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Introduction 

Neuroinflammation is an immune response within 

the central nervous system (CNS) that plays a 

critical role in maintaining neural homeostasis and 

defending against pathogens. While the CNS was 

long considered an immune-privileged site, recent 

research has shown that immune cells and signaling 

molecules actively participate in brain physiology and 

pathology. Neuroinflammation can be triggered by 

infections, traumatic injuries, toxic metabolites, or 

neurodegenerative processes, leading to the activation 

of microglia, astrocytes, and endothelial cells. This 

response is essential for clearing damaged cells and 

initiating repair; however, excessive or chronic 

neuroinflammation can contribute to neuronal 

dysfunction and cell death. [1]. 

At the cellular level, microglia act as the primary 

immune responders in the CNS. Upon detecting 

damage-associated or pathogen-associated molecular 

patterns, microglia transition from a resting state to an 

activated phenotype, releasing pro-inflammatory 

cytokines such as interleukin-1β, tumor necrosis 

factor-alpha, and chemokines. Astrocytes, 

traditionally viewed as support cells, also play a 

pivotal role by modulating synaptic function and 

maintaining the blood-brain barrier. Activated 

astrocytes release additional inflammatory mediators, 

which can either promote tissue repair or exacerbate 

neuronal injury depending on the context and 

duration of activation. [2]. 

Neuroinflammation is closely linked to various 

neurodegenerative disorders, including Alzheimer’s 

disease, Parkinson’s disease, and multiple sclerosis. 

In Alzheimer’s disease, chronic activation of 

microglia and astrocytes around amyloid-beta 

plaques contributes to neuronal damage and 

cognitive decline. Similarly, in Parkinson’s disease, 

inflammatory responses within the substantia nigra 

accelerate dopaminergic neuron loss. Multiple 

sclerosis represents a unique case where auto- 

reactive immune cells infiltrate the CNS, causing 

demyelination and axonal injury. These examples 

highlight how neuroinflammation is not merely a 

bystander effect but a driving factor in disease 

progression. [3]. 

The molecular mechanisms underlying 

neuroinflammation involve complex signaling 

pathways, including the NF-κB, JAK-STAT, and 

NLRP3 inflammasome pathways. These pathways 

regulate the expression of cytokines, chemokines, 

and adhesion molecules, influencing immune cell 

recruitment and activation. Dysregulation of these 

signaling networks can perpetuate chronic 

inflammation, contributing to neuronal 

degeneration and synaptic dysfunction. Recent 

studies have emphasized the importance of 

balancing pro-inflammatory and anti-inflammatory 

signaling to prevent excessive damage while 

supporting tissue repair. [4]. 

Environmental and lifestyle factors also influence 

neuroinflammatory responses. Chronic stress, poor 

diet, infections, and exposure to environmental 

toxins can prime microglia and astrocytes, 

increasing their sensitivity to subsequent insults. 

Conversely, physical exercise, cognitive 

stimulation, and certain dietary components, such 

as omega-3 fatty acids, have been shown to exert 

anti-inflammatory effects in the CNS. 

Understanding these modulatory factors offers 

avenues for preventive strategies that could reduce 

the risk or severity of neuroinflammatory disorders. 

[5]. 

Conclusion 

Neuroinflammation represents a double-edged 

sword in the CNS, balancing protective immune 
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responses with potential neuronal damage when 

dysregulated. Understanding the cellular and 

molecular mechanisms of neuroinflammation, 

along with its environmental modulators, is critical 

for developing effective therapies. Advances in 

targeted interventions and personalized approaches 

hold promise for mitigating the detrimental effects 

of chronic neuroinflammation and improving 

outcomes in neurodegenerative and neuroimmune 

disorders. 
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