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Abstract. Alzheimer's disease (AD) is a severe and progressive neurodegenerative condition that
is marked by a gradual deterioration of cognitive functions, leading to grievous dementia and
profound functional impairment. As the disease progresses, individuals lose the ability to carry
out routine tasks and daily activities, often leading to bedridden confinement and an increased
risk of complications such as pneumonia. Despite considerable research efforts, the precise
mechanisms underlying AD pathogenesis remain elusive. The cholinergic hypothesis, one of
several proposed pathogenesis hypotheses for AD, suggests that the disease arises from the death
of neurons releasing acetylcholine. This hypothesis highlights the critical role of acetylcholine
in maintaining cognitive function and implies that the degeneration of these neurons contributes
to the progression of AD. To better understand the mechanisms and factors contributing to
acetylcholine nerve cell death in AD and how they ultimately lead to disease progression, this
research aims to explore the intricate relationship between acetylcholine and AD. We examine
the intricate interplay between genetic, molecular, and environmental factors that converge to
promote the demise of cholinergic neurons. Ultimately, understanding the complex interplay
between acetylcholine and AD pathogenesis could smooth the path for novel treatment strategies
aimed at preserving neuronal function and improving patient outcomes.
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1. Introduction

Alzheimer's Disease (AD), colloquially known as Alzheimer's, represents a relentless and irreversible
neurodegenerative condition that primarily targets the brain, resulting in a gradual deterioration of
cognitive abilities and memory. This pervasive form of dementia affects a vast population globally,
numbering in the millions, and imposes a substantial weight on individuals, their families, as well as
healthcare systems worldwide [1]. The symptoms of Alzheimer's are comprehensive and manifest in
various ways, affecting multiple aspects of an individual's cognitive and functional abilities. Memory
impairment is one of the earliest and most noticeable symptoms, with patients experiencing difficulties
in recalling recent events or conversations. Over time, this memory loss progresses to include the
inability to remember important details from the past, such as personal histories or significant life events.
The etiology of Alzheimer's Disease remains unknown, and scientists continue to research the
underlying causes and mechanisms of the disease [2]. However, two pathological hallmarks have been
identified as characteristic of the disease: amyloid plaques and neurofibrillary tangles [3]. Amyloid
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plaques, which are aggregations of a protein named beta-amyloid, accumulate at the intersections of
neuronal synapses, interrupting the transformation of messages between neurons. In contrast,
neurofibrillary tangles are intricate entanglements of the tau protein that accumulate inside the neuronal
cell bodies, impeding their regular operations and functions. By further investigating hallmarks and
other chemical levels in AD patients, the pathogenesis of Alzheimer's Disease involves several
hypotheses that attempt to explain the underlying mechanisms of the disease [4]. The cholinergic
hypothesis suggests that AD arises from the death of neurons that release acetylcholine. The AB protein
production and metabolic disorder hypothesis suggests that the excessive production and subsequent
accumulation of beta-amyloid plaques within the brain disrupts normal intracellular chemical processes,
ultimately contributing to the onset and progression of Alzheimer's disease (AD). The oxidative stress
and free radical damage hypothesis posit that excessive oxidative stress damages cell membranes,
causing neuronal death. While the cholinergic hypothesis, which postulates a central role for reduced
ACh levels in AD, remains a significant theory, our research paper aims to delve deeper into the intricate
interplay between this hypothesis and a diverse array of other theories that have garnered attention in
the field. Our primary focus is not to reinforce the exclusivity of the cholinergic hypothesis but rather
to meticulously examine how it intertwines with and informs these other hypotheses. By doing so, we
aspire to shed light on the nuanced relationships between these theories and, specifically, to illuminate
the intricate correlation between the cholinergic hypothesis and the pathogenesis of AD. [5]

2. Acetylcholine

2.1. Introduction to Acetylcholine

Acetylcholine, a vital neurotransmitter in the human body, plays a crucial role in various physiological
processes, particularly those related to muscle contraction and cognitive functions [6]. This chemical
messenger is intricately involved in the communication between neurons and muscle cells, as well as
within the nervous system itself, where it facilitates memory formation and thought processes. At the
neuromuscular junction, acetylcholine is secreted by alpha motor neurons to activate skeletal muscle
cells, triggering their contraction. Beyond its role in muscle contraction, acetylcholine also serves as a
key player in cognitive processes. Within the brain, neurons communicate through the release and
reception of neurotransmitters, including acetylcholine. This chemical messenger plays a vital part in
memory formation and retrieval, as well as in decision-making and problem-solving. If the levels of
acetylcholine in neuron cells decline significantly, it can lead to the development of Alzheimer's disease.
Research has shown that acetylcholine deficiency is closely linked to the disruption of neural circuits in
the prefrontal cortex (PFC), a key brain region involved in short-term memory and learning. In AD
patients, degeneration of basal forebrain cholinergic neurons, which innervate the PFC, results in
reduced acetylcholine levels in this region. This cholinergic deficit is believed to contribute to the short-
term memory impairment observed in AD. Studies using mouse models of AD have demonstrated that
administering M1-type cholinergic receptor agonists in the PFC can effectively enhance cognitive
function, highlighting the importance of acetylcholine in maintaining PFC integrity and function.
Furthermore, recent research utilizing advanced imaging techniques has uncovered the intricate neural
circuits involving acetylcholine that underlie short-term memory formation and retrieval in the context
of AD. This current research highlights the promising prospects of employing therapeutic approaches
that specifically target the cholinergic system, with the aim of mitigating cognitive decline among
Alzheimer's disease patients [7].

2.2. The Cholinergic Hypothesis

The Cholinergic Hypothesis posits that a decline in the function of the cholinergic system, specifically
the basal forebrain cholinergic neurons that produce and release the neurotransmitter acetylcholine, is a
fundamental contributor to the cognitive decline observed in AD [8]. ACh is a critical molecule for the
proper functioning of neural circuits involved in memory, attention, and other cognitive processes. In
AD, the basal forebrain cholinergic neurons undergo significant degeneration, leading to reduced
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production and release of ACh in the brain. This reduction in ACh levels disrupts the normal functioning
of neural circuits, particularly those in the prefrontal cortex and hippocampus, which are essential for
memory formation and retrieval [9]. As a result, patients with AD experience progressive memory loss
and cognitive impairment. The Cholinergic Hypothesis suggests that restoring or enhancing cholinergic
neurotransmission, through the use of drugs that increase ACh levels or prevent its breakdown, could
potentially alleviate some of the cognitive symptoms associated with AD [10]. In fact, several
medications that target the cholinergic system, such as ACh esterase inhibitors, have been developed
and are currently used to treat AD patients.

3. Factors contributing to acetylcholine nerve cell death

3.1. The oxidative stress and free radical damage hypothesis

The oxidative stress and free radical damage hypothesis is a widely accepted scientific theory that
explains the underlying mechanisms of cellular damage and aging. The proposed theory asserts that an
imbalance arises between the production of reactive oxygen species (ROS) and the body's ability to
counteract or repair the detrimental effects of these species [11]. This imbalance leads to a condition
referred to as oxidative stress, which subsequently results in cellular malfunction and eventual
deterioration of tissues. This theory has been studied extensively in various fields, including biology,
medicine, and nutrition, and has implications for understanding the development of numerous diseases
and conditions. Reactive oxygen species, known as ROS, are highly reactive molecular byproducts that
occur naturally within the body during various metabolic activities, such as breathing and cell signaling.
Types of ROS include superoxide, hydrogen peroxide, and hydroxyl radicals, all of which possess potent
reactivity. While small amounts of ROS are necessary for maintaining normal cellular functions,
excessive levels can cause oxidative stress, leading to damage to DNA, proteins, and lipids. The body
has several mechanisms in place to combat oxidative stress and prevent free radical damage.
Antioxidants, for instance, are molecules that can neutralize ROS and prevent them from causing harm.
Examples of antioxidants include vitamins C and E, glutathione, and carotenoids [12]. Moreover,
essential enzymes like superoxide dismutase, catalase, and glutathione peroxidase play a vital part in
neutralizing reactive oxygen species (ROS) and safeguarding cells from oxidative stress. However,
oxidative stress arises when the generation of ROS overwhelms the body's capacity to counterbalance
them, thereby leading to cellular damage. This can be caused by various factors, including exposure to
environmental pollutants, smoking, excessive alcohol consumption, and poor nutrition. Oxidative stress
can also occur because of aging, as the body's natural antioxidant defenses become less effective over
time. The oxidative stress and free radical damage hypothesis have been implicated in the progression
of numerous diseases and conditions. Multiple health conditions, including cardiovascular disorders,
cancerous growths, diabetes, and various neurodegenerative ailments, notably Alzheimer's and
Parkinson's diseases, have been found to be intimately tied to oxidative stress, highlighting its
widespread role in the progression of these conditions. Additionally, oxidative stress has been proved
to play a role in the aging process itself, contributing to the decline in cellular function and tissue
integrity that occurs with age. To effectively counter oxidative stress and mitigate free radical damage,
it is crucial to embrace a wholesome lifestyle characterized by a nutritious, balanced diet that is abundant
in antioxidants, participating in daily physical activity, and refraining from detrimental substances like
tobacco and superfluous alcohol consumption. Supplements containing antioxidants may also be
beneficial for individuals who are at risk of oxidative stress, such as those with chronic diseases or who
are undergoing treatment with medications that can increase ROS production.

3.2. Oxidative stress and acetylcholine nerve cell death

The intricate interplay between the cholinergic hypothesis and the factors contributing to acetylcholine
nerve cell death, particularly oxidative stress, forms a pivotal aspect of our understanding of Alzheimer's
disease. Oxidative stress, a condition marked by an unequal ratio of reactive oxygen species (ROS)
generation and the body's antioxidant capabilities, has emerged as a critical factor in the deterioration of
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neurons in AD [13]. This imbalance, which arises from multiple sources within the brain, exerts a
profound impact on cholinergic neurons, ultimately leading to their demise and contributing to the
cognitive decline observed in AD patients. In the context of AD, oxidative stress arises from various
sources, including dysfunctional mitochondria and neuroinflammation. Dysfunctional mitochondria, a
hallmark of AD pathology, produce excessive amounts of ROS, overwhelming the antioxidant defense
system and causing oxidative damage to cellular components [14]. This damage, which targets lipids,
proteins, and DNA, disrupts normal cellular function and initiates a cascade of events leading to
neuronal death. Neuroinflammation, another key feature of AD, further exacerbates oxidative stress by
activating microglia and astrocytes, which release inflammatory mediators that can generate additional
ROS [15]. Cholinergic neurons are particularly vulnerable to oxidative stress. In these neurons, oxidative
stress disrupts the normal function of acetylcholine synthesis and transport, thereby reducing the
availability of this important neurotransmitter. Acetylcholine, synthesized in the presynaptic terminal of
cholinergic neurons, is essential for the proper functioning of neural circuits involved in memory and
cognition. When oxidative stress impairs the synthesis and transport of acetylcholine, the resulting
deficit in neurotransmission disrupts these circuits, contributing to the cognitive decline observed in AD.
Moreover, ROS generated during oxidative stress can activate apoptotic pathways, leading to the
programmed death of cholinergic neurons. One such pathway, the intrinsic mitochondrial pathway, is
particularly relevant in the context of AD [16]. In this pathway, ROS damage the mitochondrial
membrane, causing the release of cytochrome c into the cytosol. Cytochrome c, in turn, activates caspase
cascades, a series of proteolytic enzymes that cleave cellular proteins, including those essential for cell
survival. This cleavage ultimately results in the breakdown of the cell and its death by apoptosis. The
activation of apoptotic pathways in cholinergic neurons is particularly concerning given their critical
role in cognitive function. As cholinergic neurons degenerate, the loss of their neurotransmitter,
acetylcholine, further disrupts neural circuits and exacerbates cognitive decline. This vicious cycle, in
which oxidative stress leads to neuronal death and reduced neurotransmission, which in turn exacerbates
oxidative stress, underscores the importance of understanding and addressing oxidative stress in AD.

3.3. The AB protein production and metabolic disorder hypothesis

The generation of Amyloid B protein and the subsequent metabolic disturbance hypothesis is a
prominent theory in the field of AD research. This hypothesis suggests that the abnormal production and
accumulation of A in the brain, particularly in the form of protein plaques within nerve cells, are central
to the pathogenesis of AD. Amyloid B is a proteolytic byproduct that arises from the enzymatic cleavage
of the Amyloid Precursor Protein by - and y-secretases [ 17]. The accumulation of AP in the brain serves
as a defining characteristic of Alzheimer's Disease, indicating the presence of the disorder [18]. In
healthy brains, the production and clearance of A are carefully balanced to ensure that A levels remain
low, preventing its accumulation to harmful levels. The clearance mechanisms involve both proteolytic
degradation by enzymes and removal by specialized cells, such as microglia and astrocytes. However,
in AD patients, this balance is disrupted, resulting in an excess accumulation of AP and the formation
of AP plaques. The presence of AP plaques triggers a cascade of inflammatory and oxidative stress
responses in the brain. Microglia, the innate immune cells residing within the brain, become activated
in response to the plaques, releasing inflammatory cytokines and reactive oxygen species. This chronic
inflammation leads to further damage to neurons and surrounding tissues, exacerbating the disease
process. In addition, the accumulation of AB disrupts the normal function of mitochondria, which are
the energy-producing organelles within cells. Mitochondrial dysfunction impairs energy production and
increases oxidative stress, leading to neuronal cell death. The metabolic disturbance hypothesis suggests
that the buildup of AP disrupts the typical metabolic functioning within the brain. This can lead to a
range of metabolic abnormalities, including impaired glucose metabolism, altered lipid metabolism, and
changes in energy production. These metabolic disturbances can further exacerbate the disease process
by contributing to neuronal cell death and the progression of AD.
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3.4. Amyloid p protein and acetylcholine nerve cell death

The investigation into the mechanisms underlying acetylcholine nerve cell death, particularly in the
context of Alzheimer's disease, has revealed a complex interplay between various factors, with AP
plaques emerging as a pivotal contributor. AR plaques, composed of aggregated B-amyloid protein
fragments, are a hallmark pathological feature of AD, progressively accumulating in the brain over time
[19]. These extracellular deposits exert their toxic effects on neurons through several distinct pathways,
ultimately leading to the degeneration of cholinergic neurons and the depletion of acetylcholine, a
crucial neurotransmitter for cognitive function [20]. Firstly, AP plaques significantly contribute to
synaptic dysfunction, the fundamental process of neuronal communication. Specialized connections
known as synapses play a crucial role in enabling the communication between neurons. These intricate
junctions facilitate the transmission of both electrical impulses and chemical signals, which are
fundamental to the processes of cognition, memory formation, and behavioral responses. However, the
presence of AP plaques disrupts this delicate balance, interfering with the normal functioning of
synapses. By impairing the efficiency of signal transmission, AP plaques lead to a decline in synaptic
strength and plasticity, which are crucial for learning and memory. This synaptic dysfunction, in turn,
impairs cognitive function, making it increasingly difficult for individuals with AD to perform daily
tasks and retain new information. Moreover, the disruption of synaptic function caused by Af plaques
has far-reaching consequences for neurotransmitter homeostasis. Cholinergic neurons, which rely
heavily on acetylcholine for communication, are particularly vulnerable to these changes. However,
reduced synaptic function leads to alterations in neurotransmitter levels, including decreased
acetylcholine availability. This neurotransmitter imbalance further exacerbates cognitive decline, as the
reduced levels of acetylcholine impair the ability of cholinergic neurons to effectively communicate
with their targets. In addition to synaptic dysfunction and neurotransmitter imbalance, Af plaques also
trigger a neuroinflammatory response in the brain. This inflammatory cascade is initially triggered by
the presence of the plaques themselves, attracting immune cells such as microglia and astrocytes to the
site of deposition. While this initial response is intended to clear the plaques and mitigate their toxic
effects, chronic inflammation can have devastating consequences for neurons. Inflammatory molecules
released by immune cells, including cytokines, chemokines, and reactive oxygen species, can damage
neuronal structures and impair function. This neuroinflammatory response is particularly damaging to
cholinergic neurons, as they are particularly sensitive to the cytotoxic effects of inflammatory molecules.
The combination of synaptic dysfunction, neurotransmitter imbalance, and neuroinflammation creates a
toxic environment for acetylcholine nerve cells, ultimately leading to their death. As cholinergic neurons
degenerate, the levels of acetylcholine in the brain decrease further, exacerbating the cognitive decline
observed in AD. The loss of these neurons and the corresponding reduction in acetylcholine levels are
thought to be key drivers of the memory loss and cognitive impairment characteristic of the disease.

3.5. Tau hyperphosphorylation hypothesis
The Tau hyperphosphorylation hypothesis is a pivotal theory in the ongoing effort to understand the
mechanisms underlying AD. This hypothesis proposes that the abnormal accumulation and
hyperphosphorylation of the Tau protein, a crucial component of the neuronal cytoskeleton, plays a
critical role in the pathogenesis of AD. Tau protein, in its normal state, functions to stabilize
microtubules, which are essential for maintaining the structural integrity and function of neurons.
However, in AD, Tau undergoes extensive post-translational modifications, including
hyperphosphorylation, which leads to its detachment from microtubules and subsequent aggregation
into neurotoxic structures known as neurofibrillary tangles (NFTs) [21]. These tangles disrupt neuronal
function and ultimately contribute to the cognitive decline and neuronal loss that characterizes AD.
The Tau hyperphosphorylation hypothesis rests on several compelling evidences. Firstly, rigorous
pathological examinations of brains affected by Alzheimer's Disease consistently uncover a substantial
presence of neurofibrillary tangles. Secondly, genetic investigations have pinpointed mutations within
the Tau gene that lead to early-onset familial AD, thereby reinforcing the connection between Tau and
the pathogenesis of AD. Additionally, in vitro and in vivo studies have shown that hyperphosphorylated
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Tau is more prone to aggregation and exhibits neurotoxic properties, such as disrupting cellular
homeostasis and impairing neuronal function. The mechanisms underlying Tau hyperphosphorylation
in AD are complex and multifaceted. One of the key factors involved is the deregulation of kinases and
phosphatases, which are enzymes that add and remove phosphate groups from proteins, respectively. In
AD, the activity of certain kinases, such as glycogen synthase kinase-3 (GSK-3p) and cyclin-dependent
kinase 5 (Cdk5), is upregulated, leading to increased Tau phosphorylation [22]. Conversely, the activity
of phosphatases that remove phosphate groups from Tau is downregulated, contributing to the
accumulation of hyperphosphorylated Tau. Furthermore, post-translational modifications (PTMs) of
Tau, such as ubiquitination, acetylation, and glycosylation, can also influence its phosphorylation status.
For example, ubiquitination of Tau can target it for degradation by the proteasome, reducing its overall
levels and phosphorylation status. Conversely, acetylation of Tau can stabilize its conformation and
promote its aggregation into NFTs. The Tau hyperphosphorylation hypothesis has crucial implications
for the processing of AD therapies. By targeting the kinases and phosphatases involved in Tau
phosphorylation, researchers aim to reduce the levels of hyperphosphorylated Tau and prevent the
formation of NFTs. Additionally, drugs that modulate Tau PTMs may also have therapeutic potential,
as they can influence the conformation and function of Tau, reducing its neurotoxicity.

3.6. Tau protein and acetylcholine nerve cell death

The intricate relationship between the formation of Tau tangles and the death of acetylcholine nerve
cells poses a formidable obstacle in comprehending and managing Alzheimer's disease (AD). When the
Tau protein abnormally folds and clumps together into tangles within nerve cells, it initiates a sequence
of pathological processes that eventually culminate in neuronal death, especially affecting cholinergic
neurons. In this section, we delve deeper into the mechanisms underlying the detrimental effects of Tau
tangles on acetylcholine nerve cells, exploring their disruption of cytoskeletal structure, contribution to
synaptic degeneration, and direct neurotoxicity, as well as their interplay with AP plaques. Tau protein,
in its normal state, plays a vital role in stabilizing microtubules, which are essential for intracellular
transport and maintaining the structural integrity of neurons. Microtubules serve as tracks for the
movement of organelles, vesicles, and proteins within the neuron, enabling the efficient delivery of
nutrients, enzymes, and signaling molecules to various compartments. However, when Tau misfolds and
aggregates into tangles, it disrupts the microtubule network, impairing intracellular transport and leading
to a decline in neuronal health and function. This disruption of the cytoskeletal structure has profound
consequences for acetylcholine nerve cells. Without efficient intracellular transport, these neurons
struggle to maintain their metabolic needs and signaling capabilities. As a result, they become more
vulnerable to oxidative stress, excitotoxicity, and other insults that can trigger cell death. Furthermore,
the impairment of intracellular transport disrupts the normal flow of neurotransmitters and neurotrophic
factors, further compromising neuronal communication and survival. Synaptic degeneration is another
critical consequence of Tau tangles on acetylcholine nerve cells. Synapses are the points of contact
between neurons, where information is transmitted through the release and reception of
neurotransmitters. In AD, Tau tangles can disrupt the normal functioning of synapses, leading to a
decline in neuronal communication and ultimately contributing to cognitive impairment. Cholinergic
neurons, which are particularly vulnerable in AD, rely heavily on their synaptic connections to maintain
their function. As Tau tangles accumulate within these neurons, they disrupt the delicate balance of
synaptic signaling, leading to the weakening of synapses and a decline in the overall functioning of the
neuron. This synaptic degeneration further exacerbates the neurodegenerative process, creating a vicious
cycle of neuronal decline and death. In addition to disrupting the cytoskeletal structure and contributing
to synaptic degeneration, Tau tangles can also exert direct neurotoxicity on acetylcholine nerve cells.
The accumulation of misfolded and aggregated Tau protein within neurons triggers a cascade of
inflammatory and oxidative stress responses, which can lead to the destruction of cellular components
and ultimately result in cell death. This neurotoxicity is particularly pronounced in cholinergic neurons,
which are known to be more sensitive to oxidative stress and excitotoxicity. As Tau tangles accumulate
within these neurons, they trigger the release of reactive oxygen species and other toxic molecules,
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which damage cellular membranes, DNA, and proteins. This damage, in turn, activates apoptotic
pathways, leading to the programmed death of the neuron. The accumulation of AP plaques and Tau
tangles in the brain does not occur in isolation; they often coexist and amplify each other's damaging
effects. This interplay creates a vicious cycle that accelerates neuronal degeneration and death,
particularly among acetylcholine nerve cells. AB plaques can promote the formation of Tau tangles by
inducing oxidative stress and inflammatory responses, which disrupt the normal functioning of Tau
protein and promote its misfolding and aggregation. Conversely, Tau tangles can also exacerbate the
formation of AP plaques by disrupting neuronal function and promoting the accumulation of toxic
amyloid precursor protein fragments. This interplay between AP plaques and Tau tangles creates a toxic
environment within the brain, which is particularly harmful to cholinergic neurons. The combined
effects of oxidative stress, inflammation, and synaptic degeneration lead to the rapid degeneration and
death of these neurons, contributing to the cognitive decline and memory loss that characterize AD.

4. Conclusion

In conclusion, the mechanisms and factors contributing to acetylcholine nerve cell death in Alzheimer's
disease (AD) are intricate and multifaceted, involving a complex interplay between genetic, molecular,
and environmental factors. This research highlights critical pathways and hypotheses contributing to the
degeneration of cholinergic neurons, resulting in cognitive decline and functional impairments in
Alzheimer's disease patients.

The cholinergic hypothesis, which posits that the degeneration of cholinergic neurons releasing
acetylcholine contributes to AD pathogenesis, remains a cornerstone of our understanding of the disease.
Acetylcholine is intricately involved in the proper functioning of neural circuits in the prefrontal cortex
and hippocampus. As cholinergic neurons undergo significant degeneration in AD, resulting in reduced
levels of acetylcholine, the normal functioning of these circuits is disrupted, contributing to memory
loss and cognitive impairment. The oxidative stress and free radical damage hypothesis has emerged as
a significant contributor to acetylcholine nerve cell death in AD. This hypothesis contends that an excess
of reactive oxygen species (ROS) compared to the body's antioxidant capabilities creates a state of
oxidative stress, which triggers cellular malfunction and ultimately results in the deterioration of tissues.
In the context of AD, oxidative stress arises from multiple sources, including dysfunctional
mitochondria and neuroinflammation, overwhelming the antioxidant defense system and causing
oxidative damage to cholinergic neurons. This damage disrupts the normal function of acetylcholine
synthesis and transport, ultimately leading to neuronal death and exacerbating cognitive decline. The
AB protein production and metabolic disorder hypothesis also plays a pivotal role in the pathogenesis
of AD. The abnormal production and accumulation of Amyloid 3 protein in the brain, particularly in the
form of plaques, disrupts synaptic function and neurotransmitter homeostasis, impairing cholinergic
neuron communication. Moreover, AP plaques trigger a neuroinflammatory response, releasing
inflammatory molecules that damage neuronal structures and impair function, particularly among
cholinergic neurons. The combination of synaptic dysfunction, neurotransmitter imbalance, and
neuroinflammation creates a toxic environment for acetylcholine nerve cells, leading to their
degeneration and death. The Tau hyperphosphorylation hypothesis provides another important insight
into the mechanisms underlying AD. The abnormal accumulation and hyperphosphorylation of the Tau
protein disrupts the cytoskeletal structure and contributes to synaptic degeneration, directly affecting
acetylcholine nerve cells. As Tau misfolds and aggregates into tangles, it disrupts the microtubule
network, impairing intracellular transport and leading to oxidative stress, excitotoxicity, and cell death.
Furthermore, Tau tangles can trigger inflammatory and oxidative stress responses, exacerbating the
neurotoxic effects on cholinergic neurons. Importantly, the buildup of AP plaques and Tau tangles does
not occur in isolation; they often coexist and amplify each other's damaging effects. This interplay
creates a vicious cycle that accelerates neuronal degeneration and death, particularly among
acetylcholine nerve cells. By disrupting synaptic function, neurotransmitter homeostasis, and neuronal
communication, AB plaques and Tau tangles create a toxic environment within the brain, contributing
to the rapid degeneration and death of cholinergic neurons.
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Understanding the intricate interplay between these various factors and hypotheses is crucial for
developing effective treatment strategies aimed at preserving neuronal function and improving patient
outcomes. Therapeutic approaches that target the cholinergic system, reduce oxidative stress, mitigate
neuroinflammation, and prevent AP and Tau accumulation hold great promise for alleviating the
cognitive symptoms associated with AD. For example, medications that enhance cholinergic
neurotransmission, such as ACh esterase inhibitors, have been developed and are currently used to treat
AD patients. Similarly, antioxidants, anti-inflammatory agents, and drugs that target kinases and
phosphatases involved in Tau phosphorylation may also have therapeutic potential.

References

[1] GBD 2016 Dementia Collaborators. Global, regional, and national burden of Alzheimer's disease
and other dementias, 1990-2016: a systematic analysis for the Global Burden of Disease Study
2016. Lancet Neurol. 2019 Jan;18(1):88-106. doi: 10.1016/S1474-4422(18)30403-4.

[2] Dai MH, Zheng H, Zeng LD, Zhang Y. The genes associated with early-onset Alzheimer's disease.
Oncotarget. 2017 Dec 15;9(19):15132-15143. doi: 10.18632/oncotarget.23738.

[3] Hampel H, Williams C, Etcheto A, Goodsaid F, Parmentier F, Sallantin J, Kaufmann WE,
Missling CU, Afshar M. A precision medicine framework using artificial intelligence for the
identification and confirmation of genomic biomarkers of response to an Alzheimer's disease
therapy: Analysis of the blarcamesine (ANAVEX2-73) Phase 2a clinical study. Alzheimers
Dement (N Y). 2020 Apr 19;6(1):¢12013. doi: 10.1002/trc2.12013.

[4] Chen XQ, Mobley WC. Exploring the Pathogenesis of Alzheimer Disease in Basal Forebrain
Cholinergic Neurons: Converging Insights From Alternative Hypotheses. Front Neurosci.
2019 May 7;13:446. doi: 10.3389/fnins.2019.00446.

[5] to-Mercado V, Mendivil-Perez M, Velez-Pardo C, Lopera F, Jimenez-Del-Rio M. Cholinergic-
like neurons carrying PSEN1 E280A mutation from familial Alzheimer's disease reveal
intraneuronal sAPPJ fragments accumulation, hyperphosphorylation of TAU, oxidative stress,
apoptosis and Ca2+ dysregulation: Therapeutic implications. PLoS One. 2020 May 21;15(5):
€0221669. doi: 10.1371/journal.pone.0221669.

[6] Cisterna, B.A., Vargas, A.A., Puebla, C. et al. Active acetylcholine receptors prevent the atrophy
of skeletal muscles and favor reinnervation. Nat Commun 11, 1073 (2020). https://doi.org/10.
1038/541467-019-14063-8

[7] Park HJ, Kwon H, Lee JH, Cho E, Lee YC, Moon M, Jun M, Kim DH, Jung JW. B-Amyrin
Ameliorates Alzheimer's Disease-Like Aberrant Synaptic Plasticity in the Mouse
Hippocampus. Biomol Ther (Seoul). 2020 Jan 1;28(1):74-82. doi: 10.4062/biomolther.2019.
024.

[8] Hampel H, Mesulam MM, Cuello AC, Farlow MR, Giacobini E, Grossberg GT, Khachaturian
AS, Vergallo A, Cavedo E, Snyder PJ, Khachaturian ZS. The cholinergic system in the
pathophysiology and treatment of Alzheimer's disease. Brain. 2018 Jul 1;141(7):1917-1933.
doi: 10.1093/brain/awy132.

[9] Chen ZR, Huang JB, Yang SL, Hong FF. Role of Cholinergic Signaling in Alzheimer's Disease.
Molecules. 2022 Mar 10;27(6):1816. doi: 10.3390/molecules27061816.

[10] Xu H, Garcia-Ptacek S, Jonsson L, Wimo A, Nordstrom P, Eriksdotter M. Long-term Effects of
Cholinesterase Inhibitors on Cognitive Decline and Mortality. Neurology. 2021 Apr 27;96(17):
€2220-e2230. doi: 10.1212/WNL.0000000000011832.

[11] Sies H. Hydrogen peroxide as a central redox signaling molecule in physiological oxidative stress:
Oxidative eustress. Redox Biol. 2017 Apr;11:613-619. doi: 10.1016/j.redox.2016.12.035.

[12] Forman, H.J., Zhang, H. Targeting oxidative stress in disease: promise and limitations of
antioxidant therapy. Nat Rev Drug Discov 20, 689—709 (2021). https://doi.org/10.1038/
s41573-021-00233-1

25



[13]

[14]

[15]

Proceedings of the 4th International Conference on Biological Engineering and Medical Science
DOI: 10.54254/2753-8818/64/20241571

Aranda-Rivera AK, Cruz-Gregorio A, Aparicio-Trejo OE, Pedraza-Chaverri J. Mitochondrial
Redox Signaling and Oxidative Stress in Kidney Diseases. Biomolecules. 2021 Aug 3;11(8):
1144. doi: 10.3390/biom11081144.

Sharma C, Kim S, Nam Y, Jung UJ, Kim SR. Mitochondrial Dysfunction as a Driver of Cognitive
Impairment in Alzheimer's Disease. Int J Mol Sci. 2021 May 3;22(9):4850. doi: 10.3390/
1jms22094850.

Thadathil N, Nicklas EH, Mohammed S, Lewis TL Jr, Richardson A, Deepa SS. Necroptosis
increases with age in the brain and contributes to age-related neuroinflammation. Geroscience.
2021 Oct;43(5):2345-2361. doi: 10.1007/s11357-021-00448-5.

Calvo-Rodriguez M, Bacskai BJ. Mitochondria and Calcium in Alzheimer's Disease: From Cell
Signaling to Neuronal Cell Death. Trends Neurosci. 2021 Feb;44(2):136-151. doi: 10.1016/j.
tins.2020.10.004.

Chen GF, XuTH, Yan Y, Zhou YR, Jiang Y, Melcher K, Xu HE. Amyloid beta: structure, biology
and structure-based therapeutic development. Acta Pharmacol Sin. 2017 Sep;38(9):1205-1235.
doi: 10.1038/aps.2017.28.

Hampel, H., Hardy, J., Blennow, K. et al. The Amyloid-p Pathway in Alzheimer’s Disease. Mol
Psychiatry 26, 5481-5503 (2021). https://doi.org/10.1038/s41380-021-01249-0

Haass C, Selkoe DJ. Cellular processing of beta-amyloid precursor protein and the genesis of
amyloid beta-peptide. Cell. 1993 Dec 17;75(6):1039-42. doi: 10.1016/0092-8674(93)90312-¢.

Ullah R, Park TJ, Huang X, Kim MO. Abnormal amyloid beta metabolism in systemic
abnormalities and Alzheimer's pathology: Insights and therapeutic approaches from periphery.
Ageing Res Rev. 2021 Nov;71:101451. doi: 10.1016/j.arr.2021.101451.

Chang CW, Shao E, Mucke L. Tau: Enabler of diverse brain disorders and target of rapidly
evolving therapeutic strategies. Science. 2021 Feb 26;371(6532):eabb8255. doi: 10.1126/
science.abb8255.

Gotz J, Halliday G, Nisbet RM. Molecular Pathogenesis of the Tauopathies. Annu Rev Pathol.
2019 Jan 24;14:239-261. doi: 10.1146/annurev-pathmechdis-012418-012936.

26



