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Abstract
Alzheimer's disease (AD) is a great health threat to the elderly, and it also brings a great burden to society and families. Although free radicals have important biological functions. However, their imbalancesare associated with the pathobiology of many human diseases, including AD. Cumulative evidence suggests that tea drinking is associated with a reduced risk of AD. Many human epidemiological and animal studies have shown that tea polyphenols can promote health, reduce disease occurrence, and possibly prevent AD. Oxidative stress and inflammation of reactive oxygen species (ROS) and reactive nitrogen species (RNS) play a key role in neurodegenerative diseases AD, supporting the clinical application of tea polyphenols may have preventive neuroprotective effects on brain aging, and neurodegenerative diseases such as AD. This article reviews the involvement of oxidative stress in the pathogenesis of AD especially the interaction between oxidative stress and other key mechanisms of AD, and summarizes the protective and therapeutic effects of tea polyphenols on AD in cells, animal models and clinics. It hopes to provide insights into novel prevention and therapeutic strategies for AD.
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Introduction
With the aging of the population, the incidence of AD has increased significantly worldwide, unless effective prevention and/or treatment strategies are developed, the incidence of neurodegenerative diseases such as AD will continue to rise. Many drugs have been approved for the treatment of AD, however, their effects are not ideal, and they may cause various side effects [1]. Therefore, there is an urgent need for new AD prevention and treatment strategies with better efficacy and fewer side effects. Oxidative stress is one of the earliest changes in the pathogenesis of AD, which is related to the occurrence of AD leading to synaptic dysfunction and neuronal loss stimulating oxidative stress and resulting in AD, thereby forming a vicious circle, promoting the occurrence and development of AD. The prevention of oxidative stress may delay the occurrence of AD and the disease progression in AD patients. Many studies have shown that tea polyphenols can reduce A -induced neurotoxicities such as oxidative stress, mitochondrial dysfunction, and apoptosis. Since the pathogenesis of AD involves a variety of molecular events, the neuroprotective and effects of tea polyphenols also involve multiple mechanisms. In addition to reducing oxidative stress, preventing apoptosis, and promoting neurogenesis, tea polyphenols can inhibit the accumulation of A, restore calcium homeostasis, and also reduce transition metal overload in the brain. The anti-inflammatory properties of tea polyphenols are also related to their neuroprotective mechanisms. Most evidence suggests that tea polyphenol supplementation or tea consumption is beneficial in preventing the risk of AD without side effects [2]. Tea polyphenols not only have benefits for AD but also boost the patient's immunity, leading to better health, although they often contain multiple compounds or mixtures. For neurodegenerative diseases such as AD, tea polyphenols are suitable drugs because the pathogenesis of these diseases is complex and has many targets and pathways. These effects are more pronounced when clinical trials are used for long-term treatment. In this paper, the author will discuss the researches on the preventive and therapeutic effects of tea polyphenols including green tea polyphenols and theaflavins in neurodegenerative diseases AD, hoping to provide a new concept and approach for the prevention and treatment of AD [3, 4, 5; 6, 7].

Oxidative stress and AD
Oxidative stress plays an important role in the pathogenesis of AD. The brain is more susceptible to oxidative stress than other organs, and most components of neurons in AD may be oxidized due to mitochondrial dysfunction, elevated metal levels, inflammation, and β-amyloid (Aβ) peptides. The brain also is very rich in unsaturated fatty acids that are very easy to oxidize, and the concentration of antioxidants to prevent oxidation is very low. In addition, the brain's oxygen consumption is very large, which increases the chance of oxidative stress damage to the brain. Oxidative stress participates in the development of AD by promoting Aβ deposition, tau hyperphosphorylation, and subsequent synaptic and neuronal loss. The relationship between oxidative stress and AD suggests that oxidative stress is an essential part of the pathological process and that antioxidants may contribute to the treatment of AD. Many studies have shown that oxidative stress plays an important role in Aβ-induced cytotoxicity [8]. Aβ induces nerve cells to increase ROS and RNS production, leading to mitochondrial function degradation, reducing mitochondrial membrane voltage and activating caspase, ultimately leading to apoptosis of nerve cells [9]. Oxidative stress promotes the production of preamyloid Aβ. The expression of catalytic subunit progerin 1 by catabolic enzymes and  secretases accelerates the production of Aβ in precursor amyloid precursor protein (APP) and forms a vicious cycle [10, 11]. Studies have shown that genetic defects in the antioxidant system increase Aβ deposition in the brains of animals, while intake of antioxidants reduces Aβ deposition and improves the cognitive status of animals [12]. Extra free radicals can cause damage to the organism. Free radicals peroxidize membrane lipids [13] and oxidize proteins [14], leading to plasma membrane damage and cytoskeletal protein crosslinking. In addition, free radicals damage RNA [15], DNA [16, 17]. In the brain, high metabolic rates, low concentrations of glutathione and the antioxidant enzyme catalase, and a high proportion of polyunsaturated fatty acids make brain tissue particularly vulnerable to oxidative damage. Oxidative stress is a prooxidant/antioxidant homeostasis pro-oxidant-side imbalance with protein aggregation occurring in AD.
Oxidative stress is a state caused by an imbalance between oxidant production and the endogenous antioxidant defense system when oxidant production exceeds the clearance capacity of the antioxidant defense system in the AD brain. During oxidative stress, ROS and RNS react with proteins and lipids, disrupting their function, leading to progressive neuronal cell damage and ultimately brain cell death. The deletion of endothelial ROS and RNS in the human cerebral vascular endothelium and oxidative stress increase the expression of APP and enhance the production of Aβ peptide, indicating that the deletion of endothelial ROS and RNS contributes to AD pathology. Increased oxidative stress and ROS and RNS production in AD is based on protein oxidation, manifested by increased levels of protein carbonyl and 3-nitrotyrosine, as well as markers of oxidative damage to DNA and RNA, such as 8OHdG and 8-hydroxyguanosine prominent in AD brains [18,19]. Most studies have shown decreased activity of antioxidant enzymes in the brain of AD patients, but there is also an abnormal increase in SOD expression in brain neuropathy in AD patients, which may be an adaptive response to increased oxidative damage in these regions [20]. Differences in antioxidant enzyme expression and activity may reflect redistribution of antioxidant enzymes in neuropathy or enzyme inactivation caused by oxidation. Aβ peptides produce H2O2 through metal ion reduction and produce lipid peroxidation products. Oxidation of peptides leads to the formation of alkoxy radicals and hydroxylation of the peptide skeleton. An important oxidation process involves the irreversible nitrification of tyrosine residues by ONOO- produced by the reaction of ROS and RNS with NO. Understanding these mechanisms associated with ROS and RNS free radicals may provide new therapeutic targets for the prevention and treatment of AD.
Many studies have shown a close relationship between the destruction of metals and AD. One mechanism of Aβ accumulation may be due to disturbances in metal homeostasis in the AD brain. We have studied steady-state failure, oxidative stress, Aβ, APP, ferroregulatory protein (IRP), and divalent metal transporter 1 (DMT1) of iron and copper. It was found that iron-copper overload may be closely related to oxidative stress damage in the late stage of AD, and iron-copper deficiency may be closely related to early onset of AD. Destruction of metal homeostasis directly causes oxidative stress. Antioxidants can protect AD by regulating iron and copper homeostasis [7]. In SH-SY5Y cells overexpressing Swedish mutant human β-amyloid precursor protein (APPsw) and in strain CL2006, and Caenorhabditis elegans. An increase in iron content and oxidative stress levels was observed. Iron and calcium levels, ROS and RNS production within APPsw cells were significantly increased compared to control cells. The SOD activity and antioxidant levels of APPsw cells were significantly lower than those of control cells. In addition, iron treatment reduces cell viability and mitochondrial membrane potential, exacerbates oxidative stress damage, and releases Aβ1–40 from APPSW cells. Iron homeostasis disruption in APPsw cells may be associated with elevated expression of ferric transporter divalent metal transporter 1. Furthermore, nematodes with Aβ expression increase iron accumulation [21]. We also found that APPsw reduced iron content in neuroblastoma SH-SY5Y cells and increased oxidative stress. The activity of APPsw catalase was significantly lower than that of control cells. ROS and RNS production and calcium levels within APPsw cells were significantly increased compared to control cells. The mitochondrial membrane potential of APPsw cells was significantly lower than that of control cells. In addition, iron treatment reduces ROS and calcium levels in APPsw cells and improves cell viability. Iron deficiency in APPsw cells may be associated with the pathogenesis of AD [22]. Overall, these results suggest that the accumulation of Aβ in neuronal cells is associated with disruption of neuronal iron homeostasis and may be related to the pathogenesis of AD.
We investigated the effect of antioxidant nicotine on hippocampal and cortical metal homeostasis in APP mutant transgenic mice. After antioxidant nicotine treatment, the metal content of copper and zinc in age spots and nerve fibers was significantly reduced. The distribution density of copper and zinc in the CA1 region of the hippocampus also decreased. In addition, copper and zinc levels in nicotine-treated mice in age spots and nerve endings were significantly reduced by approximately 10-20% compared to the sucrose-treated control group. At the same time, the distribution of copper and zinc in the CA1 region of the hippocampus was observed. Copper is enriched in the pyramidal neuronal layer, while zinc is relatively dispersed. After treatment with antioxidant nicotine, the metal content of copper or zinc is significantly reduced, especially in the pyramidal neuronal layer [23]. ROS are mainly catalyzed by transition metals, and oxidative stress plays a key role in the pathogenesis of AD. We found increased expression levels of DMT1 IRE and DMT1 NEAGER in APPsw cells. Endogenous DMT1 is silenced by RNA interference, thereby reducing divalent ion influx, resulting in decreased APP expression and Aβ secretion. These findings suggest that DMT1 plays a key role in ion-mediated neuropathy of AD [24]. We also investigated the interaction and toxicity of Aβ1-42 and copper in the Aβ1-42 transgenic Caenorhabditis elegans model CL2006. The data show that CL2006 worms significantly worsen paralytic behavior after exposure to 10% copper ions. Exogenous copper treatment also partially alters the steady-state balance of zinc, manganese and iron. Aβ and copper-induced ROS production appears to be achieved by the SOD-1, PRDX-2, SKN-1, HSP-60, and HSP-16.2 genes [25].
The mitochondrial respiratory chain is the main site for intracellular production of ROS and RNS [26]. Oxidative modification of cellular components can disrupt membrane integrity, alter the function of essential proteins, lead to disruption of ionic homeostasis, mitochondrial dysfunction, and ultimately activation of apoptotic pathways and neuronal cell death [27]. In isolated mitochondria, Aβ can lead to mitochondrial membrane oxidative damage, disrupt lipid polarity and protein fluidity, and inhibit key enzymes of the mitochondrial respiratory chain, resulting in increased mitochondrial membrane permeability and cytochrome c release [28]. Data from transgenic mice consistently indicate that the presence of Aβ in mitochondria is associated with impaired mitochondrial metabolism and increased production of mitochondrial more ROS. We found that antioxidant nicotine inhibits MPP+ and calcium-induced hyperlitude mitochondrial swelling and intact mitochondrial release cytochrome C. The redox state within mitochondria is also maintained by antioxidant nicotine, which may be attributed to a weakening of mitochondrial permeability switching [29].
Numerous studies have linked oxidative stress to A-induced neurotoxicity. A treatment can increase levels of hydrogen peroxide and lipid peroxides. Possible role of soluble A oligomers as proximal neurotoxins in hippocampal neuronal cells, and oxidative stress involved in soluble A oligomer-induced synaptic damage and neuronal loss [30]. In various AD transgenic mouse models carrying APP and PS-1 mutants, increased H2O2 and NO production and increased oxidative modifications of proteins and lipids were associated with age-related A accumulation, further confirming that A promotes oxidative stress [31]. Increased oxidative stress in AD brains may initiate activation of a cascade of redox-sensitive cell signaling pathways, including JNK, which promotes the expression of BACE1 and PS1, ultimately increasing A production as well as deterioration of cognitive function. Since JNK is also associated with A-induced apoptosis, pharmacological inhibition of redox-sensitive signaling pathways such as JNK may reduce the accumulation of A and inhibit neuronal apoptosis [32].
The most common feature of AD is neurofibrillary tangles (NFTs) composed of the Tau protein. Neurofibrillary tangles and neuronal degeneration associated with increased oxidative stress. Oxidative stress-mediated abnormal Tau hyperphosphorylation dynamically, N-methyl-D-aspartate (NMDA) receptor (NMDAR) activation and Aβ toxicity alter synaptic function, which also associated with protein phosphatase inhibition and Tau hyperphosphorylation. NMDAR maintains neuronal excitability, Ca2+ influx, and memory formation through synaptic plasticity mechanisms. The synaptic redox stress mechanism associated with NMDARs alters expression [33].

The structure and antioxidant properties of tea polyphenols
Green tea mainly contains green tea polyphenols (GTP), and black tea mainly contains polymerized tea polyphenols theaflavins. Both are very good antioxidants, GTP have a stronger antioxidant capacity than theaflavins, but it is easy to oxidize at room temperature and difficult to preserve, theaflavins are relatively stable at room temperature and easy to preserve. Both have health implications for the body.

1. The structure and antioxidant properties of green tea polyphenols
The structure of GTP mainly contained in green tea is a general term for monomeric catechins, flavonoids and flavonols, anthocyanins and phenolic acid condensation phenolic acids. In addition to phenolic acids and condensed phenolic acids, other phenolic acids have the basic skeleton of the C6-C3-C6 configuration, which basically consists of two aromatic rings A and B, connected by a 3-carbon bridge, usually in the form of heterocyclic C. Four major catechins were isolated and identified in GTP: epicatechin (EC), epicatechin phenolate (EGC), epicatechin gallate (ECG), epicatechin gallate (EGCG) (fig.1).
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Figure1. The structures of the green tea polyphenols and main theaflavins derivatives.

A large number of studies have shown that GTP can scavenge oxygen free radicals produced by different systems．The oxygen radicals produced by polymorphonuclear leukocytes (PMNs) are commonly used to test the scavenging effect of GTP on oxygen radicals produced by cellular systems. The results showed that GTP almost completely eliminated the oxygen free radicals produced by this system and were more effective than vitamin C and other antioxidants. In the superoxide anion radical system produced by the riboflavin/EDTA system under light, the scavenging rate of superoxide anion radicals by GTP is similar to that of vitamin C. The maximum clearance of EGCG to superoxide anion radicals is approximately 98%. We calculated the stoichiometric factor for the reaction of EGCG with oxygen radicals. The reaction rate constant k of EGCG and superoxide anion radicals was determined as 7.71x10-6 mMS-1, and the stoichiometric factor was 5.98. Studies have shown that each EGCG molecule captures and scavenges 6 superoxide anion radicals [34, 35, 36, 37].
Lipid peroxidation can eventually lead to cell metabolism, dysfunction, and even death. In the field of central nervous system, the relationship between oxygen radical production, lipid peroxidation and central nervous system damage has received more and more attention. We studied and compared the inhibitory effect of four tea polyphenol monomers on iron-induced lipid peroxidation of brain synaptosomes by spin capture. The results showed that EGCG, ECG, EGC and EC had inhibitory effects on lipid peroxidative damage to brain synaptosomes [38,39]．
We measured the inhibitory effect of four GTP monomers on TBA reactants formed during lipid peroxidation of brain synaptosomes. With the increase of the concentration of EGCG, ECG, EGC and EC, the formation amount of TBA reactants gradually decreased, and the inhibition rate gradually increased, which had a good dose-response relationship. The IC50 were 0.35mM/L, 0.24mM/L, 0.19mmol/L and 0.11mM/L, respectively, indicating that its inhibitory effect on iron-induced lipid peroxidative damage of brain synaptosomes was enhanced sequentially: EGCG>ECG>GTP>EGC>EC [38]. GTP with different structures not only have different antioxidant properties and scavenging effects on different free radicals, but also GTP isomers with different structures and phases may have different scavenging effects on free radicals. We found that three pairs of tea polyphenol isomers with the same structure were studied and found that they did have different antioxidant properties and different scavenging effects on different free radicals [39].
One study compared the scavenging ability of GTP on free radicals in mouse liver mitochondria. Result shown that GTP have a significant protective effect against mitochondrial oxidative damage. In addition, the antioxidant effect of GTP on zebrafish embryos was studied. It was found that zebrafish embryos showed significantly higher survival and heart rate in the face of oxidative stress after 1 day of GTP pretreatment. This is accompanied by decreased lipid and protein oxidation, as well as increased antioxidant defenses associated with markers of oxidative stress 4-hydroxynonenal (4-HNE), antihexyl lysine, dibromotyrosine, and 8-hydroxy2-deoxyguanosine (8-OHdG). [40].
The antioxidant effect of GTP and their oxidation products mainly refers to their role in scavenging free radicals. Free radicals can be produced by automatic oxidation of certain proteins, lipids, and low-molecular compounds, as well as redox of peroxides and certain metal ions. Free radicals in living organisms are in equilibrium between bio-generative systems and bio-protective systems. Once the balance is disrupted, it endangers the body and leads to disease. It needs exogenous antioxidants to scavenge free radicals and protect the normal functioning of the body. GTP are easily oxidize and provide protons, have the permeability of phenolic antioxidants, provide H+ bound to free radicals, can be reduced to inert compounds or more stable free radicals, thereby directly scavenging free radicals and avoiding oxidative damage. In addition, GTP can also act on related enzymes that produce free radicals, complexe with metal ions, thereby indirectly scavenging free radicals, thus playing a dual role in preventing and breaking chains, and their effects and mechanisms have been extensively studied [41]. GTP are rich in active hydroxyl groups and can bind to biological macromolecules such as proteins through hydrogen bonding, thus affecting many physiological processes. It can affect the enzymatic activity. For example, it enhances the activity of antioxidant enzymes and phase II enzymes and inhibits the activity of various enzymes, thereby exerting a significant inhibitory effect on many pathological processes.

2. The structure and antioxidant properties of theaflavins
Theaflavins are a class of substances formed by oxidative condensation of GTP that can be dissolved in ethyl acetate and appear yellow. Theaflavins not only play an important role in the soup color and taste of black tea, such as antioxidant, anticancer, anti-inflammatory, anti-cardiovascular and cerebrovascular diseases. It is the soul of black tea, and has a variety of health functions. Theaflavins are found in all fermented and semi-fermented tea categories, such as black tea, oolong tea, yellow tea, etc. Theaflavins are known as "soft gold". By consuming molecular oxygen catalyzed the oxidation of catechins to quinones, the oxidized quinones from cyclo-dihydroxylated catechins condense with the quinones from cyclotrihydroxylated catechins to produce different theaflavins. The structure of the main theaflavins are shown in figure 1.
　　Theaflavin has a strong scavenging ability against ROS such as superoxide radicals, hydroxyl radicals, singlet oxygen, and hydrogen peroxide. Moreover, theaflavins can protect cells from oxidative damage. It has a significant protective effect against H2O2-damaged cells, and the survival rate is increased. Compared with EGCG, theaflavins showed poor protection at concentrations of 2.87-11.5 lg/ml. However, at 0.72-1.43 lg/ml, theaflavins are more effective than EGCG. Protective effect of theaflavin derivatives against hydroxyl radical-induced DNA damage. In this study, the effect of theaflavins on hydroxyl radical-induced DNA oxidative damage was systematically analyzed. The results showed that theaflavins have good antioxidants for scavenging ROS and preventing hydroxyl radical-induced DNA damage in vitro compared to (EGCG) [42]. Theaflavins were found to regulate heterologous metabolic enzymes, oxidative stress and adduct formation in rats. Theaflavins can direct scavenge ROS and RNS, chelate transition metals and inhibit lipid, protein and DNA oxidation. In animal models and humans, theaflavins can reduce body weight, relieve metabolic syndrome, and prevent diabetes and cardiovascular disease. Theaflavins inhibit the occurrence of various cancers by regulating oxidative damage of biomolecules, endogenous antioxidants, and antioxidant gene transcription [43-46].

Preventive and therapeutic effects of green tea polyphenols on AD
Many studies have shown that GTP can reduce A-induced neurotoxicities such as oxidative stress, mitochondrial dysfunction, and apoptosis. Since the pathogenesis of AD involves multiple molecular events, the neuroprotective effects of GTP also appear to involve multiple mechanisms. In addition to reducing oxidative stress, preventing apoptosis, and promoting neurogenesis, GTP can inhibit the accumulation of A, restore calcium homeostasis, and reduce transition metal overload in the brain. The anti-inflammatory properties of GTP are also related to their neuroprotective mechanisms. Supplementation with GTP is beneficial for older adults and AD patients at risk of AD with no or minimal side effects. A lot of research on the role of GTP in the prevention of neurodegenerative diseases AD in cell and animal system [3, 4, 5, 47, 48, 49].
PubMed databases were searched for articles on tea and cognition registered. Cohort studies and three cross-sectional studies support the positive effects of green tea intake, supporting the hypothesis that GTP intake may reduce the risk of dementia, AD, mild cognitive impairment, or cognitive impairment [50]. A study conducted in Japan, among 1003 Japanese aged > 70 years, the prevalence of cognitive impairment was significantly reduced in those who drank more green tea [51]. A same trend has emerged in tea drinking among older Chinese [52]. Over the past 55 years or more, green tea consumption has been inversely correlated with the incidence of cognitive impairment [53]. A study included more than 7,000 older Chinese adults over the age of 80, including a 7-year follow-up. Tea drinkers had higher cognitive function than non-tea drinkers at all time points [54]. Among older people living in the Chinese community living in Singapore, tea drinking was also associated with better cognitive performance [55]. Other studies in Norway have demonstrated a similar association. One study showed that a significant correlation was observed only in men who drank green tea, but not in women [56]. A study conducted in the United States also showed sex differences [57]. When stratified by tea type, only green tea was found to correlate because green tea contains a higher EGCG content [58, 59].

Preventive and therapeutic effect of theaflavin on AD
　Epidemiological investigations report that drinking black tea can reduce the risk of dementia and depression. Theaflavins are known to have antioxidant and anti-inflammatory effects, contribute to the anti-aggregation and neuroprotective effects against Aβ [60]. Intraventricular LPS injections induced neuroinflammation, indicating impaired spatial memory and depressive-like behavior. Oral administration with theaflavins prevents these LPS-induced depressive changes. Theaflavins also prevent dendritic atrophy and spinal loss in the brain. Theaflavins have stronger anti-inflammatory effects than other polyphenols such as catechins, chlorogenic acid, and caffeic acid. It has been shown that theaflavins can inhibit neuroinflammation and prevent symptoms of inflammation-related brain diseases [61,62]. One study shownthat the neuromuscular blocking effect of theaflavins infusion on tetanus toxin in mouse phrenic diaphragm preparations, as well as the effect of binding this toxin to rat cerebral cortical synaptic membrane preparations. Also theaflavin mixed with tetanus toxin partially blocks the inhibition of the toxin. Theaflavins inhibit the specific binding of tetanus toxin to synaptic membrane preparations, and the effect is dose-dependent [63]. These findings suggest that the theaflavins protect neuron　against tetanus toxin's effects by binding to tetanus toxin. 
Kinetics showed that theaflavin was a competitive inhibitor of porcine pancreatic α-amylase, while theaflavin was a hybrid inhibitor with competitive inhibitory properties. The competition inhibition constant of theaflavins was lower than that of catechins, indicating that theaflavin bound more closely to free porcine pancreatic α-amylase than to porcine pancreatic α-amylase-starch complexes. It was consistently found that the theaflavin increased the inhibitory effect on porcine pancreatic α-amylase by enhancing the association with the enzyme activation site [64]. Theaflavins have inhibitory effects on Aβ aggregation, but they exhibit different inhibitory abilities in different mechanistic steps of the Aβ aggregation pathway compared to catechins. Catechins only affect the later stages of aggregation, where catechins may bind to specific structures present in the aggregate. In contrast, theaflavins shows inhibition at each stage of polymerization, implying sequence-specific recognition [65].
Theaflavins protect cells from glutamate-induced oxidative stress, partially restore cell viability, and prevent apoptosis through bcl-2 and bax regulation, and attenuate intercellular ROS and RNS production. The protective effect is mediated by a variety of factors, including decrease in intracellular Ca2+ concentration, increased glutathione levels and associated enzyme activity. Theaflavins protect cells from glutamate-induced damage through indirect regulation of apoptosis-associated proteins and cellular energy enzymes. Theaflavins provide a potential therapeutic agent for glutamate accumulation and toxicity-related diseases AD [66].The results showed that theaflavins inhibited the formation of Aβ aggregates, protects nerves, contributes to the anti-aggregation and neuroprotective effect of Aβ [67].

Molecular mechanism of tea polyphenols in the prevention and treatment of AD
There have been many reports about the mechanism of AD prevention by tea drinking, most of which focus on the antioxidant effects of tea polyphenols (GTP and theaflavins), scavenging free radicals, iron chelating properties, inhibition of inflammation, regulation of cell survival/death genes, and induction of neuronal activity through mitochondrial function. Not only animal experiments, but also molecular experiments studies on the molecular mechanism of the effect of tea polyphenols on AD have been carried out in vivo and in vitro [68].

1. Tea polyphenols have antioxidant effect and remove free radicals in AD
We investigated the pathogenesis of iron in AD and the regulatory effect of the tea polyphenol on ROS free radicals. The results showed that tea polyphenols reduced the content of A ROS and RNS and intracellular calcium ions, and increased mitochondrial membrane potential in APPW cells [21,22]. Related effects of tea polyphenols, one study evaluated a similar role of tea polyphenols in streptozotocin-induced dementia in rats. One month after oral administration of tea polyphenols significant reductions in ROS and RNS levels production [69]. Tea polyphenols reduced the oxidized lipid peroxides, proteins, and DNA are increased in AD patients, and the antioxidant effects of tea polyphenols may contribute to the prevention of AD [70, 71, 72]. The tea polyphenol may have preventive and therapeutic effects on AD by scavenging ROS and RNS free radicals.

2. Regulating effect of tea polyphenols on AD iron imbalance
Iron imbalance in the body is closely related to the occurrence of AD, and important, iron overload can lead to nerve cell damage and AD-related diseases. In addition, if iron deficiency leads to anemia and hypoxia, it is also associated with AD. We investigated the pathogenic mechanism of iron in AD and the regulatory effect of the tea polyphenol on iron imbalance. The results showed that tea polyphenol reduced the oxidative damage of AD cells by complexing with iron, thereby protecting AD cells. The APPsw cell treated with tea polyphenols at different concentrations for 48 h to determine the iron content in the cellular iron pool, and the results showed a significant decrease in the iron pool of the APPsw cell [73]. These studies suggest that the tea polyphenol may reduce oxidative stress in peripheral and brain tissue by chelating excess iron in iron pools, have preventive and therapeutic effects on AD, and may inhibit behavioral changes associated with cognitive impairment.

3. The inhibitory effect of tea polyphenols on A accumulation in AD brain
Studies have shown that tea polyphenols may be used in the prevention and treatment of AD by inhibiting the accumulation of Ain AD brain. Long-term administration of tea polyphenol preparations or EGCG has been shown to improve spatial cognitive learning in rats and reduce cerebral amyloidosis in AD transgenic mice, respectively [74]. Tea polyphenol reduced the production of A in mouse neuron-like cells (N2a) transfected with APP and in primary neurons of mice. Tea polyphenols significantly promoted the lysis of APP α-C-terminal fragments and improved the soluble APPPα of N-terminal APP lysate. To validate these findings in vivo, treatment of excessive A-producing APPsw transgenic mice with tea polyphenol found the levels and plaques associated with promoting the α-secretase proteolysis pathway of non-amyloid production [75]. Tea polyphenols reduce A by promoting non-amyloid production α-secretase proteolytic pathway. EGCG reduced Ain mouse neuron-like cells (N2a) transfected with human APP and primary neurons from mice overexpressed by the Swedish mutant APP. Consistent with these observations, tea polyphenol was found to significantly promote cell division-C-terminal fragments of APP, and increased the solubility of N-terminal APP lysate [76].
EGCG treated SweAPP N2a cells, with elevated active-secretase, a-deintegratin metalloproteinase protein and active a-deintegratin metalloproteinase protein 10 and cleavage and sAPP-[77]. A-deintegratin metalloproteinase protein 10 activation is necessary for EGCG to promote non-amyloidosis APP treatment. Therefore, a-deintegratin metalloproteinase protein 10 is an important drug target for the treatment of cerebral A in AD. EGCG therapy has been reported to inhibit brain A deposition in Tg2576 mice. Even comparable effective doses of EGCG in humans may exceed clinical convenience, studies offer a solution through treatment of EGCG [5].

4. Tea polyphenols have a preventive effect on AD by inhibiting AD-related diseases
Although diabetes is considered to be two different diseases with AD, it has been recognized as an important factor in dementia risk. Drinking tea the oxidative stress and inflammation can be mitigated diabetes. In addition, the elimination of inflammation should reduce the incidence of immune reactions. The tea polyphenols provide potential benefits for reducing the risk of diabetes and AD by targeting common risk factors, such as obesity, hyperlipidemia, hypertension, cardiovascular disease, and stroke. Tea polyphenols have important antioxidant properties and natural properties that regulate intracellular neuronal signaling pathways. Diabetes, a disease caused by insulin resistance in the brain. AD and diabetes have a common underlying pathological process and important intervention pathways [78]. We found out that after 4 weeks of feeding tea polyphenols, the random blood glucose levels decreased fasting blood glucose levels about 30.4% (low concentration) and 2-hour blood glucose content about 51.2% (high concentration), 31.6% (low concentration) and 43.3% (high concentration), and fasting blood glucose content about low concentration 26.5% (low concentration) and 49.7% (high concentration). The mean random blood glucose and 2-hour blood glucose in the tea polyphenols group were 16.2 mm and 13.5 mm, respectively, both close to normal standards [79]. Our experiments have also proven that tea polyphenols can lose weight. Rats fed high fat gained significant weight compared to rats fed control rations. Weight loss was significantly reduced with feedings control and GTC. In the high-fat and control groups, feeding rats GTP resulted in significant weight loss within 30 days (approximately 9.4% and 6.3%, respectively, compared to the corresponding controls). This effect became more pronounced after 45 days of feeding GTC (about 11.8% and 8.2%) [80].Tea polyphenols offer potential benefits for reducing diabetes and AD risk by targeting common risk factors, including obesity, hyperlipidemia, hypertension, cardiovascular disease, and stroke.

5. Tea polyphenols have a preventive effect on AD by inhibiting inflammation
Studies have found that nerve damage caused by inflammation is an important factor in AD. Elimination of inflammation should reduce the incidence of immune reactions. The inflammatory process produces large amounts of ROS and RNS free radicals, resulting in oxidative stress damage. The oxidative stress and inflammation can be mitigated by tea polyphenols, thereby limiting their devastating effects on the patient's organism. Tea polyphenols also have anti-inflammatory properties, which is the basis of the mechanism of action in AD [82,83]. In a study conducted using injected mice of lipopolysaccharides, prior administration of tea polyphenols shown to prevent lipopolysaccharide-induced memory impairment and inhibit the increase in cytokines and inflammatory proteins [84]. Another in vitro study on BV-2 microglia showed that tea polyphenols inhibited the lipopolysaccharide-induced inflammation-related responses, including ROS and RNS production, cyclooxygenase-2 expression, and inducible nitric oxide synthase expression.

6. Preventive effect of tea polyphenols on AD through signal transduction pathway
The factors that cause AD activate multiple signaling molecules, such as protein kinase C (PKC) signaling pathways [85]. In vitro and in vivo studies have shown that low concentrations of tea polyphenols stimulate the production of soluble non-toxic Aβ in human neuroblastoma and PC12 cells. Oral administration of tea polyphenols for 2 weeks increases PKCα and ε in the hippocampus of mice compared to control animals [86]. The learning and memory ability of elderly Wister rats treated with tea polyphenols for 8 weeks was significantly improved compared with control young rats, and acetylcholinesterase activity was reduced in the brains of rats [87]. There was also a study in which scopolamine-induced amnesia could be reversed by giving mice a diet of tea polyphenols. Tea polyphenols significantly inhibit acetylcholinesterase activity [87]. It was also found that tea polyphenols dose-dependently attenuated A(25-35)-induced cell death, intracellular ROS levels and 8-oxodG formation, as well as p53, Bax, and caspase-3 expression, but upregulated Bcl-2. In addition, tea polyphenols prevented activation of A (25-25)-induced NF-B and ERK and p38 MAP kinase pathways [89].
The above discussion shows that the preventive and therapeutic effects of tea polyphenols on AD are multi-targeted, including antioxidant effects, scavenging of free radicals, iron chelating properties, inhibition of hydroxydopamine, signal transduction pathways, regulation of cell survival/death genes, and induction of neuronal activity through mitochondrial function. Studies have also shown that tea polyphenols can prevent Aβ and plaque formation and enhance cognitive function. Therefore, the use of tea polyphenols as multi-target drugs is of great significance for the prevention and treatment of AD.

Conclusion
Given the multietiological nature of AD, the current use of drugs targeting a single molecular target has limited ability to alter the course of the disease, so it has only partial benefits for AD patients, even side effects can occur. According to this concept, new strategies include the use of mixtures of multiple drugs and/or the development of a single molecule with two or more active neuroprotective neurorescue moieties, while manipulating multiple targets associated with AD pathology. Natural tea polyphenols (GTP and theaflavins) can enter the brain and have multifunctional activities such as metal chelating, free radical scavenging, anti-inflammatory and neuroprotective. (Mandel et al., 2007). In summary, the pathway and mechanism of tea polyphenols in the prevention and treatment of AD are shown in Figure 2.
Even tea polyphenols are used as clinical drugs for the treatment of hyperlipidemia, improve atherosclerosis and immunity. But it has not been used to treat AD [90]. In the future, more efforts should be made to evaluate the efficacy of tea polyphenols in the prevention and intervention of AD using clinical trials. Due to the complex composition of tea polyphenols, standardized formulations can be used for individual tea polyphenol component. To avoid differences between different trials, a well-characterized research group is also needed, and in order to determine effective doses and facilitate the evaluation of clinical trial efficacy. Separation and purification can further understand the protective mechanism of tea polyphenols against AD. Concerning the use of tea polyphenol therapies for AD, results from most clinical trials have been disappointing, despite the positive effects observed in epidemiological investigation and preclinical studies. The first thing need to know is that AD is a complex multifactorial disease. So far there is no drug can achieve satisfactory therapeutic results in the clinic. By the way, to achieve satisfactory therapeutic results in the clinic, it needs the tea polphenols must be considered in the context of species, time, place, level, and target. To achieve this situation requires a very long period of clinical trials, which in turn requires a lot of manpower, material resources and time. Even so, it is worth conducting more rigorous clinical trials in the future to find the satisfactory therapeutic results for AD, saving more patients for the benefit of humanity. Recently, A team proposed the 5R principle of antioxidants, "right species, right place, right time, right level, and right target", which is worth referring to in future about tea polyphenol therapies on AD [91].
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Figure 2. The pathways and mechanisms of tea polyphenols in the prevention and treatment of AD. GTP: Green tea polyphenols.
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