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Introduction

Neuroinflammation is a complex biological
response of the central nervous system (CNS) to
various insults, including infections, traumatic
injuries, toxic metabolites, and neurodegenerative
processes. While acute neuroinflammation serves a
protective role by eliminating pathogens and
promoting tissue repair, chronic or excessive
neuroinflammatory responses are increasingly
recognized as contributors to a wide range of
neurological disorders. The interplay between
immune cells, neurons, and glial cells forms the
foundation of neuroinflammatory mechanisms,
which can profoundly influence brain function and
overall neural health. [1].

Microglia, the resident immune cells of the CNS,
are central mediators of neuroinflammation. Under
normal conditions, microglia maintain tissue
homeostasis by clearing debris and secreting
neurotrophic factors. However, in response to
harmful stimuli, these cells become activated,
producing pro-inflammatory cytokines,
chemokines, and reactive oxygen species. This
activation triggers a cascade of events, including
astrocyte activation and recruitment of peripheral
immune cells, which amplifies the inflammatory
response. While such mechanisms are essential for
acute defense, prolonged activation can lead to
neuronal damage and synaptic dysfunction. [2].

Astrocytes, another critical glial cell type,
contribute both to the protective and detrimental
aspects of neuroinflammation. They support
neuronal metabolism, maintain the blood-brain
barrier, and modulate synaptic activity. During
neuroinflammation, astrocytes adopt a reactive
phenotype, releasing inflammatory mediators that

can exacerbate neuronal injury. Moreover,
persistent astrocytic activation can interfere with
neuronal regeneration and plasticity, highlighting
the delicate balance between protective and
harmful effects in the CNS.[3].

Neuroinflammation is increasingly implicated in
the pathogenesis of various neurodegenerative
diseases, such as Alzheimer’s disease,
Parkinson’s disease, multiple sclerosis, and
amyotrophic lateral sclerosis. In Alzheimer’s
disease, for instance, the accumulation of
amyloid-beta plaques activates microglia and
astrocytes, leading to chronic inflammatory
signaling that accelerates neuronal death.
Similarly, in multiple sclerosis, immune-
mediated  neuroinflammation  results  in
demyelination and axonal injury, contributing to
progressive neurological deficits. These insights
underscore  the importance of targeting
neuroinflammatory  pathways in  disease
management. [4].

Advancements in neuroimaging and molecular
techniques have enhanced our understanding of
neuroinflammation and its biomarkers. Positron
emission tomography (PET) and magnetic
resonance imaging (MRI) allow visualization of
glial activation and inflammatory processes in
vivo, providing valuable diagnostic and
prognostic information. Additionally, molecular
studies have identified key signaling pathways,
such as NF-xB, NLRP3 inflammasome, and
cytokine networks, that mediate
neuroinflammatory responses. These discoveries
offer promising avenues for the development of
therapeutic interventions aimed at modulating
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inflammation without compromising essential
immune functions. [5].

Conclusion

Therapeutic strategies targeting neuroinflammation
focus on reducing chronic glial activation,
regulating cytokine release, and promoting
neuroprotection. Anti-inflammatory drugs,
immunomodulatory agents, and emerging biologics
are being explored to mitigate the detrimental
effects of sustained inflammation. Furthermore,
lifestyle interventions, including diet, exercise, and
stress management, have shown potential in
modulating neuroinflammatory pathways.
Understanding the dual nature of
neuroinflammation—as both a protective and
harmful process is essential for designing effective
treatments that preserve neural integrity while
countering disease progression.
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