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. is a direct correlation between the degree of cholinergic dysfunction and the
IntrOdUCtlon severity of cognitive decline in Alzheimer's patients [2]. The hippocampus,
o ) ) o a region responsible for memory consolidation, is particularly sensitive to
Alzheimer's Disease (AD) is a progressive neurodegenerative disorder changes in acetylcholine levels. When acetylcholine is reduced, synaptic

that leads to severe cognitive decline, memory impairment, and changes in  pjasticity is impaired, making it difficult for individuals to form new memories
behavior and personality. It is the most common cause of dementia, affecting  and retain previously learned information.

millions of individuals worldwide, with an increasing prevalence as the global
population ages. The pathophysiology of Alzheimer's disease is multifactorial, The accumulation of Amyloid-Beta (AB) plagues and tau tangles in the
involving the accumulation of amyloid plaques, tau tangles, inflammation, and ~ brain is a hallmark of Alzheimer's disease. Amyloid plagues are deposits
synaptic dysfunction. One of the most critical factors in the cognitive decline ~ 0f misfolded amyloid-beta protein, which accumulate between neurons,
observed in AD is the dysfunction of neurotransmitter systems, particularly ~ leading to inflammation and synaptic dysfunction. Tau tangles, formed from
the cholinergic system, which involves Acetylcholine (ACh) as its primary ~ abnormal tau protein, accumulate inside neurons and disrupt their function.
neurotransmitter. These pathological changes have a detrimental effect on the cholinergic
o _ _ y ) o system by impairing the function of cholinergic neurons and promoting their
Acetylcholine is essential for various cognitive functions, including  gegeneration. Research suggests that amyloid-beta directly interferes with
learning, memory, and attention. In Alzheimer's disease, the cholinergic  acetyicholine release. AR can bind to and disrupt the function of Nicotinic
system is severely compromised, leading to significant cognitive deficits.  Acetyicholine Receptors (nAChRs), which are crucial for the release of
This article explores the role of acetylcholine in Alzheimer's disease, focusing  acetyicholine in the brain. This leads to reduced cholinergic signaling and
on how neurotransmitter imbalances contribute to cognitive decline and the  impaired cognitive function. Additionally, amyloid-beta accumulation may also

therapeutic potential of targeting the cholinergic system in AD treatment [1]. interfere with synaptic vesicle recycling, further reducing acetylcholine release
and exacerbating cognitive deficits. The degeneration of cholinergic neurons
Description in Alzheimer's disease is not only caused by amyloid-beta and tau but is also

influenced by inflammation, oxidative stress, and disrupted neurotrophic
support. The inflammatory environment in the brain, characterized by the
activation of microglia and astrocytes, contributes to cholinergic neuron loss
by releasing pro-inflammatory cytokines and Reactive Oxygen Species (ROS),
which damage neurons and synapses [3].

Acetylcholine is a neurotransmitter that plays a pivotal role in the
brain's cognitive functions, including attention, memory, and learning. It is
synthesized in cholinergic neurons, which are primarily located in the basal
forebrain, including the Nucleus Basalis Of Meynert (NBM) and the medial
septal nucleus. These neurons project to several brain regions, including the The loss of acetylcholine in Alzheimer's disease is strongly correlated with
hippocampus and cortex, which are involved in memory processing and higher  the severity of cognitive decline. As acetylcholine levels decrease, individuals
cognitive functions. Acetylcholine acts on two types of receptors: nicotinic experience progressive memory loss, difficulty with spatial navigation, and
receptors and muscarinic receptors. The activation of these receptors is impaired executive function. The hippocampus, a key area involved in memory,
crucial for synaptic plasticity, the ability of synapses to strengthen or weaken  is particularly affected by acetylcholine depletion, leading to difficulties in
in response to activity, which is fundamental for leaming and memory. I forming new long-term memories. Furthermore, cognitive domains such
healthy individuals, the cholinergic system is balanced and functions optimally as attention, problem-solving, and language skills are also impaired due to
to support cognitive processes. However, in Alzheimer's disease, this system  reduced cholinergic activity. As the disease progresses, the brain becomes less
becomes dysfunctional, contributing to the memory and cognitive impairments  capable of compensating for the loss of acetylcholine, and the cognitive deficits
characteristic of the disease. become more pronounced. This decline in cognitive function is a defining
feature of Alzheimer's disease, and addressing acetylcholine dysfunction is a

Alzheimer's disease is characterized by a progressive loss of cholinergic ; - .
primary target for therapeutic intervention.

neurons, particularly those in the basal forebrain, which are responsible for the
synthesis and release of acetylcholine. The degeneration of these neurons Given the critical role of acetylcholine in cognitive function, therapeutic
results in a significant decrease in acetylcholine levels in the hippocampus  strategies aimed at increasing acetylcholine levels or enhancing cholinergic
and cortex, which are critical regions for memory formation and higher  neurotransmission have been widely explored in Alzheimer's disease.
cognitive functions. This decline in acetylcholine is one of the earliest and The most common approach involves the use of Cholinesterase Inhibitors
most prominent neurochemical changes observed in Alzheimer's disease. The (ChEls), which work by preventing the breakdown of acetylcholine, thereby
loss of acetylcholine contributes to cognitive deficits by impairing the brain's  increasing its availability in the synaptic cleft. These drugs are commonly
ability to process and store new information, as well as by reducing the brain's ~ used to treat mild to moderate Alzheimer's disease and have been shown
capacity for attention and executive function. Studies have shown that there to provide symptomatic relief by temporarily improving cognitive function
and slowing disease progression. Drugs such as donepezil, rivastigmine
*Address for Correspondence: Korliana Strna, Department of Medicine and and galantamine are FDA-approved cholinesterase inhibitors used in the
Surgery, Kore University of Enna, Enna, ltaly; E-mail: strnakor@gmail.com treatment of Alzheimer's disease. These medications increase acetylcholine
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terms of the Creative Commons Attribution License, which permits unrestricted down acetylcholine after it has been released into the synapse. By preventing
use, distribution, and reproduction in any medium, provided the original author acetylcholine degradation, these drugs improve communication between

and source are credited. neurons and temporarily enhance cognitive function [4].
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agonists, such as varenicline, have been studied for their potential to enhance
cholinergic signaling in Alzheimer's patients, though results have been mixed.
Similarly, muscarinic receptor agonists, such as xanomeline, have shown
promise in early studies by stimulating muscarinic receptors in the brain, which
can help improve cognitive function and reduce symptoms of Alzheimer's
disease. Researchers are also exploring combination therapies that target
both the cholinergic system and other neurotransmitter systems involved in
Alzheimer's disease. For example, combining cholinesterase inhibitors with
glutamate antagonists, such as memantine, may provide synergistic effects, as
both neurotransmitter systems are involved in cognitive processes. Memantine
helps regulate glutamate activity, preventing excitotoxicity, which is thought to
contribute to neuronal damage in Alzheimer's disease [1].Despite the potential
of cholinergic-targeted therapies, challenges remain in effectively treating
Alzheimer's disease. Cholinesterase inhibitors provide only symptomatic relief
and do not halt or reverse disease progression. Additionally, these medications
can have side effects, including gastrointestinal issues, muscle cramps,
and bradycardia, limiting their long-term use. Future research will need to
focus on developing more targeted therapies that can enhance cholinergic
neurotransmission without causing adverse effects. Advances in gene therapy,
stem cell therapy, and precision medicine may hold the key to more effective
treatments. Additionally, understanding the role of other neurotransmitter
systems, such as glutamate, dopamine, and serotonin, in Alzheimer's disease
may lead to novel combination therapies that address multiple aspects of the
disease [5].

Conclusion

Acetylcholine plays a critical role in cognitive function, and its dysfunction
is a key factor in the cognitive decline observed in Alzheimer's disease. The
loss of cholinergic neurons and the resulting decrease in acetylcholine levels
contribute significantly to memory impairment and other cognitive deficits. While
current therapies that target the cholinergic system, such as cholinesterase
inhibitors, offer symptomatic relief, they do not address the underlying causes
of Alzheimer's disease. Future research into more targeted therapies, along
with an understanding of the complex interplay between neurotransmitter
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systems, may provide more effective treatments for Alzheimer's disease and
ultimately lead to better outcomes for patients suffering from this debilitating
condition.

Acknowledgment

None.

Conflict of Interest

None.

References

1. Satarker, Sairaj, Sree Lalitha Bojja, Prasada Chowdari Gurram and Jayesh
Mudgal, et al. "Astrocytic glutamatergic transmission and its implications in
neurodegenerative disorders." Cells 11 (2022): 1139.

2. Le Gall, Laura, Ekene Anakor, Owen Connolly and Udaya Geetha Vijayakumar, et
al. "Molecular and cellular mechanisms affected in ALS." J Pers Med 10 (2020):
101.

3. lovino, L., M. E. Tremblay and L. Civiero. "Glutamate-induced excitotoxicity in
Parkinson's disease: The role of glial cells." J Pharmacol Sci 144 (2020): 151-164.

4. Findley, Caleigh A., Andrzej Bartke, Kevin N. Hascup and Erin R. Hascup. "Amyloid
beta-related alterations to glutamate signaling dynamics during Alzheimer’s disease
progression." ASN Neuro 11(2019):1759091419855541.

5. Dejakaisaya, Hattapark, Patrick Kwan and Nigel C. Jones. "Astrocyte and glutamate
involvement in the pathogenesis of epilepsy in Alzheimer's disease." Epilepsia 62
(2021): 1485-1493.

How to cite this article: Strna, Korliana. “Neurotransmitter Imbalance and
Cognitive Decline: The Role of Acetylcholine in Alzheimer's Disease.” Clin

Depress 10 (2024): 138.



https://www.mdpi.com/2073-4409/11/7/1139
https://www.mdpi.com/2073-4409/11/7/1139
https://www.mdpi.com/2075-4426/10/3/101
https://www.sciencedirect.com/science/article/pii/S1347861320300761
https://www.sciencedirect.com/science/article/pii/S1347861320300761
https://journals.sagepub.com/doi/abs/10.1177/1759091419855541
https://journals.sagepub.com/doi/abs/10.1177/1759091419855541
https://journals.sagepub.com/doi/abs/10.1177/1759091419855541
https://onlinelibrary.wiley.com/doi/abs/10.1111/epi.16918
https://onlinelibrary.wiley.com/doi/abs/10.1111/epi.16918

