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Abstract:

Parkinson's disease (PD) is a neurodegenerative disorder characterized by the progressive
loss of dopaminergic neurons and the accumulation of misfolded protein aggregates,
including amyloid-beta and alpha-synuclein, in the brain. The search for effective therapeutic
strategies to target amyloid aggregation in PD has led to increasing interest in natural
compounds, particularly phytochemicals, due to their potential as anti-amyloid agents. This
review article provides a comprehensive overview of the current knowledge on
phytochemicals as potential therapeutic agents for targeting amyloid aggregation in PD. We
summarize the evidence from in vitro and in vivo studies that highlight the anti-amyloid
properties of various phytochemicals, including curcumin, resveratrol, epigallocatechin
gallate (EGCG), quercetin, and others. We discuss the mechanisms through which these
phytochemicals modulate amyloid formation, inhibit aggregation, and promote amyloid
clearance. Furthermore, we explore their potential neuroprotective effects, including
antioxidant, anti-inflammatory, and anti-apoptotic activities. Additionally, we examine the
challenges associated with the development of phytochemical-based therapies, such as
bioavailability and pharmacokinetics, and the need for further preclinical and clinical studies.
Overall, this review underscores the promising potential of phytochemicals as anti-amyloid
agents in PD and highlights the need for continued research to fully understand their
mechanisms of action, optimize their therapeutic properties, and facilitate their translation
into clinical practice for the benefit of PD patients.
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Introduction:

Parkinson's disease (PD) is a neurodegenerative disorder characterized by the progressive
loss of dopaminergic neurons in the substantia nigra, a region of the brain responsible for
motor control. It is the second most common neurodegenerative disorder after Alzheimer's
disease, affecting millions of people worldwide. The cardinal symptoms of PD include
bradykinesia (slowness of movement), rigidity, resting tremor, and postural instability.
However, the disease is not limited to motor symptoms; non-motor symptoms such as
cognitive impairment, sleep disturbances, and autonomic dysfunction also occur. [1]

The pathological hallmark of PD is the presence of Lewy bodies, which are abnormal protein
aggregates primarily composed of a-synuclein, within neurons. These aggregates disrupt
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cellular function and lead to the degeneration and death of dopaminergic neurons in the
substantia nigra. Accumulating evidence suggests that the aggregation and accumulation of
a-synuclein, along with impaired protein clearance mechanisms, contribute to the
development and progression of PD. [2]

Amyloid aggregation, a process characterized by the misfolding and self-assembly of proteins
into insoluble fibrillary structures, has long been associated with neurodegenerative diseases.
In PD, the aggregation of a-synuclein into toxic oligomers and fibrils is considered a key
pathological event. These aggregates can propagate throughout the brain, promoting
neurotoxicity and neuronal dysfunction. [3] Given the central role of a-synuclein aggregation
in PD pathogenesis, there is growing interest in developing therapeutic strategies to target and
prevent amyloid formation. Phytochemicals, bioactive compounds derived from plants, have
emerged as potential anti-amyloid agents in PD. These natural compounds possess diverse
chemical structures and exhibit various biological activities, including antioxidant, anti-
inflammatory, and neuroprotective effects.

Understanding the potential of phytochemicals as anti-amyloid agents in PD is crucial for
developing novel therapeutic approaches. By targeting the mechanisms underlying o-
synuclein aggregation, these compounds have the potential to modulate disease progression
and ameliorate motor and non-motor symptoms. [4] This review aims to comprehensively
evaluate the current knowledge regarding phytochemicals as anti-amyloid agents in PD,
focusing on their mechanisms of action, preclinical and clinical evidence, and future
directions for research. By exploring the therapeutic potential of phytochemicals, we may
pave the way for the development of innovative treatments that can ultimately improve the
lives of individuals living with PD.

Occurrence and Prevalence of disease

The prevalence of Parkinson disease increases with age, making it more common in the
elderly population. In terms of global occurrence, it is estimated that around 6.1 million
individuals worldwide had Parkinson's disease in 2016. However, it's important to note that
the actual numbers may be higher due to under-diagnosis and limited access to healthcare in
certain regions. [5] There can be regional differences in the prevalence of PD, with studies
suggesting higher rates in developed countries compared to developing nations. This
discrepancy may be influenced by various factors, including differences in healthcare
infrastructure, genetic susceptibility, environmental factors, and data collection methods.

While Parkinson's disease can affect both men and women, some studies indicate a slightly
higher prevalence in men. The reasons for this gender difference are not yet fully understood
and require further investigation. Parkinson's disease is more commonly diagnosed in older
adults, particularly those over the age of 60. [6] The prevalence of PD increases with age, and
it is estimated that around 1% to 2% of individuals aged 65 and older have the disease.
However, cases of early-onset Parkinson's can also occur, typically before the age of 50,
although they are relatively less common.

The prevalence of Parkinson's disease can vary across different regions. Some studies have
indicated that PD is more common in developed countries compared to developing nations,
possibly due to differences in healthcare access, environmental factors, or genetic
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predisposition. [7] However, the exact prevalence rates may vary across studies and
populations. Parkinson's disease appears to affect both males and females, but some studies
suggest a slightly higher prevalence in men. The reasons behind this gender difference are not
yet fully understood and require further research.

Neuropathological Insights into Parkinson’s disease

The primary pathological hallmark of PD is the loss of dopaminergic neurons in a brain
region called the substantia nigra pars compacta. This neuronal loss is accompanied by the
formation of intracellular protein aggregates known as Lewy bodies. These Lewy bodies are
primarily composed of an abnormal accumulation of a protein called a-synuclein. [8] The
aggregation of a-synuclein disrupts cellular function and leads to the degeneration and death
of dopaminergic neurons. In addition to the substantia nigra, a-synuclein aggregates can also
be found in other regions of the brain, including the cortex, hippocampus, and olfactory bulb.
The widespread distribution of these aggregates contributes to the involvement of non-motor
symptoms in PD, such as cognitive impairment, olfactory dysfunction, and autonomic
disturbances. [9]

The progressive degeneration of dopaminergic neurons in the substantia nigra results in a
deficiency of dopamine, a neurotransmitter essential for motor control. This dopamine
deficiency leads to the characteristic motor symptoms of PD, including bradykinesia
(slowness of movement), rigidity, resting tremor, and postural instability. These motor
symptoms typically manifest asymmetrically, affecting one side of the body initially before
spreading to both sides as the disease progresses. [10]

Apart from the loss of dopaminergic neurons and a-synuclein pathology, other pathological
features in PD include neuro-inflammation, oxidative stress, mitochondrial dysfunction, and
impaired protein clearance mechanisms. These processes contribute to neuronal damage and
further progression of the disease.

Understanding the pathological features of PD is crucial for developing therapeutic strategies
that target the underlying mechanisms and provide symptomatic relief. Ongoing research
aims to elucidate the complex interplay between these pathological processes, identify
potential biomarkers for early diagnosis, and develop disease-modifying treatments to slow or
halt the progression of Parkinson's disease. [11]

Role of Amyloid aggregation in progression of Parkinson disease:

Amyloid-(A) plaque deposition is thought to be the primary symptom of Parkinson Disease
(AD). It was first purified in 1984, which is when a discovery was made. The microtubule-
associated protein Tau and its phosphorylated version P-Tau are also thought to contribute to
AD along with A. More than 80% of PD patients who live for more than 10 years will
eventually develop dementia, with a reported average point prevalence of 40%, although the
time to develop dementia varies from a few years to many years and even decades after. [12]
Cognitive deficits in PD are now known to occur in the prodromal and de novo state. Because
of this phenomena, researchers are now more interested in whether PD dementia (PDD),
which is known to be caused by brain A deposition and -synuclein, and AD may share certain
pathophysiological mechanisms. A rapid deterioration in cognitive function and a shorter
lifespan have been linked to the subset of AD patients with A and Lewy body deposits (in
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about>50% of AD cases). This observation is supported by the discovery of Amyloid plaques
along the normal Lewy body deposition in patients with Lewy body spectrum diseases,
primarily dementia with Lewy bodies (DLB) and, to a lesser extent, PDD patients. [13]

a-Synuclein is a naturally occurring protein found abundantly in the brain, primarily in
presynaptic terminals. However, in PD, a-synuclein undergoes misfolding and aggregation,
leading to the formation of insoluble clumps known as Lewy bodies and Lewy neurites. The
aggregation of a-synuclein is believed to play a central role in the neurodegenerative
processes underlying PD. It is thought that the accumulation of these aggregates contributes
to the progressive loss of dopaminergic neurons in the substantia nigra region of the brain,
which is responsible for producing dopamine, a neurotransmitter involved in motor control.
[14]

Additionally, AB has been implicated in the formation of Lewy bodies, which are abnormal
protein aggregates primarily composed of alpha-synuclein, another protein associated with
PD. Lewy bodies are a hallmark pathological feature of PD. It is hypothesized that Ap may
promote the aggregation of alpha-synuclein, leading to the formation of Lewy bodies and the
subsequent neurodegeneration observed in PD. Furthermore, studies have suggested that A
may interact with other molecular pathways involved in PD, such as oxidative stress,
mitochondrial dysfunction, and inflammation. These interactions could potentially exacerbate
neurodegeneration and contribute to disease progression. [15]

Numerous research studies have provided valuable insights into the role of a-synuclein
aggregation in the progression of Parkinson's disease (PD). a-synuclein is a key player in the
pathology of PD, and its aggregation has been strongly linked to the neurodegenerative
processes underlying the disease.

Studies have shown that the accumulation of aggregated a-synuclein in the form of Lewy
bodies and Lewy neurites correlates with the severity of motor symptoms in PD patients. This
suggests a direct association between a-synuclein aggregation and disease progression.
Experimental models have further supported this correlation by demonstrating that the
presence of a-synuclein aggregates in the brain is sufficient to induce neurodegeneration and
motor impairments. [16]

The spread of a-synuclein pathology throughout the brain is another crucial aspect of PD
progression. Emerging evidence suggests that misfolded a-synuclein can propagate from
neuron to neuron, leading to the progressive spread of pathology. This prion-like behavior is
hypothesized to contribute to the characteristic pattern of neurodegeneration observed in PD,
starting from the substantia nigra and spreading to other brain regions involved in motor
control and cognitive function. [17]

Furthermore, studies have highlighted the toxic effects of aggregated a-synuclein on cellular
processes. It has been observed that these aggregates disrupt protein homeostasis, impair
mitochondrial function, and generate oxidative stress, ultimately leading to neuronal
dysfunction and degeneration. The formation of a-synuclein aggregates also interferes with
intracellular transport mechanisms, affecting the proper distribution of essential cellular
components and contributing to neuronal damage. [18]
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The immune response and neuroinflammation triggered by a-synuclein aggregation play a
significant role in PD progression. Studies have demonstrated the activation of microglia, the
brain's immune cells, in response to aggregated a-synuclein. This immune response leads to
the release of pro-inflammatory cytokines and reactive oxygen species, exacerbating
neurodegeneration and promoting neuronal death. [19]

However, it is important to note that the role of AP in PD is still a topic of active research,
and its exact contribution to the disease process remains unclear. Parkinson's disease is a
complex disorder with multiple pathological mechanisms, and the involvement of A is
likely to be influenced by various factors, including genetic predisposition and other
comorbidities. Overall, while there is evidence suggesting a potential role for AP in the
progression of PD, further research is needed to fully understand its contribution and to
determine whether targeting AP could be a viable therapeutic strategy for PD patients.[20]

Role of phytochemical as potential treatment of Parkinson disease.

Phytochemicals, natural compounds found in plants, have emerged as promising candidates
for the treatment of Parkinson's disease (PD). These compounds offer various benefits due to
their antioxidant, anti-inflammatory, and neuroprotective properties. Among the
phytochemicals investigated, several have shown potential in preclinical and clinical studies.
[21]

Curcumin, derived from turmeric, has demonstrated neuroprotective effects and the ability to
reduce alpha-synuclein aggregation, a key pathological feature of PD. It exhibits anti-
inflammatory properties and has shown promise in improving motor symptoms and reducing
oxidative stress in animal models.

Resveratrol, found in grapes, berries, and red wine, possesses antioxidant and anti-
inflammatory properties. It has shown neuroprotective effects, protecting dopamine-
producing neurons and reducing neuroinflammation. Resveratrol has also exhibited potential
in improving motor symptoms associated with PD. [22]

Epigallocatechin gallate (EGCG), a flavonoid abundant in green tea, has demonstrated
antioxidant and anti-inflammatory effects. It exhibits neuroprotective properties, protecting
dopaminergic neurons and reducing alpha-synuclein aggregation. EGCG has shown promise
in improving motor function in animal models of PD. [23]

Quercetin, present in various fruits, vegetables, and grains, possesses antioxidant, anti-
inflammatory, and neuroprotective properties. It has shown potential in reducing oxidative
stress, preventing dopaminergic neuron loss, and improving motor symptoms in experimental
models of PD.

Fisetin, found in strawberries, apples, and onions, exhibits antioxidant, anti-inflammatory,
and neuroprotective effects. It has demonstrated the ability to protect dopaminergic neurons,
reduce neuroinflammation, and improve motor behavior in animal models. [24,25]

While these phytochemicals have shown promise in early studies, further research is
necessary to establish their safety, efficacy, and optimal dosages for PD treatment.
Bioavailability and potential interactions with medications should also be carefully
considered. Phytochemicals should be regarded as potential adjuncts to conventional
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therapies rather than standalone treatments for PD. Individuals with PD should consult with
healthcare professionals before incorporating phytochemical supplements into their treatment
plan to ensure appropriate use.

Mechanism of phytochemical in targeting amyloid formation as potential therapeutic
strategy

Phytochemicals found in plants, have gained attention for their potential as therapeutic agents
targeting amyloid formation in neurodegenerative disorders, including Parkinson's disease
(PD). Various research studies have elucidated the role of phytochemicals in this context. For
instance, curcumin, a phytochemical derived from turmeric, has demonstrated the ability to
inhibit the aggregation of amyloidogenic proteins, such as amyloid beta (AB) and alpha-
synuclein, which are involved in the formation of plaques and Lewy bodies, respectively.
Studies have shown that curcumin can directly interact with these proteins, impeding their
aggregation and potentially reducing their neurotoxicity. [26]

Another phytochemical, resveratrol, found in grapes and berries, has been investigated for its
potential in targeting amyloid formation. Resveratrol exhibits antioxidant and anti-
inflammatory properties and has shown efficacy in reducing the aggregation of
amyloidogenic proteins and protecting neurons in preclinical models of PD. Additionally,
epigallocatechin gallate (EGCG), a phytochemical abundant in green tea, has demonstrated
the ability to inhibit amyloid formation and reduce the toxicity of amyloidogenic proteins.
EGCG has been reported to interfere with the aggregation process and disrupt the formation
of toxic oligomers. These findings, along with research on other phytochemicals such as
quercetin and fisetin, highlight the potential of phytochemicals as therapeutic strategies for
targeting amyloid formation in neurodegenerative diseases. However, further studies,
including clinical trials, are needed to establish their efficacy, optimal dosages, and long-term
safety in human subjects. Some of the common phytochemicals with potential therapeutic
activity towards Parkinson disease are found to have targeting activity on aggregation of
amyloidogenic protiens. [27]

Curcumin

Curcumin has been investigated for its potential therapeutic role in targeting amyloid
formation in neurodegenerative disorders such as Parkinson's disease (PD). Research has
revealed several mechanisms by which curcumin may exert its effects on amyloid-related
processes. Firstly, curcumin has been shown to inhibit the aggregation of amyloidogenic
proteins like amyloid beta (AP) and alpha-synuclein, which are involved in the formation of
plaques and Lewy bodies, respectively. Studies have demonstrated that curcumin can directly
bind to these proteins, impeding their aggregation into toxic forms. Additionally, curcumin
has been found to modulate protein misfolding and clearance pathways by upregulating the
expression of heat shock proteins (HSPs) involved in protein folding and degradation. This
enhancement of protective mechanisms may aid in the clearance of misfolded proteins. [28]
Moreover, curcumin exhibits potent anti-inflammatory and antioxidant properties, mitigating
chronic inflammation and oxidative stress, which contribute to neurodegenerative diseases.
By reducing these detrimental factors, curcumin indirectly influences the production and
aggregation of amyloidogenic proteins. Furthermore, curcumin has been reported to enhance
the integrity of the blood-brain barrier, providing a protective barrier that regulates the

3500
Eur. Chem. Bull. 2023, 12(Special Issue 8) ,3495-3507



REVIEW ON PHYTOCHEMICALS AS ANTI-AMYLOID AGENTS IN PARKINSON DISEASE

Section A-Research

transport of molecules and prevents the infiltration of harmful substances into the brain.
While curcumin’s therapeutic potential has been mostly demonstrated in preclinical studies
and limited clinical trials, these findings highlight its ability to target amyloid formation
through multiple mechanisms, suggesting its potential as a therapeutic strategy for
neurodegenerative disorders like PD.

Resveratrol

Resveratrol, a natural polyphenolic compound found in various plants, has gained significant
attention for its potential therapeutic effects on amyloid formation, which is associated with
several neurodegenerative diseases, including Parkinson Disease. Numerous studies have
been conducted to investigate the mechanism of action of resveratrol in targeting amyloid
formation and its potential as a therapeutic strategy.

One key mechanism through which resveratrol exerts its effects is by modulating the
aggregation of amyloid-beta (AB) peptides, which are known to form plaques in the brains of
Alzheimer's patients. Resveratrol has been shown to interfere with the formation and growth
of AP aggregates, inhibiting their toxic effects. Research has demonstrated that resveratrol
can directly bind to AP peptides, preventing their aggregation into toxic oligomers and fibrils.
By inhibiting AP aggregation, resveratrol may help reduce the accumulation of amyloid
plaques in the brain, which is a hallmark of Parkinson Disease. [29]

Furthermore, resveratrol has been found to activate certain cellular pathways involved in the
clearance of amyloid deposits. It has been shown to enhance the activity of proteolytic
enzymes, such as neprilysin and insulin-degrading enzyme, which are responsible for
breaking down and clearing AP peptides from the brain. By promoting the clearance of Ap,
resveratrol may help reduce the burden of amyloid deposits and mitigate their toxic effects on
neurons.

In addition to its direct effects on AP aggregation and clearance, resveratrol exhibits potent
antioxidant and anti-inflammatory properties. Oxidative stress and neuroinflammation play
crucial roles in the progression of neurodegenerative diseases, including amyloid-associated
disorders. Resveratrol has been shown to scavenge reactive oxygen species and inhibit the
activation of inflammatory pathways, thereby reducing oxidative stress and inflammation in
the brain. These effects may contribute to the overall neuroprotective properties of resveratrol
and its potential in preventing or slowing down the progression of amyloid-related diseases.
[29]

Several preclinical studies have provided evidence supporting the therapeutic potential of
resveratrol in various animal models of amyloid-associated diseases. These studies have
demonstrated that resveratrol treatment can improve cognitive function, reduce amyloid
deposition, and attenuate neuroinflammation in animal models of Parkinson Disease and
other neurodegenerative disorders. However, it is important to note that the translation of
these findings to human patients is still being explored, and further clinical studies are needed
to establish the efficacy and safety of resveratrol as a therapeutic intervention for amyloid-
related diseases.

Epigallocatechin gallate
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Epigallocatechin gallate (EGCG), a major polyphenol found in green tea, has been
investigated for its potential therapeutic effects on amyloid formation and its role in the
treatment of amyloid-related diseases. Several research studies have examined the
mechanism of action of EGCG in targeting amyloid formation and its potential as a
therapeutic strategy. EGCG exerts its effects is by directly interacting with amyloidogenic
proteins, such as amyloid-beta (AP) and tau. EGCG has been shown to bind to these proteins
and inhibit their aggregation into toxic forms. By preventing the aggregation of AP and tau,
EGCG may reduce the formation of amyloid plaques and neurofibrillary tangle. [30]

EGCG has been found to modulate various cellular pathways involved in amyloid
metabolism and clearance. It has been shown to upregulate the expression and activity of
proteolytic enzymes, including neprilysin and insulin-degrading enzyme, which are
responsible for breaking down and clearing amyloid deposits. Additionally, EGCG has been
reported to enhance the autophagy pathway, which is involved in the clearance of misfolded
proteins, including amyloid aggregates. By promoting the clearance of amyloid species,
EGCG may help reduce their accumulation and mitigate their toxic effects on neurons.

EGCG also possesses antioxidant and anti-inflammatory properties, which are thought to
contribute to its neuroprotective effects. Oxidative stress and neuroinflammation play
significant roles in the pathogenesis of amyloid-related diseases. EGCG has been shown to
scavenge reactive oxygen species, inhibit lipid peroxidation, and protect against oxidative
damage in neuronal cells. Moreover, it has been reported to suppress the activation of
inflammatory pathways, such as nuclear factor-kappa B (NF-kB), and reduce the production
of pro-inflammatory cytokines. By attenuating oxidative stress and inflammation, EGCG may
help protect neurons from amyloid-induced damage. [31]

Several in vitro and animal studies have provided evidence supporting the potential
therapeutic effects of EGCG in amyloid-related diseases. These studies have demonstrated
that EGCG treatment can inhibit amyloid aggregation, reduce amyloid deposition, improve
cognitive function, and exert neuroprotective effects in various models of Parkinson Disease
and other amyloid-associated disorders. However, further research is needed to determine the
optimal dosage, bioavailability, and long-term effects of EGCG in human clinical trials.

Quercetin, a flavonoid compound present in various fruits, vegetables, and grains, has been
investigated for its potential therapeutic effects on amyloid formation and its role in the
treatment of amyloid-related diseases, including neurodegenerative disorders. Several
research studies have explored the mechanism of action of quercetin in targeting amyloid
formation and its potential as a therapeutic strategy.

One of the primary mechanisms through which quercetin exerts its effects is by interfering
with the aggregation of amyloidogenic proteins, such as amyloid-beta (Af) and alpha-
synuclein. Quercetin has been shown to directly bind to these proteins and inhibit their
aggregation into toxic oligomers and fibrils. By preventing the formation of amyloid
aggregates, quercetin may help reduce the deposition of amyloid plaques and Lewy bodies,
which are characteristic pathological features Parkinson's disease.[32]

Moreover, quercetin has been found to modulate various cellular pathways involved in
amyloid metabolism and clearance. It has been shown to enhance the activity of proteolytic
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enzymes, such as neprilysin and insulin-degrading enzyme, which are responsible for
degrading and clearing amyloid species. Additionally, quercetin has been reported to promote
autophagy, a cellular process involved in the clearance of misfolded proteins and damaged
organelles. By enhancing amyloid clearance mechanisms, quercetin may help reduce the
burden of amyloid deposits and alleviate their toxic effects on neurons.

Quercetin also possesses antioxidant and anti-inflammatory properties, which are believed to
contribute to its potential neuroprotective effects. Oxidative stress and inflammation are key
contributors to the pathogenesis of amyloid-related diseases. Quercetin has been shown to
scavenge reactive oxygen species, inhibit lipid peroxidation, and protect against oxidative
damage in neuronal cells. Additionally, it has been reported to suppress the activation of
inflammatory pathways, such as nuclear factor-kappa B (NF-kB) and mitogen-activated
protein kinases (MAPKS), thereby reducing the production of pro-inflammatory cytokines.
By attenuating oxidative stress and inflammation, quercetin may help mitigate neuronal
damage induced by amyloid species. Studies have demonstrated that quercetin treatment can
inhibit amyloid aggregation, enhance amyloid clearance, improve cognitive function, and
exert neuroprotective effects in models Parkinson's disease. [33]

Fisetin

Fisetin, a natural flavonoid compound found in various fruits and vegetables, has been
explored for its potential health benefits, including its effects on brain function and
neurodegenerative diseases. While some studies have investigated fisetin's role in reducing
amyloid burden, the precise mechanisms involved are not yet well-established.

One proposed mechanism suggests that fisetin may exert its effects on amyloid formation by
modulating cellular signaling pathways. It has been suggested that fisetin may inhibit the
activity of enzymes involved in amyloidogenesis, such as B-secretase and y-secretase, which
play critical roles in the production of amyloid-beta (AP) peptides. By reducing AP
production, fisetin may help prevent the accumulation of amyloid plaques in the brain. [34]

Additionally, fisetin possesses antioxidant and anti-inflammatory properties, which are
potentially relevant in the context of amyloid-related diseases. Oxidative stress and
inflammation are known to contribute to the pathogenesis of these diseases. Fisetin has been
shown to scavenge free radicals, reduce oxidative damage, and inhibit inflammatory
pathways, such as NF-kB and MAPKs. By mitigating oxidative stress and inflammation,
fisetin may help protect against amyloid-induced neuronal damage.

Although there is a lack of specific research studies elucidating fisetin's mechanism of action
in targeting amyloid formation, some preclinical studies have provided promising results
regarding its potential therapeutic effects. For instance, studies using animal models of
Parkinson Disease have reported that fisetin treatment can lead to improved cognitive
function, reduced amyloid burden, and enhanced neuronal survival. However, it is important
to note that more research, including clinical trials, is needed to fully understand fisetin's
mechanisms of action, optimal dosage, and long-term effects in humans.

Conclusion
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The accumulation of amyloid aggregates, such as amyloid-beta and alpha-synuclein, is a key
pathological hallmark of Parkinson's disease (PD). Targeting amyloid aggregation has
emerged as a potential therapeutic strategy for PD, and phytochemicals have garnered
significant attention due to their diverse range of bioactive properties. This review has
provided a comprehensive overview of the current research on phytochemicals as anti-
amyloid agents in PD. The evidence presented in this review demonstrates the potential of
various phytochemicals, including curcumin, resveratrol, EGCG, and quercetin, to modulate
amyloid aggregation in PD. These phytochemicals have been shown to inhibit amyloid
formation, disrupt existing aggregates, and promote amyloid clearance. Moreover, they
exhibit additional neuroprotective effects, including antioxidant, anti-inflammatory, and anti-
apoptotic activities, which may contribute to their therapeutic potential in PD.

Despite the promising findings, several challenges remain in the development of
phytochemical-based therapies for PD. One significant hurdle is the limited bioavailability
and poor pharmacokinetic properties of many phytochemicals. Strategies to enhance their
stability, solubility, and delivery to the brain need to be explored to maximize their
therapeutic efficacy. Furthermore, while preclinical studies have provided encouraging
results, the translation of phytochemical-based therapies into clinical practice requires further
investigation. Rigorous clinical trials are necessary to determine the safety, optimal dosages,
and long-term effects of these compounds in PD patients.

In conclusion, this review highlights the potential of phytochemicals as promising anti-
amyloid agents in PD. Their ability to modulate amyloid aggregation and exert
neuroprotective effects makes them attractive candidates for the development of novel
therapeutic interventions. Continued research efforts, including mechanistic studies,
optimization of formulation and delivery methods, and well-designed clinical trials, are
essential to advance the field and unlock the full potential of phytochemicals in the treatment
of PD. Ultimately, harnessing the power of phytochemicals may offer new avenues for
combating amyloid pathology and improving the lives of individuals living with PD.
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