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Abstract 

Alzheimer’s disease AD is a chronic neurodegenerative condition characterized by 

progressive cognitive decline, particularly affecting memory. This disorder involves complex 

molecular and cellular changes in the brain, including the accumulation of amyloid-beta 

plaques, abnormal tau protein formations, loss of synaptic connections, oxidative stress, and 

inflammatory responses. These pathological events disrupt normal neuronal communication 

and contribute to the gradual deterioration of memory and other cognitive functions. 

Understanding the mechanisms behind memory impairment in AD is essential for developing 

new therapeutic approaches and improving patient care. This review summarizes current 

knowledge on the biological processes that lead to memory loss in Alzheimer’s disease and 

highlights potential targets for intervention. 

Keywords Alzheimer’s disease, memory impairment, amyloid-beta plaques, tau 

pathology, synaptic loss, neuroinflammation, cognitive dysfunction 

 Introduction 

Alzheimer’s disease AD is a chronic and progressive neurodegenerative disorder that 

primarily affects older adults and represents the leading cause of dementia worldwide. 

Characterized by a gradual decline in memory, thinking, and behavior, AD significantly reduces 

the quality of life for patients and places a substantial burden on caregivers and healthcare 

systems. The disease was first described by Alois Alzheimer in 1906, and since then, extensive 

research has been conducted to understand its complex pathology and underlying mechanisms. 

Memory loss is the hallmark symptom of Alzheimer’s disease, often beginning with subtle 

forgetfulness and eventually progressing to severe cognitive impairment. The biological 

processes leading to memory decline are multifaceted, involving the accumulation of amyloid-

beta plaques, abnormal tau protein aggregation, synaptic dysfunction, oxidative stress, and 

neuroinflammation. Genetic and environmental factors also contribute to disease onset and 

progression, making AD a highly complex and heterogeneous condition. Understanding the 

mechanisms of memory loss in Alzheimer’s disease is crucial for developing effective 

treatments and preventive strategies. Despite significant advances in research, current 

therapies mainly provide symptomatic relief without halting or reversing disease progression. 

Therefore, a deeper comprehension of the cellular and molecular events underlying memory 

impairment is essential for creating interventions that can preserve cognitive function and 

improve patient outcomes. This review aims to provide a comprehensive overview of the 

mechanisms responsible for memory loss in Alzheimer’s disease, highlighting the interplay 

between pathological changes, neuronal dysfunction, and cognitive decline. By elucidating 
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these mechanisms, researchers and clinicians can better address the challenges posed by this 

devastating condition and work towards more effective therapeutic approaches. 

   Main Body  

   Amyloid-Beta Plaques and Memory Loss 

Alzheimer’s disease is strongly associated with the accumulation of amyloid-beta Aβ 

peptides in the brain. Aβ is a fragment of the amyloid precursor protein APP and is produced 

through sequential cleavage by beta- and gamma-secretases. In healthy brains, Aβ is cleared 

efficiently; however, in AD, overproduction or impaired clearance leads to aggregation into 

oligomers and plaques. These plaques interfere with neuronal signaling and induce synaptic 

dysfunction. Oligomeric Aβ is particularly neurotoxic, disrupting long-term potentiation LTP -  

a process essential for memory consolidation. Experimental studies in animal models 

demonstrate that Aβ deposition correlates with cognitive deficits, highlighting its central role 

in the pathogenesis of memory impairment. Moreover, amyloid plaques trigger oxidative stress 

and inflammatory responses, amplifying neuronal injury. 

   Tau Protein Hyperphosphorylation 

Tau protein stabilizes microtubules in neurons, supporting intracellular transport and 

maintaining structural integrity. In Alzheimer’s disease, tau undergoes abnormal 

hyperphosphorylation, leading to the formation of neurofibrillary tangles NFTs. NFTs disrupt 

microtubule networks, impair axonal transport, and reduce synaptic connectivity, directly 

contributing to memory deficits. Recent studies indicate that tau pathology correlates more 

closely with cognitive decline than amyloid plaques. The spread of hyperphosphorylated tau 

across brain regions, particularly the hippocampus and entorhinal cortex, aligns with 

progressive memory loss observed in AD patients. Therapies targeting tau aggregation are 

currently a focus of clinical research, emphasizing its role in memory dysfunction. 

   Synaptic Dysfunction and Neural Network Disruption 

Synapses are critical for communication between neurons, and synaptic loss is a hallmark 

of cognitive decline in AD. Amyloid-beta and tau pathology both contribute to synaptic 

dysfunction by altering neurotransmitter release, receptor density, and plasticity mechanisms. 

LTP and long-term depression, essential for learning and memory, are disrupted by these 

pathological processes. In addition to synaptic loss, AD leads to impaired neuronal network 

connectivity. Functional imaging studies reveal decreased activity in hippocampal and cortical 

circuits responsible for memory encoding and retrieval. Synaptic failure often precedes 

neuronal death, making it a key target for early therapeutic intervention. 

   Oxidative Stress and Mitochondrial Dysfunction 

Oxidative stress is a significant contributor to neurodegeneration in AD. Reactive oxygen 

species ROS accumulate due to mitochondrial dysfunction and reduced antioxidant defenses, 

damaging proteins, lipids, and nucleic acids in neurons. Mitochondrial impairment is further 

exacerbated by amyloid-beta and tau toxicity, creating a feedback loop that accelerates 

neuronal damage. Mitochondrial deficits reduce ATP production, impair calcium homeostasis, 

and compromise neuronal survival, particularly in energy-demanding regions such as the 

hippocampus. Clinical studies show elevated markers of oxidative damage in the brains of AD 

patients, supporting its role in memory deterioration. Antioxidant therapies are being explored 

as potential interventions to preserve cognitive function. 

   Neuroinflammation and Microglial Activation 



IB
M

S
C

R
 |

 V
o

lu
m

e
 2

, I
ss

u
e

 8
, A

u
g

u
st

 
IB

M
S

C
R

 |
 V

o
lu

m
e

 5
, I

ss
u

e
 1

0
, O

ct
o

b
e

r 

 

43 

INTERNATIONAL BULLETIN OF MEDICAL SCIENCES 

AND CLINICAL RESEARCH IF = 9.2  ISSN: 2750-3399 

IBMSCR 

Chronic neuroinflammation is another mechanism contributing to memory loss in AD. 

Microglia, the resident immune cells of the central nervous system, are activated in response to 

amyloid-beta plaques and tau tangles. While initially protective, prolonged microglial 

activation results in the release of pro-inflammatory cytokines, chemokines, and reactive 

oxygen species, leading to neuronal damage. 

Conclusion 

Alzheimer’s disease is a progressive and irreversible neurodegenerative disorder that 

remains one of the greatest medical and social challenges of our time. Among its various 

symptoms, memory loss stands as the most characteristic and distressing feature, reflecting the 

profound damage that occurs within the brain’s cognitive networks. The mechanisms of this 

deterioration are multifactorial and interdependent, involving the accumulation of amyloid-

beta plaques, abnormal tau protein aggregation, oxidative stress, neuroinflammation, and 

synaptic dysfunction. Each of these processes contributes to the disruption of neuronal 

communication and the gradual death of brain cells, particularly in areas responsible for 

learning and memory such as the hippocampus and cerebral cortex. The interaction between 

genetic predisposition and environmental influences further complicates the course of the 

disease, making it a condition that cannot be explained by a single cause. In recent years, 

significant scientific progress has been made in understanding the molecular and cellular basis 

of Alzheimer’s disease. However, current treatment options remain limited, providing only 

temporary relief from symptoms without addressing the underlying pathology. Continued 

research into the mechanisms of memory loss is therefore essential for the discovery of disease-

modifying therapies. Future strategies must combine early detection, personalized medicine, 

neuroprotective therapies, and lifestyle interventions to reduce risk and slow progression. By 

deepening our understanding of how memory deteriorates in Alzheimer’s disease, we move 

closer to developing more effective treatments and improving the quality of life for patients and 

their families. Ultimately, the fight against Alzheimer’s disease is not only a scientific pursuit 

but also a human mission to preserve memory, identity, and dignity in aging populations. 
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