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INTRODUCTION
Alzheimer’s disease (AD) is

a chronic and
progressive neurodegenerative disorder and is the
most common cause of dementia worldwide. It
primarily affects older adults, leading to a gradual
deterioration of memory, reasoning, and daily

Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized
by synaptic dysfunction and impaired neuroplasticity, which underlie cognitive
decline. This review summarizes the physiological mechanisms of synaptic
function, the changes in neuroplasticity associated with AD, and the
pharmacological and non-pharmacological interventions aimed at preserving
synaptic health. Approved and emerging drug therapies, including cholinesterase
inhibitors, NMDA receptor antagonists, and disease-modifying agents targeting
amyloid and tau, are discussed in terms of their effects on synaptic signaling. The
role of physical activity in enhancing neuroplasticity, along with structured nursing
interventions that support cognition, daily functioning, and caregiver education, is
also highlighted. Integrating pharmacological, lifestyle, and nursing strategies
provides a multidimensional approach to maintaining synaptic integrity, delaying
cognitive decline, and improving quality of life. Early intervention and a focus on
preserving neuroplasticity are essential for effective management of AD.

expectancy, the prevalence of AD is rising rapidly,
creating a major public health challenge. This
growing burden affects not only patients but also
caregivers, healthcare and national
economies (1).

systems,

functional abilities. With increasing global life
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Synaptic Dysfunction and Neuroplasticity in Alzheimer’s Disease: Therapeutic Perspectives
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Figure 1: This figure illustrates the key pathological mechanisms leading to synaptic dysfunction and
impaired neuroplasticity in Alzheimer’s disease, highlighting the roles of pharmacological treatment,
physical activity, and nursing care in supporting synaptic function and cognitive performance.

At the molecular level, AD is characterized by the
abnormal accumulation of amyloid-8 peptides
outside neurons and hyperphosphorylated tau
protein inside These pathological
changes interfere with normal cellular processes,

neurons.

including synaptic signaling and neuronal
survival. Importantly, such molecular
disturbances begin many years before the

appearance of clinical symptoms, suggesting that
early functional impairment is a key driver of
disease progression (2).

Synaptic dysfunction is now considered a central
feature of Alzheimer’s disease and a major
contributor to cognitive decline. Synapses play a
vital role in communication between neurons,
and their loss disrupts learning and memory
processes. Studies have shown that synaptic
density correlates more strongly with cognitive
impairment than classical pathological hallmarks
such as amyloid plaques, emphasizing the
importance of synaptic health in AD (3).
Neuroplasticity refers to the brain’s capacity to
adapt structurally and functionally through
changes in synaptic strength and connectivity.
This process underlies learning, memory
formation, and recovery from injury. In

Alzheimer’s disease, neuroplastic mechanisms are
disrupted, resulting in impaired synaptic
remodeling and reduced adaptability of neural
networks. These alterations limit the brain’s
ability to compensate for ongoing
neurodegeneration (4,5).

Current  pharmacological  treatments
Alzheimer’s disease are primarily aimed at
symptom relief rather than disease modification.
Approved medications, such as
acetylcholinesterase inhibitors and glutamate
receptor antagonists, provide modest
improvements in  cognition daily
functioning. At the same time, experimental
therapies targeting amyloid, tau, and synaptic
preservation are under investigation,
though their longterm clinical benefits remain
uncertain (6,7).

In addition to pharmacological approaches, non-
drug strategies play an important role in
managing Alzheimer’s disease. Regular physical
activity has been associated with improved
cognitive performance and enhanced synaptic
function in older adults. Furthermore, nursing
care significantly contributes to patient well-being
by supporting daily activities, promoting cognitive

for
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engagement, and enhancing overall quality of life
through structured and individualized
interventions (8,9).

This review examines the physiological
mechanisms of synaptic dysfunction and
neuroplasticity in AD, current pharmacological
and experimental treatments, the role of physical
activity in enhancing brain function, and the
contribution of nursing practice toward holistic
care.

2. DPhysiology of Synaptic Function and
Neuroplasticity

Synaptic function is the fundamental process by
which neurons communicate with one another in
the brain. A synapse consists of a presynaptic
terminal, a synaptic cleft, and a postsynaptic
membrane (10). When an electrical impulse
reaches the presynaptic terminal,
neurotransmitters are released into the synaptic
cleft and bind to receptors on the postsynaptic
neuron. This interaction allows signals to be
transmitted efficiently across neural networks and
is essential for cognition, memory formation, and
behavior (11).

Neurotransmitters play a central role in synaptic
signaling and determine whether synaptic
communication is excitatory or inhibitory.
Glutamate is  the  primary  excitatory
neurotransmitter in the brain and is critical for
learning and memory, while gamma-aminobutyric
acid (GABA) serves as the main inhibitory
neurotransmitter, maintaining balance within
neural circuits (12). Proper regulation of these
neurotransmitters  ensures  stable  synaptic
transmission and prevents excessive neuronal
excitation or suppression (13).

Neuroplasticity refers to the ability of synapses to
change their strength in response to neuronal
activity. One of the most studied forms of
synaptic plasticity is long-term potentiation (LTP),
which enhances synaptic strength following
repeated stimulation. In contrast, long-term
depression (LTD) weakens synaptic connections.
Together, these mechanisms allow the brain to
encode new information, adapt to environmental
changes, and refine neural circuits throughout

life (14).

Structural plasticity is another important aspect
of neuroplasticity and involves physical changes
in synaptic architecture. This includes the
formation, elimination, or reshaping of dendritic
spines, which are small protrusions on neurons
that receive synaptic input. Structural remodeling
of synapses supports longterm learning and
memory by stabilizing functional changes at the
cellular level (15,16).

Neurotrophic factors are essential regulators of
synaptic function and plasticity. Brain-derived
neurotrophic factor (BDNF), in particular,
supports neuronal survival, promotes synapse
formation, and enhances synaptic strength.
Adequate levels of neurotrophic signaling are
necessary for maintaining synaptic integrity and
enabling adaptive plastic responses during
learning and memory processes (17, 18).

Overall, normal synaptic physiology and
neuroplasticity depend on precise coordination
between neurotransmission, receptor activity,
intracellular signaling, and structural adaptation.
These processes allow the brain to remain flexible
and responsive across the lifespan. Disruption of
any of these mechanisms can compromise neural
communication and cognitive performance,
laying the foundation for neurodegenerative
conditions such as Alzheimer’s disease (19,20).

3. Synaptic Dysfunction in Alzheimer’s Disease
Synaptic dysfunction is one of the -earliest
pathological changes observed in Alzheimer’s
disease and occurs before widespread neuronal
loss (21). Research indicates that synapses are
highly vulnerable to diseaserelated stressors,
leading to impaired communication between
neurons. This early synaptic failure disrupts
neural networks responsible for memory and
cognition, explaining why cognitive symptoms
may appear even when brain atrophy is still
limited (22).

Amyloid-f oligomers play a critical role in
synaptic damage in Alzheimer’s disease. Unlike
amyloid plaques, soluble oligomeric forms of
amyloid-B  directly interfere with synaptic
signaling by altering receptor function and
calcium homeostasis (23). These toxic effects
impair synaptic plasticity and weaken synaptic

https://fmhr.net

| Kanwal et al., 2025 |

Page 2360



Volume 3, Issue 10, 2025

Frontier n

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

connections, ultimately leading to memory
deficits and cognitive decline (24).

Tau pathology also contributes significantly to
synaptic dysfunction in Alzheimer’s disease (25).
Abnormal phosphorylation of the tau protein
leads to its mislocalization from axons to synaptic
compartments. This disrupts cytoskeletal stability
and interferes with synaptic vesicle transport,
reducing synaptic efficiency and weakening
neuronal communication (26).

Synaptic dysfunction in Alzheimer’s disease is
further  amplified by neuroinflammatory
processes. Activated microglia and astrocytes
release inflammatory mediators that alter synaptic
structure and  function (27). Chronic
inflammation ~ promotes excessive  synaptic
pruning and disrupts synaptic homeostasis,
accelerating cognitive impairment as the disease
progresses (28).

Mitochondrial dysfunction and oxidative stress
also contribute to synaptic impairment in
Alzheimer’s disease. Synapses require high levels
of energy to maintain neurotransmission and
plasticity. Damage to mitochondrial function
reduces ATP availability and increases oxidative
damage, making synapses particularly susceptible
to degeneration under pathological conditions
(29).

Overall, synaptic dysfunction in Alzheimer’s
disease results from the combined effects of
amyloid toxicity, tau pathology,
neuroinflammation, and metabolic stress. These
interconnected mechanisms disrupt synaptic
signaling and plasticity, leading to progressive
cognitive decline. Understanding these processes
is essential for developing interventions that
protect synapses and slow disease progression (30,

31).

4. Neuroplasticity Changes in Alzheimer’s
Disease

Neuroplasticity is essential for maintaining
cognitive function, but in Alzheimer’s disease,
this adaptive capacity becomes progressively
impaired (32). One of the earliest changes
observed is a reduction in activity-dependent
synaptic remodeling, which limits the brain’s
ability to strengthen or weaken synapses in

response to experience. This loss of flexibility
contributes to deficits in learning and memory
seen in individuals with AD (33).
Longterm potentiation (LTP), a key cellular
mechanism underlying memory formation, is
markedly reduced in Alzheimer’s disease. Studies
have shown that amyloid-B interferes with
NMDA receptor signaling, which is crucial for
inducing and maintaining LTP. As a result,
synaptic strengthening is compromised, leading
to poor memory encoding and retrieval (34).
In contrast to reduced LTP, long-term depression
(LTD) is often enhanced in Alzheimer’s disease
(35). Excessive LTD  weakens  synaptic
connections and accelerates synapse loss. This
imbalance between LTP and LTD shifts neural
networks  toward  reduced  connectivity,
contributing to cognitive deterioration and
impaired information processing (36).
Neuroplasticity in Alzheimer’s disease is
also affected by impaired neurotrophic support.
Reduced levels of brain-derived neurotrophic
factor (BDNF) have been reported in patients
with  AD, limiting synaptic growth and
maintenance. Decreased BDNF signaling further
weakens synaptic resilience and accelerates
neurodegenerative processes (37).
Agerelated neuroinflaimmation further disrupts
neuroplastic processes in Alzheimer’s disease.
Chronic activation of microglia and astrocytes
alters synaptic signaling and inhibits plastic
remodeling. Persistent inflaimmatory signaling
interferes with learning-related synaptic changes,
worsening cognitive impairment over time (38).
Despite these impairments, some degree of
compensatory neuroplasticity may persist in the
early stages of Alzheimer’s disease. Functional
imaging studies in humans suggest that
alternative neural networks may temporarily
support  cognitive function. However, as
pathology  advances, these  compensatory
mechanisms become overwhelmed, leading to
progressive cognitive decline (39).

5. Pharmacological Interventions Targeting
Synaptic Function

Current approved pharmacological treatments
for Alzheimer’s disease primarily aim to improve
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synaptic transmission by enhancing
neurotransmitter availability. Acetylcholinesterase
inhibitors, such as donepezil, rivastigmine, and
galantamine, work by increasing acetylcholine
levels at synapses (40). Acetylcholine plays a key
role in learning and memory, and its deficiency is
closely linked to synaptic dysfunction in AD.
These drugs provide modest cognitive benefits,
particularly in the early and moderate stages of
the disease (41).

Memantine is another approved medication that
targets synaptic dysfunction through modulation
of glutamatergic signaling. It acts as a non-
competitive antagonist of NMDA receptors,
reducing excessive calcium influx that can
damage synapses while preserving normal
neurotransmission. By protecting synapses from
excitotoxicity, memantine helps stabilize cognitive
function in patients with moderate to severe
Alzheimer’s disease (42).

Beyond  symptomatic  treatments,  disease-
modifying therapies targeting amyloid pathology
have gained significant attention. Monoclonal
antibodies such as aducanumab and lecanemab
are designed to reduce amyloid-f accumulation
in the brain. By lowering amyloid burden, these
therapies aim to preserve synaptic integrity and
slow cognitive decline, although their clinical
benefits and safety profiles continue to be

debated (43).

Tau-targeted  therapies are also  under
investigation as potential strategies to protect
synaptic function. These approaches include tau
aggregation inhibitors, kinase inhibitors, and
anti-tau antibodies (44). By preventing tau
misfolding and spread, such treatments aim to
reduce synaptic disruption and neuronal toxicity
associated with tau pathology. However, most
tau-based therapies are still in clinical trial phases
(45).

Several experimental drugs aim to enhance
synaptic resilience by targeting neuroplastic
mechanisms directly. These include agents that
modulate  synaptic  receptors, intracellular
signaling pathways, or neurotrophic factor
activity. Although still under development, such
approaches reflect a shift toward preserving
synaptic health rather than focusing solely on
protein aggregation (46).

Despite  advances in drug development,
pharmacological interventions alone have limited
effectiveness in addressing the complexity of
synaptic dysfunction in Alzheimer’s disease.
Combination strategies that integrate drug
therapy with lifestyle interventions and
supportive care may offer greater benefits (47).
Continued  research  into  synapse-focused
treatments remains essential for improving long-
term outcomes in individuals with AD (48).

Table 1: Synaptic Dysfunction, Neuroplasticity, and Multimodal Management in Alzheimer’s Disease.

Domain Explanation Citations
Alzheimer’s disease Alzheimer’s disease is the most common cause of dementia (1)
burden worldwide, with increasing prevalence due to aging populations

and a significant socioeconomic impact
Core neuropathology Accumulation of amyloid-B plaques and hyperphosphorylated ()

tau disrupts neuronal communication and synaptic integrity
Synaptic  loss  and Synaptic loss correlates more strongly with cognitive decline 3)
cognition than amyloid plaques or neurofibrillary tangles
Neuroplasticity in Neuroplasticity enables learning and memory through synaptic 4,5)
health remodeling and activity-dependent signaling
Early synaptic Synaptic dysfunction occurs early in Alzheimer’s disease, (21,22)
dysfunction in AD preceding extensive neuronal loss
Amyloid- synaptic  Soluble amyloid-B oligomers impair calcium homeostasis and (23,24)
toxicity glutamatergic synaptic transmission
Tau-mediated synaptic Hyperphosphorylated tau disrupts cytoskeletal stability and (25,26)
damage synaptic vesicle transport
https://fmhr.net | Kanwal et al., 2025 | Page 2362
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Neuroinflammation Activated microglia and astrocytes promote synaptic pruning (27,28)
and functional decline

Impaired synaptic Amyloid-8 reduces long-term potentiation and enhances long- (34-36)

plasticity term depression, weakening memory circuits

Reduced neurotrophic Decreased levels of brain-derived neurotrophic factor limit 37

support synaptic growth and resilience

Compensatory Early disease stages show temporary compensatory (39)

neuroplasticity neural network reorganization

Cholinesterase Drugs such as donepezil and rivastigmine enhance cholinergic (40,41)

inhibitors synaptic transmission with modest symptomatic benefits

NMDA receptor Memantine reduces excitotoxicity while preserving physiological (42)

antagonists synaptic signaling

Limitations of Current pharmacological treatments do not prevent progressive (68,69)

pharmacotherapy synaptic degeneration

Role of physical activity  Regular physical activity improves cognition and supports (49,50)
synaptic efficiency in Alzheimer’s disease

Exercise-induced Exercise enhances hippocampal connectivity and synaptic (51,52)

neuroplasticity function

Exercise and Physical activity increases BDNF expression, promoting synaptic (53)

BDNF maintenance

Nursing care Nursing care supports cognitive engagement, mobility, (57-61)

interventions emotional stability, and daily functioning

Cognitive stimulation Nursing-led cognitive activities promote synaptic activation and (59)
mental performance

Holistic  management Combined pharmacological, physical, and nursing interventions (70,71)

approach provide optimal synaptic support

6. Physical Activity and Synaptic Plasticity in highlight  physical  activity a  non-

Alzheimer’s Disease

Regular physical activity has been consistently
associated with better cognitive health in older
adults, including those at risk for or living with
Alzheimer’s disease (49). Human observational
studies indicate that individuals who engage in
regular exercise show slower cognitive decline
and better memory performance compared to
sedentary individuals. These benefits are thought
to be linked to exerciseinduced support of
synaptic function and maintenance of neural
connectivity (50).

Clinical studies in humans suggest that aerobic
exercise can enhance neuroplasticity by
improving synaptic efficiency and brain network
function (51). Exercise interventions have been
associated with increased hippocampal volume
and improved memory in older adults, indicating
preserved synaptic adaptability. These findings

pharmacological strategy capable of influencing
brain structure and function (52).

Physical activity has also been shown to influence
synaptic  plasticity through modulation of
neurotrophic  factors in
interventions increase circulating levels of brain-
derived neurotrophic factor (BDNF), which
supports synaptic growth and maintenance.
Elevated BDNF levels have been associated with
improved learning and memory, suggesting a
biological pathway through which physical
activity promotes synaptic resilience (53).

In individuals with mild cognitive impairment or
early Alzheimer’s disease, structured exercise
programs have demonstrated positive effects on
cognitive performance and daily functioning.
Randomized controlled trials indicate that
moderate-intensity physical activity can improve
executive function and slow cognitive decline,

humans. Exercise

https://fmhr.net

| Kanwal et al., 2025 |

Page 2363



Volume 3, Issue 10, 2025

B Frontier in

$ Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

potentially by preserving synaptic plasticity and
neural efficiency (54).

Neuroimaging studies in physically active older
adults reveal improved functional connectivity
within memory-related brain networks. Increased
connectivity  reflects healthier synaptic
communication and more efficient neural
signaling. These changes may help compensate
for early pathological changes in Alzheimer’s
disease and support cognitive reserve (55).
Despite strong evidence supporting the benefits
of physical activity, variability in exercise type,
duration, and intensity influences outcomes.
Individualized exercise programs that consider
physical ability, disease stage, and patient
preference may provide the greatest benefit.
Integrating physical activity into comprehensive
Alzheimer’s care plans represents a practical and
low-risk approach to supporting synaptic health
and neuroplasticity (56).

7. Nursing Perspectives and Practices in
Supporting Synaptic Health in Alzheimer’s
Disease

Nursing care plays a central role in the long-term
management of Alzheimer’s disease by addressing
both  cognitive  decline and  functional
dependence. Nurses are often responsible for
implementing daily care strategies that promote
safety, independence, and cognitive engagement
(57). Through continuous patient interaction,
nurses can identify early changes in behavior and
cognition, allowing timely adjustments to care
plans that support brain function and overall
well-being (58).

Cognitive stimulation is a key nursing
intervention aimed at preserving synaptic activity
and mental function in individuals with
Alzheimer’s disease. Structured activities such as
memory exercises, conversation therapy, and
orientation  techniques  encourage  neural
engagement and may help slow cognitive decline.
Nurses play a crucial role in delivering these
interventions consistently and adapting them to
individual cognitive abilities (59).

Physical activity and mobility support are also
essential components of nursing care in
Alzheimer’s disease. Nurses encourage safe

movement and daily physical activities that
enhance circulation, reduce inflammation, and
support brain health. By promoting regular
physical engagement, nursing interventions may
indirectly contribute to the maintenance of
synaptic plasticity and cognitive performance
(60).
Emotional support and stress reduction are
critical aspects of nursing care that influence
cognitive and synaptic health. Psychological stress
can worsen cognitive symptoms and negatively
affect neural function. Nurses provide emotional
reassurance, establish routines, and create
calming environments that reduce anxiety and
behavioral disturbances in patients with
Alzheimer’s disease (61).
Education and support for caregivers are another
vital nursing responsibility. Nurses train
caregivers in effective communication strategies,
behavioral management, and daily care
techniques. Educated caregivers are better
equipped to provide cognitively supportive
environments that encourage patient engagement
and preserve remaining cognitive abilities (62).
Finally, holistic nursing care integrates
medical treatment, lifestyle modification, and
psychosocial support to optimize outcomes in
Alzheimer’s disease (63). By coordinating
multidisciplinary care and advocating for patient-
centered  approaches,  nurses
significantly to preserving function and quality of
life. Such comprehensive care models emphasize
the importance of synaptic health within broader
dementia management strategies (64).

contribute

8. Discussion

This review highlights synaptic dysfunction as a
central pathological process in Alzheimer’s
disease that links molecular abnormalities to
cognitive decline. Evidence across human studies
shows that synaptic loss and impaired synaptic
signaling occur early in the disease and are more
closely associated with cognitive symptoms than
classical neuropathological markers alone. These
findings reinforce the concept that Alzheimer’s
disease is fundamentally a disorder of synaptic
failure rather than simply neuronal death (65).
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Alterations in neuroplasticity further contribute
to disease progression by limiting the brain’s
ability to adapt to ongoing synaptic injury.
Disruption of long-term potentiation,
enhancement of longterm depression, and
reduced neurotrophic support collectively impair
learning-related synaptic remodeling (66). Human
neuroimaging and biomarker studies suggest that
compensatory plasticity may temporarily preserve
cognitive function, but this capacity diminishes as
pathological burden increases (67).
Pharmacological therapies currently approved for
Alzheimer’s disease offer limited protection
against synaptic deterioration. While cholinergic
and glutamatergic agents improve synaptic
signaling temporarily, they do not address the
underlying mechanisms driving synaptic loss (68).
Disease-modifying therapies targeting amyloid
and tau represent a shift toward mechanism-
based treatment, yet their modest clinical effects
highlight the complexity of synaptic pathology
and the need for multi-target strategies (69).
Growing evidence from human studies shows
that physical activity enhances synaptic plasticity
and  cognitive  reserve, improving brain
connectivity, neurotrophic signaling, and vascular
health, which may slow cognitive decline (70).
Integrating lifestyle
pharmacological treatment and nursing care
through  cognitive stimulation, emotional
support, physical activity promotion, and

interventions with

caregiver education helps maintain synaptic
function and daily independence (71). A
multidimensional approach targeting synaptic
health offers the greatest potential to delay
decline, highlighting the need for early,
integrated interventions.

9. Conclusion

Alzheimer’s disease is fundamentally a disorder of
synaptic dysfunction and impaired
neuroplasticity. ~ Pharmacological ~ treatments
provide modest symptomatic relief, while physical
activity and nursing interventions support
synaptic  health and cognitive  function.
Combining these strategies in a
multidimensional, patient-centered approach
offers the best potential to slow cognitive decline,

maintain independence, and improve quality of
life. Early, integrated interventions targeting
synapses and neuroplasticity are essential for
optimal management.
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