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Abstract

INTRODUCTION

Alzheimer’s disease (AD) is a progressive irreversible
neurological disease and is characterized by memory loss,
reduced ability of thinking and reasoning, difficulty in performing
daily tasks, and neuropsychiatric disorders. Alzheimer’s disease
has been grouped into two forms sporadic AD and familial AD.
This disease undergoes three phases during progression (a)
Minimal Cognitive Impairment (MCI), (b) early stage of AD, and
(c) full-blown AD. During last decades, several endogenous risk
factors that participate in the development and progression
of AD have been identified. They include increased oxidative
stress, chronic neuroinflammation, mitochondrial dysfunction,
autophagic dysfunction, overproduction of beta-amyloids,
hyperphosphorylation of tau protein, oxidation of omega-3-fatty
acids, intestinal dysbiosis, loss of collagen, and reduce glucose
metabolism.

The discovery of an association of cholinergic neurons with
AD provided an opportunity to develop drugs that can increase
the levels of acetylcholine which stores memory and learning
ability. The discovery of beta-amyloids provided an opportunity

Journal of Neurological Disorders & Stroke

*Corresponding author

Kedar N Prasad, Engage Global, Inc. 245 El Faisan Dr.,
San Rafael, CA 94903, USA, Tel: 415-686-6251
Submitted: 11 January 2024

Accepted: 28 February 2024

Published: 29 February 2024

ISSN: 2334-2307

Copyright

© 2024 Prasad KN

Keywords

* Alzheimer’s disease

* Endogenous rsk factors
* Micronutrient mixture

* Intestinal dysbiosis

* Collagen peptides

* Omega 3

During last decades several endogenous risk factors which participate in the development and progression of Alzheimer’s Disease (AD) have been
identified. They include increased oxidative stress, chronic neuroinflammation, mitochondrial dysfunction, autophagic dysfunction, progressive loss of
acetylcholine, oxidation of omega-3 fatty acids, increased production of beta-amyloids, hyperphosphorylation of tau protein, loss of collagen, and intestinal
dysbiosis. Among these risk factors, beta-amyloids have drawn significant attention from neuroscientists and neurologists. Using beta-amyloids as a target,
antibodies have been developed for the treatment of AD. These anti-amyloids antibodies have serious side effects and produce only a short-term benefit
in patients with early phase AD. Another risk factor involves gradual decline in the levels of acetylcholine. To address this, drugs which increase the levels of
acetylcholine in the cholinergic neurons by inhibiting acetylcholinesterase were developed. The effectiveness of these drugs depends upon the viability of
neurons. Since they do not address the cause of neuronal death, the beneficial effects of these drugs last only for a few months. Neither anti-beta-amyloids
antibodies nor acetylcholinesterase inhibitors have any role in prevention of AD. This review proposes a prevention plan for AD which addresses all endogenous
risk factors including beta-amyloids at the same time. It also suggests that combining drugs with prevention plan together with CBD (cannabidiol) may prolong
the effectiveness of drugs, improve behavior abnormalities associated with AD, and possibly reduce the potential toxicity of drugs.

to develop antibodies against beta-amyloid peptide which
can protect cholinergic neurons from its toxicity. Most other
endogenous risk factors have not drawn significant attention
for prevention or improved treatment of AD. Despite valuable
dietary recommendations for the prevention of AD, the incidence
of this disease continues to increase in the USA and world-wide.

This review discusses the importance of internal risk factors
other than beta-amyloid and hyperphosphorylation of tau
protein for prevention and improved treatment of AD. It also
suggests that addressing all risk factors at the same may be more
effective than addressing one risk factor at a time in prevention
and improved treatment of AD.

BRIEF HISTORY OF BETA-AMYLOIDS CAUSING AD

In 1984, Glenner and Wong showed that amyloidogenic
protein accumulates in the brain of AD patients and proposed that
this protein could be a causative agent for this neurodegenerative
disease [1]. The amyloid fibril protein isolated from
cerebrovascular amyloid deposits was found in 92% cases of
AD and 100 % cases of Down’s syndrome over the age 40 years.
The involvement of beta-amyloids in AD was further confirmed
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by several investigators [2-7]. Cleavage of Amyloid Precursor
Protein (APP) by beta-secretase and gamma-secretase produces
beta-amyloid peptides (AB1-42) (Figure 1).

DEVELOPMENT OF NEW DRUGS TARGETING
BETA-AMYLOIDS

The development of antibodies against beta-amyloids
provided further support for the hypothesis that beta-amyloids
play a key role in the development of AD. The FDA approved
anti-amyloid antibody includes lecanemab, aducanumab, and
donanemab [8]. In patient with early phase AD, treatment with
donanemab for 76 weeks improved cognitive function and ability
to perform daily function of living compared to placebo group. In
early phase AD, treatment with lecanemab for 18 months, reduced
the levels of beta-amyloids, but it decreased only modestly the
rate of cognitive decline. Toxicity of this treatment includes
cerebral edema or effusion (mostly asymptomatic) [9-11]. In
addition, these anti-amyloid antibodies do not influence the rate
of production of new beta-amyloids; therefore, under the best
condition, their effectiveness in improving AD symptoms may not
last for a long period. Another approach which could be useful
in treatment of AD is to reduce the production of beta-amyloids.
Beta-amyloids induce death of cholinergic neurons by generating
free radicals [12,13]. Therefore, identification of agent which can
neutralizes free radicals produced by beta-amyloids would be
useful in the treatment of AD. This approach if successful would
further strengthen the beta-amyloid hypothesis.

Hyperphosphorylation of microtubule-associated
protein tau

In 2008, it was proposed that hyperphosphorylation of
microtubule-associated proteintauisinvolvedinthe development
and progression of in AD [14]. Aggregated hyperphosphorylated
tau protein form Neurofibrillary Tangles (NFTs) within the neuron
[15] which is one of the two pathological hallmarks of AD. It causes
degeneration of AD neurofibrillary [15]. Dephosphorylation of tau
protein inhibited neurofibrillary degeneration [16]. Beta-amyloid
can enhance the hyperphosphorylation of tau by activating
several kinases. In vitro studies suggest that beta-amyloid and
hyperphosphorylation have direct and indirect cytotoxic effects
that leads to synaptic loss and dysfunction in neurotransmitter
release [17]. No drugs that can prevent phosphorylation or
dephosphorylate hyperphosphorylated tau protein are available
for the treatment of AD.

Discovery of cholinergic neurons: In 1976, when the
cholinergic hypothesis was proposed by Davies and Maloney [18].
Using autopsied samples of 20 regions of AD and control brains,
they demonstrated that the activity of choline acetyltransferase
the key enzymes involved in the synthesis of acetylcholine,
was markedly decreased in the amygdala, hippocampus, and
cortex, and the concentration of acetylcholine was reduced at
synapses [19-21]. This suggested that the damage to cholinergic
neurons may be involved in development and progression of AD.
Acetylcholinesterase degrades the levels of acetylcholine in the

cholinergic neurons. Thus, identification of cholinergic neurons
provided a new opportunity to identify agents that can protect
them. In addition, cholinergic neurons became the target to
develop novel drugs for the treatment of AD.

DISCOVERY OF DRUGS BASED ON CHOLINERGIC
NEURONS FOR THE TREATMENT OF AD

The current treatments of AD utilize acetylcholinesterase
inhibitors such as Donepezil (Aricept), Galantamine, and
Rivastigmine (Exelon) [22] or Xanomeline, a stimulator of
muscarinic receptor [23] to increase the levels of acetylcholine
in the cholinergic neurons. The effectiveness of these drugs
in improving cognitive functions lasts only for a few months
because of continued death of the cholinergic neurons. These
drugs do not affect the levels of oxidative stress and chronic
neuroinflammation which are the main cause of neuronal death.
Therefore, reducing oxidative stress and neuroinflammation may
prolong the effectiveness of drug therapy in patients with AD for
a longer period.

DRUGS USED TO TREAT BEHAVIOR
ABNORMALITIES IN PATIENTS WITH AD

The patients with advanced AD also exhibit several
behavior abnormalities which include anxiety, depression,
apathy, aggression, agitation, sleep disturbances, and psychosis
(hallucinations, and delusion) [24,25]. Currently used drugs for
treatment of anxiety and depression include fluoxetine (Prozac),
paroxetine (Paxil), fluvoxamine (Luvux), citalopram (Celexa),
escitapram (Cipralex), and sertraline (Zoloft). These drugs have
adverse side-effects after a long-term consumption. Therefore,
non-toxic agents that can improve these behavioral symptoms
should be identified.

CELLULAR RISK FACTORS OTHER THAN BETA-
AMYLOIDS AND HYPERPHOSPHORYLATION
OF TAU PROTEIN WHICH PARTICIPATE IN THE
DEVELOPMENT AND PROGRESSION OF AD

In addition to over production of beta-amyloids [2-7] and
hyperphosphorylation of tau protein [14,15,26], there are other
cellular risk factors which participate in the development and
progression of AD. They include increased oxidative stress [27],
chronic neuroinflammation [28,29], mitochondrial dysfunction
[30], autophagy defects [31,33], oxidation of omega-3 fatty
acids [34], intestinal dysbiosis [35], loss of collagen [36-38], and
reduced glucose metabolism [39].

INCREASED OXIDATIVE STRESS INITIATES SOME
SUBSEQUENT ADVERSE CELLULAR EVENTS

We have suggested that increased oxidative stress represents
the earliest cellular defect which initiates subsequent cellular
damages that participates in the development and progression
of AD [40]. If oxidative damage of the cell is not fully repaired,
chronic neuroinflammation, which releases additional free
radicals, pro-inflammatory cytokines, complement proteins, and
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adhesion molecules, all of which are toxic to neurons, occurs.
Thus, increased oxidative stress and chronic neuroinflammation
are closely linked and they participate in the initiation and
progression of AD [41,42].

Mitochondrial dysfunction isassociated with the development
of AD. The brain utilizes approximately 25% of respired oxygen
and 2% unused oxygen leaks out of mitochondria and produces
additional free radicals. Thus, mitochondria are exposed to
high levels of free radicals, and at the same time they are very
vulnerable to the free radical damage. Thus, increased oxidative
stress in the brain impairs mitochondrial function [43,44]. The
increased oxidative stress impairs autophagy system [45] and
oxidizes omega 3 fatty acids make them ineffective in maintaining
function of the brain [34].

The enhanced oxidative stress increases the activity of
gamma-secretase, which enhances the cleavage of APP into beta-
amyloids [46-48], which cause the death of cholinergic neurons
by generating free radicals [12,13]. Enhanced oxidative stress
also induces hyperphosphorylation of tau protein which plays an
important role in the progression of AD and may contribute to
the death of cholinergic neurons [26,49]. Therefore, decreasing
oxidative stress may prevent the production of beta-amyloid and
the hyperphosphorylation of tau protein.

The patients with MCI (Minimal Cognitive Impairment),
early phase AD, and advanced AD exhibit increased oxidative
stress which also occurs in individuals carrying mutated APP,
preselinin-1, or preselinin-2) long before the symptoms of
AD appear [50,51]. Thus, increased oxidative stress increases
the risk of early appearance of symptoms in familial AD. This
suggests that reducing the levels of oxidative stress may delay
the appearance of the symptoms of familial AD.

INTERNAL RISK FACTORS THAT ARE NOT
RELATED TO INCREASED OXIDATIVE STRESS

The cellular risk factors for the development of AD that
are not related to oxidative stress include loss of collagen
which impairs structural integrity of the brain contributing to
cognitive dysfunction [36-38], intestinal dysbiosis (changes
in the composition of probiotics favoring increased number of
harmful bacteria) which promotes the onset of AD by increasing
the production and deposition of beta-amyloids, inducing
mitochondrial dysfunction, and enhanced production of pro-
inflammatory cytokines [35,52], and abnormal behaviors which
include anxiety, depression, agitation, and psychosis [24,25].

From the endogenous risk factors presented above, itappears
that addressing them one at a time may not be adequate for the
prevention or improved treatment of AD. We have suggested that
addressing all risk factors at the same time may be best for an
effective prevention and improved treatment of AD [40].

PROPOSED PREVENTION PLAN FOR AD

(a) Changes in diet, lifestyle, and reduction in exposure to
environmental toxins

(b) Supplementation with a proposed micronutrient mixture
which would simultaneously reduce oxidative stress,
chronic neuroinflammation, improve mitochondrial
function,autophagy function, preventoxidationofomega-3
fatty acids and insulin receptor, reduce production and
action of beta-amyloids and hyperphosphorylation of tau
protein.

(c) Supplementation with probiotics with prebiotics would
reverse the intestinal dysbiosis.

(d) Supplementation with omega-3 fatty acids would improve
brain function including memory and would directly
restore glucose metabolism by activating the insulin
receptor-linked signaling protein AKT which would
cause translocation of Glucose Transporter-4 (GLUT-4)
from the cytoplasm to the cell surface membrane which
then allows the entry of glucose inside the neurons for
generating energy.

(e) Supplementation with collagen peptides would restore
collagen level, and thereby, improve structural integrity
of the brain and cognitive function.

CHANGES IN DIET, LIFESTYLE, AND REDUCTION
IN EXPOSURE TO ENVIRONMENTAL TOXINS

The importance of diet in the development of age-related
dementia has been studied for decades. Among various diets,
consumption of Mediterranean diet, which includes primarily
plant-based food and fishes is recommended, because it appears
to be associated with a reduced risk of developing dementia
[53,54].

Changes in lifestyle is equally important for reducing the
loss of age-related decline in cognitive function. They include
performing regular physical and mental exercise, increasing
social interaction, brain stimulation, stopping tobacco smoking
and consuming excess alcohol, and reducing stress by vacationing,
meditation, or sports.

Avoiding exposure to environmental toxins include reduction
in the levels of exposure to EMF (Electromagnetic Field)
radiation from cell phone, laptops, and Wi-Fi, aluminum, heavy
metals such as mercury and lead, and to polluted water and air.
Similar recommendations have been suggested by the Federal
and private organizations.

Despite valuable dietary, lifestyle, and environmental
recommendations for reducing the risk of cognitive dysfunction,
the risk of AD is increasing. One of the reasons could be that
human behaviors with respect to diet and lifestyle are difficult
to change. Exposure to environmental toxins is often beyond our
control. Nevertheless, it is essential to keep trying to educate
public about the value of recommended changes in diet, lifestyle,
and exposure to environmental pollution for their health. Other
reasons for the failure could be that diet and lifestyle changes
alone may not be sufficient to attenuate all internal risk factors
that participate in the development and progression of AD.
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Therefore, a comprehensive approach that can address all major
internal risk factors at the same time is proposed.

PROPOSED SUPPLEMENTATION
MICRONUTRIENT MIXTURE

WITH A

We have suggested that simultaneous reduction of oxidative
stress and chronic neuroinflammation is essential for reducing
the risk of developing of AD and improving the current treatment
of AD [41, 42]. Let us examine, how to achieve this goal.
Antioxidants are known to reduce oxidative stress and chronic
inflammation; therefore, supplementation with antioxidants
could be useful. Supplementation with a single antioxidant such as
alpha- lipoic acid [55-57], acetyl-L-carnitine [58], vitamin A [59],
vitamin E [60], coenzyme Q10 [61], and resveratrol [62] reduced
oxidative stress and chronic inflammation in animal model of AD
and improved cognitive function in these animals. In contrast to
animal studies, a few human studies using a single antioxidant
such as vitamin E [57,63] and curcumin [64] failed to improve
cognitive function in patients with AD; a transient limited benefit
in improving cognitive function was obtained with vitamin E in
an early stage of AD [65,66]. Some of the potential reasons for the
failure of a single antioxidant to produce consistent benefits in
patients with AD are described here.

a) Increased levels of oxidative stress and chronic
inflammation are associated with patients with
AD. Supplemented single antioxidant in the above
environment would be oxidized and then acts as a pro-
oxidant rather than as an antioxidant. Therefore, a single
antioxidant is not expected to reduce oxidative stress and

chronic inflammation at the same time.

(b) Different antioxidants are distributed in different
amounts in various organs as well as in the sub-cellular
compartments of the same cell. Administration of a
single antioxidant at an arbitrarily selected dose cannot
accumulate in all organs and in all parts of the cell in
sufficient amounts to reduce oxidative stress and chronic
inflammation.

(c) The levels of oxygen vary from one organ to another.
The efficacy of antioxidant varies depending upon the
levels of oxygen. For example, vitamin E is more effective
scavenger of free radicals in reduced oxygen pressure,
whereas beta-carotene and vitamin A are more effective
in higher oxygen pressure of the cells [67]. Therefore,
administration of one antioxidant may not retard
oxidative stress and chronic inflammation.

(d) Simultaneous elevation of both antioxidant enzymes
and dietary and endogenous antioxidant compounds are
needed to achieve maximal reduction in oxidative stress
and chronic inflammation, because they act by different
mechanisms. Antioxidant compounds neutralize free
radicals by donating electrons to those molecules with
unpaired electrons, whereas antioxidant enzymes destroy
H202 and the superoxide radical by catalysis, converting

them to harmless molecules such as water and oxygen.
Administration of a single antioxidant cannot achieve this
goal.

(e) Since mostantioxidants are either lipophilic or hydrophilic,
administration of a single antioxidant cannot protect both
the aqueous and lipid compartments of the cell against
oxidative damage.

(f) Different antioxidants activate Nrf2 in the cells by altering
the expression of different microRNAs [68]. For example,
some antioxidants can activate Nrf2 by upregulating
miR-200a that inhibits its target protein Keap1, whereas
others activate Nrf2 by downregulating miR-21 that binds
with 3’-UTR Nrf2 mRNA [69]. Thus, different antioxidants
activate Nrf2 (Nuclear Factor-Erythroid-2- Related Factor
2) by different mechanisms. Administration of a single
antioxidant cannot act on all the relevant microRNAs.

REQUIREMENTS FOR SIMULTANEOUS
REDUCTION IN OXIDATIVE STRESS AND CHRONIC
NEUROINFLAMMATION

In order to reduce oxidative stress and chronic
neuroinflammation at the same time, simultaneous elevation of
antioxidant enzymes, and dietary and endogenous antioxidant
compounds is essential [41]. The levels of antioxidant compounds
can be enhanced by supplementation; however, enhancing the
levels of antioxidant enzymes requires an activation of a nuclear
transcriptional factor Nrf2 [42,70]. Therefore, a brief description

of the activation processes of Nrf2 is described here.
Activation of Nrf2

During transient acute oxidative stress, ROS (Reactive
Oxygen Species) activates Nrf2 which dissociates itself from
Keap1-Cul-Rbx1 complex in the cytoplasm and then migrates to
the nucleus where it heterodimerizes with a small Maf protein
and then binds with the Antioxidant Response Element (ARE)
leading to increased expression of target genes coding for several
cytoprotective enzymes including antioxidant enzymes [71,72].
The level of Nrf2 is reduced in AD [73]. Chronic oxidative stress
which is present in AD may have decreased the transcription of
Nrf2. ROS is available during chronic oxidative stress in the brain,
but they do not activate Nrf2 [73-75], indicating the existence of
ROS-resistant Nrf2. The question arises how to activate ROS-
resistant Nrf2.

CERTAIN ANTIOXIDANTS ACTIVATE ROS-
RESISTANT NRF2
Antioxidants which activate ROS-resistant Nrf2 include

vitamin E and genistein [76], alpha-lipoic acid [77], curcumin
[78], resveratrol [79,80] omega-3-fatty acids [81,82] glutathione
[83], N-acetylcysteine (NAC ) [84], and coenzyme Q10 [85]. The
mechanisms of antioxidant-induced activation of ROS-resistant
Nrf2 have not been investigated.

J Neurol Disord Stroke 11(2): 1219 (2024)

4/10



@SCiMedCentrai

Prasad KN (2024)

Binding of Nrf2 with the ARE in the nucleus

Activation of Nrf2 alone is not sufficient to increase the levels
of antioxidant enzymes. Activated Nrf2 must bind with the ARE in
the nucleus to enhance the expression of target genes coding for
the antioxidant enzymes.

The binding ability of Nrf2 with ARE was impaired in aged
rats; however, supplementation with alpha-lipoic acid restored
this binding defect [77].

Activated Nrf2 and antioxidant compounds reduce
oxidative stress and chronic inflammation

Activation of Nrf2 decreased the levels of oxidative stress and
chronic inflammation [86,87]. Many antioxidant compounds also
attenuate oxidative stress and chronic inflammation [80,88-92].

Supplementation with the proposed micronutrient
mixture may reduce the risk of developing AD by
simultaneously reducing the oxidative stress and
chronic neuroinflammation

To simultaneously reduce oxidative stress and chronic
inflammation, it is essential to increase the levels of antioxidant
enzymes and antioxidant compounds at the same time. A mixture
of micronutrients which can reduce these cellular defects at the
same time in patients with AD was suggested [41,42]. This mixture
includes vitamin A (retinyl palmitate), vitamin E (both d- alpha-
tocopherol acetate and d-alpha-tocopheryl succinate), natural
mixed carotenoids, vitamin C (calcium ascorbate), vitamin D3,
all B-vitamins, coenzyme Q10, alpha-lipoic acid, N-acetylcysteine
(NACQ), resveratrol, curcumin, quercetin, green tea extract, and
minerals selenium and zinc. This micronutrient mixture has no
iron, copper, or manganese. Although these trace minerals in tiny
amounts are essential for the growth and survival, slight excess
of free iron and copper can increase the risk of chronic diseases,
because these trace minerals when combined with vitamin
C produce extensive amounts of free radicals and they in the
presence of antioxidants are rapidly absorbed. This micronutrient
mixture also has no heavy metals such as vanadium, zirconium,
and molybdenum, because increased levels of these heavy metals
are neurotoxic. There are no methods of elimination of either
trace minerals or heavy metals from the body; therefore, taking
them with a micronutrient mixture could be harmful after a
prolonged consumption.

Supplementation with the Proposed micronutrient
mixture may improve autophagy, mitochondrial, and
omega 3 functions in AD

Antioxidants improve autophagy function [93], and thereby,
enhance the ability of autophagy to remove damaged proteins
and cell debris from the neurons. This mixture may also improve
mitochondrial function and omega 3 function by protecting them
from oxidative damage in AD.

Supplementation with the proposed micronutrient
mixture may protect cholinergic neurons from
oxidative stress, beta-amyloids, and phosphorylated

Tau protein

Increased oxidative can enhance the death of cholinergic
neurons; therefore, micronutrient mixture may protect these
neurons from oxidative damage. Other cellular defects which
are characteristics of AD include increased production of beta-
amyloids [46], which causes death of cholinergic neurons by
generating free radicals [12,13], and hyperphosphorylation of
tau protein [26], which participates in the progression of AD.
Antioxidants reduce production and toxicity of beta-amyloids,
and hyperphosphorylation of tau protein [94-96]. Therefore, it is
likely that the proposed micronutrient mixture may also reduce
the production of beta-amyloids by inhibiting the activity of
gamma-secretase which cleaves APP to generate beta-amyloids.
It may also reduce the phosphorylation of tau protein. Proposed
micronutrient mixture cannot reverse intestinal dysbiosis,
restore loss of collagen, or improve glucose metabolism in insulin
resistance AD cases.

SUPPLEMENTATION WITH PROBIOTICS WITH
PREBIOTICS MAY REVERSE INTESTINAL
DYSBIOSIS IN AD

Intestinal dysbiosis occurs in AD [52,97,98]. Supplementation
with Probiotics with prebiotics may reverse intestinal dysbiosis
by changing composition of bacteria in favor of beneficial
bacteria which produces short- chain fatty acids such as butyric
acid during fermentation of prebiotics, reduces the markers of
pro-inflammatory cytokines, improves immune function, as well
as cognitive function in animal models of AD, Mild Cognitive
Impairment (MCI) and patients with AD [97,98].

SUPPLEMENTATION WITH OMEGA 3 IMPROVES
GLUCOSE METABOLISM IN INSULIN RESISTANCE
PATIENTS WITH AD

In the brain of AD patients, reduced utilization of glucose
causes decreased production of energy [39]. Reduced metabolism
of glucose can lead increased beta-amyloids deposits and
hyperphosphorylation of tau protein. Normally, insulin receptor-
mediated activation of AKT, also called protein kinase B, causes
translocation of Glucose Transporter-4 (GLUT-4) from the
cytoplasm to the cell surface membrane which then allows the
entry of glucose inside the neurons for generating energy. The
development of insulin resistance in the brain increases the risk
of developing AD [99] because of reduced uptake of glucose. It
has been reported that diabetes type Il increases the risk of AD by
50% [100, 101]. In AD patients with insulin resistance, omega-3
directly activates insulin receptor-linked AKT to improve glucose
uptake [102].

SUPPLEMENTATION WITH COLLAGEN PEPTIDES
MAY IMPROVE STRUCTURAL INTEGRITY AND
COGNITIVE FUNCTION BY RESTORING LOSS OF
COLLAGEN

Collagen represents approximately 30% of total body’s
protein [103]. One of the most important functions of collagen
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in the brain is to maintain its structural integrity and the levels
of collagen type VI which acts as a neuroprotective agent
[104,105]. Loss of collagen gradually occurs in the brain because
of increased collagenase activity leading to impairment of
structural integrity and loss of memory. Importance of collagen
in maintaining structure was demonstrated by a clinical study in
which daily supplementation with 5 g of collagen hydrolysates
for a period of 4 weeks improved structural integrity of the
brain and cognitive function in AD [104]. Collagen hydrolysates
help recovery from the brain injury by promoting angiogenesis
[106] and protected the brain from inflammatory damage [107].
Neuroprotective effect of collagen type VI was shown by the
observation in which reduction of collagen type VI increased the
toxicity of beta amyloids. Treatment with soluble collagen type VI
prevented binding of beta-amyloid oligomers with the neurons,
and thereby, prevented neurons from dying [105]. To maintain
increased levels of collagen in the brain for a long time, collagen
peptides formulation must contain inhibitors of collagenase.

PROPOSED PLAN FOR IMPROVED TREATMENT
OF AD BY COMBINING DRUGS WITH THE
PREVENTIVE PLAN

Suggested prevention plan in combination with drugs may
prolong their effectiveness in improving cognitive function and
learning ability by protecting cholinergic neuron from oxidative
and inflammatory damages. The efficacy of acetylcholinesterase
inhibitors drugs in improving memory depends upon the
viability of cholinergic neurons which are dying from oxidative
stress and chronic neuroinflammation. Treatment with
suggested prevention plan would protect cholinergic neurons
from oxidative and inflammatory damages, and thereby, prolong
the efficacy of these drugs. Anti-beta-amyloids antibodies protect
cholinergic neuron from the toxic effect of beta-amyloids, but
they cannot prevent increased production of beta-amyloids.
Treatment with suggested prevention plan would reduce the
production of beta-amyloids by inhibiting the activity of gamma-
secretase. None of acetylcholinesterase inhibitors drugs or anti-
amyloids antibodies can reverse intestinal dysbiosis, increase
collagen levels or improve glucose uptake in insulin resistance
cases of AD. Proposed prevention plan would reverse intestinal
dysbiosis, improve structural integrity of the brain and cognitive
function, and increase the levels of collagen type VI which acts
as neuroprotective agent, and improve glucose uptake in insulin
resistance patients with AD. Proposed prevention plan does
not address abnormal behaviors associated with advanced AD.
Reducing the symptoms of abnormal behaviors would improve
the quality of life during treatment. Treatment with CBD would
improve behavior abnormalities associated with advanced AD.

SUPPLEMENTATION WITH CBD (CANNABIDIOL)
MAY REDUCE ABNORMAL BEHAVIORS
ASSOCIATED WITH ADVANCED AD

The patients with advanced AD exhibit several behavior
abnormalities which include anxiety, depression, apathy,

aggression, agitation, sleep disturbances, and psychosis

(hallucinations, and delusion) [24,25]. Treatment with CBD
reduced agitation and anxiety [108]. CBD acts as a partial agonist
of dopamine receptor D2 and produced anti-psychotic effect
like that produced by prescription a drug aripiprazole [109].
In a mouse model of depression, administration of CBD caused
rapid and sustained anti-depression effect by enhancing cortical
serotonin receptor [110,111]. CBD stimulated serotonin receptor
and inhibited serotonin re-uptake [112,113]. CBD protected
neuronal death by preventing the release of glutamate by
activating anandamide, one of the ligands of endocannabinoid
system, which stimulates endocannabinoid receptor (CB1R) that
acts as an antagonist of glutamate receptor (NMDAR) [114,115].

CBD also plays an important role in reducing the progression
of AD. For example, CBD reduces gliosis, neuroinflammation, and
phosphorylation of tau protein. It reverses and prevents cognitive
deficits in rodent AD model, and protects against beta-amyloid-
induced death of cholinergic neurons [116]. Excessive release
of glutamate causes hyperactivity and can lead to neuronal
death. CBD inhibits glutamate release, neuronal apoptosis, and
production of Neurofibrillary Tangles (NFT) [114]. These effects
of CBD are like those produced by the micronutrient mixture;
however, they are caused by different mechanisms. Therefore,
the combination of two may produce at least additive benefits.

CONCLUSION

Since the discovery of pathological features of dementia
by Dr. Alzheimer himself, several biochemical internal risk
factors which participate in the development and progression
of Alzheimer’s disease (AD) have been identified. They include
increased oxidative stress, chronic neuroinflammation,
mitochondrial dysfunction, autophagic dysfunction, progressive
loss of acetylcholine, oxidation of omega-3 fatty acids, increased
production of beta-amyloids, hyperphosphorylation of tau
protein, loss of collagen, impaired glucose metabolism in cases
of insulin resistance, intestinal dysbiosis, and expression of
behavior abnormalities in advanced AD. This review suggests
that addressing one of these cellular risk factors such as beta-
amyloids alone may not be sufficient for the prevention or
improved treatment of current therapy. This review proposes
a prevention plan which includes changes in diet, lifestyle, and
reduce exposure to environmental toxins, and supplementation
with a micronutrient mixture which would reduce oxidative
stress, chronic neuroinflammation, improve mitochondrial and
autophagic functions, protect cholinergic neurons from oxidative
and inflammatory damages, prevent oxidation of omega-3 fatty
acids, and reduce production of beta-amyloids by decreasing the
activity of gamma-secretase, and prevent hyperphosphorylation
of tau protein. Micronutrient mixture alone cannot affect
intestinal dysbiosis, loss of collagen, reduced glucose uptake in
cases of insulin resistance, behavior abnormalities associated
with AD. Therefore, this review suggests that supplementation
with probiotics with prebiotics which would reverse intestinal
dysbiosis in favor of beneficial bacteria, collagen peptides which
would restore the loss of collagen and increase the levels of
collagen type VI which acts as a neuroprotective agent, and omega
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3 which improve glucose uptake by directly activating insulin
receptor linked AKT. Activation of AKT causes translocation
of Glucose Transporter-4 (GLUT-4) from the cytoplasm to the
cell surface membrane which then allows the entry of glucose
inside the neurons for generating energy. It also proposes
that combining drugs with the prevention plan may prolong
the effectiveness of drugs, and possibly reduce their potential
toxicity. Since the patients with advanced AD exhibit abnormal
behaviors, supplementation with CBD together with drugs and
prevention plan may improve behavior and quality of life of these
patients.

Cleavage of Amyloid Precursor Protein (APP) to produce
beta-amyloids (AB1-42)

!
(- secretase and y secretase
!
Beta amyloid (insoluble)
!
Aggregation of beta amyloids
l
Produces free radicals.
l
Damage or kill cholinergic neurons.
l
Alzheimer’s disease (AD)

REFERENCES

1. Glenner GG, Wong CW. Alzheimer’s disease: initial report of the
purification and characterization of a novel cerebrovascular amyloid
protein. Biochem Biophys Res Commun. 1984; 120: 885-890.

2. Hardy J, Allsop D. Amyloid deposition as the central event in the
aetiology of Alzheimer’s disease. Trends Pharmacol Sci. 1991; 12:
383-388.

3. Hardy JA, Higgins GA. Alzheimer’s disease: the amyloid cascade
hypothesis. Science. 1992; 256: 184-185.

4. Hardy ], Selkoe DJ. The amyloid hypothesis of Alzheimer’s disease:
progress and problems on the road to therapeutics. Science. 2002;
297:353-356.

5. Selkoe DJ. The molecular pathology of Alzheimer’s disease. Neuron.
1991; 6: 487-498.

6. Selkoe DJ, Hardy J. The amyloid hypothesis of Alzheimer’s disease at
25 years. EMBO Mol Med. 2016; 8: 595-608.

7. Beyreuther K, Masters CL. Amyloid precursor protein (APP) and beta
A4 amyloid in the etiology of Alzheimer’s disease: precursor-product
relationships in the derangement of neuronal function. Brain Pathol.
1991; 1: 241-251.

8. JiaJ,ZhaoT,LiuZ LiangY,LiF, LiY, etal. Association between healthy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

lifestyle and memory decline in older adults: 10 year, population
based, prospective cohort study. BMJ. 2023; 380: e072691.

Mintun MA, Lo AC, Duggan Evans C, Wessels AM, Ardayfio PA,
Andersen SW, et al. Donanemab in Early Alzheimer’s Disease. N Engl
] Med. 2021; 384: 1691-1704.

Swanson CJ, Zhang Y, Dhadda S, Wang |, Kaplow ], Lai RYK, et al. A
randomized, double-blind, phase 2b proof-of-concept clinical trial
in early Alzheimer’s disease with lecanemab, an anti-Af protofibril
antibody. Alzheimers Res Ther. 2021; 13: 80.

van Dyck CH, Swanson CJ, Aisen P, Bateman R], Chen C, Gee M, et al.
Lecanemab in Early Alzheimer’s Disease. N Engl ] Med. 2023; 388:
9-21.

Behl C, Davis ]B, Lesley R, Schubert D. Hydrogen peroxide mediates
amyloid beta protein toxicity. Cell. 1994; 77: 817-827.

Butterfield DA, Bush Al. Alzheimer’s amyloid beta-peptide (1-42):
involvement of methionine residue 35 in the oxidative stress and
neurotoxicity properties of this peptide. Neurobiol Aging. 2004; 25:
563-568.

Gong CX, Igbal K. Hyperphosphorylation of microtubule-associated
protein tau: a promising therapeutic target for Alzheimer disease.
Curr Med Chem. 2008; 15: 2321-2328.

Wang JZ, Xia YY, Grundke-Igbal 1, Igbal K. Abnormal
hyperphosphorylation of tau: sites, regulation, and molecular
mechanism of neurofibrillary degeneration. ] Alzheimers Dis. 2013;
33:5123-139.

Wang JZ, Grundke-Igbal I, Igbal K. Kinases and phosphatases and
tau sites involved in Alzheimer neurofibrillary degeneration. Eur ]
Neurosci. 2007; 25: 59-68.

Rajmohan R, Reddy PH. Amyloid-Beta and Phosphorylated Tau
Accumulations Cause Abnormalities at Synapses of Alzheimer’s
disease Neurons. ] Alzheimers Dis. 2017; 57: 975-999.

Davies P, Maloney AJ. Selective loss of central cholinergic neurons in
Alzheimer’s disease. Lancet. 1976; 2: 1403.

Francis PT, Palmer AM, Snape M, Wilcock GK. The cholinergic
hypothesis of Alzheimer’s disease: a review of progress. ] Neurol
Neurosurg Psychiatry. 1999; 66: 137-147.

Fotiou D, Kaltsatou A, Tsiptsios D, Nakou M. Evaluation of the
cholinergichypothesisin Alzheimer’s disease withneuropsychological
methods. Aging Clin Exp Res. 2015; 27: 727-733.

Ferreira-Vieira TH, Guimaraes IM, Silva FR, Ribeiro FM. Alzheimer’s
disease: Targeting the Cholinergic System. Curr Neuropharmacol.
2016; 14: 101-115.

Dooley M, Lamb HM. Donepezil: a review of its use in Alzheimer’s
disease. Drugs Aging. 2000; 16: 199-226.

23.Xin R, Chen Z, Fu ], Shen F, Zhu Q, Huang F. Xanomeline Protects
Cortical Cells From Oxygen-Glucose Deprivation via Inhibiting
Oxidative Stress and Apoptosis. Front Physiol. 2020; 11: 656.

24. Li XL, Hu N, Tan MS, Yu JT, Tan L. Behavioral and psychological
symptoms in Alzheimer’s disease. Biomed Res Int. 2014; 2014:
927804.

Cerejeira ], Lagarto L, Mukaetova-Ladinska EB. Behavioral and
psychological symptoms of dementia. Front Neurol. 2012; 3: 73.

Irwin DJ, Cohen TJ, Grossman M, Arnold SE, Xie SX, Lee VM, et al.
Acetylated tau, a novel pathological signature in Alzheimer’s disease
and other tauopathies. Brain. 2012; 135: 807-818.

Tan BL, Norhaizan ME, Liew WP, Sulaiman Rahman H. Antioxidant
and Oxidative Stress: A Mutual Interplay in Age-Related Diseases.
Front Pharmacol. 2018; 9: 1162.

J Neurol Disord Stroke 11(2): 1219 (2024)

7/10


https://pubmed.ncbi.nlm.nih.gov/6375662/
https://pubmed.ncbi.nlm.nih.gov/6375662/
https://pubmed.ncbi.nlm.nih.gov/6375662/
https://pubmed.ncbi.nlm.nih.gov/1763432/
https://pubmed.ncbi.nlm.nih.gov/1763432/
https://pubmed.ncbi.nlm.nih.gov/1763432/
https://pubmed.ncbi.nlm.nih.gov/1566067/
https://pubmed.ncbi.nlm.nih.gov/1566067/
https://pubmed.ncbi.nlm.nih.gov/12130773/
https://pubmed.ncbi.nlm.nih.gov/12130773/
https://pubmed.ncbi.nlm.nih.gov/12130773/
https://www.sciencedirect.com/science/article/abs/pii/0896627391900522
https://www.sciencedirect.com/science/article/abs/pii/0896627391900522
https://pubmed.ncbi.nlm.nih.gov/27025652/
https://pubmed.ncbi.nlm.nih.gov/27025652/
https://pubmed.ncbi.nlm.nih.gov/1669714/
https://pubmed.ncbi.nlm.nih.gov/1669714/
https://pubmed.ncbi.nlm.nih.gov/1669714/
https://pubmed.ncbi.nlm.nih.gov/1669714/
https://pubmed.ncbi.nlm.nih.gov/36696990/
https://pubmed.ncbi.nlm.nih.gov/36696990/
https://pubmed.ncbi.nlm.nih.gov/36696990/
https://pubmed.ncbi.nlm.nih.gov/33720637/
https://pubmed.ncbi.nlm.nih.gov/33720637/
https://pubmed.ncbi.nlm.nih.gov/33720637/
https://pubmed.ncbi.nlm.nih.gov/33865446/
https://pubmed.ncbi.nlm.nih.gov/33865446/
https://pubmed.ncbi.nlm.nih.gov/33865446/
https://pubmed.ncbi.nlm.nih.gov/33865446/
https://pubmed.ncbi.nlm.nih.gov/36449413/
https://pubmed.ncbi.nlm.nih.gov/36449413/
https://pubmed.ncbi.nlm.nih.gov/36449413/
https://pubmed.ncbi.nlm.nih.gov/8004671/
https://pubmed.ncbi.nlm.nih.gov/8004671/
https://pubmed.ncbi.nlm.nih.gov/15172731/
https://pubmed.ncbi.nlm.nih.gov/15172731/
https://pubmed.ncbi.nlm.nih.gov/15172731/
https://pubmed.ncbi.nlm.nih.gov/15172731/
https://pubmed.ncbi.nlm.nih.gov/18855662/
https://pubmed.ncbi.nlm.nih.gov/18855662/
https://pubmed.ncbi.nlm.nih.gov/18855662/
https://pubmed.ncbi.nlm.nih.gov/22710920/
https://pubmed.ncbi.nlm.nih.gov/22710920/
https://pubmed.ncbi.nlm.nih.gov/22710920/
https://pubmed.ncbi.nlm.nih.gov/22710920/
https://pubmed.ncbi.nlm.nih.gov/17241267/
https://pubmed.ncbi.nlm.nih.gov/17241267/
https://pubmed.ncbi.nlm.nih.gov/17241267/
https://pubmed.ncbi.nlm.nih.gov/27567878/
https://pubmed.ncbi.nlm.nih.gov/27567878/
https://pubmed.ncbi.nlm.nih.gov/27567878/
https://pubmed.ncbi.nlm.nih.gov/63862/
https://pubmed.ncbi.nlm.nih.gov/63862/
https://pubmed.ncbi.nlm.nih.gov/10071091/
https://pubmed.ncbi.nlm.nih.gov/10071091/
https://pubmed.ncbi.nlm.nih.gov/10071091/
https://pubmed.ncbi.nlm.nih.gov/25749905/
https://pubmed.ncbi.nlm.nih.gov/25749905/
https://pubmed.ncbi.nlm.nih.gov/25749905/
https://pubmed.ncbi.nlm.nih.gov/26813123/
https://pubmed.ncbi.nlm.nih.gov/26813123/
https://pubmed.ncbi.nlm.nih.gov/26813123/
https://pubmed.ncbi.nlm.nih.gov/10803860/
https://pubmed.ncbi.nlm.nih.gov/10803860/
https://pubmed.ncbi.nlm.nih.gov/32595528/
https://pubmed.ncbi.nlm.nih.gov/32595528/
https://pubmed.ncbi.nlm.nih.gov/32595528/
https://pubmed.ncbi.nlm.nih.gov/25133184/
https://pubmed.ncbi.nlm.nih.gov/25133184/
https://pubmed.ncbi.nlm.nih.gov/25133184/
https://pubmed.ncbi.nlm.nih.gov/22586419/
https://pubmed.ncbi.nlm.nih.gov/22586419/
https://pubmed.ncbi.nlm.nih.gov/22366796/
https://pubmed.ncbi.nlm.nih.gov/22366796/
https://pubmed.ncbi.nlm.nih.gov/22366796/
https://pubmed.ncbi.nlm.nih.gov/30405405/
https://pubmed.ncbi.nlm.nih.gov/30405405/
https://pubmed.ncbi.nlm.nih.gov/30405405/

@SCiMedCentrai

28.

29.

30.

31

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Prasad KN (2024)

Sanada F, Taniyama Y, Muratsu ], Otsu R, Shimizu H, Rakugi H, et
al. Source of Chronic Inflammation in Aging. Front Cardiovasc Med.
2018; 5:12.

Sendama W. The effect of ageing on the resolution of inflammation.
Ageing Res Rev. 2020; 57: 101000.

Rivera-Torres ], Acin-Perez R, Cabezas-Sanchez P, Osorio FG,
Gonzalez-Gomez C, Megias D, et al. Identification of mitochondrial
dysfunction in Hutchinson-Gilford progeria syndrome through use of
stable isotope labeling with amino acids in cell culture. ] Proteomics.
2013;91: 466-477.

Filomeni G, Desideri E, Cardaci S, Rotilio G, Ciriolo MR. Under the ROS...
thiol network is the principal suspect for autophagy commitment.
Autophagy. 2010; 6: 999-1005.

ChenY, Azad MB, Gibson SB. Superoxide is the major reactive oxygen
species regulating autophagy. Cell Death Differ. 2009; 16: 1040-1052.

Scherz-Shouval R, Shvets E, Elazar Z. Oxidation as a post-translational
modification that regulates autophagy. Autophagy. 2007; 3: 371-373.

Furman R, Lee ]V, Axelsen PH. Analysis of eicosanoid oxidation
products in Alzheimer brain by LC-MS with uniformly 13C-labeled
internal standards. Free Radic Biol Med. 2018; 118: 108-118.

Liu S, Gao ], Zhu M, Liu K, Zhang HL. Gut Microbiota and Dysbiosis in
Alzheimer’s Disease: Implications for Pathogenesis and Treatment.
Mol Neurobiol. 2020; 57: 5026-5043.

Quan T, Qin Z, Xia W, Shao Y, Voorhees |, Fisher GJ. Matrix-degrading
metalloproteinases in photoaging. ] Investig Dermatol Symp Proc.
2009; 14: 20-24.

Ricciarelli R, Maroni P, Ozer N, Zingg JM, Azzi A. Age-dependent
increase of collagenase expression can be reduced by alpha-
tocopherol via protein kinase C inhibition. Free Radic Biol Med. 1999;
27:729-737.

Tsuji N, Moriwaki S, Suzuki Y, Takema Y, Imokawa G. The role of
elastases secreted by fibroblasts in wrinkle formation: implication
through selective inhibition of elastase activity. Photochem Photobiol.
2001; 74: 283-290.

Myoraku A, Klein G, Landau S, Tosun D, Alzheimer’s Disease
Neuroimaging I. Regional uptakes from early-frame amyloid PET and
(18)F-FDG PET scans are comparable independent of disease state.
Eur ] Hybrid Imaging. 2022; 6: 2.

Prasad KN. A micronutrient mixture with collagen peptides,
probiotics, cannabidiol, and diet may reduce aging, and development
and progression of age-related Alzheimer’s disease, and improve its
treatment. Mech Ageing Dev. 2023; 210: 111757.

Prasad KN. Simultaneous activation of Nrf2 and elevation of
antioxidant compounds for reducing oxidative stress and chronic
inflammation in human Alzheimer’s disease. Mech Ageing Dev. 2016;
153: 41-47.

Prasad KN, Bondy SC. Inhibition of early upstream events in
prodromal Alzheimer’s disease by use of targeted antioxidants. Curr
Aging Sci. 2014; 7: 77-90.

Cui H, Kong Y, Zhang H. Oxidative stress, mitochondrial dysfunction,
and aging. ] Signal Transduct. 2012; 2012: 646354.

Misrani A, Tabassum S, Yang L. Mitochondrial Dysfunction and
Oxidative Stress in Alzheimer’s Disease. Front Aging Neurosci. 2021;
13:617588.

Pajares M, Cuadrado A, Engedal N, Jirsova Z, Cahova M. The Role of
Free Radicals in Autophagy Regulation: Implications for Ageing. Oxid
Med Cell Longev. 2018; 2018: 2450748.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Misonou H, Morishima-Kawashima M, Thara Y. Oxidative stress
induces intracellular accumulation of amyloid beta-protein (Abeta)
in human neuroblastoma cells. Biochemistry. 2000; 39: 6951-6959.

Selkoe DJ. Cell biology of the amyloid beta-protein precursor and the
mechanism of Alzheimer’s disease. Annu Rev Cell Biol. 1994; 10: 373-
403.

Yankner BA, Mesulam MM. Seminars in medicine of the Beth Israel
Hospital, Boston. beta-Amyloid and the pathogenesis of Alzheimer’s
disease. N Engl ] Med. 1991; 325: 1849-1857.

Melov S, Adlard PA, Morten K, Johnson F, Golden TR, Hinerfeld D, et al.
Mitochondrial oxidative stress causes hyperphosphorylation of tau.
PLoS ONE. 2007; 2: e536.

Conrad CC, Marshall PL, Talent JM, Malakowsky CA, Choi ], Gracy
RW. Oxidized proteins in Alzheimer’s plasma. Biochem Biophys Res
Commun. 2000; 275: 678-681.

Ringman JM, Fithian AT, Gylys K, Cummings JL, Coppola G, Elashoff
D, et al. Plasma methionine sulfoxide in persons with familial
Alzheimer’s disease mutations. Dement Geriatr Cogn Disord. 2012;
33:219-225.

Rinninella E, Raoul P, Cintoni M, Franceschi F, Miggiano GAD,
Gasbarrini A, et al. What is the Healthy Gut Microbiota Composition?
A Changing Ecosystem across Age, Environment, Diet, and Diseases.
Microorganisms. 2019; 7: 14.

ScarmeasN, SternY, Tang MX, Mayeux R, Luchsinger JA. Mediterranean
diet and risk for Alzheimer’s disease. Ann Neurol. 2006; 59: 912-921.

Shannon OM, Ranson ]M, Gregory S, Macpherson H, Milte C, Lentjes
M, et al. Mediterranean diet adherence is associated with lower
dementia risk, independent of genetic predisposition: findings from
the UK Biobank prospective cohort study. BMC Med. 2023; 21: 81.

Farr SA, Price TO, Banks WA, Ercal N, Morley JE. Effect of alpha-lipoic
acid on memory, oxidation, and lifespan in SAMP8 mice. ] Alzheimers
Dis. 2012; 32: 447-455.

Sancheti H, Akopian G, Yin F, Brinton RD, Walsh JP, Cadenas E. Age-
dependent modulation of synaptic plasticity and insulin mimetic
effect of lipoic acid on a mouse model of Alzheimer’s disease. PLoS
ONE. 2013; 8: €69830.

Isaac MG, Quinn R, Tabet N. Vitamin E for Alzheimer’s disease and
mild cognitive impairment. Cochrane Database Syst Rev. 2008:
CD002854.

Shenk JC, Liu J, Fischbach K, Xu K, Puchowicz M, Obrenovich ME, et al.
The effect of acetyl-L-carnitine and R-alpha-lipoic acid treatment in
ApoE4 mouse as a model of human Alzheimer’s disease. ] Neurol Sci.
2009; 283: 199-206.

Ding Y, Qiao A, Wang Z, Goodwin JS, Lee ES, Block ML, et al. Retinoic
acid attenuates beta-amyloid deposition and rescues memory deficits
in an Alzheimer’s disease transgenic mouse model. ] Neurosci. 2008;
28:11622-11634.

Sung S, Yao Y, Uryu K, Yang H, Lee VM, Trojanowski ]JQ, et al. Early
vitamin E supplementation in young but not aged mice reduces Abeta
levels and amyloid deposition in a transgenic model of Alzheimer’s
disease. FASEB . 2004; 18: 323-325.

Yang X, Yang Y, Li G, Wang ], Yang ES. Coenzyme Q10 attenuates
beta-amyloid pathology in the aged transgenic mice with Alzheimer
presenilin 1 mutation. ] Mol Neurosci. 2008; 34: 165-171.

Marambaud P, Zhao H, Davies P. Resveratrol promotes clearance of
Alzheimer’s disease amyloid-beta peptides. ] Biol Chem. 2005; 280:
37377-37382.

Farina N, Isaac MG, Clark AR, Rusted ], Tabet N. Vitamin E for

J Neurol Disord Stroke 11(2): 1219 (2024)

8/10


https://pubmed.ncbi.nlm.nih.gov/29564335/
https://pubmed.ncbi.nlm.nih.gov/29564335/
https://pubmed.ncbi.nlm.nih.gov/29564335/
https://pubmed.ncbi.nlm.nih.gov/31862417/
https://pubmed.ncbi.nlm.nih.gov/31862417/
https://pubmed.ncbi.nlm.nih.gov/23969228/
https://pubmed.ncbi.nlm.nih.gov/23969228/
https://pubmed.ncbi.nlm.nih.gov/23969228/
https://pubmed.ncbi.nlm.nih.gov/23969228/
https://pubmed.ncbi.nlm.nih.gov/23969228/
https://pubmed.ncbi.nlm.nih.gov/20639698/
https://pubmed.ncbi.nlm.nih.gov/20639698/
https://pubmed.ncbi.nlm.nih.gov/20639698/
https://pubmed.ncbi.nlm.nih.gov/19407826/
https://pubmed.ncbi.nlm.nih.gov/19407826/
https://pubmed.ncbi.nlm.nih.gov/17438362/
https://pubmed.ncbi.nlm.nih.gov/17438362/
https://pubmed.ncbi.nlm.nih.gov/29476920/
https://pubmed.ncbi.nlm.nih.gov/29476920/
https://pubmed.ncbi.nlm.nih.gov/29476920/
https://pubmed.ncbi.nlm.nih.gov/32829453/
https://pubmed.ncbi.nlm.nih.gov/32829453/
https://pubmed.ncbi.nlm.nih.gov/32829453/
https://pubmed.ncbi.nlm.nih.gov/19675548/
https://pubmed.ncbi.nlm.nih.gov/19675548/
https://pubmed.ncbi.nlm.nih.gov/19675548/
https://pubmed.ncbi.nlm.nih.gov/10515576/
https://pubmed.ncbi.nlm.nih.gov/10515576/
https://pubmed.ncbi.nlm.nih.gov/10515576/
https://pubmed.ncbi.nlm.nih.gov/10515576/
https://pubmed.ncbi.nlm.nih.gov/11547567/
https://pubmed.ncbi.nlm.nih.gov/11547567/
https://pubmed.ncbi.nlm.nih.gov/11547567/
https://pubmed.ncbi.nlm.nih.gov/11547567/
https://pubmed.ncbi.nlm.nih.gov/35039928/
https://pubmed.ncbi.nlm.nih.gov/35039928/
https://pubmed.ncbi.nlm.nih.gov/35039928/
https://pubmed.ncbi.nlm.nih.gov/35039928/
https://pubmed.ncbi.nlm.nih.gov/36460123/
https://pubmed.ncbi.nlm.nih.gov/36460123/
https://pubmed.ncbi.nlm.nih.gov/36460123/
https://pubmed.ncbi.nlm.nih.gov/36460123/
https://pubmed.ncbi.nlm.nih.gov/26811881/
https://pubmed.ncbi.nlm.nih.gov/26811881/
https://pubmed.ncbi.nlm.nih.gov/26811881/
https://pubmed.ncbi.nlm.nih.gov/26811881/
https://pubmed.ncbi.nlm.nih.gov/25101711/
https://pubmed.ncbi.nlm.nih.gov/25101711/
https://pubmed.ncbi.nlm.nih.gov/25101711/
https://pubmed.ncbi.nlm.nih.gov/21977319/
https://pubmed.ncbi.nlm.nih.gov/21977319/
https://pubmed.ncbi.nlm.nih.gov/33679375/
https://pubmed.ncbi.nlm.nih.gov/33679375/
https://pubmed.ncbi.nlm.nih.gov/33679375/
https://pubmed.ncbi.nlm.nih.gov/29682156/
https://pubmed.ncbi.nlm.nih.gov/29682156/
https://pubmed.ncbi.nlm.nih.gov/29682156/
https://pubmed.ncbi.nlm.nih.gov/10841777/
https://pubmed.ncbi.nlm.nih.gov/10841777/
https://pubmed.ncbi.nlm.nih.gov/10841777/
https://pubmed.ncbi.nlm.nih.gov/7888181/
https://pubmed.ncbi.nlm.nih.gov/7888181/
https://pubmed.ncbi.nlm.nih.gov/7888181/
https://pubmed.ncbi.nlm.nih.gov/1961223/
https://pubmed.ncbi.nlm.nih.gov/1961223/
https://pubmed.ncbi.nlm.nih.gov/1961223/
https://pubmed.ncbi.nlm.nih.gov/17579710/
https://pubmed.ncbi.nlm.nih.gov/17579710/
https://pubmed.ncbi.nlm.nih.gov/17579710/
https://pubmed.ncbi.nlm.nih.gov/10964722/
https://pubmed.ncbi.nlm.nih.gov/10964722/
https://pubmed.ncbi.nlm.nih.gov/10964722/
https://pubmed.ncbi.nlm.nih.gov/22584618/
https://pubmed.ncbi.nlm.nih.gov/22584618/
https://pubmed.ncbi.nlm.nih.gov/22584618/
https://pubmed.ncbi.nlm.nih.gov/22584618/
https://pubmed.ncbi.nlm.nih.gov/30634578/
https://pubmed.ncbi.nlm.nih.gov/30634578/
https://pubmed.ncbi.nlm.nih.gov/30634578/
https://pubmed.ncbi.nlm.nih.gov/30634578/
https://pubmed.ncbi.nlm.nih.gov/16622828/
https://pubmed.ncbi.nlm.nih.gov/16622828/
https://pubmed.ncbi.nlm.nih.gov/36915130/
https://pubmed.ncbi.nlm.nih.gov/36915130/
https://pubmed.ncbi.nlm.nih.gov/36915130/
https://pubmed.ncbi.nlm.nih.gov/36915130/
https://pubmed.ncbi.nlm.nih.gov/22785389/
https://pubmed.ncbi.nlm.nih.gov/22785389/
https://pubmed.ncbi.nlm.nih.gov/22785389/
https://pubmed.ncbi.nlm.nih.gov/23875003/
https://pubmed.ncbi.nlm.nih.gov/23875003/
https://pubmed.ncbi.nlm.nih.gov/23875003/
https://pubmed.ncbi.nlm.nih.gov/23875003/
https://pubmed.ncbi.nlm.nih.gov/18646084/
https://pubmed.ncbi.nlm.nih.gov/18646084/
https://pubmed.ncbi.nlm.nih.gov/18646084/
https://pubmed.ncbi.nlm.nih.gov/19342064/
https://pubmed.ncbi.nlm.nih.gov/19342064/
https://pubmed.ncbi.nlm.nih.gov/19342064/
https://pubmed.ncbi.nlm.nih.gov/19342064/
https://pubmed.ncbi.nlm.nih.gov/18987198/
https://pubmed.ncbi.nlm.nih.gov/18987198/
https://pubmed.ncbi.nlm.nih.gov/18987198/
https://pubmed.ncbi.nlm.nih.gov/18987198/
https://pubmed.ncbi.nlm.nih.gov/14656990/
https://pubmed.ncbi.nlm.nih.gov/14656990/
https://pubmed.ncbi.nlm.nih.gov/14656990/
https://pubmed.ncbi.nlm.nih.gov/14656990/
https://pubmed.ncbi.nlm.nih.gov/18181031/
https://pubmed.ncbi.nlm.nih.gov/18181031/
https://pubmed.ncbi.nlm.nih.gov/18181031/
https://pubmed.ncbi.nlm.nih.gov/16162502/
https://pubmed.ncbi.nlm.nih.gov/16162502/
https://pubmed.ncbi.nlm.nih.gov/16162502/
https://pubmed.ncbi.nlm.nih.gov/23152215/

@SCiMedCentrai

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Prasad KN (2024)

Alzheimer’s dementia and mild cognitive impairment. Cochrane
Database Syst Rev. 2012; 11: CD002854.

Hamaguchi T, Ono K, Yamada M. REVIEW: Curcumin and Alzheimer’s
disease. CNS Neurosci Ther. 2010; 16: 285-297.

Sano M, Ernesto C, Thomas RG, Klauber MR, Schafer K, Grundman
M, et al. A controlled trial of selegiline, alpha-tocopherol, or both
as treatment for Alzheimer’s disease. The Alzheimer’s Disease
Cooperative Study. N Engl ] Med. 1997; 336: 1216-1222.

Dysken MW, Sano M, Asthana S, Vertrees JE, Pallaki M, Llorente M,
et al. Effect of vitamin E and memantine on functional decline in
Alzheimer disease: the TEAM-AD VA cooperative randomized trial.
JAMA. 2014; 311: 33-44.

Vile GF, Winterbourn CC. Inhibition of adriamycin-promoted
microsomal lipid peroxidation by beta-carotene, alpha-tocopherol
and retinol at high and low oxygen partial pressures. FEBS Lett. 1988;
238:353-356.

Chaudhury A, Duvoor C, Reddy Dendi VS, Kraleti S, Chada A, Ravilla
R, et al. Clinical Review of Antidiabetic Drugs: Implications for Type 2
Diabetes Mellitus Management. Front Endocrinol (Lausanne). 2017;
8: 6.

Chen DJ, Gao M, Gao FF, Su QX, Wu J. Brain cannabinoid receptor 2:
expression, function and modulation. Acta Pharmacol Sin. 2017; 38:
312-316.

Prasad KN. Simultaneous Activation of Nrf2 and Elevation of Dietary
and Endogenous Antioxidant Chemicals for Cancer Prevention in
Humans. ] Am Coll Nutr. 2016; 35: 175-184.

Hashimoto M, Yoshimoto M, Sisk A, Hsu LJ, Sundsmo M, Kittel A,
et al. NACP, a synaptic protein involved in Alzheimer’s disease,
is differentially regulated during megakaryocyte differentiation.
Biochem Biophys Res Commun. 1997; 237: 611-616.

Kirsh VA, Hayes RB, Mayne ST, Chatterjee N, Subar AF, Dixon LB, et
al. Supplemental and dietary vitamin E, beta-carotene, and vitamin
C intakes and prostate cancer risk. Journal of the National Cancer
Institute. 2006; 98: 245-254.

Ramsey CP, Glass CA, Montgomery MB, Lindl KA, Ritson GP, Chia LA,
etal. Expression of Nrf2 in neurodegenerative diseases. ] Neuropathol
Exp Neurol. 2007; 66: 75-85.

Bayir H, Adelson PD, Wisniewski SR, Shore P, Lai Y, Brown D, et al.
Therapeutic hypothermia preserves antioxidant defenses after
severe traumatic brain injury in infants and children. Crit Care Med.
2009; 37: 689-695.

Lastres-Becker I, Ulusoy A, Innamorato NG, Sahin G, Rabano A, Kirik
D, et al. Alpha-Synuclein expression and Nrf2 deficiency cooperate
to aggravate protein aggregation, neuronal death and inflammation
in early-stage Parkinson’s disease. Hum Mol Genet. 2012; 21: 3173-
3192.

Algarzae N, Hebron M, Miessau M, Moussa CE. Parkin prevents
cortical atrophy and Abeta-induced alterations of brain metabolism:
(1)(3)C NMR and magnetic resonance imaging studies in AD models.
Neuroscience. 2012; 225: 22-34.

Suh JH, Shenvi SV, Dixon BM, Liu H, Jaiswal AK, Liu RM, et al. Decline in
transcriptional activity of Nrf2 causes age-related loss of glutathione
synthesis, which is reversible with lipoic acid. Proc Natl Acad Sci U S
A.2004; 101: 3381-3386.

Trujillo J, Chirino YI, Molina-Jijon E, Anderica-Romero AC, Tapia
E, Pedraza-Chaverri ]. Renoprotective effect of the antioxidant
curcumin: Recent findings. Redox biology. 2013; 1: 448-456.

Steele ML, Fuller S, Patel M, Kersaitis C, Ooi L, Munch G. Effect of

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Nrf2 activators on release of glutathione, cysteinylglycine and
homocysteine by human U373 astroglial cells. Redox biology. 2013;
1: 441-445.

Kode A, Rajendrasozhan S, Caito S, Yang SR, Megson IL, Rahman I.
Resveratrol induces glutathione synthesis by activation of Nrf2 and
protects against cigarette smoke-mediated oxidative stress in human
lung epithelial cells. Am ] Physiol Lung Cell Mol Physiol. 2008; 294:
L478-488.

Gao L, Wang |, Sekhar KR, Yin H, Yared NF, Schneider SN, et al. Novel
n-3 fatty acid oxidation products activate Nrf2 by destabilizing the
association between Keapl and Cullin3. ] Biol Chem. 2007; 282:
2529-2537.

Aoi ], Endo M, Kadomatsu T, Miyata K, Ogata A, Horiguchi H, et al.
Angiopoietin-like protein 2 accelerates carcinogenesis by activating
chronic inflammation and oxidative stress. Mol Cancer Res. 2014; 12:
239-249.

Song ], Kang SM, Lee WT, Park KA, Lee KM, Lee JE. Glutathione
protects brain endothelial cells from hydrogen peroxide-induced
oxidative stress by increasing nrf2 expression. Exp Neurobiol. 2014;
23:93-103.

Ji L, Liu R, Zhang XD, Chen HL, Bai H, Wang X, et al. N-acetylcysteine
attenuates phosgene-induced acute lung injury via up-regulation of
Nrf2 expression. Inhal Toxicol. 2010; 22: 535-542.

Choi HK, Pokharel YR, Lim SC, Han HK, Ryu CS, Kim SK, et al. Inhibition
of liver fibrosis by solubilized coenzyme Q10: Role of Nrf2 activation
in inhibiting transforming growth factor-betal expression. Toxicol
Appl Pharmacol. 2009; 240: 377-384.

Kim J, Cha YN, Surh YJ. A protective role of nuclear factor-erythroid
2-related factor-2 (Nrf2) in inflammatory disorders. Mutat Res. 2010;
690: 12-23.

Li W, Khor TO, Xu C, Shen G, Jeong WS, Yu S, et al. Activation of Nrf2-
antioxidant signaling attenuates NFkappaB-inflammatory response
and elicits apoptosis. Biochem Pharmacol. 2008; 76: 1485-1489.

Abate A, Yang G, Dennery PA, Oberle S, Schroder H. Synergistic
inhibition of cyclooxygenase-2 expression by vitamin E and aspirin.
Free Radic Biol Med. 2000; 29: 1135-1142.

Abdin AA, Hamouda HE. Mechanism of the neuroprotective role
of coenzyme Q10 with or without L-dopa in rotenone-induced
parkinsonism. Neuropharmacology. 2008; 55: 1340-1346.

Chen CM, Wu YR, Cheng ML, Liu JL, Lee YM, Lee PW, et al. Increased
oxidative damage and mitochondrial abnormalities in the peripheral
blood of Huntington’s disease patients. Biochem Biophys Res
Commun. 2007; 359: 335-340.

Reznick AZ, Cross CE, Hu ML, Suzuki Y], Khwaja S, Safadi A, et al.
Modification of plasma proteins by cigarette smoke as measured by
protein carbonyl formation. Biochem J. 1992; 286: 607-611.

Dai W, Cheng HL, Huang RQ, Zhuang Z, Shi JX. Quantitative detection
of the expression of mitochondrial cytochrome c oxidase subunits
mRNA in the cerebral cortex after experimental traumatic brain
injury. Brain Res. 2009; 1251: 287-295.

Matsuda ], Namba T, Takabatake Y, Kimura T, Takahashi A, Yamamoto
T, et al. Antioxidant role of autophagy in maintaining the integrity of
glomerular capillaries. Autophagy. 2018; 14: 53-65.

Behl C, Davis ], Cole GM, Schubert D. Vitamin E protects nerve cells
from amyloid beta protein toxicity. Biochem Biophys Res Commun.
1992; 186: 944-950.

Butterfield DA, Koppal T, Subramaniam R, Yatin S. Vitamin E as an
antioxidant/free radical scavenger against amyloid beta-peptide-

J Neurol Disord Stroke 11(2): 1219 (2024)

9/10


https://pubmed.ncbi.nlm.nih.gov/23152215/
https://pubmed.ncbi.nlm.nih.gov/23152215/
https://pubmed.ncbi.nlm.nih.gov/20406252/
https://pubmed.ncbi.nlm.nih.gov/20406252/
https://pubmed.ncbi.nlm.nih.gov/9110909/
https://pubmed.ncbi.nlm.nih.gov/9110909/
https://pubmed.ncbi.nlm.nih.gov/9110909/
https://pubmed.ncbi.nlm.nih.gov/9110909/
https://pubmed.ncbi.nlm.nih.gov/24381967/
https://pubmed.ncbi.nlm.nih.gov/24381967/
https://pubmed.ncbi.nlm.nih.gov/24381967/
https://pubmed.ncbi.nlm.nih.gov/24381967/
https://pubmed.ncbi.nlm.nih.gov/3169265/
https://pubmed.ncbi.nlm.nih.gov/3169265/
https://pubmed.ncbi.nlm.nih.gov/3169265/
https://pubmed.ncbi.nlm.nih.gov/3169265/
https://pubmed.ncbi.nlm.nih.gov/28167928/
https://pubmed.ncbi.nlm.nih.gov/28167928/
https://pubmed.ncbi.nlm.nih.gov/28167928/
https://pubmed.ncbi.nlm.nih.gov/28167928/
https://pubmed.ncbi.nlm.nih.gov/28065934/
https://pubmed.ncbi.nlm.nih.gov/28065934/
https://pubmed.ncbi.nlm.nih.gov/28065934/
https://pubmed.ncbi.nlm.nih.gov/26151600/
https://pubmed.ncbi.nlm.nih.gov/26151600/
https://pubmed.ncbi.nlm.nih.gov/26151600/
https://pubmed.ncbi.nlm.nih.gov/9299413/
https://pubmed.ncbi.nlm.nih.gov/9299413/
https://pubmed.ncbi.nlm.nih.gov/9299413/
https://pubmed.ncbi.nlm.nih.gov/9299413/
https://pubmed.ncbi.nlm.nih.gov/16478743/
https://pubmed.ncbi.nlm.nih.gov/16478743/
https://pubmed.ncbi.nlm.nih.gov/16478743/
https://pubmed.ncbi.nlm.nih.gov/16478743/
https://pubmed.ncbi.nlm.nih.gov/17204939/
https://pubmed.ncbi.nlm.nih.gov/17204939/
https://pubmed.ncbi.nlm.nih.gov/17204939/
https://pubmed.ncbi.nlm.nih.gov/19114918/
https://pubmed.ncbi.nlm.nih.gov/19114918/
https://pubmed.ncbi.nlm.nih.gov/19114918/
https://pubmed.ncbi.nlm.nih.gov/19114918/
https://pubmed.ncbi.nlm.nih.gov/22513881/
https://pubmed.ncbi.nlm.nih.gov/22513881/
https://pubmed.ncbi.nlm.nih.gov/22513881/
https://pubmed.ncbi.nlm.nih.gov/22513881/
https://pubmed.ncbi.nlm.nih.gov/22513881/
https://pubmed.ncbi.nlm.nih.gov/22960314/
https://pubmed.ncbi.nlm.nih.gov/22960314/
https://pubmed.ncbi.nlm.nih.gov/22960314/
https://pubmed.ncbi.nlm.nih.gov/22960314/
https://pubmed.ncbi.nlm.nih.gov/14985508/
https://pubmed.ncbi.nlm.nih.gov/14985508/
https://pubmed.ncbi.nlm.nih.gov/14985508/
https://pubmed.ncbi.nlm.nih.gov/14985508/
https://pubmed.ncbi.nlm.nih.gov/24191240/
https://pubmed.ncbi.nlm.nih.gov/24191240/
https://pubmed.ncbi.nlm.nih.gov/24191240/
https://pubmed.ncbi.nlm.nih.gov/24191238/
https://pubmed.ncbi.nlm.nih.gov/24191238/
https://pubmed.ncbi.nlm.nih.gov/24191238/
https://pubmed.ncbi.nlm.nih.gov/24191238/
https://pubmed.ncbi.nlm.nih.gov/18162601/
https://pubmed.ncbi.nlm.nih.gov/18162601/
https://pubmed.ncbi.nlm.nih.gov/18162601/
https://pubmed.ncbi.nlm.nih.gov/18162601/
https://pubmed.ncbi.nlm.nih.gov/18162601/
https://pubmed.ncbi.nlm.nih.gov/17127771/
https://pubmed.ncbi.nlm.nih.gov/17127771/
https://pubmed.ncbi.nlm.nih.gov/17127771/
https://pubmed.ncbi.nlm.nih.gov/17127771/
https://pubmed.ncbi.nlm.nih.gov/24258150/
https://pubmed.ncbi.nlm.nih.gov/24258150/
https://pubmed.ncbi.nlm.nih.gov/24258150/
https://pubmed.ncbi.nlm.nih.gov/24258150/
https://pubmed.ncbi.nlm.nih.gov/24737944/
https://pubmed.ncbi.nlm.nih.gov/24737944/
https://pubmed.ncbi.nlm.nih.gov/24737944/
https://pubmed.ncbi.nlm.nih.gov/24737944/
https://pubmed.ncbi.nlm.nih.gov/20384467/
https://pubmed.ncbi.nlm.nih.gov/20384467/
https://pubmed.ncbi.nlm.nih.gov/20384467/
https://pubmed.ncbi.nlm.nih.gov/19647758/
https://pubmed.ncbi.nlm.nih.gov/19647758/
https://pubmed.ncbi.nlm.nih.gov/19647758/
https://pubmed.ncbi.nlm.nih.gov/19647758/
https://pubmed.ncbi.nlm.nih.gov/19799917/
https://pubmed.ncbi.nlm.nih.gov/19799917/
https://pubmed.ncbi.nlm.nih.gov/19799917/
https://pubmed.ncbi.nlm.nih.gov/18694732/
https://pubmed.ncbi.nlm.nih.gov/18694732/
https://pubmed.ncbi.nlm.nih.gov/18694732/
https://pubmed.ncbi.nlm.nih.gov/11121721/
https://pubmed.ncbi.nlm.nih.gov/11121721/
https://pubmed.ncbi.nlm.nih.gov/11121721/
https://pubmed.ncbi.nlm.nih.gov/18817789/
https://pubmed.ncbi.nlm.nih.gov/18817789/
https://pubmed.ncbi.nlm.nih.gov/18817789/
https://pubmed.ncbi.nlm.nih.gov/17543886/
https://pubmed.ncbi.nlm.nih.gov/17543886/
https://pubmed.ncbi.nlm.nih.gov/17543886/
https://pubmed.ncbi.nlm.nih.gov/17543886/
https://pubmed.ncbi.nlm.nih.gov/1530591/
https://pubmed.ncbi.nlm.nih.gov/1530591/
https://pubmed.ncbi.nlm.nih.gov/1530591/
https://pubmed.ncbi.nlm.nih.gov/19063873/
https://pubmed.ncbi.nlm.nih.gov/19063873/
https://pubmed.ncbi.nlm.nih.gov/19063873/
https://pubmed.ncbi.nlm.nih.gov/19063873/
https://pubmed.ncbi.nlm.nih.gov/29130363/
https://pubmed.ncbi.nlm.nih.gov/29130363/
https://pubmed.ncbi.nlm.nih.gov/29130363/
https://pubmed.ncbi.nlm.nih.gov/1497677/
https://pubmed.ncbi.nlm.nih.gov/1497677/
https://pubmed.ncbi.nlm.nih.gov/1497677/
https://pubmed.ncbi.nlm.nih.gov/10658956/
https://pubmed.ncbi.nlm.nih.gov/10658956/

@SCiMedCentrai

96.

97.

98.

99.

100

101.

102.

103.

104.

105.

106.

Prasad KN (2024)

induced oxidative stress in neocortical synaptosomal membranes
and hippocampal neurons in culture: insights into Alzheimer’s
disease. Rev Neurosci. 1999; 10: 141-149.

Prasad KN. Micronutrients in the prevention and improvement of the
standard therapy for Alzheimer’s disease. 2" edn. Boca raton, F1.CRC
Press. 2019.

Xiang S, Ji JL, Li S, Cao XP, Xu W, Tan L, et al. Efficacy and Safety of
Probiotics for the Treatment of Alzheimer’s Disease, Mild Cognitive
Impairment, and Parkinson’s Disease: A Systematic Review and
Meta-Analysis. Front Aging Neurosci. 2022; 14: 730036.

Tsai YC, Cheng LH, Liu YW, Jeng O], Lee YK. Gerobiotics: probiotics
targeting fundamental aging processes. Biosci Microbiota Food
Health. 2021; 40: 1-11.

Ferreira LSS, Fernandes CS, Vieira MNN, De Felice FG. Insulin
Resistance in Alzheimer’s Disease. Front Neurosci. 2018; 12: 830.

.Yu JH, Han K, Park S, Cho H, Lee DY, Kim JW, et al. Incidence and

Risk Factors for Dementia in Type 2 Diabetes Mellitus: A Nationwide
Population-Based Study in Korea. Diabetes Metab ]. 2020; 44: 113-
124.

Hayden MR. Type 2 Diabetes Mellitus Increases The Risk of Late-
Onset Alzheimer’s Disease: Ultrastructural Remodeling of the
Neurovascular Unit and Diabetic Gliopathy. Brain Sci. 2019; 9: 262.

Akbar M, Calderon F, Wen Z, Kim HY. Docosahexaenoic acid: a
positive modulator of Akt signaling in neuronal survival. Proc Natl
Acad Sci U S A. 2005; 102: 10858-10863.

Ricard-Blum S. The collagen family. Cold Spring Harb Perspect Biol.
2011; 3: a004978.

Koizumi S, Inoue N, Sugihara F, Igase M. Effects of Collagen
Hydrolysates on Human Brain Structure and Cognitive Function: A
Pilot Clinical Study. Nutrients. 2019; 12: 50.

Cheng ]S, Dubal DB, Kim DH, Legleiter ], Cheng IH, Yu GQ, et al.
Collagen VI protects neurons against Abeta toxicity. Nat Neurosci.
2009; 12: 119-121.

Huang KF, Hsu WC, Hsiao JK, Chen GS, Wang ]Y. Collagen-
glycosaminoglycan matrix implantation promotes angiogenesis

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

following surgical brain trauma. Biomed Res Int. 2014; 2014:
672409.

Chen JH, Hsu WC, Huang KF, Hung CH. Neuroprotective Effects of
Collagen-Glycosaminoglycan Matrix Implantation following Surgical
Brain Injury. Mediators Inflamm. 2019; 2019: 6848943.

McManus K, Ash ET, Harper DG, Smith R, Gruber S, Forester B. Caring
for behavior symptoms of dementia(CBD): A new investigation into
cannabidiol for the treatment of anxiety and agitation in Alzheimer’s
dementia. Am ] Geriatr Psychiatry. 2021; 29: S110-S111.

Seeman P. Cannabidiol is a partial agonist at dopamine D2High
receptors, predicting its antipsychotic clinical dose. Transl
Psychiatry. 2016; 6: €920.

Linge R, Jimenez-Sanchez L, Campa L, Pilar-Cuellar F, Vidal R, Pazos
A, et al. Cannabidiol induces rapid-acting antidepressant-like effects
and enhances cortical 5-HT/glutamate neurotransmission: role of
5-HT1A receptors. Neuropharmacology. 2016; 103: 16-26.

Sales AJ, Fogaca MV, Sartim AG, Pereira VS, Wegener G, Guimaraes
FS, et al. Cannabidiol Induces Rapid and Sustained Antidepressant-
Like Effects Through Increased BDNF Signaling and Synaptogenesis
in the Prefrontal Cortex. Mol Neurobiol. 2019; 56: 1070-1081.

Campos AC, Ferreira FR, Guimaraes FS. Cannabidiol blocks long-
lasting behavioral consequences of predator threat stress: possible
involvement of 5HT1A receptors. ] Psychiatr Res. 2012; 46: 1501-
1510.

Russo EB, Burnett A, Hall B, Parker KK. Agonistic properties of
cannabidiol at 5-HT1a receptors. Neurochem Res. 2005; 30: 1037-
1043.

Li H, Liu Y, Tian D, Tian L, Ju X, Qi L, et al. Overview of cannabidiol
(CBD) and its analogues: Structures, biological activities, and
neuroprotective mechanisms in epilepsy and Alzheimer’s disease.
Eur ] Med Chem. 2020; 192: 112163.

XiongY, Lim CS. Understanding the Modulatory Effects of Cannabidiol
on Alzheimer’s Disease. Brain Sci. 2021; 11: 1211.

Watt G, Karl T. In vivo Evidence for Therapeutic Properties of
Cannabidiol (CBD) for Alzheimer’s Disease. Front Pharmacol. 2017;
8: 20.

J Neurol Disord Stroke 11(2): 1219 (2024)

10/10


https://pubmed.ncbi.nlm.nih.gov/10658956/
https://pubmed.ncbi.nlm.nih.gov/10658956/
https://pubmed.ncbi.nlm.nih.gov/10658956/
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429243462-9/micronutrients-prevention-improvement-standard-therapy-alzheimer-disease-kedar-prasad?context=ubx&refId=9da0060d-7a8b-475d-892b-94b417e74687
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429243462-9/micronutrients-prevention-improvement-standard-therapy-alzheimer-disease-kedar-prasad?context=ubx&refId=9da0060d-7a8b-475d-892b-94b417e74687
https://www.taylorfrancis.com/chapters/mono/10.1201/9780429243462-9/micronutrients-prevention-improvement-standard-therapy-alzheimer-disease-kedar-prasad?context=ubx&refId=9da0060d-7a8b-475d-892b-94b417e74687
https://pubmed.ncbi.nlm.nih.gov/35185522/
https://pubmed.ncbi.nlm.nih.gov/35185522/
https://pubmed.ncbi.nlm.nih.gov/35185522/
https://pubmed.ncbi.nlm.nih.gov/35185522/
https://pubmed.ncbi.nlm.nih.gov/33520563/
https://pubmed.ncbi.nlm.nih.gov/33520563/
https://pubmed.ncbi.nlm.nih.gov/33520563/
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2018.00830/full
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2018.00830/full
https://pubmed.ncbi.nlm.nih.gov/31769236/
https://pubmed.ncbi.nlm.nih.gov/31769236/
https://pubmed.ncbi.nlm.nih.gov/31769236/
https://pubmed.ncbi.nlm.nih.gov/31769236/
https://pubmed.ncbi.nlm.nih.gov/31569571/
https://pubmed.ncbi.nlm.nih.gov/31569571/
https://pubmed.ncbi.nlm.nih.gov/31569571/
https://pubmed.ncbi.nlm.nih.gov/16040805/
https://pubmed.ncbi.nlm.nih.gov/16040805/
https://pubmed.ncbi.nlm.nih.gov/16040805/
https://pubmed.ncbi.nlm.nih.gov/21421911/
https://pubmed.ncbi.nlm.nih.gov/21421911/
https://pubmed.ncbi.nlm.nih.gov/31878021/
https://pubmed.ncbi.nlm.nih.gov/31878021/
https://pubmed.ncbi.nlm.nih.gov/31878021/
https://pubmed.ncbi.nlm.nih.gov/19122666/
https://pubmed.ncbi.nlm.nih.gov/19122666/
https://pubmed.ncbi.nlm.nih.gov/19122666/
https://pubmed.ncbi.nlm.nih.gov/25309917/
https://pubmed.ncbi.nlm.nih.gov/25309917/
https://pubmed.ncbi.nlm.nih.gov/25309917/
https://pubmed.ncbi.nlm.nih.gov/25309917/
https://pubmed.ncbi.nlm.nih.gov/30809107/
https://pubmed.ncbi.nlm.nih.gov/30809107/
https://pubmed.ncbi.nlm.nih.gov/30809107/
https://www.sciencedirect.com/science/article/abs/pii/S1064748121001330#:~:text=Treating anxiety and agitation in,anxiety and agitation in AD.
https://www.sciencedirect.com/science/article/abs/pii/S1064748121001330#:~:text=Treating anxiety and agitation in,anxiety and agitation in AD.
https://www.sciencedirect.com/science/article/abs/pii/S1064748121001330#:~:text=Treating anxiety and agitation in,anxiety and agitation in AD.
https://www.sciencedirect.com/science/article/abs/pii/S1064748121001330#:~:text=Treating anxiety and agitation in,anxiety and agitation in AD.
https://pubmed.ncbi.nlm.nih.gov/27754480/
https://pubmed.ncbi.nlm.nih.gov/27754480/
https://pubmed.ncbi.nlm.nih.gov/27754480/
https://pubmed.ncbi.nlm.nih.gov/26711860/
https://pubmed.ncbi.nlm.nih.gov/26711860/
https://pubmed.ncbi.nlm.nih.gov/26711860/
https://pubmed.ncbi.nlm.nih.gov/26711860/
https://pubmed.ncbi.nlm.nih.gov/29869197/
https://pubmed.ncbi.nlm.nih.gov/29869197/
https://pubmed.ncbi.nlm.nih.gov/29869197/
https://pubmed.ncbi.nlm.nih.gov/29869197/
https://pubmed.ncbi.nlm.nih.gov/22979992/
https://pubmed.ncbi.nlm.nih.gov/22979992/
https://pubmed.ncbi.nlm.nih.gov/22979992/
https://pubmed.ncbi.nlm.nih.gov/22979992/
https://pubmed.ncbi.nlm.nih.gov/16258853/
https://pubmed.ncbi.nlm.nih.gov/16258853/
https://pubmed.ncbi.nlm.nih.gov/16258853/
https://pubmed.ncbi.nlm.nih.gov/32109623/
https://pubmed.ncbi.nlm.nih.gov/32109623/
https://pubmed.ncbi.nlm.nih.gov/32109623/
https://pubmed.ncbi.nlm.nih.gov/32109623/
https://pubmed.ncbi.nlm.nih.gov/34573232/
https://pubmed.ncbi.nlm.nih.gov/34573232/
https://pubmed.ncbi.nlm.nih.gov/28217094/
https://pubmed.ncbi.nlm.nih.gov/28217094/
https://pubmed.ncbi.nlm.nih.gov/28217094/

	Attenuation of Beta-Amyloids and Other Risk Factors by a Micronutrient Mixture, Probiotics, Collagen
	Abstract
	Introduction
	Brief History of Beta-Amyloids Causing AD 
	Development of New Drugs Targeting Beta-amyloids 
	Discovery of Drugs Based on Cholinergic Neurons for the Treatment of AD  
	Drugs Used to Treat Behavior Abnormalities in Patients with AD 
	Cellular Risk factors Other than Beta-Amyloids and Hyperphosphorylation of Tau Protein which Partici
	Increased Oxidative Stress Initiates Some Subsequent Adverse Cellular Events  
	Internal Risk Factors that are not Related to Increased Oxidative Stress 
	Proposed Prevention Plan for AD 
	Changes in Diet, Lifestyle, and Reduction in Exposure to Environmental Toxins 
	Proposed Supplementation with a Micronutrient Mixture 
	Requirements for Simultaneous Reduction in Oxidative Stress and Chronic Neuroinflammation 
	Certain antioxidants activate ROS-resistant Nrf2 
	Supplementation with Probiotics with Prebiotics may Reverse Intestinal Dysbiosis in AD  
	Supplementation with Omega 3 Improves Glucose Metabolism in Insulin Resistance Patients with AD 
	Supplementation with Collagen Peptides may Improve Structural Integrity and Cognitive Function by Re
	Proposed Plan for Improved Treatment of AD by Combining Drugs with the Preventive Plan  
	Supplementation with CBD (Cannabidiol) may Reduce Abnormal Behaviors Associated with Advanced AD 
	Conclusion
	References

