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Description

Neural circuits are the fundamental
organizational units of the nervous system,
forming networks of interconnected neurons
that process information and control behavior.
They are essential for coordinating sensory
input, motor output, cognition and emotion.
Understanding neural circuits is crucial not only
for comprehending normal brain function but
also for diagnosing and treating neurological
and psychiatric disorders. Neural circuits
consist of groups of neurons that communicate
through synapses to perform specific functions.
These circuits vary in complexity, ranging
from simple reflex arcs to highly intricate
networks involved in learning, memory and
decision making. The simplest circuits, such
as those mediating reflexes, involve only a
few neurons. The knee jerk reflex is controlled
by a circuit comprising sensory neurons,
interneurons in the spinal cord and motor
neurons, allowing rapid involuntary responses
to stimuli. More complex circuits are organized
in layers or modules within different regions of
the brain. In the cerebral cortex, for instance,
neurons are arranged into columns that process
sensory information and generate appropriate
motor commands. The hippocampus contains
neural circuits essential for memory formation
and spatial navigation, while the basal ganglia
contribute to motor control and habit formation.
Each neural circuit has specialized roles,
yet circuits do not operate in isolation they

interact with other circuits, forming integrated
networks that support higher order cognitive
functions. The functioning of neural circuits
relies on the electrical and chemical properties
of neurons. Neurons transmit signals through
action potentials, which travel along axons to
presynaptic terminals.

At synapses, neurotransmitters are released
into the synaptic cleft, binding to receptors
on postsynaptic neurons and influencing their
activity. Excitatory and inhibitory signals
within a circuit determine whether downstream
neurons will fire, shaping the overall output of
the network. Plasticity, the ability of neural
circuits to change in response to experience, is
a key feature that allows the nervous system
to adapt to environmental demands. Synaptic
plasticity, including long term potentiation
and long term depression, modifies the
strength of connections between neurons,
supporting learning and memory. Moreover,
structural plasticity can lead to the formation
of new synapses or the pruning of existing
ones, reflecting the nature of neural circuits.
Neural circuits underlie virtually all aspects
of behavior and cognition. Sensory circuits
process external stimuli, enabling perception of
the environment, while motor circuits translate
these perceptions into coordinated movements.
Circuits within the limbic system regulate
emotions, reward processing and motivation
and disruptions in these circuits can contribute
to mood disorders, addiction and anxiety.
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Cognitive functions such as attention, decision
making and working memory are supported
by distributed neural circuits that integrate
information across multiple brain regions.

Disruptions or malfunctions in neural circuits
are associated with a range of neurological and
psychiatric conditions. In Parkinson’s disease,
degeneration of dopaminergic neurons in the
basal ganglia alters motor circuits, leading
to tremors, rigidity and impaired movement.
Schizophrenia has been linked to abnormalities
in prefrontal cortical circuits, affecting
cognition and emotional regulation. Epilepsy
arises from hyperexcitable neural circuits,
which generate abnormal synchronous activity
in the brain. Recent technological advances,
such as optogenetics, functional imaging and

connectomics, have transformed our ability
to study neural circuits. Optogenetics allows
researchers to manipulate the activity of
specific neurons within a circuit with high
precision, providing insights into the causal
relationship between circuit function and
behavior. Functional imaging techniques,
including functional MRI and calcium
imaging, enable visualization of circuit
activity in living brains. Connectomics, the
mapping of all neural connections within a
brain, aims to create comprehensive circuit
diagrams, offering unprecedented insights into
brain organization. Neural circuits form the
backbone of brain function, linking perception,
action, cognition and emotion.
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