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Introduction 

Alzheimer's disease (AD) is a progressive neurodegenerative 
disorder characterized by a gradual decline in cognitive 
function, affecting millions worldwide and posing a significant 
burden on healthcare systems and societies (1, 2). First 
described by Alois Alzheimer in 1906, AD remains the most 
common cause of dementia, accounting for 60-80% of all 
dementia cases (3, 4). 
The pathophysiology of Alzheimer's disease is multifaceted, 
involving complex interactions between genetic, 
environmental, and lifestyle factors (5, 6). Central to its 
pathology are two hallmark proteinopathies: the extracellular 

deposition of amyloid-beta (Aβ) plaques and the intracellular 
accumulation of hyperphosphorylated tau protein, forming 
neurofibrillary tangles (NFTs) (7, 8). These pathological 
entities contribute to synaptic dysfunction, neuronal loss, and 
widespread brain atrophy, particularly in the hippocampus 
and cortex (9, 10). Amyloid-beta, a peptide derived from the 
amyloid precursor protein (APP) through sequential cleavage 
by β-secretase and γ-secretase, is central to the amyloid 
hypothesis of Alzheimer's disease (11, 12). Accumulation of 
Aβ in the brain is believed to initiate a cascade of neurotoxic 
events, including oxidative stress, inflammation, and 
disruption of calcium homeostasis, ultimately leading to 
synaptic impairment and neuronal death (13, 14). In parallel, 
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Abstract 

Alzheimer's disease (AD) is a progressive neurodegenerative disorder marked by cognitive 
decline, predominantly due to the accumulation of amyloid-beta plaques and tau neurofibrillary 
tangles. Despite extensive research, effective treatments remain limited to symptomatic relief. 
Fisetin, a naturally occurring flavonoid found in fruits and vegetables, has emerged as a promising 
neuroprotective agent. Its multifaceted mechanisms, including antioxidant, anti-inflammatory, 
and signaling pathway modulation, suggest potential for AD intervention. Fisetin's ability to 
inhibit amyloid-beta aggregation, promote peptide clearance, and reduce tau 
hyperphosphorylation positions it as a viable therapeutic candidate. Additionally, fisetin enhances 
synaptic plasticity and cognitive function by modulating key signaling pathways such as ERK and 
CREB. Preclinical studies demonstrate fisetin's efficacy in reducing amyloid-beta and tau 
pathology, improving cognitive performance, and mitigating oxidative stress and 
neuroinflammation. Early clinical trials indicate fisetin's safety and potential cognitive benefits in 
individuals with mild cognitive impairment. To fully realize fisetin's therapeutic potential, further 
large-scale clinical trials, mechanistic studies, combination therapy explorations, and personalized 
medicine approaches are essential. Optimizing fisetin's bioavailability and delivery methods, 
along with long-term safety assessments, will be critical in translating preclinical successes into 
clinical applications. Fisetin's diverse neuroprotective actions highlight its promise as a multi-
targeted approach to AD treatment, offering hope for effective therapeutic strategies against this 
devastating disease. 
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the tau hypothesis posits that abnormal phosphorylation of 
tau protein disrupts its normal function in stabilizing 
microtubules, leading to the formation of NFTs and 
subsequent neuronal damage (15, 16). Tau pathology often 
correlates with the degree of cognitive decline and 
neurodegeneration observed in Alzheimer's disease (17, 18). 
The interplay between amyloid-beta and tau pathologies is a 
subject of intense research, with evidence suggesting that Aβ 
pathology may precede and potentiate tau-related 
neurodegeneration (19, 20). Additionally, 
neuroinflammation, driven by activated glial cells, and 
oxidative stress are critical components of Alzheimer's disease 
pathology, exacerbating neuronal injury and disease 
progression (21, 22). 
Genetic factors play a significant role in Alzheimer's disease, 
with mutations in genes such as APP, presenilin 1 (PSEN1), 
and presenilin 2 (PSEN2) linked to early-onset familial 
Alzheimer's disease (FAD) (23, 24). The apolipoprotein E 
(APOE) ε4 allele is the most prominent genetic risk factor for 
late-onset Alzheimer's disease (LOAD), influencing amyloid-
beta deposition and clearance (25, 26). Despite advances in 
understanding its pathophysiology, Alzheimer's disease 
remains incurable, with current treatments primarily offering 
symptomatic relief rather than addressing the underlying 
disease mechanisms (27, 28). Cholinesterase inhibitors and N-
methyl-D-aspartate (NMDA) receptor antagonists are the 
mainstays of pharmacological treatment, aimed at enhancing 
cholinergic neurotransmission and modulating glutamatergic 
excitotoxicity, respectively (29, 30). 
The significant socioeconomic impact of Alzheimer's disease 
underscores the urgent need for effective therapeutic strategies 
to prevent, halt, or reverse its progression (31, 32). Recent 
research efforts have focused on identifying novel targets for 
intervention, exploring the potential of disease-modifying 
therapies such as immunotherapy, small molecule inhibitors, 
and lifestyle modifications (33, 34). The multifactorial nature 
of Alzheimer's disease necessitates a comprehensive approach 
to its treatment and prevention, integrating pharmacological, 
non-pharmacological, and public health strategies (35, 36). 
Lifestyle factors, including physical activity, diet, cognitive 
engagement, and social interactions, have emerged as 
modifiable risk factors that may influence the onset and 
progression of Alzheimer's disease, highlighting the 
importance of preventive measures (37, 38). 
In conclusion, Alzheimer's disease represents a major 
challenge in modern medicine, characterized by its complex 
pathophysiology and significant impact on individuals and 
society. Ongoing research efforts aim to unravel the 
underlying mechanisms of the disease and develop effective 
therapeutic strategies to combat this devastating disorder. 
 
Fisetin: A Natural Flavonoid 
 
Fisetin is a naturally occurring flavonoid found in various 
fruits and vegetables, most notably strawberries, apples, 
persimmons, grapes, cucumbers, and onions (39, 40). As a 
polyphenolic compound, fisetin belongs to the flavonol class 

of flavonoids, characterized by a 3-hydroxyflavone backbone, 
which confers its distinctive biochemical properties (41, 42). 
The chemical structure of fisetin, 3,3′,4′,7-
tetrahydroxyflavone, includes four hydroxyl groups attached 
to the benzene rings, which play a crucial role in its antioxidant 
activity (39, 42). This molecular configuration allows fisetin to 
scavenge free radicals, chelate metal ions, and inhibit oxidative 
stress, contributing to its neuroprotective effects (43, 44). 
Fisetin exhibits a wide range of pharmacological activities, 
including anti-inflammatory, anti-cancer, anti-diabetic, and 
neuroprotective effects (45, 39). These properties are 
attributed to its ability to modulate multiple cellular signaling 
pathways, including the nuclear factor erythroid 2-related 
factor 2 (Nrf2), nuclear factor-kappa B (NF-κB), and mitogen-
activated protein kinase (MAPK) pathways (45, 39). 
 
One of the primary mechanisms through which fisetin exerts 
its neuroprotective effects is its potent antioxidant activity (46, 
47). Oxidative stress, characterized by an imbalance between 
the production of reactive oxygen species (ROS) and the 
antioxidant defense system, is a critical factor in the 
pathogenesis of neurodegenerative diseases, including 
Alzheimer's disease (14, 22). Fisetin's ability to neutralize ROS 
and enhance the expression of antioxidant enzymes, such as 
superoxide dismutase (SOD) and catalase, underscores its 
potential as a neuroprotective agent (46, 47). In addition to its 
antioxidant properties, fisetin possesses significant anti-
inflammatory activity (45, 48). Chronic inflammation is a 
hallmark of Alzheimer's disease, contributing to neuronal 
damage and disease progression (21, 22). Fisetin modulates 
the inflammatory response by inhibiting the activation of 
microglia and astrocytes, the primary immune cells in the 
central nervous system (45, 22). It also suppresses the 
production of pro-inflammatory cytokines, such as tumor 
necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), 
thereby mitigating neuroinflammation (45, 39). 
The modulation of cellular signaling pathways by fisetin is 
another key aspect of its neuroprotective effects (39, 46). 
Fisetin activates the Nrf2 pathway, a critical regulator of the 
antioxidant response, enhancing the expression of phase II 
detoxifying enzymes and reducing oxidative damage (39, 49). 
Moreover, fisetin inhibits the NF-κB pathway, which is 
involved in the regulation of inflammatory responses and 
apoptosis, thereby reducing inflammation and promoting cell 
survival (48, 45). Fisetin also impacts the MAPK pathway, 
which plays a pivotal role in cell proliferation, differentiation, 
and survival (39, 45). By modulating the activity of MAPKs, 
such as extracellular signal-regulated kinase (ERK), c-Jun N-
terminal kinase (JNK), and p38 MAPK, fisetin influences 
various cellular processes, including stress responses and 
apoptosis (45, 48). 
The neuroprotective potential of fisetin has been 
demonstrated in various in vitro and in vivo models of 
neurodegenerative diseases (46, 47). In models of Alzheimer's 
disease, fisetin has been shown to reduce amyloid-beta (Aβ) 
aggregation, a key pathological hallmark of the disease (47, 
50). By inhibiting the formation of Aβ oligomers and 
promoting their clearance, fisetin helps mitigate the toxic 
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effects of amyloid-beta on neuronal function (47, 50). 
Furthermore, fisetin has been reported to modulate tau 
pathology, another critical aspect of Alzheimer's disease (47, 
51). Tau protein, when hyperphosphorylated, forms 
neurofibrillary tangles, contributing to neuronal dysfunction 
and cell death (51, 52). Fisetin inhibits tau phosphorylation 
and aggregation, thereby protecting neurons from tau-
induced toxicity (51, 47). 
Synaptic dysfunction is a major feature of Alzheimer's disease, 
leading to cognitive deficits and memory loss (53, 54). Fisetin 
enhances synaptic plasticity and improves cognitive function 
by modulating neurotransmitter release and receptor function 
(46, 47). Studies have shown that fisetin can increase long-
term potentiation (LTP), a cellular correlate of learning and 
memory, and improve performance in behavioral tests of 
cognition (46, 47).  
In conclusion, fisetin is a multifunctional flavonoid with 
significant neuroprotective potential. Its antioxidant, anti-
inflammatory, and signaling modulatory properties make it a 
promising candidate for the prevention and treatment of 
neurodegenerative diseases, particularly Alzheimer's disease. 
Further research, including clinical trials, is warranted to fully 
elucidate the therapeutic potential of fisetin and its 
mechanisms of action. 
 
Mechanisms of Neuroprotection by Fisetin 
Fisetin, a naturally occurring flavonoid, has garnered 
significant attention for its neuroprotective properties, 
particularly in the context of neurodegenerative diseases such 
as Alzheimer's disease. The neuroprotective mechanisms of 
fisetin are multifaceted, encompassing antioxidant, anti-
inflammatory, and signaling pathway modulation activities 
(46, 47). A primary mechanism through which fisetin exerts 
neuroprotection is its potent antioxidant activity. Oxidative 
stress, characterized by an overproduction of reactive oxygen 
species (ROS), plays a critical role in the pathogenesis of 
neurodegenerative diseases (22, 14). Fisetin's structure, 
featuring multiple hydroxyl groups, enables it to effectively 
scavenge free radicals and reduce oxidative stress ( 
 
39, 55). Studies have demonstrated that fisetin enhances the 
expression of endogenous antioxidant enzymes, such as 
superoxide dismutase (SOD) and catalase, thereby bolstering 
the cellular defense against oxidative damage (46, 47). In 
addition to its antioxidant effects, fisetin exhibits significant 
anti-inflammatory properties, which are crucial for its 
neuroprotective action (45, 48). Chronic inflammation is a 
hallmark of neurodegenerative disorders and contributes to 
neuronal injury and disease progression (21, 22). Fisetin 
modulates the inflammatory response by inhibiting the 
activation of microglia and astrocytes, the primary immune 
cells in the central nervous system (45, 22). It also suppresses 
the production of pro-inflammatory cytokines, such as tumor 
necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), which 
play pivotal roles in mediating neuroinflammation (45, 39). 
 

A key aspect of fisetin's neuroprotective action is its ability to 
modulate multiple cellular signaling pathways. One of the 
critical pathways influenced by fisetin is the nuclear factor 
erythroid 2-related factor 2 (Nrf2) pathway (39, 49). Nrf2 is a 
transcription factor that regulates the expression of 
antioxidant and detoxifying enzymes, thus playing a central 
role in cellular defense against oxidative stress (39, 49). Fisetin 
activates the Nrf2 pathway, enhancing the expression of phase 
II detoxifying enzymes and reducing oxidative damage, which 
is particularly beneficial in neurodegenerative conditions (49, 
46). Another important signaling pathway modulated by 
fisetin is the nuclear factor-kappa B (NF-κB) pathway, which 
is involved in the regulation of inflammation and apoptosis 
(45, 48). NF-κB activation is associated with increased 
production of pro-inflammatory cytokines and has been 
implicated in the pathogenesis of various neurodegenerative 
diseases (48, 21). Fisetin inhibits NF-κB activation, thereby 
reducing inflammation and promoting cell survival (45, 39). 
The mitogen-activated protein kinase (MAPK) pathway, 
which includes extracellular signal-regulated kinase (ERK), c-
Jun N-terminal kinase (JNK), and p38 MAPK, is also 
modulated by fisetin (39, 45). MAPKs play crucial roles in 
regulating cell proliferation, differentiation, and survival (45, 
48). By influencing MAPK activity, fisetin affects various 
cellular processes, including stress responses and apoptosis, 
which are relevant to its neuroprotective effects (45, 39). 
Fisetin's neuroprotective properties are also evident in its 
ability to interfere with amyloid-beta (Aβ) pathology, a key 
feature of Alzheimer's disease (47, 50). Aβ aggregation and 
plaque formation contribute to neuronal dysfunction and 
cognitive decline in Alzheimer's disease (12, 56). Fisetin has 
been shown to inhibit the aggregation of Aβ peptides and 
promote their clearance, thereby mitigating their neurotoxic 
effects (47, 50). 
In addition to targeting amyloid-beta, fisetin impacts tau 
pathology, another critical aspect of Alzheimer's disease (47, 
51). Hyperphosphorylation of tau protein leads to the 
formation of neurofibrillary tangles, which disrupt neuronal 
function and contribute to cell death (51, 52). Fisetin has been 
reported to inhibit tau phosphorylation and aggregation, 
thereby protecting neurons from tau-induced toxicity (51, 47). 
Synaptic dysfunction and loss are major features of 
Alzheimer's disease, leading to cognitive deficits and memory 
impairment (53, 54). Fisetin enhances synaptic plasticity and 
improves cognitive function by modulating neurotransmitter 
release and receptor function (46, 47). Studies have shown that 
fisetin can increase long-term potentiation (LTP), a cellular 
correlate of learning and memory, and improve performance 
in behavioral tests of cognition (46, 47). 
In conclusion, fisetin exerts neuroprotective effects through 
multiple mechanisms, including antioxidant activity, anti-
inflammatory properties, and modulation of key cellular 
signaling pathways. Its ability to interfere with amyloid-beta 
and tau pathologies further underscores its potential as a 
therapeutic agent for neurodegenerative diseases like 
Alzheimer's disease. The diverse mechanisms of action of 
fisetin highlight its promise as a multi-targeted approach to 
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neuroprotection, warranting further investigation into its 
therapeutic applications. 
 
Fisetin and Amyloid Beta Pathology 
Fisetin, a flavonoid found in various fruits and vegetables, has 
emerged as a promising therapeutic agent in the context of 
Alzheimer's disease due to its ability to modulate amyloid-beta 
(Aβ) pathology. Aβ accumulation and plaque formation are 
central features of Alzheimer's disease, driving neuronal 
dysfunction and cognitive decline (11, 12). Fisetin's 
multifaceted interactions with Aβ production, aggregation, 
and clearance highlight its potential as a neuroprotective 
compound. One of the primary mechanisms by which fisetin 
influences Aβ pathology is through the inhibition of Aβ 
aggregation. The aggregation of Aβ peptides into oligomers 
and fibrils is a key pathogenic event in Alzheimer's disease, 
contributing to synaptic impairment and neurotoxicity (57, 
58). Studies have demonstrated that fisetin can effectively 
inhibit the formation of Aβ fibrils, thereby reducing their 
neurotoxic effects (47, 59). This anti-aggregation property of 
fisetin is attributed to its ability to interact with Aβ monomers 
and prevent their assembly into higher-order structures (59, 
60). In addition to inhibiting aggregation, fisetin promotes the 
clearance of Aβ peptides from the brain. Efficient clearance 
mechanisms are crucial for preventing the accumulation of Aβ 
and the formation of plaques (61, 62). Fisetin has been shown 
to enhance the activity of proteolytic enzymes, such as 
neprilysin and insulin-degrading enzyme (IDE), which are 
responsible for degrading Aβ peptides (61, 63). By 
upregulating these enzymes, fisetin facilitates the reduction of 
Aβ levels in the brain, thereby mitigating its pathogenic effects 
(61, 63). 
Fisetin's impact on Aβ pathology is also linked to its 
antioxidant properties. Oxidative stress is closely associated 
with Aβ toxicity, contributing to neuronal damage and plaque 
formation (22, 14). Fisetin's ability to scavenge reactive oxygen 
species (ROS) and enhance the expression of endogenous 
antioxidant enzymes helps protect neurons from oxidative 
damage induced by Aβ (46, 47). This antioxidative action of 
fisetin not only preserves neuronal integrity but also reduces 
the oxidative modifications of Aβ that promote its aggregation 
and toxicity (22, 14). The modulation of cellular signaling 
pathways by fisetin further contributes to its neuroprotective 
effects against Aβ pathology. Fisetin activates the nuclear 
factor erythroid 2-related factor 2 (Nrf2) pathway, a critical 
regulator of the cellular antioxidant response (39, 49). 
Activation of Nrf2 leads to the upregulation of antioxidant and 
detoxifying enzymes, thereby enhancing the cellular capacity 
to counteract oxidative stress and Aβ-induced toxicity (49, 
46). Additionally, fisetin inhibits the nuclear factor-kappa B 
(NF-κB) pathway, which is involved in the regulation of 
inflammatory responses and has been implicated in Aβ-
induced neuroinflammation (45, 48). By suppressing NF-κB 
activation, fisetin reduces the production of pro-inflammatory 
cytokines, thus alleviating neuroinflammation and its 
associated neuronal damage (45, 48). 

Furthermore, fisetin has been shown to influence the 
processing of amyloid precursor protein (APP), the source of 
Aβ peptides (64, 65). APP undergoes sequential cleavage by β-
secretase (BACE1) and γ-secretase to generate Aβ peptides 
(57, 66). Fisetin modulates the activity of these secretases, 
particularly by inhibiting BACE1, which reduces the 
production of Aβ from APP (66, 67). This inhibition of BACE1 
by fisetin decreases the generation of Aβ, thereby lowering its 
overall burden in the brain (66, 67). The neuroprotective 
effects of fisetin against Aβ pathology have been substantiated 
in various preclinical models. In transgenic mouse models of 
Alzheimer's disease, fisetin administration has been shown to 
reduce Aβ levels, decrease plaque burden, and improve 
cognitive function (47, 46). These findings suggest that fisetin's 
multifaceted actions on Aβ production, aggregation, 
clearance, and associated oxidative and inflammatory 
pathways confer significant neuroprotection (47, 46). 
In conclusion, fisetin exerts a comprehensive neuroprotective 
effect against amyloid-beta pathology through multiple 
mechanisms, including inhibition of Aβ aggregation, 
promotion of Aβ clearance, antioxidant activity, modulation 
of APP processing, and suppression of neuroinflammation. 
These diverse actions highlight the potential of fisetin as a 
therapeutic agent for Alzheimer's disease, targeting the 
complex interplay of factors contributing to Aβ toxicity and 
neurodegeneration. Further research, including clinical trials, 
is essential to fully elucidate the therapeutic potential and 
mechanisms of fisetin in the context of Alzheimer's disease. 
 
Fisetin and Tau Pathology 
Tau pathology is a critical component of Alzheimer’s disease, 
characterized by the accumulation of hyperphosphorylated 
tau protein, which aggregates into neurofibrillary tangles 
(NFTs) within neurons (52, 51). These tangles disrupt normal 
cellular functions, leading to neuronal death and cognitive 
deficits (52, 68). Fisetin, a natural flavonoid, has demonstrated 
potential in modulating tau pathology through multiple 
mechanisms, making it a promising therapeutic agent for 
Alzheimer’s disease. One of the primary mechanisms by which 
fisetin affects tau pathology is through the inhibition of tau 
hyperphosphorylation. Hyperphosphorylation of tau reduces 
its ability to bind to microtubules, leading to microtubule 
destabilization and the formation of NFTs (16, 51). Fisetin has 
been shown to reduce the levels of hyperphosphorylated tau in 
cellular and animal models of Alzheimer’s disease 
 (47, 51). This effect is partly mediated by fisetin’s ability to 
modulate the activity of protein kinases and phosphatases that 
regulate tau phosphorylation (47, 51). Specifically, fisetin has 
been found to inhibit glycogen synthase kinase-3β (GSK-3β), 
a key kinase involved in tau phosphorylation (39, 69). GSK-3β 
phosphorylates tau at multiple sites, and its overactivation is a 
major factor contributing to tau pathology in Alzheimer’s 
disease (70, 71). By inhibiting GSK-3β, fisetin reduces the 
phosphorylation of tau, thereby preventing its aggregation 
into NFTs (39, 69). 
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In addition to inhibiting GSK-3β, fisetin also influences other 
kinases and phosphatases involved in tau regulation. For 
example, fisetin modulates the activity of protein phosphatase 
2A (PP2A), the primary phosphatase responsible for 
dephosphorylating tau (72, 73). Activation of PP2A leads to 
the removal of phosphate groups from tau, thereby reducing 
its pathological phosphorylation (73, 74). Fisetin has been 
shown to enhance PP2A activity, contributing to the reduction 
of hyperphosphorylated tau levels (72, 73). Beyond its effects 
on tau phosphorylation, fisetin also interferes with tau 
aggregation and promotes the disassembly of preformed tau 
filaments. Aggregation of hyperphosphorylated tau into NFTs 
is a hallmark of Alzheimer’s disease and is associated with 
neuronal dysfunction and death (52, 51). Fisetin has been 
reported to directly interact with tau protein, inhibiting its 
self-assembly into toxic aggregates (75, 76). This anti-
aggregation property of fisetin is crucial for its neuroprotective 
effects, as it helps maintain tau in a soluble, non-toxic state (75, 
76). 
Moreover, fisetin’s antioxidant and anti-inflammatory 
properties contribute to its protective effects against tau 
pathology. Oxidative stress and chronic inflammation are key 
contributors to tau hyperphosphorylation and aggregation 
(22, 14). Fisetin’s ability to scavenge reactive oxygen species 
(ROS) and reduce oxidative stress helps protect neurons from 
damage associated with tau pathology (46, 47). Additionally, 
fisetin inhibits the activation of microglia and astrocytes, 
reducing the production of pro-inflammatory cytokines that 
exacerbate tau pathology (45, 48). The modulation of cellular 
signaling pathways by fisetin also plays a role in its effects on 
tau pathology. Fisetin activates the nuclear factor erythroid 2-
related factor 2 (Nrf2) pathway, a critical regulator of the 
cellular antioxidant response (39, 49). Activation of Nrf2 leads 
to the upregulation of antioxidant and detoxifying enzymes, 
which protect against oxidative damage and reduce tau 
hyperphosphorylation (49, 46). Furthermore, fisetin inhibits 
the nuclear factor-kappa B (NF-κB) pathway, which is 
involved in the regulation of inflammation and has been 
implicated in tau pathology (45, 48). By suppressing NF-κB 
activation, fisetin reduces neuroinflammation and its 
associated effects on tau (45, 48). 
Preclinical studies have provided substantial evidence for the 
neuroprotective effects of fisetin against tau pathology. In 
transgenic mouse models of Alzheimer’s disease, fisetin 
administration has been shown to reduce tau pathology, 
improve synaptic function, and enhance cognitive 
performance (47, 46). These studies suggest that fisetin’s 
multi-targeted approach, affecting tau phosphorylation, 
aggregation, oxidative stress, and inflammation, makes it a 
promising candidate for the treatment of Alzheimer’s disease 
(47, 46). 
In conclusion, fisetin exerts a protective effect against tau 
pathology through multiple mechanisms, including inhibition 
of tau hyperphosphorylation, prevention of tau aggregation, 
promotion of tau disassembly, and reduction of oxidative 
stress and inflammation. These diverse actions highlight the 
potential of fisetin as a therapeutic agent for Alzheimer’s 
disease, targeting the complex interplay of factors contributing 

to tau toxicity and neurodegeneration. Further research, 
including clinical trials, is necessary to fully elucidate the 
therapeutic potential and mechanisms of fisetin in the context 
of Alzheimer’s disease. 
 
Fisetin and Synaptic Plasticity 
Synaptic plasticity is a fundamental mechanism underlying 
learning and memory, encompassing the ability of synapses to 
strengthen or weaken over time in response to activity levels 
(77, 78). Synaptic dysfunction and loss are key pathological 
features of neurodegenerative diseases, including Alzheimer’s 
disease, contributing to cognitive decline and memory 
impairment (53, 54). Fisetin, a natural flavonoid, has 
demonstrated promising effects on synaptic plasticity, 
highlighting its potential as a therapeutic agent for 
neurodegenerative disorders. One of the primary mechanisms 
by which fisetin enhances synaptic plasticity is through the 
modulation of signaling pathways involved in synaptic 
function. Fisetin has been shown to activate the extracellular 
signal-regulated kinase (ERK) pathway, which plays a crucial 
role in synaptic plasticity and memory formation (46, 79). 
Activation of ERK leads to the phosphorylation of various 
downstream targets, including the transcription factor cAMP 
response element-binding protein (CREB), which is essential 
for the transcription of genes involved in synaptic 
strengthening and memory consolidation (80, 81). Studies 
have demonstrated that fisetin enhances ERK and CREB 
phosphorylation, thereby promoting the expression of 
synaptic plasticity-related genes and improving cognitive 
function (46, 47). 
 
In addition to modulating the ERK pathway, fisetin also 
influences other signaling cascades involved in synaptic 
plasticity. The phosphatidylinositol 3-kinase (PI3K)/Akt 
pathway is another critical regulator of synaptic function and 
plasticity (82, 83). Fisetin has been reported to activate the 
PI3K/Akt pathway, leading to the phosphorylation and 
activation of downstream targets that promote synaptic 
growth and stability (46, 47). This pathway also interacts with 
the mammalian target of rapamycin (mTOR) signaling, which 
is involved in protein synthesis and synaptic plasticity (84, 85). 
By modulating these pathways, fisetin supports the structural 
and functional integrity of synapses. Furthermore, fisetin's 
antioxidant properties contribute to its beneficial effects on 
synaptic plasticity. Oxidative stress is a significant factor in 
synaptic dysfunction and loss, as reactive oxygen species 
(ROS) can damage synaptic proteins, lipids, and DNA (22, 14). 
Fisetin's ability to scavenge ROS and enhance the expression 
of endogenous antioxidant enzymes, such as superoxide 
dismutase (SOD) and catalase, helps protect synapses from 
oxidative damage (46, 47). This protection is crucial for 
maintaining synaptic function and plasticity, particularly in 
the context of neurodegenerative diseases. 
Neuroinflammation is another factor that negatively impacts 
synaptic plasticity, and fisetin’s anti-inflammatory properties 
further support its role in enhancing synaptic function (21, 
22). Chronic inflammation in the brain, driven by activated 
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microglia and astrocytes, leads to the release of pro-
inflammatory cytokines that can impair synaptic function and 
promote synaptic loss (21, 22). Fisetin has been shown to 
inhibit the activation of these glial cells and reduce the 
production of inflammatory cytokines, thereby mitigating 
neuroinflammation and its detrimental effects on synaptic 
plasticity (45, 48). 
The neuroprotective effects of fisetin on synaptic plasticity 
have been demonstrated in various preclinical models. In 
rodent models of Alzheimer’s disease, fisetin administration 
has been shown to enhance long-term potentiation (LTP), a 
cellular correlate of learning and memory, in the hippocampus 
(46, 47). LTP is characterized by a sustained increase in 
synaptic strength following high-frequency stimulation and is 
considered a fundamental mechanism underlying memory 
formation (78, 86). By enhancing LTP, fisetin improves 
synaptic efficacy and cognitive performance in these models 
(46, 47). Moreover, fisetin has been shown to enhance 
dendritic spine density and morphology, which are critical for 
synaptic connectivity and plasticity (87, 88). Dendritic spines 
are small, actin-rich protrusions on dendrites where most 
excitatory synapses are located, and their structure is closely 
related to synaptic strength and plasticity (87, 88). Fisetin 
promotes the growth and maintenance of dendritic spines, 
further supporting its role in enhancing synaptic plasticity and 
cognitive function (46, 47). 
In addition to its effects on LTP and dendritic spines, fisetin 
also influences neurotransmitter systems involved in synaptic 
plasticity. For example, fisetin has been shown to modulate the 
levels of brain-derived neurotrophic factor (BDNF), a key 
neurotrophin that supports synaptic growth, differentiation, 
and plasticity (89, 90). BDNF signaling through its receptor, 
TrkB, activates multiple downstream pathways that enhance 
synaptic function and plasticity (89, 90). Fisetin’s ability to 
increase BDNF levels and TrkB activation further underscores 
its potential to promote synaptic plasticity and cognitive 
health (46, 47). 
In conclusion, fisetin exerts a multifaceted influence on 
synaptic plasticity through the modulation of key signaling 
pathways, antioxidant and anti-inflammatory activities, 
enhancement of LTP, support of dendritic spine structure, and 
regulation of neurotransmitter systems. These diverse 
mechanisms highlight fisetin’s potential as a therapeutic agent 
for enhancing synaptic function and plasticity, particularly in 
the context of neurodegenerative diseases such as Alzheimer’s 
disease. Further research, including clinical trials, is warranted 
to fully elucidate the therapeutic potential and underlying 
mechanisms of fisetin in promoting synaptic plasticity and 
cognitive health. 
 
Preclinical and Clinical Studies on Fisetin in 
Alzheimer's Disease 

Fisetin, a naturally occurring flavonoid found in fruits and 
vegetables, has gained significant attention for its potential 
therapeutic effects in Alzheimer's disease (AD). Extensive 
preclinical studies have demonstrated its neuroprotective 
properties, and emerging clinical evidence suggests its promise 
as a therapeutic agent for AD. This section will review the 
findings from both preclinical and clinical studies on fisetin in 
the context of Alzheimer's disease. 
Preclinical Studies 
Preclinical studies have provided robust evidence for the 
neuroprotective effects of fisetin in various models of 
Alzheimer's disease. In vitro studies have shown that fisetin 
can reduce amyloid-beta (Aβ) aggregation, a hallmark of AD 
pathology (47, 59). By inhibiting the formation of Aβ fibrils 
and promoting the clearance of Aβ peptides, fisetin mitigates 
Aβ-induced neurotoxicity and oxidative stress (47, 59). 
In animal models, fisetin has demonstrated significant 
cognitive benefits. For instance, Maher et al. (46) reported that 
fisetin treatment improved learning and memory in mice 
subjected to Aβ-induced cognitive deficits. These 
improvements were associated with enhanced long-term 
potentiation (LTP), a cellular mechanism underlying memory 
formation and synaptic plasticity (46). Furthermore, fisetin's 
ability to modulate key signaling pathways, such as the 
extracellular signal-regulated kinase (ERK) and cAMP 
response element-binding protein (CREB) pathways, 
underscores its potential in enhancing synaptic function and 
cognitive health (46, 47). Fisetin also exhibits potent anti-
inflammatory effects, which are crucial in the context of AD, 
where chronic neuroinflammation plays a significant role in 
disease progression (21, 22). In transgenic mouse models of 
AD, fisetin administration reduced the activation of microglia 
and astrocytes, the primary immune cells in the brain, and 
decreased the production of pro-inflammatory cytokines (47, 
48). This reduction in neuroinflammation was accompanied 
by improvements in synaptic integrity and cognitive function 
(47). The antioxidant properties of fisetin further contribute 
to its neuroprotective effects. Oxidative stress is a major 
contributor to neuronal damage in AD, and fisetin's ability to 
scavenge reactive oxygen species (ROS) and upregulate 
endogenous antioxidant enzymes helps protect neurons from 
oxidative damage (22, 14). Studies have shown that fisetin 
treatment reduces markers of oxidative stress in the brains of 
AD model mice, supporting its potential as an antioxidant 
therapy for AD (46, 47). 
Additionally, fisetin has been shown to modulate tau 
pathology, another key feature of AD. Hyperphosphorylated 
tau aggregates into neurofibrillary tangles, contributing to 
neuronal dysfunction and cognitive decline (52, 51). Fisetin 
reduces tau hyperphosphorylation and aggregation, thereby 
protecting neurons from tau-induced toxicity (47, 51). These 
multifaceted neuroprotective effects of fisetin highlight its 
potential as a comprehensive therapeutic agent for AD. 
Clinical Studies 

Figure1. The proposed neuroprotection mechanism of Fisetin in Alzheimer’s disease 
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While preclinical studies provide compelling evidence for the 
neuroprotective effects of fisetin, clinical studies are essential 
to translate these findings into therapeutic applications for 
humans. Clinical research on fisetin in the context of 
Alzheimer's disease is still in its early stages, but initial results 
are promising. A pilot clinical trial conducted by Mandel et al. 
(91) investigated the safety and efficacy of fisetin 
supplementation in elderly individuals with mild cognitive 
impairment (MCI), a condition often considered a precursor 
to Alzheimer's disease. The study found that fisetin 
supplementation was well-tolerated and associated with 
improvements in cognitive performance and daily functioning 
(91). Although the sample size was small, these findings 
suggest that fisetin may have beneficial effects on cognitive 
health in individuals at risk for AD. Another clinical study by 
Kanakis et al. (92) evaluated the effects of fisetin on 
biomarkers of oxidative stress and inflammation in patients 
with early-stage Alzheimer's disease. The results indicated that 
fisetin supplementation significantly reduced levels of 
oxidative stress markers and pro-inflammatory cytokines in 
the patients' plasma (92). These reductions were correlated 
with improvements in cognitive test scores, suggesting that 
fisetin's antioxidant and anti-inflammatory properties may 
translate into cognitive benefits in AD patients (92-94). 
Despite these promising results, larger and more 
comprehensive clinical trials are needed to fully establish the 
efficacy and safety of fisetin in Alzheimer's disease. Ongoing 
and future studies should aim to determine optimal dosing 
regimens, long-term effects, and the mechanisms underlying 
fisetin's neuroprotective actions in humans. Additionally, the 
potential for fisetin to be used in combination with other 
therapeutic agents should be explored to enhance its 
therapeutic efficacy. 
 
Future Directions 
Given the multifaceted neuroprotective effects of fisetin 
observed in preclinical studies, future clinical research should 
focus on several key areas. First, large-scale randomized 
controlled trials are needed to confirm the cognitive benefits 
of fisetin in patients with Alzheimer's disease and to establish 
standardized dosing protocols. Second, mechanistic studies in 
humans should be conducted to elucidate how fisetin interacts 
with various molecular pathways involved in AD pathology. 
This understanding could help optimize treatment strategies 
and identify potential biomarkers for monitoring fisetin's 
effects. Third, the potential synergistic effects of combining 
fisetin with other therapeutic agents should be explored. For 
example, combining fisetin with current standard-of-care 
treatments, such as cholinesterase inhibitors or NMDA 
receptor antagonists, may enhance overall therapeutic 
outcomes. Additionally, fisetin's combination with lifestyle 
interventions, such as diet and exercise, could be investigated 
to develop comprehensive, multi-modal approaches to AD 
management. 
In conclusion, preclinical and early clinical studies provide 
strong evidence for the neuroprotective potential of fisetin in 
Alzheimer's disease. Fisetin's ability to modulate key 

pathological processes, including Aβ aggregation, tau 
phosphorylation, oxidative stress, and neuroinflammation, 
positions it as a promising candidate for AD therapy. 
Continued research and clinical trials are essential to fully 
realize fisetin's therapeutic potential and to develop effective 
treatment strategies for Alzheimer's disease. 
 
Future Directions and Therapeutic Potential 
The promising results from preclinical and early clinical 
studies on fisetin suggest significant potential for its use as a 
therapeutic agent in Alzheimer's disease. However, to fully 
realize its therapeutic potential, several critical areas need 
further exploration, including large-scale clinical trials, 
mechanistic studies, combination therapies, and personalized 
medicine approaches. 
 
Large-Scale Clinical Trials 
The initial clinical studies on fisetin have been promising but 
limited in scope and scale. To establish fisetin as a viable 
treatment for Alzheimer's disease, large-scale, randomized, 
placebo-controlled clinical trials are essential. These trials 
should aim to confirm the cognitive benefits of fisetin 
observed in smaller studies, determine optimal dosing 
regimens, and evaluate long-term safety and efficacy (95-98). 
Furthermore, such studies should include diverse patient 
populations to assess the generalizability of the results across 
different demographics and genetic backgrounds. 
 
Mechanistic Studies 
While preclinical studies have elucidated several mechanisms 
through which fisetin exerts its neuroprotective effects, further 
research is needed to fully understand its actions in humans. 
Detailed mechanistic studies in human subjects, utilizing 
advanced neuroimaging techniques and biomarker analyses, 
can provide insights into how fisetin interacts with the 
molecular pathways involved in AD pathology (99, 46). 
Understanding these mechanisms will help optimize 
treatment strategies and identify potential biomarkers for 
monitoring therapeutic responses. 
 
Combination Therapies 
Given the multifactorial nature of Alzheimer's disease, 
combination therapies that target multiple pathological 
processes simultaneously may offer superior therapeutic 
benefits compared to monotherapy. Fisetin, with its diverse 
neuroprotective actions, is an ideal candidate for combination 
therapy. Future research should explore the synergistic effects 
of fisetin with existing AD treatments, such as cholinesterase 
inhibitors and NMDA receptor antagonists, as well as with 
emerging therapies like monoclonal antibodies targeting 
amyloid-beta and tau proteins (100, 101). Additionally, 
combining fisetin with lifestyle interventions, such as dietary 
modifications, physical exercise, and cognitive training, may 
further enhance its therapeutic efficacy (102, 103). 
 
Personalized Medicine 
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The variability in individual responses to fisetin observed in 
preliminary studies underscores the importance of 
personalized medicine approaches. Genetic, epigenetic, and 
environmental factors can influence the efficacy and safety of 
fisetin in different individuals. Future research should focus 
on identifying genetic and biomarker profiles that predict 
response to fisetin treatment, enabling personalized treatment 
plans tailored to the unique characteristics of each patient 
(104, 105). Pharmacogenomic studies, in particular, can help 
determine how genetic variations affect fisetin metabolism 
and action, leading to more effective and safer use of this 
compound. 
 
Formulation and Delivery 
Optimizing the formulation and delivery of fisetin is crucial to 
maximize its therapeutic potential. Fisetin's bioavailability is 
relatively low due to its poor solubility and rapid metabolism 
(39, 99). Developing novel formulations, such as 
nanoparticles, liposomes, and solid lipid nanoparticles, can 
enhance the bioavailability and targeted delivery of fisetin to 
the brain (106, 107). Additionally, exploring various routes of 
administration, including oral, intravenous, and intranasal, 
can help identify the most effective method for delivering 
fisetin to the central nervous system. 
 
Long-Term Safety and Toxicity 
While fisetin has shown a favorable safety profile in short-term 
studies, the long-term safety and potential toxicity of chronic 
fisetin administration need thorough investigation. Extended-
duration studies in both preclinical models and clinical 
settings are required to assess the long-term effects of fisetin 
on various organ systems and to identify any potential adverse 
effects (91, 92). These studies will provide critical information 
for ensuring the safe use of fisetin in treating Alzheimer's 
disease. 
 
Regulatory and Commercial Considerations 
Bringing fisetin from the laboratory to the clinic involves 
navigating complex regulatory and commercial landscapes. 
Regulatory agencies, such as the FDA and EMA, require 
extensive evidence of efficacy, safety, and quality before 
approving new treatments. Researchers and developers must 
ensure that clinical trial designs meet regulatory standards and 
that all data are robust and reproducible (108). Additionally, 
commercial considerations, including patent protection, 
manufacturing scalability, and market acceptance, are crucial 
for the successful translation of fisetin into a widely available 
therapeutic option. COVID-19 has intensified AD, suggesting 
the virus exacerbates neurodegeneration through 
inflammatory responses and oxidative stress . Antioxidants 
may play a crucial role in mitigating these effects by reducing 
oxidative damage. This interplay underscores the necessity for 
comprehensive therapeutic strategies targeting both viral 
impacts and neurodegenerative processes in Alzheimer's 
patients. Research indicates Budd-Chiari Syndrome and liver 
transplant might influence AD via altered metabolism and 
systemic inflammation, necessitating further studies to 

understand these interactions and develop effective 
therapeutic approaches (109).  Also, some potential risk 
factors such as Post-Traumatic Stress Disorder (PTSD) should 
be considered since it is believed that chronic stress and 
neuroinflammation associated with PTSD may accelerate 
neurodegenerative processes (110). 
 

Conclusion 
Fisetin holds significant promise as a therapeutic agent for 
Alzheimer's disease, given its multifaceted neuroprotective 
properties and encouraging results from early studies (Figure 
1). However, realizing its full therapeutic potential requires a 
concerted effort across multiple fronts. Large-scale clinical 
trials, detailed mechanistic studies, exploration of 
combination therapies, personalized medicine approaches, 
optimized formulation and delivery strategies, long-term 
safety assessments, and careful navigation of regulatory and 
commercial pathways are all essential steps. By addressing 
these challenges, researchers can pave the way for fisetin to 
become a valuable addition to the therapeutic arsenal against 
Alzheimer's disease, offering hope for improved outcomes for 
patients suffering from this devastating condition.  
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