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Introduction

This study explores how the activity of neural circuits influences the devel-
opment and diversity of interneurons in the cortex. They show that specific
activity patterns are crucial for shaping the distinct types of interneurons,
which are fundamental for balanced circuit function. Understanding this
mechanism offers new perspectives on developmental disorders linked to
cortical circuit dysfunction [1].

This research demonstrates a direct causal link between the synchronized
electrical activity (phase synchronization) between the prefrontal cortex
and the hippocampus and the process of memory formation. Using targeted
interventions, the team showed that manipulating this synchrony could en-
hance or impair memory, highlighting a critical mechanism in how the brain
encodes new information [2].

This review synthesizes how optogenetic techniques have revolutionized
our understanding of sensory processing and behavior. It covers how re-
searchers can precisely control neural activity to dissect the circuits under-
lying perception, decision-making, and motor control, offering a powerful
toolkit for causal investigations in neurophysiology [3].

This article delves into the complex neural circuits involved in chronic pain,
from peripheral sensitization to central nervous system maladaptations. It
highlights recent advances in identifying specific neuronal pathways and
molecular mechanisms that contribute to the persistence of pain, and dis-
cusses potential targets for therapeutic interventions [4].

This paper discusses the latest advancements in brain-computer interfaces
(BCIs) aimed at restoring motor function for individuals with paralysis. It
focuses on how neurophysiological signals are decoded and translated into
control commands, highlighting the progress in BCI performance, user ex-
perience, and the underlying neuroscientific principles enabling more nat-

ural and intuitive control [5].

This review explores the common theme of aberrant neural circuit function
in various neurodevelopmental disorders, such as autism spectrum disorder
and schizophrenia. It synthesizes evidence pointing to specific circuit-level
disruptions and discusses how these insights are guiding the development of
novel therapeutic strategies targeting underlying neurophysiological mech-
anisms [6].

This article highlights the often-underestimated role of glial cells, particu-
larly astrocytes, in regulating neurovascular coupling — the process linking
neuronal activity to local changes in blood flow. It details the mechanisms
by which glia sense neuronal activity and modulate cerebral blood flow,
emphasizing their crucial contribution to brain energy supply and overall
neurophysiological function [7].

This review explores the neurophysiological mechanisms underlying mul-
tisensory integration, the brain’s ability to combine information from dif-
ferent sensory modalities to form a coherent perception of the world. It
discusses how various brain regions process and merge sensory inputs, and
how dysfunctions in these processes can contribute to disorders like autism
or schizophrenia, offering pathways for clinical intervention [8].

This article examines how changes in brain oscillations, the rhythmic elec-
trical activity of neuronal networks, contribute to age-related cognitive de-
cline. It provides a circuit-level perspective, detailing how altered syn-
chrony and power of specific brain rhythms impact processes like memory
and attention, suggesting potential targets for interventions to maintain cog-
nitive function in aging [9].

This review provides a comprehensive look at the neurobiological under-
pinnings of addiction, focusing on the brain’s reward circuits and the mech-
anisms driving drug-seeking behavior and relapse. It synthesizes recent
findings on neuroadaptations in key brain regions and discusses how these
insights inform the development of strategies for preventing relapse and
treating addiction effectively [10].

Description

This foundational work explores how specific activity patterns are crucial
for shaping distinct types of interneurons, which are fundamental for bal-
anced cortical circuit function. Understanding this mechanism offers new
perspectives on developmental disorders linked to cortical circuit dysfunc-
tion [1]. Similarly, the common theme of aberrant neural circuit function
in various neurodevelopmental disorders, such as autism spectrum disor-
der and schizophrenia, is extensively reviewed [6]. Research synthesizes
evidence pointing to specific circuit-level disruptions, guiding the develop-
ment of novel therapeutic strategies targeting underlying neurophysiologi-
cal mechanisms.
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A direct causal link has been demonstrated between synchronized electrical
activity (phase synchronization) in the prefrontal cortex and hippocampus
and the process of memory formation [2]. Manipulating this synchrony can
enhance or impair memory, highlighting a critical mechanism in how the
brain encodes new information. Optogenetic techniques have revolution-
ized our understanding of sensory processing and behavior [3], covering
how researchers precisely control neural activity to dissect circuits under-
lying perception, decision-making, and motor control, offering a power-
ful toolkit for causal investigations in neurophysiology. Furthermore, the
neurophysiological mechanisms underlying multisensory integration—the
brain’s ability to combine information from different sensory modalities
to form a coherent perception of the world—are thoroughly explored [8].
This includes discussions on how various brain regions process and merge
sensory inputs, and how dysfunctions in these processes can contribute to
disorders like autism or schizophrenia, offering pathways for clinical inter-
vention.

Delving into the complex neural circuits involved in chronic pain, from
peripheral sensitization to central nervous system maladaptations, reveals
recent advances in identifying specific neuronal pathways and molecular
mechanisms that contribute to its persistence [4]. This work discusses po-
tential targets for therapeutic interventions. Simultaneously, the latest ad-
vancements in Brain-Computer Interfaces (BCls) aimed at restoring motor
function for individuals with paralysis are detailed [5]. It focuses on how
neurophysiological signals are decoded and translated into control com-
mands, highlighting progress in BCI performance, user experience, and
the underlying neuroscientific principles enabling more natural and intu-
itive control.

The often-underestimated role of glial cells, particularly astrocytes, in reg-
ulating neurovascular coupling—the process linking neuronal activity to
local changes in blood flow—is brought to light [7]. The mechanisms by
which glia sense neuronal activity and modulate cerebral blood flow are
detailed, emphasizing their significant contribution to brain energy supply
and overall neurophysiological function.

Changes in brain oscillations, the rhythmic electrical activity of neuronal
networks, contribute to age-related cognitive decline [9]. This perspective
details how altered synchrony and power of specific brain rhythms impact
processes like memory and attention, suggesting potential targets for inter-
ventions to maintain cognitive function in aging. Lastly, a comprehensive
review provides insights into the neurobiological underpinnings of addic-
tion, focusing on the brain’s reward circuits and mechanisms driving drug-
seeking behavior and relapse [10]. It synthesizes recent findings on neu-
roadaptations in key brain regions and discusses how these insights inform
the development of strategies for preventing relapse and treating addiction
effectively.

Conclusion

This collection of research highlights critical advancements in understand-

ing neurophysiological mechanisms across various brain functions and dis-
orders. Studies delve into how neural circuit activity shapes interneuron
diversity in cortical development [1] and the causal role of prefrontal-
hippocampal phase synchronization in memory formation [2]. Optogenetic
techniques are revolutionizing investigations into sensory processing and
behavior by allowing precise control over neural activity [3]. The complex
neural circuits underpinning chronic pain and potential therapeutic targets
are being elucidated [4], alongside significant progress in Brain-Computer
Interfaces for restoring motor function [5]. Aberrant neural circuit function
is identified as a key factor in neurodevelopmental disorders such as autism
and schizophrenia, guiding new therapeutic strategies [6]. Glial cells, par-
ticularly astrocytes, are gaining recognition for their crucial role in regu-
lating neurovascular coupling and cerebral blood flow [7]. Furthermore,
research explores multisensory integration mechanisms and their clinical
relevance to disorders like autism or schizophrenia [8]. The impact of
changes in brain oscillations on age-related cognitive decline is examined
from a circuit perspective [9]. Lastly, the neurobiological underpinnings
of addiction, focusing on reward circuits and relapse prevention, provide
comprehensive insights into effective treatment strategies [10].

References

1. Daniel AW, Alexander LF, Matthew RB. Activity-dependent regula-
tion of interneuron diversity in developing cortical circuits. Neuron.
2023;111:3602-3619.¢8.

2. Stefan ERDM, Peter JK, Robert TK. Causal role of prefrontal-hippocampal
phase synchronization in memory formation. Nat Neurosci. 2022;25:927-
936.

3. Karel S, Karl D, Ofer Y. Optogenetic insights into sensory processing and
behavior. Nat Rev Neurosci. 2021;22:467-482.

4. Ru-Rong J, David JC, Theodore JP. Neural circuit mechanisms of chronic
pain and its relief. Nat Rev Neurosci. 2024;25:327-347.

5. Chethan P, Aaron PB, Stephen IR. Next-generation brain-computer inter-
faces for restoring motor function. Nat Med. 2023;29:535-546.

6. Sirimon GR, Michael JO, Jeremy VV. Neurodevelopmental disorders: cir-
cuit dysfunction and therapeutic strategies. Neuron. 2020;106:712-726.

7. Eng-Ang Z, Jian-Guo Z, Bo X. Glia in the regulation of neurovascular cou-
pling and cerebral blood flow. Cell Mol Life Sci. 2021;78:4619-4633.

8. Lluis F, Gemma P, Marcel VD. Multisensory integration in the brain: From
basic mechanisms to clinical relevance. Prog Neurobiol. 2022;214:102283.

9. Robert JHV, Christian FB, Ole J. Aging and brain oscillations: a circuit per-
spective on cognitive decline. Trends Neurosci. 2019;42:273-286.

10. Marina EW, Yavin S, Peter WK. Neurobiology of addiction: from reward
circuits to relapse prevention. Neuron. 2023;111:3780-3796.

Cite this article: Patel R,(2025) Advancing Neurophysiology: Circuits, Functions, Disorders. jnn 16: 397. DOI:
10.35248/2332-2594.25.16.397



https://pubmed.ncbi.nlm.nih.gov/37883907/
https://pubmed.ncbi.nlm.nih.gov/37883907/
https://pubmed.ncbi.nlm.nih.gov/37883907/
https://pubmed.ncbi.nlm.nih.gov/35799042/
https://pubmed.ncbi.nlm.nih.gov/35799042/
https://pubmed.ncbi.nlm.nih.gov/35799042/
https://pubmed.ncbi.nlm.nih.gov/34045618/
https://pubmed.ncbi.nlm.nih.gov/34045618/
https://pubmed.ncbi.nlm.nih.gov/38622152/
https://pubmed.ncbi.nlm.nih.gov/38622152/
https://pubmed.ncbi.nlm.nih.gov/36829035/
https://pubmed.ncbi.nlm.nih.gov/36829035/
https://pubmed.ncbi.nlm.nih.gov/32497258/
https://pubmed.ncbi.nlm.nih.gov/32497258/
https://pubmed.ncbi.nlm.nih.gov/33765103/
https://pubmed.ncbi.nlm.nih.gov/33765103/
https://pubmed.ncbi.nlm.nih.gov/35680198/
https://pubmed.ncbi.nlm.nih.gov/35680198/
https://pubmed.ncbi.nlm.nih.gov/30732890/
https://pubmed.ncbi.nlm.nih.gov/30732890/
https://pubmed.ncbi.nlm.nih.gov/38061108/
https://pubmed.ncbi.nlm.nih.gov/38061108/

