrocytic networks offers both
a window into disease mechanisms and a platform for
innovative therapeutic strategies. With the advent of
advanced imaging and molecular tools, the ability to
decode and modulate these networks is more
accessible than ever. As neuroscience continues to
embrace a more holistic view of brain function,
astrocytes and their networks are rightfully gaining
prominence as vital components of both health and
disease. Their study not only deepens our
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understanding of brain complexity but also opens
new avenues for treating some of the most

challenging brain disorders.
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