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Abstract:
A serious, long-term degenerative neurological disease 
in humans is one definition of Alzheimer’s disease 
(AD). AD brain areas that are pathologically sensitive 
exhibit inflammation, and this inflammation carries with 
it all the complexity of peripheral local inflammatory 
responses. Degenerating tissue and the buildup of very 
insoluble aberrant materials are two traditional causes 
of peripheral inflammation. Nowadays, the inhibitors 
which were discovered before cannot have a good effect 
on the treatment to the growth of this disease. This 
article provides an overview of how microglia-mediated 
neuroinflammation affects AD, with particular attention 
to the pathogenic process of microglia, and the potential 
and recent developments in neuroinflammation as an 
AD diagnostic and treatment target. Therefore, even 
if clinical research and animal models are still in their 
infancy, they clearly imply that AD inflammation plays 
a major role in AD pathogenesis. Gaining more insight 
into the immunoregulatory and inflammatory mechanisms 
underlying AD should make it feasible to create anti-
inflammatory treatments that, while probably not curative, 
will at least assist postpone the start or decrease the 
disease’s terrible course.

Keywords: Alzheimer’s disease, neuroinflammation, 
microglia, treatment.

1. Introduction
Two basic theories are responsible for the develop-
ment of AD, one kind of dementia which are pro-
posed before the hyperphosphorylated tau protein 
and amyloid plaque, which is prevalent worldwide. 
These two disorders are the direct results of senile 
plaque (SP) and Neurofibrillary tangles (NFT). The 
“amyloid cascade hypothesis,” regarded as the most 
widely accepted biological mechanism of AD devel-

opment, while AD does not develop when adding 
Aβ to the brains of healthy mice or people who are 
healthy. In addition, the medical circumstances of 
AD patients could not be improved by removing 
Aβ from their brains. Therefore, this hypothesis still 
lacks sufficient evidence to support it, and research 
on the pathogenesis of AD needs to continue in order 
to find new targets for treatment [1].
At present, more and more research is being done 
on neuroinflammation as a possible treatment target 
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for AD [2]. Over forty loci have been identified as target 
genes associated with late-onset AD (LOAD) [3], with 
glial cells housing a large number of these genes, espe-
cially, microglia have been the major topic in the research 
which are naturally occurring immune cells within the 
CNS, constituting 5-10% of total CNS cells [4]. Nowa-
days, there are several drugs invented in order to prevent 
neuroinflammation. As an off-label tactic, some previous-
ly approved medications were also being evaluated for 
AD. In preclinical research, the calcium channel blocker 
antihypertensive medication nilvadipine showed anti-in-
flammatory and anti-tau efficacy in addition to reducing 
the generation of amyloid and increasing cerebral blood 
flow [5].
However, when a prolonged injury goes untreated, these 
responses can initially be neuroprotective but frequently 
end in detrimental, chronic neuroinflammation later on 
due to microglia that emit excessive amounts of pro-in-
flammatory proteins [2]. This review focuses on the 
mechanism of the neuroinflammatory hypothesis and This 
highlights the potential of targeting microglia and neu-
roinflammation as therapeutic and diagnostic approaches 
for the treatment of Alzheimer’s disease.

2. The Hypothesis of Neuroinflamma-
tion
Two types of neuropathologic changes that linked to Alz-
heimer’s disease are: (1) positive lesions which are char-
acterized by accumulating neuropil filaments, dystrophic 
neurites, amyloid plaques, NFTs, and other brain debris in 
people with AD. These changes provide insight into the 
progression of the disease and its associated symptoms. 
Additionally, two negative lesions, induced by neuronal 
loss, exhibit substantial atrophy due to the depletion of 
neurons, neuropils, and synapses. Furthermore, neurode-
generation may also be caused by other factors, including 
oxidative stress, neuroinflammation, and damage to cho-
linic neurons [6].

2.1 The Mechanism
When pathological lesions occurs in the peripheral ner-
vous system or the central nervous system, the brain 
responds by becoming inflamed. This process results in 
the production of various proinflammatory cytokines, 
including IL-6, IL-1β, IL-8, TNF and chemokines and 
cytokines of the complement system. Additionally, small 
molecule signaling molecules, such as prostaglandins and 
nitric oxide (NO), and reactive oxygen species (ROS) [3]. 
The brain’s acute infection often serves as the body’s de-
fense against stimuli, infections, and injury to the nervous 

system. On the other hand, chronic inflammation develops 
from acute inflammation over time in order to activate the 
neurological system. due to chronic inflammation may be 
released, exacerbating the inflammation, damaging neu-
rons, and resulting in a variety of pathological changes 
in the body [7]. Particularly during inflammation, body’s 
own bioactive lipids control a wide range of cellular and 
molecular processes associated with both health and ill-
ness. All major endogenous bioactive lipids have close 
connection with chronic inflammation such as AD. Since 
microglia produce and express more inflammatory cyto-
kines than other glial cells do, it is thought that microglia 
are the most important cause of inflammation in the brain. 
Furthermore, because of their many phenotypes, microglia 
have drawn the interest of medical experts more and more. 
Furthermore, microglia are linked to memory impairment, 
tau phosphorylation, and synaptic loss, which makes these 
biological processes the focus of growing amounts of re-
search on neuroinflammation in AD [3].

2.2 Microglia
Microglia, which began as mesoderm and moved to CNS 
throughout development, are CNS resident macrophages 
[8]. Microglia has essential effect of protection in CNS 
physiological processes and are thought to be a crucial 
defense to preserve equilibrium, serving as the body’s 
first line of defense is the innate immune system, regu-
lating the quantity of neurons within the CNS. Through 
brain-derived neurotrophic factor signaling, microglia 
support neuronal survival and differentiation during bodi-
ly development. They also play a role in the creation of 
learning-related synapses.
2.2.1 The Biomarkers

According to certain theories, microglia are important 
in AD, and the overexpression of a particular biomarker 
for microglia suggests that an increase in microglia may 
cause cognitive impairment [9]. An important channel for 
communication between neurons and microglia is formed 
by IBA-1 and the fractalkine receptor CX3CR1, which is 
found on both microglial cells and on the microglial and 
neuronal ligand CX3CL1 receptors [10]. The brain of peo-
ple with AD have been found to have microglia associated 
with Aβ plaque. Activated microglia in AD are character-
ized by increased proliferation including CD14, CD11c, 
MHC-II, and iNOS, and M1 phenotype markers (MCP-
1, IL-6, MIP-1, IL-1, and TNF ) and chemokine receptors. 
(e.g. CCR3, CCR5) [10] Nevertheless, the dark microglia 
was found in the circumstances. Interestingly, TREM2 and 
CD11b expression and extensive synaptic fissure margina-
tion in association with amyloid deposition. This suggests 
that several distinct microglial phenotypes exist, including 
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the following [11].
In recent years, a unique disease-associated microglia phe-
notype has been identified in neurodegenerative diseases: 
the ‘disease-associated microglia’ (DAM) phenotype, also 
known as the “microglial neurodegenerative” (MGnD) 
phenotype, containing marker genes for APOE, TREM2, 
CSF1, CST7, and SPP1 [12].
2.2.2 Microglia Dysfunction

Various internal and environmental cues may lead to a 
malfunctioning response in microglia during AD. What is 
more, many biological events which cause free radicals 
are caused by transition metals. Fenton-type reactions 
involving iron and copper are known to create reactive 
oxygen species (ROS), which injure and kill cellular com-
partments. Their neurotoxic effects stem not only from in-
creased exposure but also from disturbance of homeostasis 
and subsequent excitotoxicity or oxidative stress compart-
mentalization. There are two possible explanations for the 
altered brain metal metabolism: non-genetic and inherited. 
It may also show up at levels of intake and release, stor-
age, intracellular metabolism, and control. These investi-
gations have illuminated a number of altered metal-related 
circuits that result in brain dysfunction. Specifically, they 
disrupt brain architecture, alter the redox status of the 
cellular environment, and physiologically stimulate redox 
reactions [13]. Zinc and iron concentrations in AD pa-
tients‘ senile plaques significantly increase, and the use of 
metal chelators significantly slows the buildup of Aβ [14]. 
Specifically, a number of epidemiological studies have 
demonstrated a strong correlation between aluminum ex-
posure and neurodegenerative illnesses such as AD, PD, 
and ALS. The neurological system has been demonstrated 
to be harmed by acute aluminum exposure, but chronic 
aluminum exposure over time causes the nervous system 
to age and develop neurodegeneration [15]. The majority 
of aluminum‘s neurotoxic consequences manifest in cog-
nitive impairment. Aluminum damages the mitochondria 
of nerve cells and induces apoptosis and programmed 
necrosis, Aβ accumulation, aberrant tau protein phosphor-
ylation, glial activation, and alterations in synaptic plas-
ticity [16].

2.3 Other Hypothesis of the Causation

2.3.1 The Senile Plaques (SP)

Evidence from pathology, genetics, biology, and biomark-
ers has affirmed the significance of the β-amyloid peptide 
(Aβ) in the development of AD. The neuropathological 
diagnostic criteria for AD include amyloid plaques, which 
are mostly made of aggregated Aβ, and NFTs, which 
are made of microtubule-associated tau protein. Senile 

plaques have different morphological forms, such as neu-
rotic plaques, diffuse plaques, plaques with dense cores, 
and plaques of the classic and compact types.  The synthe-
sis of Aβ deposits from transmembrane amyloid precursor 
protein (APP) is mediated by Proteolytic cleavage en-
zymes such as beta and gamma secretase. These enzymes 
cleave APP into segments of 43.45, 46, 48, 49, and 51 
amino acids, ultimately yielding Aβ40 and Aβ42 [17]. Aβ 
monomers exist in a variety of forms, including soluble 
oligomers, which may spread throughout the brain, and 
large, amyloid fibrils that can accumulate into amyloid 
plaques. Because Aβ plays a significant role in neurotox-
icity and neuronal function, the buildup of thicker plaques 
in the cerebral cortex, hippocampus, and amygdala can re-
sult in cognitive deficits as well as astrocyte and microg-
lial activation, axonal and dendritic damage, and synapse 
loss [5].
2.3.2 NFTs

NFTs are pathological threads of hyperphosphorylated tau 
protein that can coil around each other at certain stages to 
form paired helical filaments (PHFs). These filaments ac-
cumulate, resulting in loss of tubulin-associated proteins 
and cytoskeletal microtubules, in the cytoplasm of neuro-
nal perikaryal axons, dendrites, and neuronal perikaryal 
cytoplasm [5].

3. Risk Factors of AD

3.1 Aging
Aging has the largest effect about the development of AD. 
It is rare for younger people to get the disease, and most 
cases of Alzheimer’s begin later in life, usually around the 
age of 65 [17-19]. Affecting multiple organs and cell sys-
tems, the aging process is complex and unalterable. ven-
tricular swelling in certain areas, with subsequent deposits 
in NFTs and SPs. In addition, as people age, a number of 
conditions can manifest themselves. These include de-
pression, mitochondrial dysfunction, glucose hypometab-
olism, cholesterol dyshomeostasis and cognitive decline. 
It might be challenging to differentiate between cases of 
early AD since normal aging also causes these changes.. 
Based on age of onset, AD may be classified into two 
groups: early-onset AD (EOAD), which is an uncommon 
variety with only 1-6% of cases; most instances in this 
group are familial AD, this is defined as multiple individ-
uals in multiple generations with Alzheimer’s disease, and 
may range in age from 30 to 60 or 65. The second type 
is called late-onset AD (LOAD), and it is more prevalent 
in those whose onset ages are beyond 65. Those with a 
family history of Alzheimer’s disease or a family with a 
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late-onset illness may experience both forms of AD [18].

3.2 Genetic
Genetic factors also play a major role in AD. 70% of the 
cases of AD were linked to genetic factors: mutations in 
dominant genes such apolipoprotein E (ApoE), amyloid 
precursor protein (APP), sesenilin-1 (PSEN-1), sesenilin-2 
(PSEN-2), and most instances of EOAD are inherited in 
an autosomal dominant manner [19].

3.3 Environment Factors
Aging or genetic risk factors do not explain every case of 
Alzheimer’s. Air pollution, diets, metals, infectious dis-
eases, and numerous other environmental risk factors may 
induce oxidative stress and inflammatory responses that 
increase Alzheimer’s disease susceptibility. The following 
are some of the most important environmental elements 
and their links to Alzheimer’s disease [20].
3.3.1 Atmospheric pollution

Because of the released chemical, physical, biological 
pollution, air pollution is an increasingly serious prob-
lem. The NAAQSs list six air pollutants—O3, NOx, CO, 
particulate matter (PM), SO2, and particulate matter—as 
hazardous to human health. Investigate using both animal 
and cellular models have demonstrated that exposure to 
high concentrations of air pollution can cause harm to 
the bulb and olfactory mucosa in addition to the frontal 
cortical region, comparable to that seen in Alzheimer’s 
disease. Neurodegeneration oxidative stress, and neuroin-
flammation are associated with exposure to air toxins and 
the presence of hyperphosphorylated tau and Aβ plaques 
in the frontal cortex. Air pollution has been linked to in-
creased development and buildup of Aβ42 as well as de-
creased cognitive performance [21].
3.3.2 Diet

Studies examining the connection between diet and AD 
have multiplied in the last several years. High calorie 
intake and omega-3 fatty acids have been linked to an in-
creased risk of AD, whereas some vitamins, polyphenols, 
and other dietary supplements, antioxidants, and fish, have 
been shown to reduce the risk of AD [22]. Processing 
food causes heat sensitive micronutrients to break down 
(like vitamin C and folates), significant water loss, and the 
creation of hazardous byproducts called advanced glyca-
tion end products, which are created when enzymes do not 
glycate free amino groups in lipids, proteins and nucleic 
acids. Because AGEs modify the structure and function of 
body proteins and cell surface receptors, they can cause 
oxidative stress and inflammation, which is known as 
their toxic effect. Numerous investigations have shown a 

correlation between the advancement of AD and cogni-
tive loss when serum levels of AGEs are high. Acting as 
a transporter and as a cell surface receptor for Aβ, RAGE 
is found in several bodily tissues, including as microglia 
and astrocytes. It has been shown that it is over-expressed 
in the brain of AD patients. Poor diet is another risk fac-
tor for AD. Lack of nutrients like folate, vitamin D and 
vitaminB12 can also cause cognitive impairment, as well 
as diseases associated with eating and eating that cause 
increased risk of malnutrition [23].
3.3.3 Metal

Metals are naturally occurring and can be found in bi-
ological systems. They can be divided into two main 
categories, as follows: bio-metallic metals, which have 
physiological functions in living organisms (e.g., Cu, Zn, 
and Fe), and toxic metals, which have no discernible bi-
ological functions (e.g. Al and Pt). Al is a material with 
a wide range of applications in various industrial sectors, 
including the processing of foodstuffs, the manufacture 
of cosmetics, the production of medical products and 
the synthesis of pharmaceuticals. In the human body, Al 
binds to citrate and transferrin in plasma, making it easier 
for aluminum to be transported to brain. Aluminum has 
been shown to accumulate in the cortex and hippocam-
pus, interact with proteins, resulting in improper folding, 
aggregation and post-translational modification of highly 
modified proteins like tau, which are characteristic of AD. 
[24].

4. Treatment for the Hypothesis of 
Neuroinflammation
If you follow the “checklist” your paper will conform to 
the requirements of the publisher and facilitate a prob-
lem-free publication process.

4.1 Inhibition of the Stimulation of Microglia
There are many factors, such as aging, stress, age, or sys-
temic inflammation, cause imbalances in the CNS, leading 
to the formation of microglia and a strong sensitivity and 
response to inflammatory stimuli. Therefore, inhibiting 
microglial early growth before disease onset may be a 
viable therapy method for AD. Studies have shown that 
patients with obesity and insulin resistance in the middle 
years of AD are prone to inflammation, whereas statins 
protect against these injuries, preventing microglia from 
forming [25]. In addition, the use of vitamin E and ome-
ga-3 fatty acid supplements also causes neuroinflamma-
tion and reduces inflammation in the brain and blood of 
AD patients [26].
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4.2 The Objective is to Inhibit the Pro-inflam-
matory Reaction
The factor NF-κB is important in the physiological pro-
cedures involved in cognition, memory and signaling in 
the NSC. This phenomenon can be triggered by neuroin-
flammation, oxidative stress, resulting in the malfunction 
of the CNS in patients diagnosed with AD. [27]. ROS 
production serves to initiate the enzyme activity of IKKb, 
which in turn phosphorylates the heterodimer of NF-
κB. This process results in the inhibition of the kappaB 
(IB) pathway, which is then degraded by the ubiquitous 
protein pathway. However, the dissociation of IB from 
the dimer can initiate the flow of NF-κB into the nucleus. 
[28]. Activating NF-κB suggests that BACE1 expression 
and Aβ processing stimulate and may be a new molecular 
mechanism that regulates AD evolution. Polyphenols, an-
tioxidants, and nonsteroidal anti-inflammatory drugs that 
inhibit NF-κB activation have been shown to reduce the 
burden of Aβ.

4.3 Microglial Phenotypic Variation Regulation
In the initial phases of Alzheimer’s disease, microglia re-
move toxic damage to support neuronal activity. Interfer-
ence with microglia’s activation may prolong the anti-in-
flammatory action of these cells. In the setting of AD in 
mice, the use of PPAR-γ activators, such as pioglitazone 
and rosiglitazone, microglial induction was observed to 
adopt an anti-inflammatory phenotype by phagocytosing, 
while active PPAR-γ itself may suppress the inflammatory 
response. [29].

4.4 Future Prospect
Patient therapy is still difficult due to the intricacy of AD. 
Memantine and cholinesterase inhibitors, or these two 
drugs combined, are the only approved treatments for 
AD at the moment. On top of that, a considerable number 
of novel pharmaceuticals have been unsuccessful in the 
larger phase III clinical trials., failing to satisfy efficacy 
endpoints, despite early promise. The complex aetiologia 
of AD, the present limitations in our understanding of 
the links between the different pathways involved in the 
development of Alzheimer’s disease and the ensuing neu-
rodegeneration, and the potential inefficacy of the existing 
therapeutic modalities are the primary factors contributing 
to the high attrition rate observed in AD-related clinical 
trials. Even if the combination of memantine and cholin-
esterase inhibitors hasn’t worked well for treating AD, it’s 
possible that treating several routes will be necessary for 
effective care. Thus, more experiments examining rational 
agent combinations ought to be carried out in the future 
[30].

5. Conclusion
It is undeniable that the AD brain experiences neuroin-
flammation. It is easy to identify mechanisms that resem-
ble those found in localized peripheral inflammatory re-
sponses and to delineate the intricate routes through which 
these mechanisms interact. The continuous existence of 
very insoluble deposits of aberrant proteins and chronic 
tissue damage are two more clear similarities between 
the AD brain and the circumstances that cause localized 
peripheral inflammation. The fact that AD inflammation 
wasn‘t noticed sooner is quite unexpected. The question 
at hand is what these numerous discoveries actually entail 
for patients who have AD or may develop it. Overall, AD 
neuroinflammation is probably responsible for aggravat-
ing AD development. Therefore, whatever the final cause 
of AD may be, medicines that reduce AD neuroinflam-
mation are recommended as a supplementary measure to 
therapies that target the disease‘s etiology more specifi-
cally. Anti-inflammatory medications won‘t treat AD any 
more than NSAIDs will cure arthritis. Anti-inflammatory 
therapy, however, ought to provide substantial benefits for 
AD patients provided AD neuroinflammation is addressed 
with reasonable expectations and thoughtful medication 
design.
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