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Abstract

Many epidemiological studies suggest a polyphenol-rich diet can help prevent Alzheimer's disease (AD), and examined the effects
of various natural polyphenols on amyloid-protein (Ap) aggregation using well-known in vitro and in vivo models of cerebral
amyloidosis. In vitro studies showed that these polyphenols reduce AP oligomer-induced synaptic and neuronal toxicity by
preventing AP oligomerization and fibril formation. Furthermore, polyphenolic compounds reduced soluble AP oligomers and
insoluble A deposits in the brain of transgenic mice fed orally. According to a new review of the literature, natural polyphenols have
anti-amyloidogenic effects on AP, in addition to anti-oxidant and anti-inflammatory properties. Well-designed clinical trials or
polyphenol-based preventive treatments are required to prove polyphenols' disease-modifying efficacy.
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INTRODUCTION AND DEFINITIONS

Alzheimer's disease (AD) is a progressive neurodegenerative
disease of the central nervous system. Alois Alzheimer
defined AD in 1906. Alzheimer's disease affects over 5.2
million Americans, with the number expected to rise to 114
million by 2050 [1,2]. Alzheimer's disease has many known
causes, but many more remain unknown. Regardless, it may
have started spontaneously or be linked to a genetic mutation
[3]. For example, mutations in genes coding for amyloid
precursor protein (APP, chromosome 21), presenilin-1, and
presenilin-2, all of which serve as targets for amyloid
formation [4]. The apoprotein-E gene (ApoE gene) on
chromosome 19 has the e4 allele in 25% of AD patients [5,6].
Alzheimer's disease is the most common cause of dementia,
and the number of cases has risen significantly [7]. The
condition also has a significant emotional and financial
impact on patients, their families, and the community [8,9].
Memory, ability to perform and control daily functions, social
functions, and poor emotional control are all impaired in AD-
associated dementia, which is accompanied by a marked
reduction in consciousness [10,11]. Degradation of synaptic
connections and neuronal death in the forebrain and
hippocampal regions of AD leads to memory loss while
overall health is preserved [12,13]. These include early-onset
AD (1-6%), which manifests between 30 and 60 years of age,
and late-onset AD (90%) [14]. Thanks to advances in the
discovery and characterization of highly sensitive biomarkers,
it is now possible to distinguish between AD and AD
associated dementia, allowing for more precise diagnosis and
treatment [15]. Until recently, the origins of AD were
unknown, and many of the components involved were
considered scientific mysteries. In many AD-associated
illnesses, there is a close association between genetic
abnormalities and amyloid (A) accumulation, indicating that
A accumulation is a critical factor in AD [16,17]. Excessive
consumption of high-calorie Western foods may contribute to
insulin resistance, cerebrovascular damage, mitochondrial
dysfunction, and chronic inflammatory diseases [18,19].
These variables may cause A and Tau protein denaturation
and hyperphosphorylation in brain tissue [20]. It is unknown
how this protein contributes to higher levels of A. Several
mechanisms have been proposed to explain AD etiology.

MECHANISMS AND ETIOLOGY
The amyloid cascade

Amyloid-B precursor protein (APP) proteolysis and APP
cleavage by a-, B-, and y-secretases form amyloid-B. The a-
secretase-catabolized APP becomes a soluble form fragment
(sAPP-a), which is involved in various physiological
processes [21]. A (40 and 42) is synthesized by A (40 and 42)
after sAPP is cleaved by B-secretase into SAPP and a 99 amino
acid membrane bound fraction (nc99) [22]. That patients
benefit from the use of inhibitors of secretase and a boost in
secretase activity is hypothesized. The imbalance of A
production and elimination by Neprilysin and angiotensin
converting enzyme (ACE) causes amyloid accumulation and
senile plaque formation [23,24]. Because these enzymes have
diverse substrates, using o- and y-secretase inhibitors may
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result in increased a-secretase and decreased AP
accumulation, but also significant side effects [25]. Less side
effects are associated with selective secretase inhibitors [26].
Another mechanism targets amyloid aggregate clearance and
deposition by activating enzymes like Neprilysin, IDE,
plasmin, endothelin converting enzyme, ACE, and MMTPs.
However, enzyme levels and activity fluctuate over time
[27,28]. Amyloid can also be trapped in the peripheral
circulation to improve the flow of amyloid from the CNS to
the peripheral circulation [29]. Another method focuses on 1-
proteins, which help stabilize microtubule filaments [30]. The
hyperphosphorylation of these proteins causes neurofibrillary
tangles (paired helical filaments; PHF). Decreased
microtubule binding leads to cytoskeleton instability and
neurodegeneration [31]. t-protein inhibitors, microtubule
stabilizers, and anti-immunotherapy have all been shown to
improve protein clearance [32].

Cholinergic theory

In the cholinergic hypothesis, cholinergic neurons in the
cerebral cortex and hippocampus are lost, along with choline
acetyltransferase, Ach release, and nicotinic/muscarinic
receptors [33]. Giving Alzheimer's patients acetylcholine
esterase inhibitors increases synaptic availability of Ach [34].

The denderitic hypothesis

Alzheimer's disease has reduced dendritic complexity and
dendrite spin, according to this theory. Some studies claim
that amyloid-oligomers are neurotoxic, and that their
interaction with prion protein activates NMDA receptors [16].
Alzheimer's disease is classified as sporadic (95%) or non-
sporadic (5 percent). In the late-onset sporadic form of AD,
the prevalence of AD doubles every 5 years after the age of
65 [35]. Mild, moderate, and severe are the three primary
stages of the disease. Alzheimer's disease is characterized by
amyloid plaque, neurofibrillary tangles, glial response, and
prolonged synaptic and neuronal loss [36].

TARGETS FOR AD TREATMENT

The pathogenesis of AD involves the formation of
neurofibrillary tangles and the extracellular accumulation of
AB. Treatments based on the amyloid cascade hypothesis and
others involving t-proteins are being pursued [37].

Beta and gamma secretase inhibition

B-secretase selectively cleaves APP, the major precursor of
AP, into sAPP and a 99 amino acid membrane bound
fragment (C99). Additional secretase processing of the C99
fragment results in AB(1-40) or AB(1-42), peptides involved
in senile plaque formation [21,22]. Targeting the secretase
enzyme is difficult due to the complex's diverse substrates. As
a result, inhibiting this enzyme may have a variety of negative
effects. However, clinical studies on E2609 have shown that
it can reduce AP production in the CSF by up to 90%. No
commercial [B-secretase inhibitors exist [38,39]. Another
inhibitory strategy involves blocking the y-secretase complex.
This method, like B-secretase inhibition, has many drawbacks
due to interference with other routes and substrates. One such
substrate is the notch protein, which regulates cell growth,
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differentiation, and communication [40]. Inhibitors of y-
secretase, such as Semagacestat and Avagacestat, have not
been approved for marketing because the former caused
significant adverse reactions such as cognitive decline and
decreased ability to perform daily activities, and the latter was
ineffective [41]. To avoid the negative effects of overall
enzyme inhibition, selective y-secretase modulators (SGSM)
could be developed [42].

Inhibition of A aggregation

The accumulation of amyloid plaques, extracellular deposits
of AP protein, both diffuse plaques of amorphous, primarily
nonfibrillar AP aggregates and neurotic plaques of fibrillar A
arranged in a B-pleated conformation [43]. Plaque-preventing
substances have been developed. Only 3-amino-1-
propaneosulfonic acid (3-APS, Alzhemed, tramiprosate) has
reached phase I1I studies [44]. This compound was created to
prevent AP from interacting with glycosaminoglycans, which
have been linked to AP plaque formation [44]. Despite its
potential, this drug was halted in Europe in 2007 due to
negative phase III clinical trial results [45]. Two other 8-
hydroxyquinolones, clioquinol and PBT2, have also been
studied in humans [46]. They are thought to work by
preventing the base metals from interacting with the AP brain
peptide. The reason for this therapy target is that copper ion
binding to AP leads to the formation of reactive oxygen
species [47,48]. These drugs failed phase II and III clinical
trials due to ineffectiveness.

Removal of amyloid aggregates

Eliminating AP aggregate plaques is another promising AD
treatment method. This is accomplished through the use of
enzyme pathways, A transit between the brain and the
peripheral circulation, and immunotherapy, as described
below:

Activation of enzymes that degrade amyloid plaques

Proteases that break down amyloid plaques and aggregates
include neprilysin, IDE, plasmin, endothelin converting
enzyme, angiotensin converting enzyme, and
metalloproteinases [49]. Because these enzymes are non-
selective, no drug has ever reached clinical trials.

Transit modulation between CNS and peripheral circulation

The transport of AP between the brain and the peripheral
circulation is regulated by three molecules: 1)
apolipoproteins, which transport A from the blood to the
brain; 2) low density lipoprotein receptor related protein
(LRP-1), which increases AP outflow from the brain to the
blood; and 3) receptor for advanced glycation end product
(RAGE), which transports AP across the BBB [50-52].
Inhibition of apolipoproteins, peripheral administration of
(LRP-1) or blocking RAGE reduces cerebral Af levels. The
most common method is to deliver LRP-1 via peripheral
nerves [53]. RAGE inhibitor/modulator PF-0449470052,
which failed in phase II studies, and TTP4000, which finished
its phase I trial in February 2013, are the only clinical
candidates (NCT01548430). The trial's findings are still
secret [54,37].
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Anti-amyloid immune therapy

AP(1-42) (the predominant form found in senile plaques) or
other synthetic fragments have been tested in transgenic AD
mice. Both passive and active Af-specific antibodies have
been tested in AD transgenic mice [55]. Active immunization
tests work by activating the microglia's phagocytic function.
On injected a QS-21 adjuvant with a synthetic full-length AP
(1-42) peptide (AN1792). Despite promising human studies,
(AN1792) caused significant side effects, halting phase II
trials due to aseptic meningoencephalitis [56]. Second
generation vaccines use a shortened AB(1-6) peptide region to
avoid nonspecific immune responses. Novartis' CAD106 is
the first second-generation vaccine to enter trials. A recent
phase 1II clinical trial of CAD106 showed a 75% AP specific
antibody response without severe inflammatory reactions.
Among the other vaccines in development are ACI-24,
MERS5101, and AF205 [57]. Bapineuzumab and solanezumab
are humanized monoclonal antibodies against AB(1-6) and
APB(12-28) [58,59]. Bapineuzumab reduces amyloid plaques
in the brain and phosphorylated tau in the CSF. Despite this,
the medication had no effect on cognitive function. However,
solanezumab has been shown to improve cognitive function
in mild AD [59]. Gantenerumab is another monoclonal
antibody being studied in people at risk of developing pre-
senile AD due to genetic abnormalities [60]. It's a highly
specific IgG1 antibody designed to bind to a structural epitope
on amyloid fibers. This will activate microglia, which will
phagocytose amyloid plaques. Studies on transgenic mice
back this up [61].

STRATEGIES BASED ON TAU PROTEINS

Tau proteins are abundant in neurons and play a significant
role in microtubule stability, especially in axons. In AD, tau-
protein is hyperphosphorylated, resulting in the production of
insoluble paired helical filaments (PHF) and neurofibrillary
tangles. This will result in cytoskeleton instability,
neurodegeneration and neuronal death [62]. More research is
needed to better understand the particular molecular pathways
involved in Tau neurotoxicity. According to recent study
evaluating the neurotoxic properties of various forms of 1-
proteins, the soluble form is the most dangerous [63]. This is
supported by a recent investigation that identified oligomeric
T-proteins as dangerous [64]. As a result, future therapeutic
strategies should focus on t-protein variations that are soluble.

Tau-based  methods  include  inhibiting  t-protein
phosphorylation, blocking its aggregation, microtubule
stabilization, and anti-t-protein immunotherapy.

Phosphorylation of t-proteins affects their interaction to
microtubules. Under normal circumstances, the protein stays
soluble, but pathological hyperphosphorylation of a t-protein
impairs its normal function [65]. Hyperphosphorylation is
caused by an imbalance in the catalytic activity of kinases and
phosphatases. CDKS5, GSK3, Fyn, JNK and p38 stress-
activated protein kinases, and mitogen-activated protein
kinases ERK1 and ERK2 mitogen-activated protein kinases
have all been reported to have elevated expression in the areas
proximal to neurofibrillary tangles in AD [66]. Kinase
inhibition is a natural target for re-establishing the balance
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between kinases and phosphatases. In an APP/PS1 transgenic
mice model of AD, SP600125, a popular pan-JNK inhibitor,
improves cognition and slows neurodegeneration [67]. Tau-
proteins that have been hyperphosphorylated cluster together
to form neurofibrillary tangles, which help AD progression.
The use of methylene blue dye molecules to prevent t-protein
aggregation has showed potential. Methylene blue disrupts t-
proteins aggregation, inhibits amyloid aggregation, improves
mitochondrial electron transport chain efficiency, reduces
oxidative stress, prevents mitochondrial damage, and
modulates autophagy. A first-generation medicine produced
from methylene blue (Rember) appears to decrease the
progression of AD in a 50-week clinical trial. TRx 023, a pure
derivative of methylene blue with the dual action of
preventing and dissolving t-protein clumps, was developed as
a result of this progress [66]. Tau-proteins are required for
microtubule stabilization, as previously established. As a
result, microtubule stabilizers may compensate for non-
functional hyperphosphorylated t-protein activity and
provide effects similar to t-protein hyperphosphorylation and
aggregation inhibitors. Paclitaxel is a microtubule stabilizer
used in oncology, but its inability to cross the blood-brain
barrier and significant adverse effects prevent it from being
employed in AD treatment [68]. Epothilone D is a
microtubule-stabilizing medication that improves axonal
transport, lowers axonal dystrophy, reduces 7t-protein
neuropathology, and slows the loss of hippocampal neurons.
Despite this, after a failed clinical trial in 2013, development
was discontinued [69]. Active and passive immunotherapies
have both been shown to minimize t-proteins aggregation and
boost clearance of t-protein oligomers and insoluble
aggregates. Monoclonal antibodies directed against
hyperphosphorylated t-proteins improved cognition in rats
without causing any significant negative effects [70].
AADvac-1 is an active immunotherapy candidate that is now
being investigated in a phase I trial to see if it is safe and
tolerable. A synthetic peptide derived from the t-protein
sequence and keyhole limpet hemocyanin make up the
antigen. The exact molecular composition of the antigen has
yet to be determined (NCT01850238 and NCT02031198)
[71].

NATURAL POLYPHENOLS AS THERAPY IN AD

Hundreds of polyphenols have been demonstrated to
successfully scavenge ROS and RNS and to protect against
degenerative diseases associated with aging [72]. However,
some of the evaluated anti-oxidant compositions did not
demonstrate the expected positive results in clinical testing
[73]. Because the molecular origins of degenerative diseases
are complex and mostly unknown, developing therapeutics to
combat them is difficult. Since ancient times, polyphenol-rich
diets have been known to provide health benefits against
aging-related illnesses. According to several research
findings, natural compounds having multiple polyphenol
groups may be more effective disease-fighting agents. /n vitro
experiments have indicated that polyphenol (e.g., tannins)-
containing substances protect against AD [74]. Larger
polyphenols, on the other hand, may have a decreased
permeability of the blood-brain barrier. In vivo, the
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breakdown of these big molecules and their metabolites may
act as a single polyphenol moiety [75]. Curcumin, ferulic acid,
and styryl benzene all have individual phenolic groups that
are potent antioxidants [76]. According to these studies,
polyphenol groups comprising natural anti-oxidants may be
better and more effective anti-oxidant molecules. Natural
food ingredients may be the best currently available option
because additional anti-oxidant compositions have not been
proved to be useful in avoiding degenerative illnesses [77]. A
wide variety of fruits and vegetables high in flavonoids and
other polyphenols may be useful in delaying or reversing the
multi-stage degenerative events linked to aging and oxidative
stress, meaning that a healthy diet can help prevent disease.
These polyphenols protect neurons from the damage induced
by B-amyloid deposition by forming soluble and less toxic
amorphous aggregates. In a mouse model of AD, a walnut-
rich diet has been shown to improve memory, learning ability,
and anxiety [78]. The National Health and Nutrition
Examination Study [79] discovered a connection between
walnut consumption and cognition scores in adults. Walnuts
include antioxidants such as flavonoids, phenolic acid,
melatonin, gamma tocopherol (vitamin E), selenium, and a-
linolenic acid [80,81]. Walnuts inhibit ROS generation and
oxidative stress, as well as plasma membrane rupture and
DNA damage, despite the fact that the exact mechanism is
uncertain [82].

CURCUMIN AS A PROTOTYPE

In general, a healthy diet rich in phenolic compounds may
help to avoid the onset of AD [83]. A Mediterranean-style diet
has been shown to reduce the risk of AD. A high proportion
of plant foods and fish, a moderate amount of wine, and a low
proportion of red meat characterize this diet. It has been
discovered that eating a Mediterranean-style diet was linked
to a lower risk of AD (hazard ratio of 0.60, compared to 0.91
in non-Mediterranean nations) [84]. Similarly, Ng et al. found
that eating an Asian-style diet rich in soybean and turmeric,
as well as eating a lot of seaweed, lowered the risk of AD [85].
Given AD's multifaceted etiology and complicated clinical
pathways, it's realistic to expect that treatments focusing on a
single causative or modifying component will have limited
results. As a result, therapeutic agents with pleiotropic
activity, which target several impaired processes, are gaining
popularity [86]. Several substances can meet these
requirements, with curcumin exhibiting strong anti-Af effects
as well as significant anti-inflammatory and antioxidant
capabilities [87]. Curcumin is a component of the Indian spice
turmeric, and it is produced from the rhizome of the Curcuma
longa plant, which is widely grown in South and Southeast
Asia, particularly China and India [88]. The curcumin
complex, which is made up of curcumin (77%),
demethoxycurcumin (17%), and bisdemethoxycurcumin
(17%), is known as commercial curcumin (3%). Turmeric and
natural curcuminoids have been utilized in herbal therapy to
treat respiratory problems, abdominal pain, sprains, and
edema [89]. Research suggests that curcumin may play an
important role in the treatment of AD, and that it is
particularly effective as a health-promoting life-long
nutraceutical as well as a multi-targeted medication [87].
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Curcumin also enhances synaptic plasticity and neurogenesis
in healthy-aged rats, which improves memory performance
[90]. It may also boost docosahexaenoic acid production,
which improves plasma membrane integrity and keeps
mitochondrial and synaptic function in check [91]. Curcumin
supplementation in healthy elderly people has been studied in
several trials. Di Silvestro and colleagues revealed that a low
dose of lipidated curcumin increased nitric oxide levels and
decreased the soluble intercellular adhesion molecule in
healthy middle-aged people, resulting in a variety of possible
health advantages [92]. Both compounds are linked to the risk
of cardiovascular disease. Curcumin also reduced the activity
of alanine aminotransferase, a general sign of liver injury, and
increased plasma myeloperoxidase, a measure of
inflammation. Moreover, Cox et al found that supplementing
with a solid lipid curcumin formulation (80 mg as
Longvida®) enhanced cognitive performance, reduced
fatigue, and reduced the negative effects of psychological
stress on mood, potentially improving the quality of life for
the aging population [93]. As a result, consuming curcumin in
the diet may lower the risk of AD, improve cognitive
performance, and delay or prevent the effects of aging and
neurodegenerative illness.

Curcumin's effects on Af protein

One contemporary strategy for treating AD is anti-amyloid
treatments, which involve lowering Ap production,
preventing AP aggregation, and increasing A clearance.
Curcumin lowers AP levels in vitro by blocking the formation
of amyloid precursor proteins and lowering the development
of the sole B-secretase enzyme, B-secretase 1 (BACEL) [94].
Dimethoxy-curcumin also demonstrated a powerful BACE-1
inhibitory effect in vivo, assisting in the repair of
morphological and behavioral defects produced by amyloid
precursor protein maturation and BACE1 overexpression,
according to in vivo studies using a drosophila AD model.
Other studies have looked at the molecular mechanism of
curcumin's inhibition of BACE-1. Curcumin suppresses
BACE-1 transcription by activating the Wnt/-catenin
pathway, which binds to T-cell factor-4, a regulator of the
BACEl gene [95]. In a detailed structure-activity
investigation, the coplanarity of two phenol rings, the length
and rigidity of the linker, and the substitution conformation of
the phenol rings were determined to contribute to curcumin's
inhibitory potency [96]. Rao et al. also shown that curcumin
binding to Ap-aggregates produces significant amino acid
modifications, resulting in a shift in equilibrium toward non-
toxic AP aggregates [97]. Curcumin inhibits AB aggregation
by chelating metal ions such as Cu*?, Zn*2, and Fe**, which
are likely agonists of AP aggregation and oxidative stress,
according to other theories [98]. Curcumin's activities are not
limited to modifying AP production and aggregation; in fact,
recent study has shown that curcumin has the ability to
accelerate AP clearance. Curcumin increases autophagy and
the production of lysosome-related proteins like heat shock
proteins, LC3A/B-II, and beclin-1, which are all necessary for
AP phagocytosis in neurons [99]. CNB-001, a curcumin
derivative, also works as a S5-lipoxygenase inhibitor,
increasing the PERK/eIF2/ATF4 arm of the unfolded protein
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response and speeding up the breakdown of AP aggregates
[100]. These findings not only suggest that curcumin plays a
role in the AP cascade, but they also point to a slew of
additional AD targets, including Wnt/-catenin and the
unfolded protein response proteins PERK/elF2/ATF4.

Anti-inflammatory properties

Neuro-inflammation is one of the pathogenic components in
the vicious loop of AD pathogenesis, and it is characterized
by high glial activation and potent cytokine production at the
site of injury. Curcumin inhibits arachidonic acid synthesis
and metabolism, pattern recognition receptor pathways on
glial cell surfaces, and nuclear transcription factors, among
other inflammatory signaling pathways [101]. It inhibits
phospholipase-A2, cyclooxygenase-2, lipoxygenase, and
microsomal prostaglandin E synthase-1, all of which are
inflammatory enzymes [102]. Curcumin also inhibits toll-like

receptor-4 dimerization, and lowers pro-inflammatory
cytokines  significantly = [103].  Curcumin inhibits
inflammasome activation of the nucleotide-binding

oligomerization domain (NOD)-like receptor protein-3
(NLRP3), which appears to lessen neurotoxicity and the
inflammatory response associated with it [104].

Anti-oxidant properties

As previously indicated, AP and phosphorylated t-protein
aggregation, inflammation, and oxidative stress all have a role
in AD-associated neuronal death and cognitive impairment.
As a result, anti-oxidant medicines have been recommended
as a new approach for AD prevention and treatment.
Curcumin has significant antioxidant benefits in mice and
humans [105], increasing superoxide dismutase and catalase
activity, maintaining reduced glutathione levels, and lowering
malonyldialdehyde (MDA) accumulation. According to a
study using a homocysteine-induced rat aging model [106],
curcumin improves learning and memory function by
substantially reducing MDA and super oxide anion levels in
the hippocampus. Curcumin also reduces oxidative stress and
cell toxicity caused by AP, both of which are telomerase-
dependent. Telomerase is a ribonuclear protein complex that
synthesizes and elongates telomeric DNA to protect cells
against senescence [107]. These findings suggest that
telomerase is a unique target of curcumin, perhaps paving the
way for a new AD treatment.

Conclusion

Polyphenol-rich diets (red wine, green tea, etc.) have been
related to a lower incidence of AD in numerous
epidemiological studies. According to experimental studies,
natural polyphenols have distinct effects on pathways
involved in the pathophysiology of cerebral amyloidosis, such
as modulation of APP processing, inhibition of AP
aggregation and destabilization of aggregates, promotion of
AP degradation/cl, and inhibition of AP aggregation and
destabilization of aggregates. Several phenolic compounds
are being evaluated in AD clinical trials, but none of them has
been demonstrated to have unique therapeutic or preventative
characteristics. More clinical trials and preventive
interventions on these polyphenols to improve oral
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bioavailability and brain penetration are needed to evaluate
their effectiveness in AD.

Acknowledgement

The authors thank Al-Rafidain University College for
supporting the project.

Conflicting interests

The authors declared no conflicts of interest.
Data sharing statement

N/A

REFERENCES

1. Alzheimer’s Association Report. Alzheimer’s disease facts and figures
Alzheimer’s Association. Alzheimer’s Dement. 2015;11(3):332-384. doi:
10.1016/j.jalz.2015.02.003.

2. Hampel H, Toschi N, Babiloni C, Baldacci F, Black KL, Bokde ALW, et
al; Alzheimer Precision Medicine Initiative (APMI). Revolution of
Alzheimer precision neurology. Passageway of systems biology and
neurophysiology. J Alzheimers Dis. 2018;64(s1):S47-S105. doi:
10.3233/JAD-179932.

3. Gordon BA, Blazey TM, Christensen J, Dincer A, Flores S, Keefe S, et al.
Tau PET in autosomal dominant Alzheimer's disease: relationship with
cognition, dementia and other biomarkers. Brain. 2019;142(4):1063-1076.
doi: 10.1093/brain/awz019.

4. Meckler X, Checler F. Presenilin 1 and Presenilin 2 target y-secretase
complexes to distinct cellular compartments.J Biol Chem.
2016;291(24):12821-12837. doi:10.1074/jbc.M115.708297. 5. Hardy J,
Selkoe DJ. The amyloid hypothesis of Alzheimer’s disease: progress and
problems on the road to therapeutics. Science 2002;297(5580):353-356.
doi: 10.1126/science.1072994.

6. Mucke L, Selkoe DJ. Neurotoxicity of amyloid B-protein: synaptic and
network  dysfunction. Cold  Spring  Harbor  Perspect Med
2012;2(7):a006338. doi: 10.1101/cshperspect.a006338.

7. Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, et al;
Alzheimer's Disease International. Global prevalence of dementia: A
Delphi consensus study. Lancet. 2005;366(9503):2112-7. doi:
10.1016/S0140-6736(05)67889-0.

8. Anand R, Gill KD, Mahdi AA. Therapeutics of Alzheimer’s disease: Past,
present and future. Neuropharmacology  2014;76:27-50.  doi:
10.1016/j.neuropharm.2013.07.004.

9. El-Hayek YH, Wiley RE, Khoury CP, Daya RP, Ballard C, Evans AR, et
al. Tip of the iceberg: Assessing the global socioeconomic costs of
Alzheimer's disease and related dementias and strategic implications for
stakeholders. J Alzheimers Dis. 2019;70(2):323-341. doi: 10.3233/JAD-
190426.

10. Halliwell B. Oxidative stress and neurodegeneration: Where we are now?
J Neurochem. 2006;97:1634. doi: 10.1111/j.1471-4159.2006.03907 x.

11. Lopez OL, Kuller LH. Epidemiology of aging and associated cognitive
disorders: Prevalence and incidence of Alzheimer's disease and other
dementias. Handb Clin Neurol. 2019;167:139-148. doi: 10.1016/B978-0-
12-804766-8.00009-1.

12. Alzheimer’s Association. 2011 Alzheimer’s diseases facts and figures:
prevalence. Alzheimers Dement. 2012;7:12-13. doi:
10.1016/j.jalz.2011.02.004.

13. Lyketsos CG. Treatment Development for Alzheimer's Disease: How Are
We Doing? Adv Exp Med Biol. 2020;1195:19. doi: 10.1007/978-3-030-
32633-3_3.

14. Brookmeyer R, Johnson E, Ziegler-Graham K, Arrighi HM. Forecasting
the global burden of Alzheimer’s disease. Alzheimers Dement.
2007;3:186-191. doi: 10.1016/j.jalz.2007.04.381.

58

Polyphenols in Alzheimer's Disease

15. Zetterberg H, Bendlin BB. Biomarkers for Alzheimer's disease-preparing
for a new era of disease-modifying therapies. Mol Psychiatry.
2021;26(1):296-308. doi: 10.1038/s41380-020-0721-9.

16. Price JL, McKeel DW, Buckles VD, Roe CM, Xiong C, Grundman M, et
al. Neuropathology of nondemented aging: presumptive evidence for
preclinical Alzheimer disease. Neurobiol Aging. 2009;30(7):1026-1036.
doi: 10.1016/j.neurobiolaging.2009.04.002.

17. Vos SJ, Xiong C, Visser PJ, Jasielec MS, Hassenstab J, Grant EA, et al.
Preclinical Alzheimer's disease and its outcome: A longitudinal cohort
study. Lancet Neurol. 2013;12(10):957-965. doi: 10.1016/S1474-
4422(13)70194-7.

18. de la Monte SM, Tong M. Brain metabolic dysfunction at the core of
Alzheimer’s disease. Biochem Pharmacol. 2014;88:548-559. doi:
10.1016/j.bcp.2013.12.012.

19. He JT, Zhao X, Xu L, Mao CY. Vascular risk factors and Alzheimer's
disease: Blood-brain barrier disruption, metabolic syndromes, and
molecular links. J Alzheimers Dis. 2020;73(1):39-58. doi: 10.3233/JAD-
190764.

20. Usui K, Hulleman JD, Paulsson JF, Siegel SJ, Powers ET, Kelly JW. Site-
specific modification of Alzheimer's peptides by cholesterol oxidation
products enhances aggregation energetics and neurotoxicity. Proc Natl
Acad Sci USA. 2009;106(44):18563-18568. doi:
10.1073/pnas.0804758106.

21. Haass C, Kaether C, Thinakaran G, Sisodia S. Trafficking and proteolytic
processing of APP. Cold Spring Harbor Perspect Med.
2012;2(5):a006270. doi: 10.1101/cshperspect.a006270.

22. Drachman DA. The amyloid hypothesis, time to move on: amyloid is the
downstream result, not cause, of Alzheimer’s disease. Alzheimer’s
Dement. 2014;10(3):372-380. doi: 10.1016/j.jalz.2013.11.003.

23. Boix CP, Lopez-Font I, Cuchillo-Ibafiez I, Saez-Valero J. Amyloid
precursor protein glycosylation is altered in the brain of patients with
Alzheimer's disease. Alzheimers Res Ther. 2020;12(1):96. doi:
10.1186/s13195-020-00664-9.

24. Chen S, Mima D, Jin H, Dan Q, Wang F, Cai J, et al. The Association
between Neprilysin gene polymorphisms and Alzheimer's disease in
Tibetan  population.  Brain  Behav.  2021;11(3):e02002.  doi:
10.1002/brb3.2002.

25. Hampel H, Vassar R, De Strooper B, Hardy J, Willem M, Singh N, et al.
The p-secretase BACEl in Alzheimer's disease. Biol Psychiatry.
2021;89(8):745-756. doi: 10.1016/j.biopsych.2020.02.001.

26. Eriksen JL, Sagi SA, Smith TE, Weggen S, Das P, McLendon DC, et al.
NSAIDs and enantiomers of flurbiprofen target gamma-secretase and
lower Abeta 42 in vivo. J Clin Invest. 2003;112(3):440-449. doi:
10.1172/JCI118162.

27. Shirazin SK,Wood JG. The protein tyrosine kinase, fyn, in Alzheimer’s
disease pathology. Neuroreport. 1993;4(4):435-437. doi:
10.1097/00001756-199304000-00024.

28. Yang D, Zhu W, Wang Y, Tan F, Ma Z, Gao J, et al. Selection of mutant
p-plasmin for amyloid-f cleavage in vivo. Sci Rep. 2020;10(1):12117. doi:
10.1038/s41598-020-69079-8.

29. Korte N, Nortley R, Attwell D. Cerebral blood flow decrease as an early
pathological mechanism in Alzheimer's disease. Acta Neuropathol.
2020;140(6):793-810. doi: 10.1007/s00401-020-02215-w.

30. Ma RH, Zhang Y, Hong XY, Zhang JF, Wang JZ, Liu GP. Role of
microtubule-associated protein tau phosphorylation in Alzheimer's
disease. J Huazhong Univ Sci Technolog Med Sci. 2017;37(3):307-312.
doi: 10.1007/s11596-017-1732-x.

31. Woo JA, Liu T, Fang CC, Cazzaro S, Kee T, LePochat P, et al. Activated
cofilin exacerbates tau pathology by impairing tau-mediated microtubule
dynamics. Commun Biol. 2019;2:112. doi: 10.1038/s42003-019-0359-9.

32. Turab Naqvi
hyperphosphorylation viakinase

AA, Hasan GM, Hassan MIL Targeting Tau
inhibition: ~ Strategy to address



Alattiya et al

Alzheimer's disease. Curr Top Med Chem. 2020;20(12):1059-1073. doi:
10.2174/1568026620666200106125910.

33. Zhu H, Yan H, Tang N, Li X, Pang P, Li H, et al. Impairments of spatial
memory in an Alzheimer's disease model via degeneration of hippocampal
cholinergic ~ synapses. Nat  Commun.  2017;8(1):1676.  doi:
10.1038/s41467-017-01943-0.

34. Wallace TL, Bertrand D. Importance of the nicotinic acetylcholine
receptor system in the prefrontal cortex. Biochem Pharmacol.
2013;85(12):1713-1720. doi: 10.1016/j.bcp.2013.04.001.

35. Zhang L, Chen C, Mak MS, Lu J, Wu Z, Chen Q, et al. Advance of
sporadic  Alzheimer's disease animal models. Med Res Rev.
2020;40(1):431-458. doi: 10.1002/med.21624.

36. Fortea J, Vilaplana E, Carmona-Iragui M, Benejam B, Videla L, Barroeta
I, et al. Clinical and biomarker changes of Alzheimer's disease in adults
with  Down syndrome: a  cross-sectional study. Lancet.
2020;395(10242):1988-1997. doi: 10.1016/S0140-6736(20)30689-9.

37. Folch J, Petrov D, Ettcheto M, Abad S, Sanchez-Lopez E, Garcia ML, et
al. Current research therapeutic strategies for Alzheimer's disease
treatment. Neural Plast. 2016;2016:8501693. doi: 10.1155/2016/8501693.

38. Chiang K, Koo EH. Emerging therapeutics for Alzheimer’s disease. Ann
Rev  Pharmacol Toxicol 2014;54:381-405. doi: 10.1146/annurev-
pharmtox-011613-135932.

39. May PC, Willis BA, Lowe SL, Dean RA, Monk SA, Cocke PJ, et al. The
potent BACE1 inhibitor LY2886721 elicits robust central AR
pharmacodynamic responses in mice, dogs, and humans. J Neurosci.
2015;35(3):1199-210. doi: 10.1523/JNEUROSCI1.4129-14.2015.

40. Imbimbo BP, Giardina GAM. y-secretase inhibitors and modulators for
the treatment of Alzheimer’s disease: disappointments and hopes. Curr
Topics Med Chem. 2011;11(12):1555-1570. doi:
10.2174/156802611795860942.

41. Yang G, Zhou R, Guo X, Yan C, Lei J, Shi Y. Structural basis of y-
secretase inhibition and modulation by small molecule drugs. Cell.
2021;184(2):521-533.e14. doi: 10.1016/j.cell.2020.11.049.

42. Svedruzi¢ ZM, Vibnjak K, Martinovi¢ M, Mileti¢ V. Structural analysis
of the simultaneous activation and inhibition of y-secretase activity in the
development of drugs for Alzheimer's disease. Pharmaceutics.
2021;13(4):514. doi: 10.3390/pharmaceutics13040514.

43. Raskin J, Cummings J, Hardy J, Schuh K, Dean RA. Neurobiology of
Alzheimer's disease: Integrated molecular, physiological, anatomical,
biomarker, and cognitive dimensions. Curr Alzheimer Res.
2015;12(8):712-22. doi: 10.2174/1567205012666150701103107.

44, Aisen PS, Gauthier S, Ferris SH, Saumier D, Haine D, Garceau D, et al.
Tramiprosate in mild-to-moderate Alzheimer's disease - a randomized,
double-blind, placebo-controlled, multi-center study (the Alphase Study).
Arch Med Sci. 2011;7(1):102-11. doi: 10.5114/a0ms.2011.20612.

45. Gupta-Bansal R, Frederickson RCA, Brunden KR. Proteoglycan-
mediated inhibition of Af proteolysis. A potential cause of senile plaque
accumulation. J Biol Chem. 1995;270(31):18666-18671. doi:
10.1074/jbc.270.31.18666.

46. Matlack KE, Tardiff DF, Narayan P, Hamamichi S, Caldwell KA,
Caldwell GA, et al. Clioquinol promotes the degradation of metal-
dependent amyloid-B (AP) oligomers to restore endocytosis and
ameliorate AP toxicity. Proc Natl Acad Sci USA. 2014;111(11):4013-8.
doi: 10.1073/pnas.1402228111.

47. Robert A, Liu Y, Nguyen M, Meunier B. Regulation of copper and iron
homeostasis by metal chelators: a possible chemotherapy for Alzheimer’s
disease.  Accounts  Chem  Res.  2015;48(5):1332-1339.  doi:
10.1021/acs.accounts.5b00119.

48. Ryan TM, Roberts BR, McColl G, Hare DJ, Doble PA, Li QX, et al.
Stabilization of nontoxic AB-oligomers: insights into the mechanism of
action of hydroxyquinolines in Alzheimer's disease. J Neurosci.
2015;35(7):2871-2884. doi: 10.1523/INEUROSCIL.2912-14.2015.

59

Polyphenols in Alzheimer's Disease

49. Nalivaeva NN, Fisk LR, Belyaev ND, Turner AJ. Amyloid-degrading
enzymes as therapeutic targets in Alzheimer’s disease. Curr Alzheimer
Res. 2008;5(2):212-224. doi: 10.2174/156720508783954785.

50. Cai Z, Qiao PF, Wan CQ, Cai M, Zhou NK, Li Q. Role of blood-brain
barrier in Alzheimer's disease. J Alzheimers Dis. 2018;63(4):1223-1234.
doi: 10.3233/JAD-180098.

51. Shinohara M, Tachibana M, Kanekiyo T, Bu G. Role of LRP1 in the
pathogenesis of Alzheimer's disease: evidence from clinical and
preclinical studies. J Lipid Res. 2017;58(7):1267-1281. doi:
10.1194/j1r.R075796.

52. Paudel YN, Angelopoulou E, Piperi C, Othman I, Aamir K, Shaikh MF.
Impact of HMGBI1, RAGE, and TLR4 in Alzheimer's disease (AD): From
risk factors to therapeutic targeting. Cells. 2020;9(2):383. doi:
10.3390/cells9020383.

53. Patel P, Shah J. Role of vitamin D in amyloid clearance via LRP-1
upregulation in Alzheimer's disease: A potential therapeutic target? J
Chem Neuroanat. 2017;85:36-42. doi: 10.1016/j.jchemneu.2017.06.007.

54. Huang YY, Fang N, Luo HR, Gao F, Zou Y, Zhou LL, et al. RP1,a RAGE
antagonist peptide, can improve memory impairment and reduce A
plaque load in the APP/PSI mouse model of Alzheimer's disease.
Neuropharmacology. 2020;180:108304. doi:
10.1016/j.neuropharm.2020.108304.

55. Mantile F, Capasso A, Villacampa N, Donnini M, Liguori GL, Constantin
G, et al. Vaccination with (1-11)E2 in alum efficiently induces an antibody
response to P-amyloid without affecting brain B-amyloid load and
microglia activation in 3xTg mice. Aging Clin Exp Res. 2021;33(5):1383-
1387. doi: 10.1007/s40520-019-01414-0.

56. Gilman S, Koller M, Black RS, Jenkins L, Griffith SG, Fox NC, et al;
AN1792(QS-21)-201 Study Team. Clinical effects of AR immunization
(AN1792) in patients with AD in an interrupted trial. Neurology.
2005;64(9):1553-1562. doi: 10.1212/01.WNL.0000159740.16984.3C.

57. Panza F, Solfrizzi V, Imbimbo BP, Tortelli R, Santamato A, Logroscino
G. Amyloid-based immunotherapy for Alzheimer's disease in the time of
prevention trials: the way forward. Expert Rev Clin Immunol.
2014;10(3):405-19. doi: 10.1586/1744666X.2014.883921.

58. Doody RS, Thomas RG, Farlow M, Iwatsubo T, Vellas B, Joffe S, et al;
Solanezumab Study Group. Phase 3 trials of solanezumab for mild-to-
moderate Alzheimer's disease. N Engl J Med. 2014;370(4):311-321. doi:
10.1056/NEJMoal312889.

59. Tayeb HO, Murray ED, Price BH, Tarazi FI. Bapineuzumab and
solanezumab for Alzheimer’s disease: is the ‘amyloid cascade hypothesis’
still alive? Expert Opin Biol Ther. 2013;13(7):1075-1084. doi:
10.1517/14712598.2013.789856.

60. Ostrowitzki S, Lasser RA, Dorflinger E, Scheltens P, Barkhof F,
Nikolcheva T, et al; SCarlet RoAD Investigators. A phase III randomized
trial of gantenerumab in prodromal Alzheimer's disease. Alzheimers Res
Ther.2017;9(1):95. doi: 10.1186/s13195-017-0318-y.

61. Jacobsen H, Ozmen L, Caruso A, Narquizian R, Hilpert H, Jacobsen B,
et al. Combined treatment with a BACE inhibitor and anti-Af antibody
gantenerumab enhances amyloid reduction in APPLondon mice. J
Neurosci.  2014;34(35):11621-30. doi: 10.1523/JNEUROSCI.1405-
14.2014.

62. West S, Bhugra P. Emerging drug targets for Af and tau in Alzheimer’s
disease: a systematic review. Br J Clin Pharmacol. 2015;80(2):221-234.
doi: 10.1111/bep.12621.

63. Cowan CM, Mudher A. Are tau aggregates toxic or protective in
tauopathies? Front Neurol. 2013;4:114. doi: 10.3389/fneur.2013.00114.

64. Zhang B, Carroll J, Trojanowski JQ, Yao Y, Iba M, Potuzak JS, et al. The
microtubule-stabilizing agent, epothilone D, reduces axonal dysfunction,
neurotoxicity, cognitive deficits, and Alzheimer-like pathology in an
interventional study with aged tau transgenic mice. J Neurosci.
2012;32(11):3601-3611. doi: 10.1523/JNEUROSC1.4922-11.2012.



Alattiya et al

65. Mehta DC, Short JL, Hilmer SN, Nicolazzo JA. Drug access to the central
nervous system in Alzheimer’s disease: preclinical and clinical insights.
Pharm Res. 2015;32(3):819-839. doi: 10.1007/s11095-014-1522-0.

66. Hochgrife K, Sydow A, Matenia D, Cadinu D, Konen S, Petrova O, et al.
Preventive methylene blue treatment preserves cognition in mice
expressing full-length pro-aggregant human Tau. Acta Neuropathol
Commun. 2015;3:25. doi: 10.1186/s40478-015-0204-4.

67. Zhou Q, Wang M, Du Y, Zhang W, Bai M, Zhang Z, et al. Inhibition of
c-Jun N-terminal kinase activation reverses Alzheimer disease phenotypes
in APPswe/PSIdE9 mice. Ann Neurol. 2015;77(4):637-654. doi:
10.1002/ana.24361.

68. Wischik CM, Staff RT, Wischik DJ, Bentham P, Murray AD, Storey JM,
et al. Tau aggregation inhibitor therapy: an exploratory phase 2 study in
mild or moderate Alzheimer's disease. J Alzheimers Dis. 2015;44(2):705-
720. doi: 10.3233/JAD-142874.

69. Shemesh OA, Spira ME. Rescue of neurons from undergoing hallmark
tau-induced Alzheimer’s disease cell pathologies by the antimitotic drug
paclitaxel. Neurobiol Dis. 2011;43(1):163-175. doi:
10.1016/j.nbd.2011.03.008.

70. Wisniewski T, Goni F. Immunotherapeutic approaches for Alzheimer’s
disease. Neuron. 2015;85(6):1162-1176. doi:
10.1016/j.neuron.2014.12.064.

71. Kontsekova E, Zilka N, Kovacech B, Novak P, Novak M. First-in-man
tau vaccine targeting structural determinants essential for pathological tau-
tau interaction reduces tau oligomerisation and neurofibrillary
degeneration in an Alzheimer’s disease model. Alzheimer’s Res Ther.
2014;6:44. doi: 10.1186/alzrt278.

72. Lakey-Beitia J, Berrocal R, Rao KS, Durant AA. Polyphenols as
therapeutic molecules in Alzheimer’s disease through modulating amyloid
pathways. Mol Neurobiol. 2015;51:466-479. doi: 10.1007/s12035-014-
8722-9.

73. Ono K, Naiki H, Yamada M. The development of preventives and
therapeutics for Alzheimer’s disease that inhibit the formation of B-
amyloid fibrils (fAp), as well as destabilize preformed fAf. Curr Pharm
Des. 2006;12:4357-4375. doi: 10.2174/138161206778793010.

74. Mori T, Rezai-Zadeh K, Koyama N, Arendash GW, Yamaguchi H,
Kakuda N, et al. Tannic acid is a natural -secretase inhibitor that prevents
cognitive impairment and mitigates Alzheimer-like pathology in
transgenic mice. J Biol Chem. 2012;287(9):6912-6927. doi:
10.1074/jbc.M111.294025.

75. Toda T, Sunagawa T, Kanda T, Tagashira M, Shirasawa T, Shimizu T.
Apple procyanidins suppress amyloid B-protein aggregation. Biochem Res
Int. 2011;2011:784698. doi: 10.1155/2011/784698.

76. Picone P, Nuzzo D, di Carlo M. Ferulic acid: A natural antioxidant against
oxidative stress induced by oligomeric A on sea urchin embryo. Biol Bull.
2013;224:18-28. doi: 10.1086/BBLv224n1p18.

77. Kirsh VA, Hayes RB, Mayne ST, Chatterjee N, Subar AF, Dixon LB, et
al; PLCO Trial. Supplemental and dietary vitamin E, beta-carotene, and
vitamin C intakes and prostate cancer risk. J Natl Cancer Inst.
2006;98(4):245-254. doi: 10.1093/jnci/djj050.

78. Muthaiyah B, Essa MM, Lee M, Chauhan V, Kaur K, Chauhan A. Dietary
supplementation of walnuts improves memory deficits and learning skills
in transgenic mouse model of Alzheimer's disease. J Alzheimers Dis.
2014;42(4):1397-405. doi: 10.3233/JAD-140675. PMID: 25024344.

79. Arab L, Ang A. A cross sectional study of the association between walnut
consumption and cognitive functions among adult US populations
represented in NHANES. J Nutr Health Aging 2015;19:284-290. doi:
10.1007/s12603-014-0569-2.

80. Anderson KJ, Teuber SS, Gobeille A, Cremin P, Waterhouse AL,
Steinberg FM. Walnut polyphenolics inhibit in vitro human plasma and
LDL oxidation. J  Nutr. 2001;131(11):2837-2842. doi:
10.1093/jn/131.11.2837.

60

Polyphenols in Alzheimer's Disease

81. Reiter RJ, Manchester LC, Tan DX. Melatonin in walnuts: Influence on
levels of melatonin and total antioxidant capacity of blood. Nutrition
2005;21:920-924. doi: 10.1016/.1ut.2005.02.005.

82. Muthaiyah B, Essa MM, Chauhan V, Chauhan A. Protective effects of
walnut extract against amyloid-beta peptide-induced cell death and
oxidative stress in PC12 cells. Neurochem Res. 2011;36:2096-2103. doi:
10.1007/s11064-011-0533-z.

83. Yamada M, Ono K, Hamaguchi T, Noguchi-Shinohara M. Natural
phenolic compounds as therapeutic and preventive agents for cerebral
amyloidosis. Adv Exp Med Biol. 2015;863:79-94. doi: 10.1007/978-3-319-
18365-7 4.

84. Safouris A, Tsivgoulis G, Sergentanis TN, Psaltopoulou T. Mediterranean
diet and risk of dementia. Curr Alzheimer Res. 2015;12:736-744. doi:
10.2174/1567205012666150710114430.

85. Ng TP, Chiam PC, Lee T, Chua HC, Lim L, Kua EH. Curry consumption
and cognitive function in the elderly. Am J Epidemiol. 2006;164(9):898-
906. doi: 10.1093/aje/kwj267.

86. Bajda M, Guzior N, Ignasik M, Malawska B. Multi-target-directed
ligands in Alzheimer's disease treatment. Curr Med Chem. 2011;18:4949-
4975. doi: 10.2174/092986711797535245.

87. Belkacemi A, Doggui S, Dao L, Ramassamy C. Challenges associated
with curcumin therapy in Alzheimer disease. Expert Rev Mol Med.
2011;13:e34. doi: 10.1017/S1462399411002055.

88. Wanninger S, Lorenz V, Subhan A, Edelmann FT. Metal complexes of
curcumin: synthetic strategies, structures and medicinal applications.
Chem Soc Rev. 2015;44:4986-5002. doi: 10.1039/c5¢s00088b.

89. Araujo C, Leon L. Biological activities of Curcuma longa L. Mem Inst
Oswaldo Cruz. 2001;96:723-728. doi: 10.1590/s0074-
02762001000500026.

90. Belviranli M, Okudan N, Atalik KEN, Oz M. Curcumin improves spatial
memory and decreases oxidative damage in aged female rats.
Biogerontology. 2013;14:187-196. doi: 10.1007/510522-013-9422-y.

91. Pinkaew D, Changtam C, Tocharus C, Thummayot S, Suksamrarn A,
Tocharus J. Di-O-demethylcurcumin protects SK-N-SH cells against
mitochondrial and endoplasmic reticulum-mediated apoptotic cell death
induced by AP25-35. Neurochem Int. 2015;80:110-119. doi:
10.1016/j.neuint.2014.10.008.

92. Di Silvestro RA, Joseph E, Zhao S, Bomser J. Diverse effects of a low
dose supplement of lapidated curcumin in healthy middle aged people.
Nutr J. 2012;11:79. doi: 10.1186/1475-2891-11-79.

93. Cox KH, Pipingas A, Scholey AB. Investigation of the effects of solid
lipid curcumin on cognition and mood in a healthy older population. J
Psychopharmacol. 2015;29:642-651. doi: 10.1177/0269881114552744.

94. Liu H, Li Z, Qiu D, Gu Q, Lei Q, Mao L. The inhibitory effects of
different curcuminoids on B-amyloid protein, B-amyloid precursor protein
and B-site amyloid precursor protein cleaving enzyme 1 in swAPP
HEK293 cells. Neurosci  Lett. 2010;485(2):83-88. doi:
10.1016/j.neulet.2010.08.035.

95. Zhang X, Tian Y, Yuan P, Li Y, Yaseen MA, Grutzendler J, et al. A
bifunctional curcumin analogue for two-photon imaging and inhibiting
crosslinking of amyloid beta in Alzheimer's disease. Chem Commun
(Camb). 2014;50(78):11550-11553. doi: 10.1039/c4cc03731f.

96. Reinke AA, Gestwicki JE. Structure-activity Relationships of amyloid
beta-aggregation inhibitors based on curcumin: influence of linker length
and flexibility. Chem Biol Drug Des. 2007;70:206-215. doi:
10.1111/4.1747-0285.2007.00557 x.

97. Rao PP, Mohamed T, Teckwani K, Tin G. Curcumin binding to beta
amyloid: a computational study. Chem Biol Drug Des. 2015;86:813-820.
doi: 10.1111/cbdd.12552.

98. Perrone L, Mothes E, Vignes M, Mockel A, Figueroa C, Miquel MC, et
al. Copper transfer from Cu-Abeta to human serum albumin inhibits



Alattiya et al

aggregation, radical production and reduces Abeta toxicity.
Chembiochem. 2010;11(1):110-118. doi: 10.1002/cbic.200900474.

99. Maiti P, Rossignol J, Dunbar G. Curcumin modulates molecular
chaperones and autophagy-lysosomal pathways in vitro after exposure to
APA42. J Alzheimer Dis Parkinsonism. 2017;7:299.

100. Valera E, Dargusch R, Maher PA, Schubert D. Modulation of 5-
lipoxygenase in proteotoxicity and Alzheimer's disease. J Neurosci.
2013;33:10512-10525. doi: 10.1523/INEUROSCL5183-12.2013.

101. He Y, Yue Y, Zheng X, Zhang K, Chen S, Du Z. Curcumin,
inflammation, and chronic diseases: how are they linked? Molecules.
2015;20(5):9183-213. doi: 10.3390/molecules20059183.

102. Ahmad W, Kumolosasi E, Jantan I, Bukhari SN, Jasamai M. Effects of
novel diarylpentanoid analogues of curcumin on secretory phospholipase
A2, cyclooxygenases, lipo-oxygenase, and microsomal prostaglandin E
synthase-1. Chem Biol Drug Des. 2014;83(6):670-681. doi:
10.1111/cbdd.12280.

103. Youn HS, Saitoh SI, Miyake K, Hwang DH. Inhibition of
homodimerization of Toll-like receptor 4 by curcumin. Biochem
Pharmacol. 2006;72:62-69. doi: 10.1016/j.bcp.2006.03.022.

104. Gong Z, Zhou J, Li H, Gao Y, Xu C, Zhao S, et al. Curcumin suppresses
NLRP3 inflammasome activation and protects against LPS-induced septic
shock. Mol Nutr Food Res. 2015;59(11):2132-2142.  doi:
10.1002/mnfr.201500316.

105. Ak T, Giilgin I. Antioxidant and radical scavenging properties of
Curcumin. Chem Biol Interact. 2008;174:27-317. doi:
10.1016/j.cbi.2008.05.003.

106. Ataie A, Sabetkasaei M, Haghparast A, Moghaddam AH, Kazeminejad
B. Neuroprotective effects of the polyphenolic antioxidant agent,
Curcumin, against homocysteine-induced cognitive impairment and
oxidative stress in the rat. Pharmacol Biochem Behav. 2010;96(4):378-
385. doi: 10.1016/j.pbb.2010.06.009.

107. Fang M, Chen D, Yang CS. Dietary polyphenols may affect DNA
methylation. J Nutr. 2007;137:223S-228S. doi: 10.1093/jn/137.1.2238.

61

Polyphenols in Alzheimer's Disease



