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Abstract

Neural circuits must maintain stability while remaining
flexible enough to encode new information.
Homeostatic synaptic plasticity is a regulatory
mechanism that ensures this balance by adjusting
synaptic strength in response to prolonged changes in
neuronal activity. Unlike Hebbian plasticity, which
reinforces  activity-dependent synaptic changes,
homeostatic processes act globally or locally to
stabilize network function and prevent runaway
excitation or depression. Thisarticle explores the
molecular and cellular mechanisms underlying
homeostatic synaptic plasticity, including synaptic
scaling, intrinsic excitability adjustments, and the role
of glial cells. It also highlights the importance of these
processes in development, learning, and neurological
disorders. Understanding homeostatic plasticity
provides critical insight into how the brain preserves
functional equilibrium while adapting to an ever-
changing environment

Introduction

The human brain is a dynamic organ capable of
adapting to new experiences through synaptic
plasticity. ~ While mechanisms like long-term
potentiation (LTP) and long-term depression (LTD)
strengthen or weaken specific synapses based on
activity, they can destabilize neural circuits if left
unchecked. Homeostatic synaptic plasticity serves as a
counterbalancing system, maintaining overall neural
activity within an optimal range. This ensures that
neurons neither become hyperactive nor fall silent,
preserving functional integrity

Concept and Principles

Homeostatic synaptic plasticity refers to the ability of
neurons to regulate their own activity levels over time.
When neuronal activity is chronically reduced, synaptic
strengths are upregulated to compensate. Conversely,
when activity is excessive, synaptic

strengths are downregulated. This negative feedback
mechanism operates across entire networks or within
individual synapses, ensuring stability without
disrupting information storage

A key principle is that homeostatic plasticity works on
slower timescales compared to Hebbian plasticity.
While Hebbian changes occur rapidly in response to
specific stimuli, homeostatic adjustments unfold over
hours to days, reflecting long-term activity trends

Mechanisms of Homeostatic Synaptic Plasticity

1 Synaptic Scaling

Synaptic scaling is one of the most studied forms of
homeostatic plasticity. It involves the uniform
adjustment of synaptic strengths across all of a
neuron’s synapses.

e Upscaling: Occurs when activity is low,
increasing receptor density (especially AMPA
receptors) at synapses.

e Downscaling: Occurs when activity is high,
reducing receptor density to prevent
overexcitation
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This process preserves the relative differences
between synapses, allowing learning-related changes
to remain intact.

2. Regulation of Intrinsic Excitability

Neurons can also adjust their intrinsic properties to
maintain stable firing rates. This includes changes in
ion channel expression and membrane properties. For
example:

e Increased sodium channel expression can
enhance excitability.

e Increased potassium channel activity can
dampen neuronal firing

These intrinsic adjustments complement synaptic
changes to fine-tune neuronal responsiveness

3. Role of Neurotransmitter Receptors

Homeostatic plasticity often involves modulation of
neurotransmitter receptor trafficking and function.
AMPA and NMDA receptors play central roles in
excitatory synaptic transmission. Their insertion,
removal, or modification directly influences synaptic
strength.

4 Contribution of Glial Cells

Astrocytes and other glial cells actively participate in
maintaining synaptic homeostasis. They regulate
neurotransmitter levels, release signaling molecules,
and influence synaptic scaling. This highlights that
homeostatic plasticity is not solely a neuronal process
but involves complex cell-to-cell interactions.

Functional Significance

Stability of Neural Networks

Homeostatic plasticity prevents extreme states of
neural activity, such as hyperexcitability that could
lead to seizures or hypoactivity that could impair
function

Support for Learning and Memory

By stabilizing baseline activity, homeostatic
mechanisms allow Hebbian plasticity to encode new
information effectively without destabilizing the
network

Developmental Regulation
During brain development, homeostatic plasticity
ensures proper circuit formation by compensating

for changes in sensory input and neuronal growth
Clinical Implications

Disruptions in homeostatic synaptic plasticity have
been linked to several neurological and psychiatric
disorders, including:

e Epilepsy (excessive neuronal activity)

e  Autism spectrum disorders (altered synaptic
balance)

e Schizophrenia (impaired synaptic regulation)

o Neurodegenerative diseases such as
Alzheimer’s disease

Understanding these mechanisms may open pathways
for therapeutic interventions aimed at restoring neural
balance.

Conclusion

Homeostatic synaptic plasticity is essential for
maintaining the delicate balance between stability and
adaptability in the brain. By regulating synaptic
strength and neuronal excitability, it ensures that
neural circuits function efficiently despite continuous
changes in activity. As research advances, uncovering
the complexities of these mechanisms will deepen our
understanding of brain function and offer new
strategies for treating neurological disorders.
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