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Abstract: Alzheimer's disease (AD) is a degenerative disease of the nervous system. Mainly presenting
with neuropsychiatric symptoms such as progressive memory impairment, cognitive dysfunction,
personality changes, and language disorders [, Also known as senile dementia, it is the leading cause
of dementia in the elderly . Involved in 60-80% of all reports of dementia [31. As the global population
ages, AD prevalence and mortality rates increase. It seriously affects the quality of life of the elderly and
brings a heavy economic burden and severe social problems. The tea polyphenol epigallocatechin gallate
(EGCG) has preventive and therapeutic effects on Alzheimer's disease by inhibiting the amyloid
formation and aggregation, antioxidant, anti-inflammatory, metal chelating, binding cholinesterase,
thereby reducing the degradation of acetylcholine, and repairing mitochondrial dysfunction. This article
reviews the research on the mechanism of EGCG action on Alzheimer's disease.
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1. Introduction

Alzheimer's disease (AD) is a chronic progressive degenerative disease of the central nervous system
and is the most common type of dementia in the elderly. In 2019, Alzheimer's disease and other forms of
dementia were ranked by the World Health Organization as the seventh most common cause of death in
the world [, The onset of AD is usually insidious and progressive. Early-onset of mild cognitive
impairment (MCI), daily living ability, such as personality and behavior changes, mental abnormalities,
logical thinking, and comprehensive analysis of the ability to gradually damage, and eventually life-
threatening.AD usually has an insidious onset and progressive progression. Pre-onset manifests mainly
as mild cognitive impairment (MCI), gradual impairment of daily living abilities, such as the appearance
of personality and behavioral changes, psychiatric abnormalities, diminished logical thinking and
comprehensive analytical skills, and eventually life-threatening.

AD is a multifactorial disease characterized by progressive accumulation of AP protofibrils and
abnormal tau proteins in the extracellular space and neurons, respectively, and loss of neurons and
synapses in multiple brain regions, especially in the frontal cortex and hippocampus associated with them
[>-61 Currently, only five drugs (tacrine, donepezil, carboplatin, galantamine, and memantine) are
approved by the FDA for the treatment of AD. this disease is currently incurable, and the available drugs
only control the symptoms but exhibit severe side effects [). These drugs are based on a single-target
strategy and focus on restoring neurotransmitter homeostasis. The search for disease-modifying AD
therapies remains a pressing and unmet clinical need. Therefore, multi-targeted drugs with
neuroprotective, anti-amyloid, and anti-inflammatory-antioxidant properties would effectively treat AD.

Epigallocatechin-3-gallate (EGCG) is a natural polyphenol isolated from tea, accounting for about
80% of tea polyphenols [, Studies have found that EGCG can cross the blood-brain barrier and has
antioxidant, anti-inflammatory, anti-tumor, and neuroprotective effects [*l. Has a multi-targeted effect in
the prevention of Alzheimer's disease. Therefore, this paper will summarize the research progress of
EGCG in the prevention of Alzheimer's disease and elaborate on the multi-target prevention mechanism
of EGCG in Alzheimer's disease.
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2. EGCG and p -amyloid protein

The accumulation of amyloidB-protein (A) is considered to be one of the primary pathogenesis of
AD.AB protein is produced from amyloid precursor protein (APP) by secretase degradation. Typically,
the production and degradation of AP are in balance. However, during AD pathology, the imbalance
between A production and clearance leads to the aggregation of AP and the formation of insoluble
amyloid, which is deposited in brain tissue to form amyloid plaques *%.APP has two degradation
pathways, mainly involving three secreted enzymes, o, f and y. When APP is cleaved by a and y
secretases, a neuroprotective soluble extracellular fragment, sAPPa, is produced without AP, and this
pathway is called the non-amyloid hydrolysis pathway. However, when APP is continuously hydrolyzed
by B and y secretases, polypeptides of different lengths, including AB1-40 and AB1-42 (collectively
referred to as AB) are produced, and this pathway is called the amyloid hydrolysis pathway [*Y]. These AR
monomers are aggregated and form soluble A oligomers, insoluble amyloid fibrils, and amyloid plaques,
which exert neurotoxicity, lead to neuronal damage, and trigger AD 4, (Figure.1). Recent studies have
shown that AP can activate microglia, promote a chronic inflammatory state, and release pro-
inflammatory cytokines, leading to neurodegeneration 31, Alastair 4 showed that pro-inflammatory
cytokines mediate AP neurotoxicity through APP protein homeostasis. AP also causes dysregulation of
iron homeostasis and stimulates oxidative stress in microglia leading to AD 23],
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Figure 1: EGCG affecting the synthesis, degradation, and aggregation of Af
2.1. EGCG inhibits Ap production

Studies have shown that EGCG can interfere with AP production. Intraperitoneal injection (20 mg/kg)
of EGCG was found to significantly reduce A levels and AP plaques in the brain in mice transfected
with human APP mutant neuroblastoma cells. This study further demonstrated that EGCG promotes the
release of soluble sAPPa and inhibits the production of AB1-40 and AB1-42 by up-regulating the
expression of o-secretase [*%]. In addition, in addition, EGCG inhibits the expression of B-secretase [161,
Lee et al. M1 showed that EGCG was able to dose-dependently decrease - and y-secretase activities in
the cerebral cortex and hippocampus of AD model mice, thereby reducing A levels, and elevated a-
secretase activity was detected. EGCG reduces AP production by activating the nuclear peroxisome
receptor and inhibiting the expression of B-secretase ('], The B-site APP cleavage enzyme 1 (BACEL) is
the rate-limiting enzyme in APP processing and af production, and negative regulation of BACE1
inhibits aB production.EGCG reduces the enzymatic activity of BACE1 on APP by inhibiting its
transcription and translation and ultimately reduces the production of AR 141,

Regarding the chemical mechanism of EGCG-AP interaction, it has been suggested that EGCG
interferes with the aromatic hydrophobic core of AB, forming a nontoxic AP oligomer 2. In conclusion,
EGCQG plays an essential role in the upstream regulation of A production. On the one hand, EGCG acts
on three key rate-limiting enzymes of AP production, namely a, B and y secretase, to reduce the
expression level of AB; on the other hand, EGCG reduces the expression of AP by inhibiting APP
degradation.
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2.2. EGCG inhibits Ap accumulation

It was found that the phenyl ring in the structure of polyphenols interacts with aromatic residues in
the amyloid sequence and mediates the binding of these inhibitory groups to the center of the A amino
acid sequence, interfering with Ap aggregation (¢, Analysis of transgenic AD mouse models showed a
significant reduction in brain amyloid plaques, AP levels, and cognitive deficits after EGCG intervention
treatment. In APPsw, Tg transgenic mice, Intraperitoneal injection and oral administration of EGCG
reduced A deposition in the mice. Six months after EGCG treatment, plaque load in the cingulate cortex,
hippocampus, and internal olfactory cortex was reduced by 54%, 43% and 51%, respectively, and was
accompanied by a reduction in AB1-40 and ap1-42 211, Bao et al. %2 further demonstrated that EGCG
could reduce AB levels, inhibit plaque deposition and improve cognitive impairment through an APP/PS1
transgenic mouse model. Lee et al. [° showed that EGCG could effectively disrupt the formation of A
1-42 protofibrils, remodel performed protofibrils, and destabilize preformed AR 1-42 protofibrils. In
addition, EGCG can prevent AP from accumulating into B -lamellar amyloid fibers by destroying
intermolecular hydrogen bonds and hydrophobic bonds of Ap 24,

2.3. EGCG promotes Ap degradation

EGCG promotes AP degradation. The process of AP degradation in vivo is influenced by various
peptidases and proteases, which are collectively known as AfB-degrading proteases (ABDPs), although
the types of AB-degrading enzymes and degradation mechanisms are not fully understood. Neutral
endopeptidase (NEP) has been found to function as an AP degrading enzyme and is an essential rate-
limiting enzyme in the degradation of AP 1-42, which degrades Ap monomers and dimers. The levels of
NEP are significantly decreased in the brains of AD patients, suggesting that NEP may play an essential
role in this %1, Xiang Chang [®! found that EGCG reduced the deposition of A in the brains of SAMPS
mice and improved cognitive impairment in mice. They also found that the above effects of EGCG may
be related to the fact that EGCG promoted the expression of NEP in the brain of aging mice and
accelerated the degradation of AB. EGCG also affects the ERK pathway in astrocytes and the intracellular
phosphatidylinositol-3-kinase (PI3K)/protein kinase B (Akt)-mediated signaling pathway to promote the
secretion of NEP and produce the effect of AP degradation ['%. In addition, EGCG promotes AP
degradation by improving autophagy.EGCG can activate autophagy by regulating the mTOR signaling
pathway in the mouse brain and up-regulating ULK1 protein expression; down-regulating LC3I1/
LC3Iprotein expression reduces autophagosome accumulation in the brain and facilitates the clearance
of abnormal proteins ?"..In APP/PS1 transgenic mice, there was a large amount of Ap deposition in the
hippocampus, and the AP deposition in the hippocampus of transgenic mice was reduced after the
administration of EGCG. It was shown that EGCG improved autophagy initiation, increased autophagic
activity, and reduced autophagosome accumulation in the brain of APP/PS1 transgenic mice to improve

autophagic dysfunction, which in turn reduced hippocampal AB deposition 271,

3. EGCG inhibits Tau phosphorylation and aggregation

Another typical alteration of AD is the aggregation of hyperphosphorylated Tau proteins to form
neurofibrillary tangles (NFTs) that are not easily degraded by protein hydrolases, which accumulate in
neurons, reduce the binding capacity of microtubules, disrupt the normal functioning of neuronal axons,
interfere with the information transmission between neuronal synapses, cause structural and functional
abnormalities in neuronal cells, and thus cause neurodegeneration [?1.1n the SAMP8 mouse assay, EGCG
was observed to reduce Tau protein hyperphosphorylation ?°1.Nan S et al.*! also confirmed the above
view. Lin et al.BY showed that EGCG treatment could inhibit the activation of glycogen synthase kinase-
3B (GSK-3P) by reducing c-Abl kinase (Abelson tyrosine kinase), and through this pathway, it could
enhance the hydrolysis of APP and thus reduce AP levels.Gsk-3 B has the function of promoting Tau
Protein phosphorylation and can co-regulate Tau Protein with Protein Phosphatase-2A (PP-2A). And the
latter can mediate Tau dephosphorylation 21, EGCG inhibits the formation of NFTs from phosphorylated
Tau proteins, also associated with the neuroautophagic system. Chesser et al.[*3 showed that EGCG
significantly increased the mRNA expression of critical autophagic bridging proteins NDP52 and p62,
which in turn promoted the clearance of phosphorylated Tau proteins by the autophagic pathway.

4. Antioxidant

Oxidative stress is one of the pathogenesis of AD. Compared with ordinary people, the brains of AD
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patients are more likely to produce large amounts of reactive oxygen species (ROS). One of the primary
sources is the imbalance of the redox system due to AP and excess metal ions, which causes lipid and
protein peroxidation and damage to neurons 4% Excess ROS not only disrupts the normal
physiological metabolism of the brain, its lipid peroxidation products, such as 4-Hydroxynonenal (HNE),
can significantly increase the level of BACE and upregulate the expression level of AB 8. The
antioxidant effect can inhibit neuronal apoptosis mediated by oxidative stress response and play a positive
role in the treatment of AD [¥1.EGCG can act as a redox agent, and the phenolic hydroxyl groups in its
molecular structure can effectively counteract free radical activity, scavenge reactive oxygen species
(ROS), and exert significant antioxidant effects 8], And oxidizes itself to highly stable compounds, thus
scavenging a large number of harmful free radicals from the body 1. Numerous studies have found that
EGCG mainly reduces oxidative stress damage and improves the antioxidant and immune functions of
the body by regulating antioxidant enzyme activity and protein kinase-related gene expression in vivo.
EGCG can increase intracellular levels of reduced glutathione [°, upregulate the expression of P-
38MAPK, nuclear factor Nrf2 and heme oxygenase 1 (HO-1) 41, and thus reduce ROS production. In
vitro experiments have shown that EGCG reduces reactive oxygen species (ROS) levels, improves cell
viability, and inhibits H202-induced apoptosis by phosphorylating the Akt and JNK pathways !,

5. Anti-inflammatory

Inflammation is closely related to the pathology of AD and plays a crucial role in disease progression.
AP deposition and tau protein formation in neurogenic fiber tangles cause abnormal microglial activation
and release a series of pro-inflammatory factors such as COX-2, iNOS, and IL-1B, resulting in
progressive neuronal death 124, Activation of glial cells, the release of inflammatory factors, and
oxidative stress also promote AP production and precipitation “?*3L. AD patients have higher levels of
pro-inflammatory cytokines; the levels of IL-6, SOLUBLE tumor necrosis factor receptor-1 (S TNFa-
R1), and C-reactive protein (CRP) in blood were also higher [“41. It has been shown that EGCG can inhibit
the expression of COX-2 and other pro-inflammatory factors by activating AMPK pathways in microglia
and upregulating the expression of BDNF *°1. Zhong et al.l*6! found that EGCG inhibits the activation of
classical NLRP3 and non-classical caspase-11-dependent inflammasome by inhibiting the activation of
the TLR4/NF-kB pathway. And ultimately inhibits microglia-induced inflammatory response and
neurotoxicity. In vitro experiments, EGCG reduced inflammation of mouse cells through the
PI3K/Akt/mTOR pathway, suggesting that EGCG has potential therapeutic effects in regulating
inflammation and controlling autoimmune diseases “71. Cheng et al.*€ifound that EGCG promotes
endocytosis, thereby inhibiting lipopolysaccharide (LPS)-induced microglial activation and migration. It
was further demonstrated in the APP/PS1 mouse assay that EGCG significantly attenuated microglial
activation levels, decreased pro-inflammatory factor IL-1p and increased anti-inflammatory factors IL-
10 and IL-13, and a reduction in AP plaques was observed [?2, It indicates that the anti-inflammatory
effect of tea polyphenol EGCG is mainly manifested in the regulation of inflammatory factors. Therefore,
EGCG may be an effective agent against the development or progression of AD associated with
neuroinflammation.

6. Chelate metal ions

Metal ions can promote the aggregation of AP, cause oxidative damage, and increase cytotoxicity,
resulting in neuronal necrosis and brain tissue damage [“1. AD patients have higher concentrations of Cu2
+, Zn2 +, and Fe3+ in the brain % and EGCG has complexation for both Cu2 + and Fe3+ U, The
chelation of iron by EGCG interferes with iron-induced degradation and inactivation of iron regulatory
protein (IRP1/2), leading to a decrease in amyloid precursor protein (APP) B2l It has been observed in
electrochemistry and optics that EGCG inhibits the formation of Cu2+His complex by acting on Cu2+,
thus reducing the formation of fiber 53, EGCG also showed the ability to inhibit trivalent aluminum ion-
induced AB42 fibrillation and significantly reduced AB42 toxicity by preventing further folding of Ap42
monomers 54, EGCG not only chelates free metal ions but also regulates the aggregation of Ap after
metal binding. In the effect of EGCG-bound metal ions on the structure of A, it was found that the
addition of EGCG to Cu 2+, Zn 2+ -bound AP generates free state AP aggregates, while structural Ap
aggregates are generated in metal-bound AP without the addition of EGCG %1, These findings suggest
that EGCG can compete with AP to bind metal ions, reduce APP production, prevent AP aggregation,
and continue to inhibit AP aggregate binding after AP binding metal ions, thus preventing AP deposition
and neurotoxicity.
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Scholars have noted that the two structures that confer metal chelating properties on this compound
include the 0-3',4'-dihydroxy portion and the 4-keto, 3-hydroxy, or 4-keto and 5-hydroxy portion. These
structures act as attachment sites for transition metals, neutralizing their activity by converting their
active forms into redox inactive complexes to prevent oxidative damage to cells [°61,

7. EGCG has a mitochondrial repair function

Mitochondrial dysfunction may be a predisposing factor for the progression of AD 571, In physiology,
mitochondria are the powerhouse of the cell, providing sufficient energy to maintain endogenous
neuroprotective and repair mechanisms through oxidative phosphorylation. In contrast, damaged
mitochondria are the main site of free radical generation, which directly triggers apoptosis through the
cytoplasmic release of cytochrome c (Cyt C). Therefore, mitochondrial function is impaired, and neurons
may also be damaged B8l Studies have shown that excessive deposition of AP and abnormally
phosphorylated tau proteins can affect mitochondrial function within neurons. Mitochondrial DNA
(mtDNA) damage, mutations, or impaired metabolite transport may lead to AP oligomer or fibril
formation and phosphorylated tau protein accumulation, further driving the course of AD disease 5969,
Therefore, mitochondrial damage plays an important role in the pathogenesis of AD.

It has been shown that EGCG has mitochondrial repairability. EGCG treatment of ABPP/PS-1 double
mutant transgenic AD mice restored mitochondrial respiration rate, mitochondrial membrane potential,
ROS production, and ATP levels isolated from the hippocampus, cortex, and striatum by 50-85% 611, A
study of EGCG on mitochondrial damage after subarachnoid hemorrhage (SAH) found that EGCG
protected mitochondria by inhibiting apoptosis induced by mitochondrial dysfunction. Meanwhile,
EGCG exerts a neuroprotective mechanism by inhibiting overloaded [Ca2+]i-induced mitochondrial
dysfunction and imbalance of the mitochondrial fusion-fission cycle ¥4, In vivo, EGCG also promotes
the production of skeletal muscle mitochondrial DNA in SAMP8 mice and repairs damaged skeletal
muscle mitochondrial DNA[%.In a neural precursor cell model of Down syndrome (DS), EGCG exhibits
neuroprotective activity and promotes mitochondrial bioenergetics, mitochondrial biogenetic programs,
and cell proliferation through activation of the AMPK-PGC-1a-Sirt1 signaling pathway ©.In addition,
EGCG inhibits mitochondria-mediated apoptosis by regulating VDAC and cytochrome C.VDAC is a
vital channel located on the outer mitochondrial membrane and is a regulator of mitochondrial regulation
of apoptosis. Studies have reported that VDAC regulates the expression of cytochrome ¢, which is an
essential pharmacological drug target for AD research in recent years [,

8. EGCG inhibits acetylcholine degradation

One of the etiologies of AD is due to a dysregulation of the cholinergic system in the brain with
decreased levels of acetylcholine (Ach), resulting in reduced signaling 81, ACh acts as a neurotransmitter
that works specifically on various types of choline receptors, and its cleavage enzymes are mainly
Acetylcholinesterase (AChE) and Butyrylcholinesterase (BUChE) 1. A molecular docking study
showed that EGCG inhibits AChE and BuChE and enhances cholinergic neurotransmission by
prolonging the duration of action 8. Okello et al. ! isolated four catechins EC, EGC, ECG, and EGCG
from green tea and found that EGCG was the only compound with statistically significant competitive
inhibition of AChE and BUChE and measured half-inhibitory concentration (IC50) values of 0.0148
umol/mL and 0.0251 pmol/mL, respectively. In addition, cholinesterase inhibitors may affect amyloid
processing in AD 8, Therefore, cholinesterase inhibitors are recommended as standard agents for the
treatment of AD.

9. Bioavailability development of EGCG

As mentioned above, EGCG is one of the favorable candidates for preventing Alzheimer's disease,
but the bioavailability of EGCG is poor, and it is difficult to reach the concentration of optimal efficacy.
And the half-life is short, and the drug action time is short. In addition, the absorption rate of EGCG
orally is also affected by other foods and drugs taken together [9]. So, it is crucial to improve the
bioavailability of EGCG. Current developments to enhance the efficacy of EGCG fall into three
categories: combination drugs, nanotechnology, and EGCG precursor drugs. The combined effect plays
a role in increasing the bioavailability of EGCG.Mori et al.[' suggested that the combined effect of
EGCG and ferulic acid was superior to that of the inhibition of AP levels, deposition, and the ability to
regulate the associated secretory enzymes in the mouse brain alone. The combined effect of EGCG and
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fish oil showed that compared with EGCG alone, fish oil could improve the bioavailability of EGCG "4,
In nanotechnology, compared with traditional drug delivery methods, the nanoparticle drug delivery
system has the advantages of strengthening drug stability and bioavailability, enhancing drug targeting.
Cano et al.l"? developed dual drug-loaded polyethylene glycolized PLGA nanoparticles (EGCG/AA NPs)
that showed higher stability, promoted increased synaptophysin, and reduced neuroinflammation and A
activity in mice. Smith et al.[’® developed nano-lipid EGCG particles that increased a-secretase levels in
SweAPP N2a cells by 91% and were twice as effective as oral free EGCG. Yang Peng et al.[’*l applied
EGCG to the nano delivery system and developed NP/EGCG (RD2-NP/EGCG) that modified the surface
of the RD2 peptide. It was found that RD2-NP/EGCG concentrated in the hippocampus and cerebral
cortex significantly reduced the levels of inflammatory factors TNF-a and IL-1 in the brain of AD model
mice, repaired neuronal injury, and improved spatial memory disorder without organ toxicity. In addition
to changing the way EGCG is administered, it can be chemically modified to form EGCG precursor
drugs, and This allows the drug to be released by the action of specific enzymes when it reaches a
particular site, thus avoiding damage during transport in the body and maximizing its effect. Hey et al.t™!
found that pre-EGCG (EGCG octaacetate)can target ERCC1/XPF activity and enhances the anticancer
efficacy of cisplatin in vitro and in vivo. Jiao et al. [’ found that EGCG prodrug (pro-EGCG) alleviated
choroidal neovascularization (CNV) leakage and reduced choroidal neovascularization area in mice by
inhibiting HIF-1o/VEGF/VEGFR2 pathway and MIl-type macrophage/microglia polarization and
reducing choroidal endothelial cell proliferation, migration and tube formation, Suggest a potential new
approach for the treatment of AMD. Therefore, future researchers should focus more on developing novel
EGCG vectors or precursor drugs with selective and specific targeting of disease tissues.

10. Conclusion and Outlook

The pathogenic factors of Alzheimer's disease are complex, interrelated, and mutually promoting,
involving a variety of cellular and molecular mechanisms. For example, AP deposition and
phosphorylated Tau proteins promote each other, which in turn leads to cholinergic damage, oxidative
stress, inflammatory damage, and impaired endoplasmic reticulum mitochondrial function, and these
downstream etiologies in turn, feedback to promote AP deposition and the production of NFTs,
exacerbating the course of AD. EGCG, as a tea extract, is a natural antioxidant with low biological
toxicity and multiple targets. EGCG can intervene in AD and is a potential preventive drug for AD.
EGCQG reduces the level of AP production by decreasing APP production and regulating alpha, beta, and
gamma secretory enzymes to reduce the level of AP activity. Inhibits AB deposition by breaking AB
hydrogen and hydrophobic bonds; it also chelates metal ions to inhibit Ap oligomerization. Promotes
clearance of phosphorylated Tau proteins by the autophagic pathway by affecting the kinase and
phosphatase of Tau and thereby interfering with Tau phosphorylation. Binding cholinesterase thereby
reducing the degradation of acetylcholine; resistance to oxidative stress and inflammation; repair of
mitochondrial disorders, etc. It indicates that EGCG can affect and regulate various AD causes and
protect the brain's nervous system in a multi-targeted manner, thus preventing Alzheimer's disease.
Combined with the current nanotechnology and the depth of Alzheimer's disease research, EGCG will
have a broad application prospect.
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