
1© Copyright IT Medical Team | This article is available in: https://www.itmedicalteam.pl/health-science.html 

Health Science Journal
ISSN 1791-809X

IT Medical Team
https://www.itmedicalteam.pl/

Role of Neuroinflammation in Alzheimer’s 
disease

Abstract
Alzheimer’s disease (AD) is a complex neurodegenerative disorder characterized by cognitive 
decline, memory loss, and the accumulation of amyloid-beta plaques and tau tangles. 
Emerging evidence highlights the critical role of neuroinflammation in the pathogenesis 
of AD. Neuroinflammation, primarily mediated by glial cells, can exacerbate neuronal 
damage and contribute to the progression of the disease. This article reviews the current 
understanding of neuroinflammation in Alzheimer’s disease, including its mechanisms, the 
involvement of various cell types, and the potential therapeutic implications of targeting 
neuroinflammatory pathways.
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Introduction
Alzheimer’s disease (AD) is the most common form of dementia, 
affecting millions worldwide. As a multifaceted disorder, AD is 
characterized by cognitive deficits, memory impairment, and 
significant behavioral changes. The pathophysiology of AD involves 
several interrelated processes, including the accumulation 
of amyloid-beta (Aβ) plaques and hyperphosphorylated tau 
protein tangles, leading to synaptic dysfunction and neuronal 
loss. In recent years, neuroinflammation has emerged as a 
critical component in the development and progression of AD. 
Neuroinflammation refers to the inflammatory response within 
the central nervous system (CNS) and involves the activation of 
glial cells, such as microglia and astrocytes [1]. This article aims 
to explore the role of neuroinflammation in Alzheimer’s disease, 
emphasizing its mechanisms, cellular involvement, and potential 
therapeutic strategies.

Neuroinflammation and Its 
Mechanisms
Activation of Glial Cells
The primary mediators of neuroinflammation are glial cells, 
including microglia and astrocytes. Under physiological 
conditions, microglia serve as the resident immune cells of the 
CNS, constantly monitoring the environment for signs of damage 
or infection [2]. In AD, microglia become activated in response to 
Aβ accumulation and tau pathology. Activated microglia release 
pro-inflammatory cytokines, reactive oxygen species (ROS), and 

other neurotoxic factors that can contribute to neuronal damage. 
Astrocytes, the most abundant glial cells in the CNS, also play 
a dual role in neuroinflammation. Under normal conditions, 
astrocytes support neuronal health and maintain homeostasis 
[3]. However, in AD, reactive astrocytes can adopt a neurotoxic 
phenotype, secreting inflammatory mediators that exacerbate 
neuroinflammation and neuronal injury. The activation of these 
glial cells is associated with a dysregulation of the inflammatory 
response, which can lead to chronic neuroinflammation and 
contribute to the progression of AD.

Cytokine Release
Activated microglia and astrocytes produce a variety of pro-
inflammatory cytokines, including tumor necrosis factor-alpha 
(TNF-α), interleukin-1 beta (IL-1β), and interleukin-6 (IL-6). These 
cytokines are key players in neuroinflammatory processes and 
can disrupt neuronal signaling, leading to synaptic dysfunction 
and cognitive decline. Elevated levels of these cytokines have 
been detected in the brains of AD patients and are correlated 
with disease severity [4]. Moreover, chronic neuroinflammation 
can create a vicious cycle, where inflammation leads to further 
neuronal damage, which in turn promotes more inflammation. This 
sustained inflammatory environment can hinder neuroprotective 
mechanisms and exacerbate neurodegeneration.

Amyloid-Beta and Tau Interaction
The relationship between neuroinflammation and the 
accumulation of Aβ and tau is intricate. Aβ plaques can trigger 
microglial activation, resulting in the release of inflammatory 
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mediators that can enhance tau phosphorylation. Conversely, 
tau pathology can also promote neuroinflammatory responses, 
creating a bidirectional interaction that accelerates disease 
progression [5]. Studies have shown that targeting Aβ-related 
neuroinflammation can reduce tau pathology and improve 
cognitive function in animal models of AD, suggesting a potential 
therapeutic avenue.

The Impact of Neuroinflammation on 
Neurodegeneration
Synaptic Dysfunction
Neuroinflammation has a profound impact on synaptic integrity. 
Pro-inflammatory cytokines can disrupt synaptic plasticity, which 
is crucial for learning and memory. Inflammatory mediators 
can impair long-term potentiation (LTP) and promote long-
term depression (LTD), leading to synaptic loss and cognitive 
decline. Research has demonstrated that elevated levels of 
TNF-α in the brain can lead to impaired synaptic transmission, 
ultimately contributing to the cognitive deficits observed in AD. 
The loss of synapses correlates with the severity of cognitive 
impairment in patients, highlighting the importance of targeting 
neuroinflammation to preserve synaptic function.

Neuronal Cell Death
Chronic neuroinflammation can lead to neuronal cell death through 
several mechanisms, including oxidative stress, excitotoxicity, and 
apoptosis [6]. Activated microglia produce ROS and nitric oxide 
(NO), which can cause oxidative damage to neurons. Furthermore, 
the release of glutamate, an excitatory neurotransmitter, can lead 
to excitotoxicity, resulting in neuronal death. Research indicates 
that reducing neuroinflammation can protect against neuronal loss. 
For instance, anti-inflammatory treatments have shown promise in 
reducing neuronal apoptosis in preclinical models of AD, suggesting 
that controlling neuroinflammation could be a viable strategy to 
slow disease progression.

Therapeutic Implications
Anti-Inflammatory Strategies
Given the central role of neuroinflammation in AD, several 

therapeutic strategies aim to target inflammatory pathways. 
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been 
investigated for their potential to reduce the risk of developing 
AD, though clinical results have been mixed. More targeted 
approaches involve the use of monoclonal antibodies to neutralize 
pro-inflammatory cytokines or inhibit microglial activation [7]. 
For example, therapies targeting IL-1β and TNF-α have shown 
promise in reducing neuroinflammation and improving cognitive 
function in preclinical models.

Modulating Microglial Activation
Another therapeutic strategy focuses on modulating microglial 
activation. Certain compounds, such as minocycline and curcumin, 
have demonstrated the ability to inhibit microglial activation 
and exert neuroprotective effects. These agents may reduce the 
inflammatory response while preserving the beneficial functions 
of microglia.

Lifestyle Interventions
In addition to pharmacological approaches, lifestyle interventions 
such as diet, exercise, and cognitive training may play a role in 
modulating neuroinflammation [8]. Diets rich in omega-3 fatty 
acids, antioxidants, and anti-inflammatory compounds have been 
associated with reduced inflammation and cognitive benefits 
in aging populations. Regular physical activity is also linked to 
reduced levels of pro-inflammatory markers and improved 
cognitive function.

Conclusion
Neuroinflammation is a critical factor in the pathogenesis of 
Alzheimer’s disease, contributing to synaptic dysfunction, 
neuronal death, and disease progression. The complex interplay 
between neuroinflammation, amyloid-beta, and tau pathology 
underscores the need for targeted therapeutic strategies aimed 
at modulating inflammatory responses. As research continues 
to unravel the mechanisms of neuroinflammation in AD, novel 
interventions have the potential to enhance patient outcomes 
and alter the disease trajectory. Future studies should focus on 
integrating anti-inflammatory approaches with existing therapies 
to develop a comprehensive treatment paradigm for Alzheimer’s 
disease.
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