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Introduction

Neuroinflammation has emerged as a pivotal factor in the pathogenesis of a
spectrum of neurodegenerative diseases, underscoring the urgent need for effec-
tive therapeutic interventions. Targeting these inflammatory pathways presents a
highly promising avenue for developing novel treatments that can halt or signifi-
cantly slow disease progression [1].

Microglia, the brain’s resident immune cells, play a complex and intricate role in the
inflammatory milieu associated with neurodegeneration. Understanding their acti-
vation states and their contribution to disease pathogenesis is crucial for devising
strategies to promote neuroprotection [2].

The inflammasome, a multi-protein complex integral to innate immunity, has been
identified as a key mediator of inflammation in the central nervous system. Its
dysregulation is implicated in exacerbating neuronal damage in neurodegenera-
tive conditions, making it a significant therapeutic target [3].

Astrocytes, another critical glial cell population, are increasingly recognized for
their dual role in neuroinflammation. While they can contribute to inflammatory
processes, they also possess the capacity to promote resolution and neuroprotec-
tion, offering multifaceted therapeutic opportunities [4].

The complement system, a cornerstone of the innate immune response, is also
implicated in the inflammatory cascades that drive neurodegeneration. Aberrant
activation of this system can lead to significant neuronal damage, highlighting the
potential of complement inhibitors as therapeutic agents [5].

The integrity of the blood-brain barrier (BBB) is paramount for maintaining brain
homeostasis and preventing the entry of harmful substances and cells. Dysfunction
of the BBB can facilitate neuroinflammation, thereby contributing to the progres-
sion of neurodegenerative diseases [6].

Specific cytokine pathways, such as those involving TNF-� and IL-1�, are central
to the inflammatory response in neurodegenerative disorders. Therapies aimed at
neutralizing these pro-inflammatory cytokines hold significant promise for mitigat-
ing pathological processes [7].

Chronic stress, a pervasive environmental factor, has been linked to heightened
neuroinflammatory responses that can accelerate the pathogenesis of neurode-
generative diseases. Understanding this complex interplay may pave the way for
stress-management strategies as adjunct therapies [8].

Oxidative stress and the resulting production of reactive oxygen species (ROS)
are intrinsically linked to neuroinflammation and neuronal damage. Therapeutic
strategies targeting ROS and oxidative stress pathways are being explored for
their potential to ameliorate neurodegenerative conditions [9].

Finally, the effective delivery of therapeutic agents to the central nervous system re-

mains a significant challenge. Novel drug delivery systems are being developed to
enhance the targeted delivery of anti-neuroinflammatory agents across the blood-
brain barrier, aiming to improve efficacy and reduce side effects [10].

Description

Neuroinflammation stands as a critical determinant in the progression of various
neurodegenerative diseases, positioning themodulation of inflammatory pathways
as a prime therapeutic strategy. Research highlights the involvement of key inflam-
matory mediators and cellular actors, alongside an exploration of small molecule
and biologic approaches to combat neuroinflammation and mitigate disease ad-
vancement in conditions like Alzheimer’s, Parkinson’s, and ALS [1].

The central nervous system’s resident immune cells, microglia, are central to the
intricate inflammatory processes that underpin neurodegeneration. Studies are
elucidating how specific microglial activation states contribute to disease initia-
tion and progression, alongside strategies focused on reprogramming these cells
towards a neuroprotective phenotype, which is considered a potent therapeutic
avenue [2].

The inflammasome, a multi-protein complex integral to innate immunity, is increas-
ingly implicated in the inflammatory milieu of neurodegenerative conditions. Its
activation triggers the release of pro-inflammatory cytokines, thereby escalating
neuronal damage, and targeting specific inflammasome components is being in-
vestigated as a viable therapeutic intervention [3].

Astrocytes, vital glial cells in the brain, play a multifaceted role in neuroinflamma-
tion and neurodegenerative processes. Their reactive states can either promote or
resolve inflammation, and therapeutic strategies are being developed to modulate
astrocytic functions to reduce neurotoxicity and enhance neuronal survival [4].

The complement system, a critical effector of innate immunity, is being inves-
tigated for its role in neuroinflammation and neurodegeneration. Dysregulation
within this system contributes to inflammatory damage, and the potential of com-
plement inhibitors is being evaluated as a therapeutic strategy [5].

The blood-brain barrier (BBB), essential for maintaining central nervous system
integrity, is intrinsically linked to neuroinflammation. BBB dysfunction can allow
inflammatory mediators and cells to infiltrate the brain, exacerbating neurodegen-
eration, and interventions aimed at restoring BBB function are under consideration
[6].

Targeting specific cytokine pathways, such as those involving TNF-� and IL-1�,
represents a significant therapeutic approach for neuroinflammatory disorders. Ex-
isting and investigational therapies designed to neutralize these pro-inflammatory
cytokines are reviewed for their potential to alleviate neurodegenerative pathology
[7].

Page 1 of 2



Nguyen T. Hana J Biomed Pharm Sci, Volume 8:6, 2025

Chronic stress and its associated neuroinflammatory consequences are critically
examined for their contribution to neurodegenerative disease pathogenesis. The
molecular mechanisms linking stress to inflammation are being elucidated, and
stress-management strategies are being explored as potential adjunct therapeutic
modalities [8].

Reactive oxygen species (ROS) and the broader concept of oxidative stress are
deeply intertwined with neuroinflammation, contributing significantly to neuronal
damage. The therapeutic potential of antioxidants and other ROS-modulating
agents is being evaluated in the context of neurodegenerative diseases [9].

Enhancing the therapeutic impact of anti-neuroinflammatory agents necessitates
innovation in drug delivery. Advanced systems, including nanoparticles and lipo-
somes, are being developed to facilitate targeted delivery across the blood-brain
barrier, aiming to increase drug concentration at inflammatory sites and minimize
off-target effects [10].

Conclusion

Neuroinflammation is a key driver of neurodegenerative diseases, with microglia,
astrocytes, and the complement system playing significant roles. Targeting inflam-
matory pathways, including inflammasomes and specific cytokines, offers thera-
peutic promise. Blood-brain barrier integrity and the interplay between chronic
stress and inflammation are also critical factors. Oxidative stress contributes to
neuroinflammation and neuronal damage. Novel drug delivery systems are being
developed to improve the efficacy of anti-neuroinflammatory treatments.
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