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Abstract: The recent years of Alzheimer's therapy provides interim improvement for the symptoms- memory loss and complications with
reasoning and thinking processes. These treatments boost performance of the signaling molecules of the brain that carry information from
one neuron to another. Although, these treatments are unable to stop the fundamental reasons for the reduction and death of the neurons. As
more frequently these cells die, Alzheimer’s disease continues to advance. Experts are cautiously hopeful about developing Alzheimer's
treatments that can stop or significantly delay the progression of Alzheimer's. A growing understanding of how the disease disrupts the brain
has led to potential Alzheimer's treatments that short-circuit basic disease processes. Here we highlight the use new vaccines targeting
specific components of AP and tau protein, anti-microbial therapy, Symbiotic strategies, mesenchymal stem cells, epigenetics and the
introduction of medical devices for detection, and diagnosis for the treatment of Alzheimer's disease.

Index Terms — Alzheimer’s disease, antimicrobial therapy, epigenetics, mesenchymal stem cells

|I. INTRODUCTION

Alzheimer’s disease (AD) is a progressive neurodegenerative disease and is the most common cause of dementia. Dr. Alois Alzheimer declared
that Alzheimer’s disease is an aggressive form of dementia, manifesting in memory, language, and behavioral deficits [1]. This disease worsens
with increasing age. It is neuropathologically described by the amassing of accumulated amyloid beta (AB) and tau. Accumulated AP stores
in the vasculature and the parenchyma, shaping congophilic amyloid angiopathy (CAA) and extracellular amyloid plaques.
Hyperphosphorylated tau aggregates intraneuronal to frame neurofibrillary tangles (NFTSs) [2], [3]. Two factors that contribute to the difficulty
in establishing accurate incidence rates of AD: determining the age at onset; and defining a disease-free population. The rapid rise in the
frequency of AD with advancing age, combined with the relatively long duration of the illness, accounts in large part for the high prevalence
of the disease worldwide. Improvement and standardization of diagnostic methods have provided a means to compare estimates of the
frequency of AD across various populations [4]. The inheritance pattern typically exhibited in AD'is an autosomal dominant inheritance pattern
that is related to mutations in genes that lead to alteration in beta-amyloid (Ap) protein production or metabolism, including presenilin-1
(PSENZ1), amyloid precursor protein (APP), and presenilin-2 (PSEN2) [2].

Researchers are investigating therapeutic options to treat this disease. Recently new vaccines have been introduced which intend to target
specific components of Ap and tau protein. New medical devices are being constantly developed to tackle the main issue in AD i.e., cognitive
decline. These medical devices help in the enhancement of cognitive functions. Medical devices either use two strategies: invasive, non-
invasive [2]. Invasive techniques such as DBS were found fortunately upon conducting a study of DBS on candidates afflicted with obesity.
Noninvasive techniques such as transcranial direct current stimulation, visual sensory stimulation, electroconvulsive therapy, and
photobiomodulation have shown promising results in the enhancement of cognitive function [2], [3].

Il. LATEST TRENDS OF THERAPEUTIC MERIT IN ALZHEIMER’S DISEASE

2.1 Vaccines

2.1.1 Active and Passive Immunotherapeutics Targeting Ap and Tau Proteins for AD

Genetic mutations in the amyloid precursor protein (APP) and enzymes necessary for APP cleavage (presenilin 1 and 2 [PS1 and PS2]) lead
to autosomal dominant forms of early-onset AD (EOAD) [5] . The start of early-onset AD provides strong support for the amyloid cascade
hypothesis [6]. Targeting tau may also be necessary, especially considering that individuals with extensive plaque burden can have normal
cognition and the presence of neurofibrillary tangles has correlated better with disease progression [7]. By targeting tau, we can accomplish
the task of inhibiting cognitive decline, which is predominantly seen in AD patients. Active and passive immunizations have been the most
optimal way to treat AD by directly targeting Ap and tau by the production of specific antibodies. Active immunization provides long-term
immunity, by the production of antibodies. There are some concerns regarding active immunization: First, in immune-compromised
individuals or elderly individuals. It may not elicit a good and fast immune response. Secondly, it may trigger adverse reactions like an
inflammatory response, which may be very hazardous to the patients.To tackle this issue, passive immunization was developed. It elicits
immune response even in old individuals with showcasing the adverse effect. Precise concentrations of antibodies can be administered.
Currently, clinical trials are being carried out to develop active and passive immunotherapeutics targeting specific parts of the A protein and
pathological components of tau. Tables 2.1 and 2.2 summarize the active and passive immunizations for AP and tau proteins in AD treatment.
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Table 2.1: Active Immunizations for AB and Tau Proteins

Name of the
vaccine

AN1792
[8]-[11]

CAD106(No
vartis) [12],
[13]

ACC-001
[14]

Affitope
AD-02 [15]

ACI-24 (AC
Immune SA)
[16]

ABvac40
(Araclon
Biotech)

[17]

Drug
Candidates

full length
AB42 in QS-21
adjuvant

CAD106
coupled to the
bacteriophage
coat protein as
an  adjuvant
carrier

contains a six
amino acid
sequence
Abl-6
connected to a
carrier protein
by the use of a
surface-active
saponin
adjuvant
21

a  synthetic
peptide of six
amino  acids
that mimic the
N-terminus of

Qs-

AP+B cell
epitope

an array of
AB1-15
sequences

adopting  an
aggregated [-
sheet structure
once attached
to the surface
of liposomes

multiple
repeats of a
short C-
terminal
fragment  of
AB40
conjugated to

Clinical trials

A phase lla
immunotherapy
trial - terminated

Phase Ilb study

November
2015-
1/ trial

Phase

Conclusion date
- May 2024.

Phase 2 trials-
terminated in
2014

Phase 2 trials-

Phase I/1l study
— completed in
2009 — results
not published

AC immune
began dose-
escalation Phase
I trial for 24
months -
completed,

results not
published

Phase | trial -

completed in
2015

Phase Il trials
from  October
2017 - Ongoing

Therapeutic
Target

fibrillized
AP

Bcell epitope
found in the
N-terminus
of the AP
peptide

fibrillized
AP

N-terminus
of AP

aggregated/fi
brillized Ap

C-terminus
of AB40

Patient
Population

patients  with
mild to
moderate
Alzheimer
disease

Alzheimer’s
disease

cognitively
unimpaired
APOE  &4/¢4
individuals
between  the
ages of 60 to
75.

Mild-moderate
Alzheimer
disease
patients

early AD as
diagnosed - by
episodic
memory
deficit and
hippocampal
atrophy
mild-to-
moderate AD.

test in adults
with Down
Syndrome

Alzheimer’s
disease

Outcome

reduces AP plaque
burden and
preserves cognitive
function

Preclinical trial -
Preclinical testing
of CAD106 showed
anti-AB titres

without activating a
T-cell response and
treatment reduced
AP accumulation.

Clinical trial-
elicited an AP
specific  immune
response.

Reduce brain AP
plaques

production of anti-
AP antibodies while
minimizing a pro-
inflammatory TH1
response.

Preclinical testing —
reduced levels of
insoluble Ap40 and
Ap42, improvement
in cognitive testing,
and the generation
of high anti-AB
titers.

specific anti-Ap40
antibody  immune
response

Complications

autoimmune
toxicity in the
form of T-cell-
mediated
meningoencephal
itis in 6% of
patients caused by
an Ap-specific T-
cell response
(TH1-type CD4
Amyloid related
imaging
abnormalities
(ARIAS)

There was a larger
decline in Mini-

Mental State
Examination
(MMSE) in
individuals
eliciting a strong
Ap-specific
immune response
to CAD106.

An extreme
strong
autoimmune
response

No complications

No
complications.
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UB-311
(United

Neuroscienc
e) [18], [19]

the  keyhole
limpet cyanine
carrier protein
with
aluminum
hydroxide as
the adjuvant.
two AP 1-14
peptides, each
coupled to a

different
helper  T-cell
epitope  and
packaged into
a Th2-biased
delivery
system.

Lu AF20513 three copies of

(H. the AB1-12 (B-

Lundbeck, cell  epitope)

Otsuka peptide

Pharmaceuti = separated by

cal Co., Ltd.) two different

[20] T-helper  cell
epitopes from
tetanus toxoid.

AADvacl tau fragment

(Axon (amino  acids

Neuroscienc = 294-305)

e SE) [21] coupled to
keyhole limpet
hemocyanin
(KLH)

ACI-35 (AC @ 16 copies of a

Immune SA, tau fragment

Janssen) containing

[22] phosphorylatio

Phase |,
label,
uncontrolled
trial-completed
in 2011.

open-

78-week Phase
] trial -
completed in
2018 -
Terminated
results
published

not

Phase | trial in
2015 —
completed in
2018

It is terminated
and the results

are not
published
Phase 1 trial
completed
Phase 2 trial

completed-no
results posted

Phase 1b trial-
completed  but
results not yet
posted.

aggregated
AP

AP

Pathological
tau regions

Phosphorylat
ed Tau

Mild AD

Mild AD

Mild-moderate
AD

Early AD

Pre-clinical Testing
- good
immunogenicity in
small animals,
baboons, and
macaques.

Clinical Studies —
The vaccine was
well tolerated.

high anti-Ap
antibody response.

Improved cognition

in patients  with
mild AD

safety and
immunogenicity
with a 96%
response rate.

All secondary
endpoints -

including Amyloid
PET burden, CDR-
SB, ADCS-ADL,

ADAS-Cog, and
MMSE
enhances  anti-Af
antibody

production by. B-
cells.

aid immune
response - in  an
elderly  population
with reduced
immune function.

In preclinical
testing, Lu
AF20513 induced
strong humoral

responses in guinea
pigs, Tg2576 mice,
and monkeys.

It produced high

antibody titres
specific for
pathological tau and
elicited a Th2

immune response.

It depicted strong
antibody response
to phosphorylated
tau.

Insignificant
sample size

It caused a higher
rate of cortical

atrophy and
ventricular
volume expansion

in the AADvacl
treated  groups.
This raised safety
concerns.

No complications
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n at residues
Ser396 and
Ser404 +
adjuvant
MPLA

Table 2.2: Passive Immunization for Ap and Tau Proteins

Name of the
vaccine
Bapineuzuma
b [14], [23]-
[25]

Solanezumab
[26]-[28]

Donanemab
[29]

BAN2401
(Biogen, Eisai
Co., Ltd.)
[30], [31]

Drug
Candidates
humanized
form of
murine
monoclonal
antibody
3D6

humanized
monoclonal
IgG1
antibody

humanized
IgG1

monoclonal
antibody

combination
therapy with
N3pG and
the BACE
inhibitor

LY?2811376

Humanized
IgG1 version
of the mouse
monoclonal
antibody
mAb158

Clinical trials

Phase 1 trial —
completed
Phase 2 trial —
completed
Phase 3 trial-
discontinued
as it did not
showcase
significant
change.

Phase 2 trials-
completed
Phase 3 trials-
completed
Dominantly
Inherited
Alzheimer's
Network Trial
-completed on
Feb 10 2020-
terminated

Phasel trial-
completed
Phase 2 trial-
completed

Pre-clinical
study-
completed
Phase 1 trial —
completed
Phase 2 trial-
completed
Phase 3 trial —
will be
completed by
2024

Therapeutic
Target
targets the
N-terminal
region of
fibrillar and
soluble AP

The mid
domain  of
soluble
monomeric
AP

AB(p3-

42), a pyrogl
utamate form
of A that
is aggregate
d in amyloid
plaques.

large,
soluble AP
protofibrils

Patient
Population
mild-to-
moderate
Alzheimer
disease

Mild-
moderate
AD

Mild AD

Mild-
moderate
AD

Outcome

lower plaque burden,
improve measures of
synaptotoxicity, and
improve performance on
mouse behavioral assays.
Reduction in
phosphorylated tau and
fibrillar cerebral AP

By sequestering Ap,
shifting equilibria
between different species
of AP, and removing
small soluble species of
AP that are directly toxic
to synaptic function.
Reduced cognitive
decline in phase 3 trials.
In phase 3 trial with

patients  with mild
dementia, showed -no
significant . change in

cognitive decline.

It cleared more than 80
percent of cored and
diffused amyloid from
the brains of PDAPP-
transgenic mice.

It reduced the load of AP
plaques

Preclinical ~ study: It
reduced AP protofibrils in
the brain and CSF of Tg-
ArcSwe mice

Phase 1 clinical trial: The
drug was well tolerated
even at high doses.

Phase 2 clinical trial: It
reduced the Amyloid beta
plague  burden  and

Complications

Microhaemorrh

age, ARIA-E,
back pain,
anxiety,

paranoia, Deep-
vein
thrombosis,
syncope,
seizures,
vomiting,
hypertension,
weight loss,
skin laceration,
gait
disturbance,
muscle spasm,
and pulmonary
embolism

As a result of
phase 2 trials,

no clinical
benefit was
observed.

In later studies,
No significant

change in
cognitive
decline.
It did not
decrease the
levels of brain
atrophy.

The DIAN trials
failed because it
did not show
any significant
change.

During the
phase 1 trial,
patients
developed
ARIA-E.

Some of the
patients
developed
ARIA-E.
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SAR228810
[32]

Crenezumab
(AC Immune
SA,
Genentech,
Hoffmann-La
Roche) [33]

Gantenerumab
[34]

Aducanumab
[35], [36]

Gosuranemab
[37], [38]

ABBV-
8E12(AbbVie)
/ C2N
8E12(C2N
Diagnostics)
[39]-[41]

monoclonal
antibody
engineered
on an lgG4
backbone

a humanized
antibody
with an 1gG4
backbone

fully human
1gG1
antibody

high-
affinity, fully
human I1gG1
monoclonal
antibody

humanized
1gG4
monoclonal
anti-tau
antibody

humanized
1gG4
antibody

Phase 1 trial -
completed but
no results are
posted

Phase 1 trial-
completed
Phase 2 trial —
completed
Phase 3 trials -
halted

Phase 1 trial —
completed
Phase 2 trial-
completed
Phase 3 trial -

Phase 1 trial-
completed
Phase 2 trial-
completed
Phase 3 trial -
221AD301 E
NGAGE study
-terminated as
it did not meet
the  primary
endpoints.
221AD302
EMERGE
study -
completed
Phase 1 trial-
completed
Phase 2 trial —
terminated as
it did not meet
the  primary
endpoints  of
the study.
Phase 1 trial —
completed
Phase 2 trial —
ongoing — will
be completed

soluble
protofibrillar
and fibrillar
species  of
AP

Multiple
forms of
aggregated
AB)
including
oligomeric
and fibrillar
species and
amyloid
plaques with
high affinity,
and
monomeric
AP with low
affinity.

conformatio
nal epitope
on A fibrils
Parenchymal
and vascular
aggregated
brain AP

a
conformatio
nal epitope
of AP
aggregated
forms of AP

Extracellular
, N-terminal
fragments of
tau (eTau)

aggregated,
the
extracellular
form of
pathological
tau

Alzheimer’s
disease

mild to
moderate
AD

Alzheimer's
disease

Prodromal
and mild AD

patients with
progressive
supranuclear
palsy (PSP),
Alzheimer’s
disease

Early AD

showed a reduced

cognitive decline.

prevented brain amyloid
plague formation and
plague-related
inflammation

It cleared all forms of
aggregated Ap.

The phase 2 trial did not
showcase significant
results.

It was suggested to test
higher doses in early AD
patients

It disassembles and
degrades amyloid
plagues by recruiting
microglia and activating
phagocytosis.

In APP/PS-1 transgenic
mice,

gantenerumab binds  to
cerebral AP, reduces
small plaques by
recruiting microglia, and
prevents  new. plague
formation.

In a preclinical study, it
was able to reduce levels
of soluble and insoluble
AP in a dose-dependent
manner.

It depicted a slower
cognitive decline.
It caused a dose-

dependent reduction in
brain amyloid and some
CSF phospho-Tau
reduction.

Reduce and neutralize the
toxicity of extracellular
tau

In P301S tau-transgenic
mice, it was reported to
reduce brain
neurofibrillary

pathology, insoluble tau,
microgliosis, seeding

No
complications

There was a
significant
increase in CSF
B-amyloid1-
42 levels.

One case of
amyloid-related
imaging
abnormalities
indicative  of
vasogenic
edema or
effusions
Phase 3 trials
were halted as
the study did

not reach the
primary
endpoints.
The phase 3

trial was halted
due to many
cases of
asymptomatic
ARIA.

ARIA-E,
headache,
diarrhea,
dizziness

and

No
complications

No
complications
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by  October activity by the lysate of
2020 the treated brain, brain
atrophy, and deficits in
the  conditioned  fear
response
RG7345 humanized @ Phase 1 trial - tau AD It will decrease levels of No
[42],[20], monoclonal  discontinued phosphoepit insoluble p422S tau. complications
[43] antibody ope pS422 It will reduce the
accumulation of tau.
Semorinemab | anti-tau IgG4 = Phase 1 trial — Extracellular = Mild- It reduced inflammation = No
[44] antibody completed but @ tau moderate and reduced levels of complications
results not AD extracellular tau.
posted yet.
Phase 2 trial —
completed by
2021
BIIBO76 Human Phase 1 trial — monomeric Mild AD CSF tau and free tau is No
(Biogen) [45] | recombinant, Completed but and fibrillar highly reduced complications
monoclonal  results not = forms of tau
anti-tau posted yet
antibody
Zagotenemab | humanized Phase 1 trial — neutralizes Mild- It showcases low levels of = No
anti-tau completed but soluble tau moderate aggregated tau. complications
antibody der  results not = aggregates. AD
ived from the = posted yet
mouse Phase 2 trial —
monoclonal  ongoing, will
antibody M be completed
CI-1 by 2021
JNJ-63733657 monoclonal | Phase 1 trial — mid-region prodromal or Eliminate and inhibit the No
[46] antibody completed but of tau mild spreading of tau. complications
results not Alzheimer's
posted yet disease

Currently, many potential treatments have been developed to treat AD, with active and passive immunotherapies being constantly developed.
If a particle drug is being terminated during a clinical trial, the drug is not discarded. Instead, it is being repurposed. The researchers are trying
to impart a better immune response by a combination of one or more drugs.

Both active and passive immunotherapeutics are both essential, but passive immunotherapeutics are more suitable and beneficial.
Since AD is a progressive neurodegenerative disorder, it gradually worsens with increasing age. Due to this, the therapeutics being developed
must be compatible with elderly individuals. Active immunotherapeutics cannot be used as they are coupled with strong adjuvants and might
evoke adverse side effects that are not favorable to all age groups. Active immunotherapeutics provide a long-lasting response and are
affordable to the majority of the population. Many plant-based vaccines are also being developed are under clinical study.Therefore, in the
long run, immunization might be the ultimate cure for the prevention of AD.

2.2 Antimicrobial Therapy for Alzheimer’s disease

Bearing in mind the antimicrobial hypothesis of AD, many antibiotic therapeutics have been developed that could combat the insoluble plaques
made by the AP peptides as well as targeting the bacteria-as the characteristic nature of an antibiotic. Table 2.2 illustrates different antimicrobial
drug therapies for AD.
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Table 2.3: Antimicrobial Therapy in AD

Candidate Stage Duration of Mechanism of Action Outcome References
treatment
Doxycycline Clinical 3 months Interference and Memory recovery [47] [48] [49]
Trials neutralisation of APOs’ associated with

action and/for a direct lower
anti-inflammatory effect = neuroinflammation;

disassembly of
amyloid-p fibrils
Propranolol Preclinical 6 months Decreases responsiveness = Reduction in  Ap  [50] [51]
Trials to CNS noradrenergic = levels in brain
stimulation
Rifampicin Clinical 3 months Inhibits toxicity of pre- Improvement in  [52] [53]
Trials aggregated amyloid = memory, reduction
peptides; prevents in synapse loss
amyloid cell interaction
Gingipain Inhibitors = Clinical ~ 11 months Ameliorate infection, Blocked amyloid- [54]
Trials reduce AP42 peptide pB1-42  production;
production, protect Reduction in
neurons from gingipain = neuroinflammation
toxicity
Cycloserine Clinical ~ 1 month Inhibition of cell wall Significant [55] [56]
Trials synthesis for improvement in

incorporation into the ADAS-cog
bacterial cell wall

Ceftriaxone Preclinical 2 months Selective and irreversible Increase in  the [57] [58]
Trials inhibition of bacterial cell ~density of
wall pyramidal neurons
in the hippocampal
CALl area
Erythromycin Preclinical 3 months Alteration in APP | Reduction in the [59][60]
Trials processing amyloid- B1-42
levels in the cortex
Minocycline Clinical 4 months Mitigation of cognitive Reduction in brain [61] [62]
Trials impairment inflammatory
parameter and
reverse spatial
memory impairment
Amoxicillin Clinical 2 years Transpeptidation led H. pylori eradication = [63] [64]
Trials activation of “autolytic
enzymes in the bacterial
cell wall
Clarithromycin Clinical 2 years Triple eradication | H. pylori eradication = [65] [64]
Trials antibiotic regimen

2.3 Effects of Probiotics and Fecal Matter Transplant (FMT) on Alzheimer’s disease

Association between the gut microbiota and AD has been conjectured because of the part of inflammation in this pathology[66][67]. The effect
of this microbiome can be posited by either microbial infection, antimicrobial protection hypothesis or by either impaired immune system[68].
Probiotic bacteria have beneficial effects on the health of the host and prebiotics are substances which function as the nutritional source for
the probiotic bacteria[69]. Healthy diet along with the supplementation of prebiotics and probiotics can delay the weakening of the
neurocognitive functions as well as reducing the possibility of AD as well[70]. This can be understood by realizing the restoration effects of
these gut microbes by ameliorating the effects of oxidative stress which is one of the pathological effect in AD[71][72].Study has been shown
to prove favourable effects aimed at neuropsychiatric disorders by controlling gut microbiota, however, its effect on AD remains unclear[68].
Recent studies have also demonstrated the neuroprotective effects of Fecal Matter Transplant (FMT) against the action of AD by improving
cognitive insufficiencies, synaptic dysfunction, AB accumulation and neuroinflammation.[73][74][75].FMT renders its effects by reverse
altering the gut microbiota and the metabolites associated, such as few Short Chained Fatty Acids (SCFAS)[76]. As SCFAs are one of the most
important chemical mediators of the gut-brain axis, it can be hypothesized that SCFAs like propionate, butyrate and acetate may exert
neuroprotective effect that can be modulated by the gut microbes [73]. Also, studies show that butyrate provides neuroprotective effects like,
modulating the functioning and maturation of microglia in brain and also along with propionate can interfere in AB1-40 oligomerization
[77][78]. This can recommend the probable benefits of these bacterial derivate SCFA. It has also been observed that Proteobacteria quantity
increases in the gut microbiome all through aging[79]. Moreover, Proteobacteria is also related to inflammation, which was linked to AD
pathogenesis and increases the risk of dementia. [80]
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2.4 Role of Stem Cells in Alzheimer’s disease

Stem cells are the cells that have a specific function with the ability of self-renewal, possess varied potency, and differentiate into multilineages
[81]. Stem cells are divided into various types based on their origin into mesenchymal stem cells(MSCs), perinatal stem cells, neural stem
cells(NSC), embryonic stem cells (ESCs), fetal stem cells, placental stem cells, umbilical cord stem cells, adult stem cells, induced pluripotent
stem cells (iPSCs) [82][83].Based on their ability to differentiate they are classified as follows totipotent or omnipotent stem cells, pluripotent
stem cells, multipotent stem cells, unipotent stem cells[82].Stem cells in general are useful in a plethora of diseases like Parkinson's Disease,
Type 1 diabetes, amyotrophic lateral sclerosis, osteoarthritis, etc.MSCs, with their distinguishing properties of differentiation potential as well
as their migration abilities, are a promising candidate for use in regenerative medicine. Bilateral delivery of murine BMSCs into the dentate
gyrus of the hippocampus was tested on an acute mouse model of AD, induced by injection of AP aggregates. As a result, AB deposits were
reduced, likely due to the activation of surrounding microglia. A signal of microglial phagocytosis was indicated by the change of cell
morphology from ramified to amoeboid[84]. A neuroprotective effect against AP toxicity, using human, MSC treatments, both in vitro and in
vivo experiments wherein reduced neuronal death was observed in Ap- treated neuronal cultures and in the hippocampal region of mice in
which AP was injected into cerebral ventricles and MSCs in the tail vein. Increased neuronal survival was correlated to enhanced autolysosome
formation and clearance of AB[85]. The effect of MSCs on mouse models of AD pathology and cognition may be mediated through modulatory
effects on neuroinflammation[86]. Also, enhanced neurogenesis via the Wnt signaling pathway in the hippocampus is playing an important
role in the effect of MSC on mouse models of AD[87]. The transplantation of human NSCs targeted to the fimbria fornix is safe and improves
behavioral and pathological phenotypes in the APP/PS1 model, partly via an immunomodulatory mechanism[88]. The presence of
neurotrophic factors, the activation of immunomodulatory molecules, and the increase in the expression of synaptic proteins have been
implicated[89]. An ongoing phase I1 clinical trial with autologous AD-MSCs administered intravenously did not show adverse effects after 3
years (NCT03117738). Similar results have been found in other clinical trials (NCT02054208, NCT01547689)[15]. When MSCs were
transplanted into a tail vein in a rat model of vascular dementia and found that levels of autophagy proteins of LC3-Il and Beclin-1 were
significantly increased, which indicated autophagy was associated with AD. Upon MSC transplantation, synaptic damage, mitochondrial
agglomeration, and damaged presynaptic area were reduced and the hippocampal expressions of brain-derived neurotrophic factor (BDNF)
and N-methyl-D-aspartate receptor 1 were increased, leading to improved cognitive function[18]. BM-MSCs were transplanted into the
cerebellum of a Niemann-Pick type C disease mouse model and corrected increased sphingosine-1-phosphate levels and decreased sphingosine
accumulation were observed. Therefore, it could reduce apoptosis, restore calcium homeostasis, and prevent neuron loss[90]. MSCs can be
differentiated into endothelial cells with differentiation media containing vascular endothelial growth factor (VEGF), basic fibroblast growth
factor (bFGF), insulin-like growth factor (IGF), epidermal growth factor (EGF), ascorbic acid, and heparin[91]. The delivery of B-site APP-
cleaving enzyme 1 (BACE-1) siRNA, which targets 3-secretase, resulted in 60% of BACE-1 gene knockdown, thus leading to a 55% reduction
of AP level in the animals[92]. Direct injection of hUC-MSCs into the carotid artery of APP/PS1 mice was able to reduce cognitive loss and
Apdeposits in the cerebral cortex and the hippocampus[93]. In aged rodent models, transplanted MSCs were shown to undergo differentiation
into neural cell types, increasing local concentrations of acetylcholine neurotransmitter, BDNF, and NGF, and improving locomotor and
cognitive function[94]. Thus stem cell therapy can possess a great potential in alleviating AD.

2.5 Role of Epigenetics in Alzheimer’s disease

Epigenetics is defined as the branch of biology that studies the causal interactions between genes and their products, which bring the
phenotypical changes into the human being. It involves genetic control by factors other than an individual's DNA sequence and can switch
genes on or off and helps to determine which proteins are transcribed. It is involved in many normal cellular processes. Epigenetic mechanisms
mainly aided in treating AD are DNA methylation, histone methylation, chromatin remodelers, histone acetylation, and deacetylation, etc.
Histone acetylation (and its counterpart, deacetylation; HATs and HDACS) is one of many epigenetic mechanisms now identified as playing
a significant role in long-term potential (LTP) and memory formation, observable through fear conditioning and spatial memory exercises
[95]. Fear conditioning training using APP/PS1 mice has demonstrated decreased contextual freezing performance could be restored to wild
type levels via acute treatment with Trichostatin A (TSA), an HDAC inhibitor. APP/PS1 chimeric:-mutant mouse/human transgenes result in
AD phenotypes with AP plaque deposits accumulating by 6 months of age [96]. A mercaptoacetamide-based class Il HDACi and a
hydroxamide based class I and II HDACi both decrease -amyloids in vitro by reducing gene expression of components and increasing
degradation enzyme gene expression, which ultimately rescued learning and memory defects in AD mice while decreasing tau [97]. It has
been shown that HDAC2 can differentially bind and regulate the expression of several learning and neuroplasticity- related genes, but that its
viral-mediated depletion or its specific pharmacological inhibition is sufficient for restoring the synaptic and cognitive deficits observed in
p25/Cdk5 [98],[99]. When cortical samples of APP swe/PS1dE9 mice—harboring the Swedish APP mutation in combination with the deletion
of the exon9 of the PSEN1 resulting in increases Ap formation and immunoprecipitation of the DNA using DNA methylation-specific
antibodies followed by the hybridization of the resulting DNA to promoter microarrays. Following this approach, around 10% of analyzed
genes showed higher levels of DNA methylation in the APP swe/PS1dE9 mice than in the controls, and no hypomethylated genes were
reported[100]. The co-localization of PTK2B with hyperphosphorylated and oligomeric tau in progressive pathological stages in the brains of
AD patients and transgenic tau mice, which strongly indicates PTK2B as a genetic risk factor for AD likely involved in the pathophysiological
processes implicating tau, further suggesting PTK2B as an early pathological marker that shows high correlation with progressive tau
pathology in AD[101]. A study previously reported that the methylation of PS1 by S-adenosylmethionine (SAM) results in decreased AR
production, thus preventing Alzheimer’s[102]. Global DNA changes in methylation and acetylation that correlated with the progression of the
pathology from earlier onset to final stages of the disease in 5XFAD, including neuronal loss, gliosis, and the disturbances in cognition and
behavior present in this animal model of AD[103]. Early targeted regulation of tau hyperphosphorylation, inhibition of NFT deposition, and
formation in the locus coeruleus and raphe nuclei are especially important for the prevention of AD[104]. The transgenic mouse models that
had increased amyloid deposits which mimicked the amyloid pathology that is characteristic of AD, studied the phosphorylation of serine-57
and threonine-58 on H3, a histone greatly regulated by phosphorylation. Data showed a 40% reduction in serine57 phosphorylation and a 45%
reduction in threonine-58 phosphorylation in these transgenic mice compared to wild type. Additionally, there was a 30% reduction of the
doubly phosphorylated serine-57 and threonine-58 sites. This decline in phosphorylation is likely thought to result in a more repressed
chromatin structure, which in turn aligns with the epigenetic blockage exhibited in Alzheimer’s[105]. PLD3 gene is downregulated in the
hippocampus of AD patients. Moreover, PLD3 expression inversely correlates with the p-amyloid burden, which adds evidence to the
hypothesis that PLD3 protein may contribute to AD development by modifying APP processing[106]. Thus, epigenetic switches can pave the
way in the treatment of AD.
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2.6 Intervention using Medical Devices in Alzheimer’s disease
The use of medical devices is aimed to aid towards to enhancement of cognitive processes. Neuromodulation via the use of therapeutic entities
have witnessed limited success. The strategy involved is in the interception of formation of tau and amyloid proteins, consequent
neuroinflammation and oxidative stress. The constellation of effects caused by protein deposition in the brain results in altered mitochondrial

biogenesis [107].

Medical devices either use two strategies: invasive, non-invasive. Invasive techniques such as Deep Brain Stimulation (DBS) were found
serendipitously upon conducting a study of DBS on candidates afflicted with obesity. Noninvasive techniques such as transcranial direct
current stimulation, visual sensory stimulation, electroconvulsive therapy and photobimodulation have shown promise in the enhancement of

cognitive function [3].

Table 2.4: Medical Devices in AD

Candidate Stage of Duration of
development | treatment
DBS Clinical ( pilot =12 months
study) 2,6,12 weeks
Transcranial = Clinical 10 days
direct (pilot)
current
stimulation
Sonocloud Pre Implanted in
developmental ' the brain
stages-Phase
I/11 of clinical
trial
Transcranial ~ Preclinical/ 2-4 weeks
alternating clinical phase |
current
stimulation(t
ACS)
Electroconv | Preclinical/cli = 24-27 weeks
ulsive nical 6 to 12
therapy months
Transcranial  Clinical I, 2-4 weeks,
magnetic Approved by 1-6 months
stimulation Food Drug
Administratio
n (FDA) for
depression
Photobiomo  Preclinical 4 weeks-
dulation 2months

Mechanism of Action

Increases neurotransmitter release,
glucose metabolism, neurogenesis
and increased vascularization in the
hippocampus

The excitability thresholds of
neuronal membrane are modulated.
Enhances neuronal activity,
modifies polarity dependency and
aids in oscillations that can alter
brain activity. Modify connectivity
patters that confer functionality in
the brain

Ultra sound is emitted upon
implantation in the skull of low
intensity. This is capable of
advancing the permeability of the
Blood Brain Barrier (BBB). This
enables the entry of anti AP
antibodies which otherwise show
low penetration (0.3%)

The stimulation applied is in
synchronization with the neuronal
activity which mediates sensory,
motor and cognitive components.
This results in a synchrony of the
oscillation in the brain network.
tACS is capable of correlation
between cognitive processes and
brain oscillations.

Cerebral seizures are induced

Neuroplastic effects mediated by
long term potentiation and long term
depression.

Reduction in hyperphosphorylation
of neurofibrillary tangles reduced
amyloid load. Soluble ABPPa and
lowered pTau, Bax/Bcl2

Outcome
Restoration of
hippocampal volumes,

bountiful hippocampal and
entorhinla neural activity.
Reduced atrophy of the
hippocampus,

Improves visual memory
and recognition. Increased
CBF(cerebellar blood
flow), enhanced declarative
memory and  implicit
memory.

The openings so produced
are reproducible and are
capable of delivery of drugs
upto 2000kDa. A rise of
upto 700% is observed
upon the administration of
carboplatin.

Bountiful enhancement of
cognitive function, better
retrieval accuracy.

Clinical trials are underway
in human beings.

Increase in BDNF levels.
Contradictory reports on
APOE-¢g4 and beta amyloid
level. Increase in grey
areas of the Hippocampal
regions

Improved accuracy in
verbal response, enhanced
language neuronal network
enhanced comprehensive
task completion.

Improved memory when
tested on Y maze and
Passive Avoidance (PA)
test.

Reference
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I11. CONCLUSION

The presence of 134 candidates pending approval in the year 2020 for Alzheimer’s disease acts as a litmus to display the outpouring of research
into better understanding the neurodegenerative disease. It also shows rapid attrition rate indicative of the lacunas left unexplored. One of
caveats in treatment Alzheimer’s disease may be due to the conservative approach that is employed in its treatment. The research community
has centralized its effects onto two major culprits: neurofibrillary tangles and amyloid plaques. Perhaps it’s time the research community
changes its narrative and identifies key elements at the grassroots’ level that can forever change the approach of translational research. With
10 million cases worldwide there is a need to shed light on lesser known counterparts that confer therapeutic benefit.

The vaccinetrials aims to tackle the debilitating disease and have gained momentum, if fruitful; it can provide the best therapeutic alternative
that is highly compliant. The understanding of the gut brain axis is indicative of the essentiality of our commensal friends in maintaining
mental health. This is further validated by antimicrobial therapy and FMT studies and can expedite the process of phytochemical identification
that can aid in better management of the menagerie of symptoms. In due course with valid cohort studies on a massive scale the epigenetic
factors that make an individual more susceptible may be identified that can be either treated or eliminated.

REFERENCES

[1] “2010 Alzheimer’s disease facts and figures,” Ailzheimer’s Dement., vol. 6, no. 2, pp. 158-194, Mar. 2010, doi:
10.1016/j.jalz.2010.01.009.

[2] J. Cummings, G. Lee, A. Ritter, M. Sabbagh, and K. Zhong, “Alzheimer’s disease drug development pipeline: 2019,” Alzheimer’s
Dement. Transl. Res. Clin. Interv., vol. 5, pp. 272-293, Jan. 2019, doi: 10.1016/j.trci.2019.05.008.

[3] J. Cummings, G. Lee, A. Ritter, M. Sabbagh, and K. Zhong, “Alzheimer’s disease drug development pipeline: 2020,” Alzheimer’s
Dement. Transl. Res. Clin. Interv., vol. 6, no. 1, Jan. 2020, doi: 10.1002/trc2.12050.

[4] R. Mayeux and Y. Stern, “Epidemiology of Alzheimer Disease,” doi: 10.1101/cshperspect.a006239.

[5] R. Cacace, K. Sleegers, and C. Van Broeckhoven, “Molecular genetics of early-onset Alzheimer’s disease revisited,” Alzheimer’s
and Dementia, vol. 12, no. 6. Elsevier Inc., pp. 733-748, 01-Jun-2016, doi: 10.1016/j.jalz.2016.01.012.

[6] D. J. Selkoe and J. Hardy, “The amyloid hypothesis of Alzheimer’s disease at 25 years,” EMBO Mol. Med., vol. 8, no. 6, pp. 595—
608, Jun. 2016, doi: 10.15252/emmm.201606210.

[7] P. T. Nelson et al., “Correlation of alzheimer disease neuropathologic changes with cognitive status: A review of the literature,”
Journal of Neuropathology and Experimental Neurology, vol. 71, no. 5. Oxford Academic, pp. 362-381, 01-May-2012, doi:
10.1097/NEN.0b013e31825018f7.

[8] D. H. Cribbs et al., “Adjuvant-dependent modulation of Th1l and Th2 responses to immunization with 3-amyloid,” International
Immunology, vol. 15, no. 4. NIH Public Access, pp. 505-514, 01-Apr-2003, doi: 10.1093/intimm/dxg049.

9] C. Janus et al., “Ap peptide immunization reduces behavioural impairment and plaques in a model of Alzheimer’s disease,” Nature,
vol. 408, no. 6815, pp. 979-982, Dec. 2000, doi: 10.1038/35050110.

[10] J. M. Orgogozo et al., “Subacute meningoencephalitis in a subset of patients with AD after Ap42 immunization,” Neurology, vol.
61, no. 1, pp. 46-54, Jul. 2003, doi: 10.1212/01.WNL.0000073623.84147.A8.

[11] D. Schenk et al., “Immunization with amyloid-p attenuates Alzheimer disease-like pathology in the PDAPP mouse,” Nature, vol.
400, no. 6740, pp. 173-177, Jul. 1999, doi: 10.1038/22124.

[12] R. Vandenberghe et al., “Active Ap immunotherapy CAD106 in Alzheimer’s disease: A phase 2b study,” Alzheimer’s Dement.
Transl. Res. Clin. Interv., vol. 3, no. 1, pp. 10-22, Jan. 2017, doi: 10.1016/j.trci.2016.12.003.

[13] C. Wiessner et al., “The second-generation active A immunotherapy CAD106 reduces amyloid accumulation in APP transgenic
mice while minimizing potential side effects,” J. Neurosci., vol. 31, no.. 25, pp. 9323-9331, Jun. 2011, doi:
10.1523/JNEUROSCI.0293-11.2011.

[14] S. Salloway et al., “A phase 2 multiple ascending dose trial of bapineuzumab.in mild to moderate Alzheimer disease,” Neurology,
vol. 73, no. 24, pp. 2061-2070, 2009, doi: 10.1212/WNL.0b013e3181c67808.

[15] R. Hernandez, C. Jiménez-Luna, J. Perales-Adan, G. Perazzoli, C. Melguizo, and J. Prados, ‘Differentiation of human mesenchymal
stem cells towards neuronal lineage: Clinical trials in nervous system disorders,” Biomol. Ther., vol. 28, no. 1, pp. 34-44, 2020, doi:
10.4062/biomolther.2019.065.

[16] D.T.Hickman et al., “Sequence-independent control of peptide conformation in liposomal vaccines for targeting protein misfolding
diseases,” J. Biol. Chem., vol. 286, no. 16, pp. 13966-13976, Apr. 2011, doi: 10.1074/jbc.M110.186338.

[17] A. M. Lacosta et al., “Safety, tolerability and immunogenicity of an active anti-Ap 40 vaccine (ABvac40) in patients with
Alzheimer’s disease: A randomised, double-blind, placebo-controlled, phase i trial,” Alzheimer’s Res. Ther., vol. 10, no. 1, Jan. 2018,
doi: 10.1186/s13195-018-0340-8.

[18] F. Wang, C. Zhang, S. Hou, X. Geng, I. Beerman, and J. Hare, “Synergistic Effects of Mesenchymal Stem Cell Transplantation and
Repetitive Transcranial Magnetic Stimulation on Promoting Autophagy and Synaptic Plasticity in Vascular Dementia,” Journals
Gerontol. - Ser. A Biol. Sci. Med. Sci., vol. 74, no. 9, pp. 1341-1350, 2019, doi: 10.1093/gerona/gly221.

[19] J. Wang et al., “ADCOMS: A composite clinical outcome for prodromal Alzheimer’s disease trials,” J. Neurol. Neurosurg.
Psychiatry, vol. 87, no. 9, pp. 993-999, Sep. 2016, doi: 10.1136/jnnp-2015-312383.

[20]  Nadege Zommer, Nicolas Sergeant, Susanna Schraen-Maschke, David Blum, and Luc Buee, “Targeting Phospho-Ser422 by Active
Tau Immunotherapy in the THYTau22 Mouse Model: A Suitable Therapeutic Approach,” Curr. Alzheimer Res., vol. 9, no. 4, pp.
397-405, Oct. 2012, doi: 10.2174/156720512800492503.

[21] E.Kontsekova, N. Zilka, B. Kovacech, P. Novak, and M. Novak, “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., vol. 6, no. 4, p. 44, Aug. 2014, doi: 10.1186/alzrt278.

[22] C. Theunis et al., “Efficacy and safety of a liposome-based vaccine against protein Tau, assessed in Tau.P301L mice that model
tauopathy,” PL0S One, vol. 8, no. 8, Aug. 2013, doi: 10.1371/journal.pone.0072301.

[23] R. S. Black et al., “A single ascending dose study of bapineuzumab in patients with alzheimer disease,” Alzheimer Dis. Assoc.
Disord., vol. 24, no. 2, pp. 198-203, Apr. 2010, doi: 10.1097/WAD.0b013e3181c53b00.

[24] C. Hu, O. Adedokun, K. Ito, S. Raje, and M. Lu, “Confirmatory population pharmacokinetic analysis for bapineuzumab phase 3
studies in patients with mild to moderate Alzheimer’s disease,” J. Clin. Pharmacol., vol. 55, no. 2, pp. 221-229, 2015, doi:
10.1002/jcph.393.

IJCRT2009168 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1288



http://www.ijcrt.org/

www.ijcrt.org © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882

[25]

[26]
[27]
[28]

[29]
[30]

[31]
[32]
[33]
[34]

[35]

[36]

[37]

[38]

[39]
[40]
[41]

[42]

[43]

[44]

[45]
[46]

[47]
[48]
[49]

[50]
[51]

[52]
[53]
[54]
[55]
[56]

[57]

J. O. Rinne et al., “11C-PiB PET assessment of change in fibrillar amyloid-f load in patients with Alzheimer’s disease treated with
bapineuzumab: a phase 2, double-blind, placebo-controlled, ascending-dose study,” Lancet Neurol., vol. 9, no. 4, pp. 363-372, Apr.
2010, doi: 10.1016/S1474-4422(10)70043-0.

R. S. Doody et al., “Phase 3 Trials of Solanezumab for Mild-to-Moderate Alzheimer’s Disease,” N. Engl. J. Med., vol. 370, no. 4,
pp. 311-321, Jan. 2014, doi: 10.1056/NEJM0a1312889.

M. Farlow et al., “Safety and biomarker effects of solanezumab in patients with Alzheimer’s disease,” Alzheimer’s Dement., vol. 8,
no. 4, pp. 261-271, Jul. 2012, doi: 10.1016/j.jalz.2011.09.224.

L. S. Honig et al., “Trial of solanezumab for mild dementia due to Alzheimer’s disease,” N. Engl. J. Med., vol. 378, no. 4, pp. 321—
330, Jan. 2018, doi: 10.1056/NEJM0al1705971.

“Donanemab | ALZFORUM.” [Online]. Available: https://www.alzforum.org/therapeutics/donanemab. [Accessed: 05-Sep-2020].
V. Logovinsky et al., “Safety and tolerability of BAN2401 - A clinical study in Alzheimer’s disease with a protofibril selective AP
antibody,” Alzheimer’s Res. Ther., vol. 8, no. 1, Apr. 2016, doi: 10.1186/s13195-016-0181-2.

S. Tucker et al., “The murine Version of BAN2401 (mAbl158) selectively reduces amyloid-f protofibrils in brain and cerebrospinal
fluid of tg-ArcSwe Mice,” J. Alzheimer’s Dis., vol. 43, no. 2, pp. 575-588, 2015, doi: 10.3233/JAD-140741.

L. Pradier et al., “SAR228810: An antibody for protofibrillar amyloid B peptide designed to reduce the risk of amyloid-related
imaging abnormalities (ARIA),” Alzheimer’s Res. Ther., vol. 10, no. 1, Nov. 2018, doi: 10.1186/s13195-018-0447-y.

J. L. Cummings et al., “A phase 2 randomized trial of crenezumab in mild to moderate Alzheimer disease,” Neurology, vol. 90, no.
21, pp. E1889-E1897, 2018, doi: 10.1212/WNL.0000000000005550.

B. Bohrmann et al., “Gantenerumab: A novel human anti-Ap antibody demonstrates sustained cerebral amyloid-f binding and elicits
cell-mediated removal of human amyloid-B,” J. Alzheimer’s Dis., vol. 28, no. 1, pp. 49-69, 2012, doi: 10.3233/JAD-2011-110977.
J. Ferrero et al., “First-in-human, double-blind, placebo-controlled, single-dose escalation study of aducanumab (B11B037) in mild-
to-moderate Alzheimer’s disease,” Alzheimer’s Dement. Transl. Res. Clin. Interv., vol. 2, no. 3, pp. 169-176, Sep. 2016, doi:
10.1016/j.trci.2016.06.002.

J. Sevigny et al., “The antibody aducanumab reduces AP plaques in Alzheimer’s disease,” Nature, vol. 537, no. 7618, pp. 50-56,
Aug. 2016, doi: 10.1038/nature19323.

A. L. Boxer et al., “Safety of the tau-directed monoclonal antibody BIIB092 in progressive supranuclear palsy: a randomised,
placebo-controlled, multiple ascending dose phase 1b trial,” Lancet Neurol., vol. 18, no. 6, pp. 549-558, Jun. 2019, doi:
10.1016/S1474-4422(19)30139-5.

I. A. Qureshi, G. Tirucherai, M. K. Ahlijanian, G. Kolaitis, C. Bechtold, and M. Grundman, “A randomized, single ascending dose
study of intravenous BIIB092 in healthy participants,” Alzheimer’s Dement. Transl. Res. Clin. Interv., vol. 4, pp. 746755, Jan. 2018,
doi: 10.1016/j.trci.2018.10.007.

N. Kfoury, B. B. Holmes, H. Jiang, D. M. Holtzman, and M. I. Diamond, “Trans-cellular propagation of Tau aggregation by fibrillar
species,” J. Biol. Chem., vol. 287, no. 23, pp. 19440-19451, Jun. 2012, doi: 10.1074/jbc.M112.346072.

K. Yanamandra et al., “Anti-tau antibodies that block tau aggregate seeding invitro markedly decrease pathology and improve
cognition in vivo,” Neuron, vol. 80, no. 2, pp. 402414, Oct. 2013, doi: 10.1016/j.neuron.2013.07.046.

K. Yanamandra et al., “Anti-tau antibody reduces insoluble tau and decreases brain atrophy,” Ann. Clin. Transl. Neurol., vol. 2, no.
3, pp. 278-288, Mar. 2015, doi: 10.1002/acn3.176.

L. Buée, T. Bussiére, V. Buee-Scherrer, A. Delacourte, and P. R. Hof, “Tau protein isoforms, phosphorylation and role in
neurodegenerative disorders,” Brain Research Reviews, vol. 33, no. 1. Elsevier B.V., pp. 95-130, 2000, doi: 10.1016/S0165-
0173(00)00019-9.

L. Collin, B. Bohrmann, U. Gopfert, K. Oroszlan-Szovik, L. Ozmen, and F. Griininger, “Neuronal uptake of tau/pS422 antibody and
reduced progression of tau pathology in a mouse model of Alzheimer’s disease,” Brain, vol. 137, no. 10, pp. 2834-2846, 2014, doi:
10.1093/brain/awu213.

“Semorinemab | ALZFORUM.” [Online]. Available: https://www.alzforum.org/therapeutics/semorinemab. [Accessed: 05-Sep-
2020].

“BIIB076 | ALZFORUM.” [Online]. Available: https://www.alzforum.org/therapeutics/biib076. [Accessed: 05-Sep-2020].
“JNJ-63733657 | ALZFORUM.” [Online]. Available: https://www.alzforum.org/therapeutics/jnj-63733657. [Accessed: 05-Sep-
2020].

C. Balducci and G. Forloni, “Doxycycline for Alzheimer’s Disease: Fighting 3-Amyloid Oligomers and Neuroinflammation,” Front.
Pharmacol., vol. 10, p. 738, Jul. 2019, doi: 10.3389/fphar.2019.00738.

C. Balducci et al., “Doxycycline counteracts neuroinflammation restoring memory in Alzheimer’s disease mouse models,”
Neurobiol. Aging, vol. 70, pp. 128-139, Oct. 2018, doi: 10.1016/j.neurobiolaging.2018.06.002.

G. Forloni, L. Colombo, L. Girola, F. Tagliavini, and M. Salmona, “Anti-amyloidogenic activity of tetracyclines: Studies in vitro,”
FEBS Lett., vol. 487, no. 3, pp. 404-407, Jan. 2001, doi: 10.1016/S0014-5793(00)02380-2.

E. Peskind, “Alzheimer’s in Long Term Propranolol for Agitation.”

U. H. Igbal, E. Zeng, and G. M. Pasinetti, “The use of antimicrobial and antiviral drugs in alzheimer’s disease,” Int. J. Mol. Sci., vol.
21, no. 14, pp. 1-19, 2020, doi: 10.3390/ijms21144920.

T. lizuka et al., “Preventive Effect of Rifampicin on Alzheimer Disease Needs at Least 450 mg Daily for 1 Year: An FDG-PET
Follow-Up Study,” Dement. Geriatr. Cogn. Dis. Extra, vol. 7, no. 2, pp. 204-214, Jun. 2017, doi: 10.1159/000477343.

T. Umeda, A. Tanaka, A. Sakai, A. Yamamoto, T. Sakane, and T. Tomiyama, “Intranasal rifampicin for Alzheimer’s disease
prevention,” Alzheimer’s Dement. Transl. Res. Clin. Interv., vol. 4, pp. 304-313, Jan. 2018, doi: 10.1016/j.trci.2018.06.012.

S. S. Dominy et al., “Porphyromonas gingivalis in Alzheimer’s disease brains: Evidence for disease causation and treatment with
small-molecule inhibitors,” Sci. Adv., vol. 5, no. 1, p. 3333, Jan. 2019, doi: 10.1126/sciadv.aau3333.

S. Schade and W. Paulus, “D-Cycloserine in Neuropsychiatric Diseases: A Systematic Review,” International Journal of
Neuropsychopharmacology, vol. 19, no. 4. Oxford University Press, pp. 1-7, 01-Apr-2016, doi: 10.1093/ijnp/pyv102.

G. E. Tsai, W. E. Falk, J. Gunther, and J. T. Coyle, “Improved cognition in Alzheimer’s disease with short-term D-cycloserine
treatment,” Am. J. Psychiatry, vol. 156, no. 3, pp. 467—469, Mar. 1999, doi: 10.1176/ajp.156.3.467.

E. M. Yimer, H. Z. Hishe, and K. B. Tuem, “Repurposing of the B-Lactam Antibiotic, Ceftriaxone for Neurological Disorders: A
Review,” Front. Neurosci., vol. 13, p. 236, Mar. 2019, doi: 10.3389/fnins.2019.00236.

IJCRT2009168 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1289


http://www.ijcrt.org/

www.ijcrt.org © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882

[58]
[59]

[60]

[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]
[69]

[70]

[71]

[72]

[73]
[74]
[75]

[76]

[77]

[78]

[79]

[80]
[81]
[82]
[83]

[84]

[85]

[86]

[87]

M. A. Tikhonova et al., “Neuroprotective effects of ceftriaxone treatment on cognitive and neuronal deficits in a rat model of
accelerated senescence,” Behav. Brain Res., vol. 330, pp. 8-16, Jul. 2017, doi: 10.1016/j.bbr.2017.05.002.

B. S. Appleby, D. Nacopoulos, N. Milano, K. Zhong, and J. L. Cummings, “A Review: Treatment of Alzheimer&#146;s Disease
Discovered in Repurposed Agents,” Dement. Geriatr. Cogn. Disord., vol. 35, no. 1-2, pp. 1-22, Feb. 2013, doi: 10.1159/000345791.
S. Tucker et al., “RNA Therapeutics Directed to the Non Coding Regions of APP mRNA, In Vivo Anti-Amyloid Efficacy of
Paroxetine, Erythromycin, and N-acetyl cysteine,” Curr. Alzheimer Res., vol. 3, no. 3, pp. 221-227, Jun. 2006, doi:
10.2174/156720506777632835.

“Minocycline in Patients With Alzheimer’s Disease - Full Text View - ClinicalTrials.gov.” [Online]. Available:
https://clinicaltrials.gov/ct2/show/NCT01463384. [Accessed: 30-Aug-2020].

M. L. Garcez et al., “Minocycline reduces inflammatory parameters in the brain structures and serum and reverses memory
impairment caused by the administration of amyloid  (1-42) in mice,” Prog. Neuro-Psychopharmacology Biol. Psychiatry, vol. 77,
pp. 23-31, Jul. 2017, doi: 10.1016/j.pnpbp.2017.03.010.

Y. H. Kwon, “Amoxicillin,” in Helicobacter pylori, Springer Singapore, 2016, pp. 387-396.

F. Panza, M. Lozupone, V. Solfrizzi, M. Watling, and B. P. Imbimbo, “Time to test antibacterial therapy in Alzheimer’s disease,”
Brain, vol. 142, no. 10, pp. 2905-2929, 2019, doi: 10.1093/brain/awz244.

F. Angelucci, K. Cechova, J. Amlerova, and J. Hort, “Antibiotics, gut microbiota, and Alzheimer’s disease,” J. Neuroinflammation,
vol. 16, no. 1, pp. 1-10, May 2019, doi: 10.1186/s12974-019-1494-4.

F. Angelucci, K. Cechova, J. Amlerova, and J. Hort, “Antibiotics , gut microbiota , and Alzheimer ’ s disease,” vol. 4, pp. 1-10,
2019.

C. Jiang, G. Li, P. Huang, Z. Liu, and B. Zhao, “The Gut Microbiota and Alzheimer’s Disease,” Journal of Alzheimer’s Disease,
vol. 58, no. 1. 10S Press, pp. 1-15, 2017, doi: 10.3233/JAD-161141.

A. Holmes, C. Finger, D. Morales-Scheihing, J. Lee, and L. D. McCullough, “Gut Dysbiosis and Age-Related Neurological Diseases;
an Innovative Approach for Therapeutic Interventions,” Transl. Res., 2020, doi: 10.1016/j.trsl.2020.07.012.

D. Davani-Davari et al., “Prebiotics: Definition, types, sources, mechanisms, and clinical applications,” Foods, vol. 8, no. 3. MDPI
Multidisciplinary Digital Publishing Institute, 01-Mar-2019, doi: 10.3390/foods8030092.

F. Pistollato et al., “Nutritional patterns associated with the maintenance of neurocognitive functions and the risk of dementia and
Alzheimer’s disease: A focus on human studies,” Pharmacological Research, vol. 131. Academic Press, pp. 32-43, 01-May-2018,
doi: 10.1016/j.phrs.2018.03.012.

D. G. Smith, R. Cappai, and K. J. Barnham, “The redox chemistry of the Alzheimer’s disease amyloid B peptide,” Biochimica et
Biophysica Acta - Biomembranes, vol. 1768, no. 8. Biochim Biophys Acta, pp. 1976-1990, Aug-2007, doi:
10.1016/j.bbamem.2007.02.002.

S. Sharma, S. Verma, M. Kapoor, A. Saini, and B. Nehru, “Alzheimer’s disease like pathology induced six weeks after aggregated
amyloid-beta injection in rats: increased oxidative stress and impaired long-term memory with anxiety-like behavior,” Neurol. Res.,
vol. 38, no. 9, pp. 838-850, Sep. 2016, doi: 10.1080/01616412.2016.1209337.

J. Sun et al., “Fecal microbiota transplantation alleviated Alzheimer’s disease-like pathogenesis in APP/PS1 transgenic mice,”
Transl. Psychiatry, vol. 9, no. 1, 2019, doi: 10.1038/s41398-019-0525-3.

S. Elangovan, T. Borody, and R. M. D. Holsinger, “Fecal Microbiota Transplantation Decreases Amyloid Load and Improves
Cognition in Alzheimer’s,” bioRxiv, p. 687376, Jul. 2019, doi: 10.1101/687376.

Y. Sun et al., “The Gut Microbiome as a Therapeutic Target for Cognitive Impairment,” J. Gerontol.-A. Biol. Sci. Med. Sci., vol. 75,
no. 7, pp. 1242-1250, 2020, doi: 10.1093/gerona/glz281.

R. Nagpal, B. J. Neth, S. Wang, S. Craft, and H. Yadav, “Modified Mediterranean-ketogenic diet modulates gut microbiome and
short-chain fatty acids in association with Alzheimer’s disease markers in subjects with mild cognitive impairment,” EBioMedicine,
vol. 47, pp. 529-542, 2019, doi: 10.1016/j.ebiom.2019.08.032.

L. Ho, K. Ono, M. Tsuji, P. Mazzola, R. Singh, and G. M. Pasinetti, “Protective roles of intestinal microbiota derived short chain
fatty acids in Alzheimer’s disease-type beta-amyloid neuropathological mechanisms,” Expert Rev. Neurother., vol. 18, no. 1, pp.
83-90, Jan. 2018, doi: 10.1080/14737175.2018.14009009.

D. Wang et al., “Role of intestinal microbiota in the generation of polyphenol-derived phenolic acid mediated attenuation of
Alzheimer’s disease B-amyloid oligomerization,” Mol. Nutr. Food Res., vol. 59, no. 6, pp. 1025-1040, Jun. 2015, doi:
10.1002/mnfr.201400544.

C. Béuerl, M. C. Collado, A. Diaz Cuevas, J. Vifia, and G. Pérez Martinez, “Shifts in gut microbiota composition in an APP/PSS1
transgenic mouse model of Alzheimer’s disease during lifespan,” Lett. Appl. Microbiol., vol. 66, no. 6, pp. 464-471, Jun. 2018, doi:
10.1111/1am.12882.

M. M. Pusceddu and J. M. Del Bas, “The role of the gut microbiota in the pathophysiology of mental and neurological disorders,”
Psychiatr. Genet., pp. 87-100, 2020, doi: 10.1097/YPG.0000000000000255.

X. Wei, X. Yang, Z. P. Han, F. F. Qu, L. Shao, and Y. F. Shi, “Mesenchymal stem cells: A new trend for cell therapy,” Acta
Pharmacol. Sin., vol. 34, no. 6, pp. 747-754, 2013, doi: 10.1038/aps.2013.50.

D. Ilic and J. M. Polak, “Stem cells in regenerative medicine: Introduction:,” Br. Med. Bull., vol. 98, no. 1, pp. 117-126, 2011, doi:
10.1093/bmb/ldr012.

K. Takahashi et al., “Induction of Pluripotent Stem Cells from Adult Human Fibroblasts by Defined Factors,” Cell, vol. 131, no. 5,
pp. 861-872, 2007, doi: 10.1016/j.cell.2007.11.019.

J. K. Lee, H. K. Jin, and J. sung Bae, “Bone marrow-derived mesenchymal stem cells reduce brain amyloid-p deposition and
accelerate the activation of microglia in an acutely induced Alzheimer’s disease mouse model,” Neurosci. Lett., vol. 450, no. 2, pp.
136-141, 2009, doi: 10.1016/j.neulet.2008.11.059.

J. Y. Shin et al., “Mesenchymal stem cells enhance autophagy and increase 3-amyloid clearance in Alzheimer disease models,”
Autophagy, vol. 10, no. 1, pp. 32-44, 2014, doi: 10.4161/auto.26508.

H. J. Lee et al., “Human umbilical cord blood-derived mesenchymal stem cells improve neuropathology and cognitive impairment
in an Alzheimer’s disease mouse model through modulation of neuroinflammation,” Neurobiol. Aging, vol. 33, no. 3, pp. 588-602,
2012, doi: 10.1016/j.neurobiolaging.2010.03.024.

S. H. e. Oh, H. N. a. Kim, H. J. Park, J. Y. oun. Shin, and P. H. y. Lee, “Mesenchymal Stem Cells Increase Hippocampal Neurogenesis

IJCRT2009168 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1290


http://www.ijcrt.org/

www.ijcrt.org © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882

[88]
[89]

[90]

[91]
[92]
[93]
[94]
[95]
[96]
[97]
[98]
[99]
[100]
[101]
[102]
[103]
[104]
[105]
[106]
[107]
[108]

[109]

[110]

[111]
[112]

[113]

[114]
[115]
[116]

[117]

[118]

and Neuronal Differentiation by Enhancing the Wnt Signaling Pathway in an Alzheimer’s Disease Model,” Cell Transplant., vol.
24, no. 6, pp. 1097-1109, 2015, doi: 10.3727/096368914X679237.

L. M. McGinley et al., “Human neural stem cell transplantation improves cognition in a murine model of Alzheimer’s disease,” Sci.
Rep., vol. 8, no. 1, pp. 1-10, 2018, doi: 10.1038/s41598-018-33017-6.

P. Bali, D. Lahiri, A. Banik, B. Nehru, and A. Anand, “Potential for Stem Cells Therapy in Alzheimer’s Disease: Do Neurotrophic
Factors Play Critical Role?,” Curr. Alzheimer Res., vol. 14, no. 2, pp. 208-220, 2016, doi: 10.2174/1567205013666160314145347.
H. Lee et al., “Bone marrow-derived mesenchymal stem cells prevent the loss of niemann-pick type C mouse purkinje neurons by
correcting sphingolipid metabolism and increasing sphingosine-1-phosphate,” Stem Cells, vol. 28, no. 4, pp. 821-831, 2010, doi:
10.1002/stem.401.

C. Wang et al., “Efficient Differentiation of Bone Marrow Mesenchymal Stem Cells into Endothelial Cells in Vitro,” Eur. J. Vasc.
Endovasc. Surg., vol. 55, no. 2, p. 257, 2018, doi: 10.1016/j.ejvs.2017.10.012.

L. Alvarez-Erviti, Y. Seow, H. Yin, C. Betts, S. Lakhal, and M. J. A. Wood, “Delivery of siRNA to the mouse brain by systemic
injection of targeted exosomes,” Nat. Biotechnol., vol. 29, no. 4, pp. 341-345, 2011, doi: 10.1038/nbt.1807.

C. et al, “FEONHEE HHS Public Access,” Physiol. Behav., vol. 176, no. 1, pp. 139-148, 2016, doi:
10.1016/j.physbeh.2017.03.040.

D. Park et al., “Human adipose tissue-derived mesenchymal stem cells improve cognitive function and physical activity in ageing
mice,” J. Neurosci. Res., vol. 91, no. 5, pp. 660-670, 2013, doi: 10.1002/jnr.23182.

Y. |. Francis et al., “Dysregulation of histone acetylation in the APP/PS1 mouse model of Alzheimer’s disease,” J. Alzheimer’s Dis.,
vol. 18, no. 1, pp. 131-139, 2009, doi: 10.3233/JAD-2009-1134.

J. L. Jankowsky et al., “Mutant presenilins specifically elevate the levels of the 42 residue B-amyloid peptide in vivo: Evidence for
augmentation of a 42-specific y secretase,” Human Molecular Genetics, vol. 13, no. 2. Hum Mol Genet, pp. 159-170, 15-Jan-2004,
doi: 10.1093/hmg/ddh019.

“2013_Mercaptoacetamide-based class Il HDAC inhibitor lowers AB.pdf.” .

J. Gréff et al., “An epigenetic blockade of cognitive functions in the neurodegenerating brain,” Nature, vol. 483, no. 7388, pp. 222—
226, Mar. 2012, doi: 10.1038/nature10849.

F. F. Wagner et al., “Kinetically selective inhibitors of histone deacetylase 2 (HDAC?2) as cognition enhancers,” Chem. Sci., vol. 6,
no. 1, pp. 804-815, 2015, doi: 10.1039/c4sc02130d.

L. Cong, J. Jia, W. Qin, Y. Ren, and Y. Sun, “Genome-wide analysis of DNA methylation in an APP/PS1 mouse model of
Alzheimer’s disease,” Acta Neurol. Belg., vol. 114, no. 3, pp. 195-206, 2014, doi: 10.1007/s13760-013-0267-6.

S. Lovestone and C. H. Reynolds, “The phosphorylation of tau: A critical stage in neurodevelopment and neurodegenerative
process,” Neuroscience, vol. 78, no. 2, pp. 309-324, 1997, doi: 10.1016/S0306-4522(96)00577-5.

S. Scarpa, A. Fuso, F. D’Anselmi, and R. A. Cavallaro, ‘“Presenilin 1 gene silencing by S-adenosylmethionine: A treatment for
Alzheimer disease?,” FEBS Lett., vol. 541, no. 1-3, pp. 145-148, 2003, doi: 10.1016/S0014-5793(03)00277-1.

C. Grifan-Ferré et al., “Epigenetic mechanisms underlying cognitive impairment and Alzheimer disease hallmarks in 5XFAD mice,”
Aging (Albany. NY)., vol. 8, no. 4, pp. 664-684, 2016, doi: 10.18632/aging.100906.

C.C. Yu, T. Jiang, A. F. Yang, Y. J. Du, M. Wu, and L. H. Kong, “Epigenetic modulation on tau phosphorylation in Alzheimer’s
disease,” Neural Plast., vol. 2019, 2019, doi: 10.1155/2019/6856327.

K. W. Anderson, N. Mast, I. A. Pikuleva, and 1. V. Turko, “Histone H3 Ser57 and Thr58 phosphorylation in the brain of SXFAD
mice,” FEBS Open Bio, vol. 5, pp. 550-556, 2015, doi: 10.1016/j.fob.2015.06.009.

I. Blanco-Luquin et al., “PLD3 epigenetic changes in the hippocampus of Alzheimer’s disease,” Clin, Epigenetics, vol. 10, no. 1,
pp. 1-10, 2018, doi: 10.1186/s13148-018-0547-3.

M. R. Hamblin, “Photobiomodulation for Alzheimer’s disease: Has the light dawned?,” Photonics, vol. 6, no. 3. MDPI AG, 2019,
doi: 10.3390/PHOTONICS6030077.

M. Aldehri, Y. Temel, I. Alnaami, A. Jahanshahi, and S. Hescham, “Deep brain stimulation for Alzheimer’s Disease: An update,”
Surgical Neurology International, vol. 9, no. 1. Medknow Publications, 01-Jan-2018, doi: 10.4103/sni.sni_342_17.

D. Yu, H. Yan, J. Zhou, X. Yang, Y. Lu, and Y. Han, “A circuit view of deep brain stimulation in Alzheimer’s disease and the
possible mechanisms,” Molecular Neurodegeneration, vol. 14, no. 1. BioMed Central Ltd., 08-Aug-2019, doi: 10.1186/s13024-019-
0334-4.

S. M. Andrade, C. T. P. L. de Mendonca, T. C. L. Pereira, B. Fernandez-Calvo, R. C. N. Aragjo, and N. T. Alves, “Adjuvant
transcranial direct current stimulation for treating Alzheimer’s disease: A case study,” Dement. e Neuropsychol., vol. 10, no. 2, pp.
156-159, Apr. 2016, doi: 10.1590/S1980-5764-2016 DN1002013.

N. Hansen, “Action mechanisms of transcranial direct current stimulation in Alzheimer’s disease and memory loss,” Frontiers in
Psychiatry, vol. 3, no. MAY. 2012, doi: 10.3389/fpsyt.2012.00048.

C. M. C. Bottino et al., “REABILITACAO COGNITIVA EM PACIENTES COM DOENCA DE ALZHEIMER Relato de trabalho
em equipe multidisciplinar,” 2002.

R. M. Da Costa e Souza, I. C. S. Da Silva, A. B. T. Delgado, P. H. V. Da Silva, and V. R. X. Costa, “Focused ultrasound and
Alzheimer’s disease: A systematic review,” Dement. e Neuropsychol., vol. 12, no. 4, pp. 353-359, Jan. 2018, doi: 10.1590/1980-
57642018dn12-040003.

C. H. Chang, H. Y. Lane, and C. H. Lin, “Brain stimulation in Alzheimer’s disease,” Frontiers in Psychiatry, vol. 9, no. MAY.
Frontiers Media S.A., p. 201, 22-May-2018, doi: 10.3389/fpsyt.2018.00201.

A. V. Tavakoli and K. Yun, “Transcranial alternating current stimulation (tACS) mechanisms and protocols,” Frontiers in Cellular
Neuroscience, vol. 11. Frontiers Media S.A., 01-Sep-2017, doi: 10.3389/fncel.2017.00214.

D. Antonenko, M. Faxel, U. Grittner, M. Lavidor, and A. Floél, “Effects of Transcranial Alternating Current Stimulation on
Cognitive Functions in Healthy Young and Older Adults,” Neural Plast., vol. 2016, 2016, doi: 10.1155/2016/4274127.

T. A. Sutton, H. R. Sohrabi, S. R. Rainey-Smith, S. M. Bird, M. Weinborn, and R. N. Martins, “The role of APOE-¢4 and beta
amyloid in the differential rate of recovery from ECT: A review,” Translational Psychiatry, vol. 5, no. 3. Nature Publishing Group,
31-Mar-2015, doi: 10.1038/tp.2015.39.

R. B. Rocha et al., “Increased BDNF levels after electroconvulsive therapy in patients with major depressive disorder: A meta-
analysis study,” J. Psychiatr. Res., vol. 83, pp. 47-53, Dec. 2016, doi: 10.1016/j.jpsychires.2016.08.004.

IJCRT2009168 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1291


http://www.ijcrt.org/

www.ijcrt.org © 2020 IJCRT | Volume 8, Issue 9 September 2020 | ISSN: 2320-2882

[119] B. Luber, S. M. McClintock, and S. H. Lisanby, “Applications of transcranial magnetic stimulation and magnetic seizure therapy in
the study and treatment of disorders related to cerebral aging,” Dialogues Clin. Neurosci., vol. 15, no. 1, pp. 87-98, Mar. 2013.

[120] M. Cotelli, R. Manenti, S. F. Cappa, O. Zanetti, and C. Miniussi, “Transcranial magnetic stimulation improves naming in Alzheimer
disease patients at different stages of cognitive decline,” Eur. J. Neurol., vol. 15, no. 12, pp. 1286-1292, Dec. 2008, doi:
10.1111/j.1468-1331.2008.02202.x.

[121] M. Cotelli et al., “Effect of transcranial magnetic stimulation on action naming in patients with Alzheimer disease,” Arch. Neurol.,
vol. 63, no. 11, pp. 1602-1604, Nov. 2006, doi: 10.1001/archneur.63.11.1602.

[122] D. Farfara et al., “Low-Level Laser Therapy Ameliorates Disease Progression in a Mouse Model of Alzheimer’s Disease,” J. Mol.
Neurosci., vol. 55, no. 2, pp. 430-436, 2014, doi: 10.1007/s12031-014-0354-z.

IJCRT2009168 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1292


http://www.ijcrt.org/

