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Introduction: Given the severity of the condition and the increasing number of patients, developing effec-
tive therapies for Alzheimer’s disease has become a significant necessity. Aggregation of Amyloid-Beta
(Ab) plaques and Tau Protein Tangles in the brain’s nerve tissue are two of the most histopathological/
pathophysiological symptoms. Another important element involved in the etiology of Alzheimer’s disease
is the reduction in acetylcholine (ACh) levels in the brain. Currently available medications for Alzheimer’s
disease treatment, such as cholinesterase inhibitors and an antagonist of the N-methyl-D-aspartate recep-
tor, can temporarily reduce dementia symptoms but not stop or reverse disease development. In addition,
several medicinal plants have been shown to diminish the degenerative characteristics associated with
Alzheimer’s disease, either in its crude form or as isolated chemicals.
Aim: This review summarises the results from previous studies that reflect an array of novel therapies
underway in various phases of clinical trials. Many are discontinued due to non-adherence to the
designed endpoints or the surfacing of unavoidable side effects. The present piece of article focuses on
the approved drugs for the treatment of Alzheimer’s disease and their related mode of action as well
as the promising therapies for the treatment of the said disease. Special attention has been placed on
the researched herbal drugs, with the pipeline of novel therapies underway in various phases of clinical
trials.
Result: The current article includes a list of approved pharmaceuticals for treating Alzheimer’s disease,
prospective therapies for the illness’s treatment, and a pipeline of novel therapies in various stages of
clinical trials.
Conclusion: The results suggest that the drugs under clinical trials may open new pathways for the effec-
tive treatment of patients with Alzheimer’s disease while improving their quality of life.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Alzheimer’s disease (AD) seems to be the most prevalent cause
of dementia and one of the major healthcare challenges of the pre-
sent century. In summary, 40 million individuals are expected to
suffer from dementia globally, and this figure is predicted to dou-
ble in every 2 decades until around 2050 (Prince et al., 2013). AD is
marked by gradual memory loss, language dysfunction, visual-
spatial impairment, and personality abnormalities, all of which
necessitate extensive caregiving (Wagner et al., 2012).

Extracellular amyloid plaques and intracellular Tau neurofibril-
lary tangles are the most common histopathologic lesions in AD.
The pathophysiological feature of AD is depicted in Fig. 1 while
representation of Tau Protein tangles is shown in Fig. 2. The core
component of amyloid or senile plaques (SPs) is exceedingly insol-
Fig. 1. Pathophysiological featu

1756
uble and proteolysis-resistant peptide fibrils formed by -amyloid
(A) cleavage. After the sequential breakdown of the big precursor
protein amyloid precursor protein (APP) by the b- and c-e -
secretase, Ab peptides with A38, A40, and A42 being the most
prevalent forms are generated (Yiannopoulou et al., 2013). b- amy-
loid (Ab) cleavage produces highly insoluble and proteolysis-
resistant peptide fibrils, which make up amyloid or senile plaques
(SPs).. However, if APP is first interacted on and broken by the
enzyme a-secretase rather than b-secretase, Ab is not generated.
According to the ‘‘amyloid hypothesis,” Ab production in the brain
sets off a chain of events that leads to the clinical symptoms of AD.
The formation of amyloid oligomers is primarily responsible for
neurotoxicity and commences the amyloid cascade. Local inflam-
mation, oxidation, production of excess glutamate known as exi-
tootoxicity, and tau hyperphosphorylation are all components of
res of Alzheimer’s disease.



Fig. 2. Representation of Tau Protein tangles.
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the cascade [Anand et al., 2017]. Further another theory suggests
the mitochondrial dysfunction hypothesis for AD pathogenesis
posits that amyloidosis, cell cycle re-entry, and tau phosphoryla-
tion are all caused by mitochondrial failure in the AD brain
(Swerdlow et al., 2014).

There is pertinent evidence to support the fact that that both
cholinergic and glutamatergic neurochemical systems are involved
in the genesis of AD. Acetylcholine (ACh) is a neurotransmitter
involved in cognitive and learning functioning. Both concentration
and function are reduced in brains of AD sufferers. The cholinergic
theory of AD is supported by this impairment and other presynap-
tic cholinergic limitations, such as loss of cholinergic neural net-
work and diminished acetylcholinesterase activity. The N-Methyl
d-aspartate (NMDA) mediated glutamatergic hypothesis is another
neurochemical explanation for the genesis of AD. Glutamate is an
excitatory neurotransmitter that binds to NMDA receptors, which
are important for memory and learning. Overstimulation of NMDA
receptors by glutamate, on the other hand, can induce neuronal
injury owing to excitotoxicity in some cases (Francis, 2005).

With the ever-increasing number of people being afflicted with
AD, it is evident that effective treatments are vitally essential. Cur-
rently, symptomatic treatments for AD include acetyl-
cholinesterase inhibitors such as donepezil, rivastigmine, and
metrifonate and NMDA receptor blockers such as memantine
[Reisberg et al., 2003]. Therapeutics that slow or stop disease pro-
gression are the need of the hour. The amyloid cascade theory is
highly corroborated by pathology, genetics, and biochemistry;
therefore, exploration of these therapies has been mostly designed
to target A peptide or clumps in AD (Hardy and Selkoe., 2002).

The emergence of various approved drugs and the ones in clin-
ical pipeline are elaborated upon with an additional insight on the
potential therapies for the disease along with the pre-clinical
research being undertaken by group of researchers for the treat-
ment of AD.
2. FDA approved drugs for AD and their MOA

Though AD has no cure, one treatment may assist to slow clin-
ical degeneration and enhance cognition and function. Others may
be able to aid with alleviating symptoms like memory loss and
confusion. The Food and Drug Administration (FDA) in the United
States has approved pharmaceuticals that fall into two categories:
drugs that may slow down clinical decline in patients with AD and
therapies that may momentarily alleviate some of the associated
symptoms of the disease. It is critical to speak with a health care
expert before beginning any treatment to establish whether it is
relevant. Patients who are using these drugs need to be monitored
by a clinician who is familiar with them and guarantee that the
specified guidelines are rigorously followed.
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2.1. Drugs that may decrease the evolution of Alzheimer’s disease

Drugs in this category may benefit individuals with AD halt
clinical degeneration and improve cognition and function. On June
7, 2021, the FDA gave Aducanumab expedited approval [FDA
Approved Drug Products: Aduhelm (Aducanumab-avwa) Intra-
venous Injection].

Aducanumab (AduhelmTM) is an anti-amyloid antibody and is
an intravenous (IV) infusion medication for AD. An FDA-approved
diagnostic test is often recommended prior to the start of the ther-
apy. It is a high-affinity, completely human monoclonal antibody
(mAb) that attaches to aggregated forms of Ab and predominantly
binds parenchymal amyloid as compared to vascular amyloid. It
was produced via a reverse translational medical strategy, in which
the antibody was obtained from older people who had not yet
acquired AD, with the hope that they could have an exceptional
resistance to the disease. Intraperitoneal injection of aducanumab
into Tg2576 mice was reported to demonstrate parenchymal pla-
ques and facilitate in their clearance without generating microhe-
morrhages (Dunstan et al., 2011). The researchers also noticed a
build-up of brain macrophages encircling the residual plaques sug-
gesting phagocytosis as a plausible clearance pathway.

According to the ‘‘amyloid cascade hypothesis,” the etiology of
AD is driven by the aggregation of amyloid-oligopeptides in the
brain (Arndt et al., 2018). Aducanumab is a monoclonal IgG1 anti-
body that binds to the amino acids 3–7.1,6 of amyloid-. Phe4, His6,
Glu3, and Arg5 are the amyloid residues accounting for the bulk of
the engagement between amyloid and aducanumab’s Fab region.
Acurenumab treatment lowers amyloid-, according to reports from
animals and while human trials revealed no substantial improve-
ments in amyloid-40 and amyloid-42 (Ferrero et al., 2016).
2.2. Conventional pharmacotherapy for AD

The drugs now used to treat AD can be divided into the
following categories:

Rivastigmine, Donepezil, Galantamine, and Tacrine are acetyl-
cholinesterase inhibitors.

Memantine is an NMDA antagonist (glutamate inhibitor).
2.2.1. Acetylcholinesterase inhibitors
The FDA has approved donepezil and rivastigmine for mild,

moderate, and severe AD, respectively, while galantamine has been
approved for mild and moderate AD (Rountree et al., 2013). Con-
ventional class of drugs for the treatment of AD is shown in Fig. 3.

The action of acetylcholinesterase is enhanced in AD patients,
which contributes to higher acetylcholine breakdown and
decreased acetylcholine concentrations in the brain. In addition,
the enzyme plays a role in the production of amyloid plaques
and neurofibrillary tangles. The enzyme acetylcholinesterase also



Fig. 3. Conventional class of drugs for the treatment of AD.
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acts as a promoter, facilitating the development of -amyloid pep-
tide fragments by forming complexes with the growing fibrillar
structures. Individual -amyloid fibrils are found to confer more
cytotoxicity than the resultant complexes. (Singh et al., 2013).
These medications work by blocking the enzyme acetyl-
cholinesterase, which is crucial for the metabolic breakdown of
acetylcholine, which results in boosting its level in the brains of
individuals with mild to moderate AD. In most patients, these
classes of drugs were noted to be well tolerated (Tabet, 2006).

AChEIs action on the gastro-intestinal tract (git) causes the
most common side effects, which include diarrhea, nausea, and
vomiting (Yiannopoulou et al., 2020). The predominant route of
elimination for donepezil and galantamine is reported to be hep-
atic metabolism, whereas those for rivastigmine is both hepatic
and intestinal metabolism. Donepezil and galantamine are known
to block acetylcholinesterase specifically and reversibly, but
rivastigmine is a ‘‘pseudo-irreversible” acetylcholinesterase and
butyrylcholinesterase inhibitor. The ‘‘pseudo irreversible” acetyl-
cholinesterase activity of rivastigmine refers to the fact that it
forms a covalent carbamoyl-AChE complex after reacting with
the crucial active site serine, preventing it from catalyzing the syn-
thesis of acetylcholine. Galantamine has a t1/2 of 6 to 8 h, while
donepezil has a 70-hour elimination half-life. Rivastigmine has a
short elimination half-life, but it has a prolonged duration of effect
(Atri 2019).

2.2.2. Glutamate inhibitor
Excitotoxicity is a condition caused by glutamatergic overstim-

ulation, which causes neuronal injury by raising neuronal calcium
burden. Memantine is known to be a non-competitive NMDA
receptor antagonist that counteracts the negative effects of high
glutamate concentrations in the brain (Yiannopoulou et al.,
2013). It has made a way as a helpful therapeutic drug in people
with AD because of the said attribute. Memantine, an approved
drug for the treatment of moderate to severe AD, has been shown
to enhance cognitive capacities and the resultant outcomes in peo-
ple with AD (Reisberg et al., 2003). The said drug is well tolerated
by most people. However, there may be minor and transitory side
effects. It may interact with other medications according to its
pharmacological nature. Concurrent treatment with levodopa,
other dopamine agonists, and anticholinergics may enhance their
biological activity according to their mode of action.

Memantine can be used in conjunction with an AChEI because
their modes of action are complimentary. The said combinatorial
therapy is usually beneficial to patients, with cumulative results
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and no rise in side effects (Kishita et al., 2020). In intermediate
or advanced dementia, the duration and durability of monotherapy
or combinatorial treatment modality with greater doses is linked
to better overall functioning and therapeutic outcomes (Calvó-
Perxas et al., 2017). Combining memantine with other chemically
related NMDA receptor antagonists such as amantadine, budipine,
ketamine, and dextrometorphan can lead to pharmacotoxic psy-
chosis. Dizziness, agitation, hallucinations, headache, and exhaus-
tion were the most common symptoms that arose in clinical
trials. Anxiety, emesis, urinary tract infections, and increased
sweating were among the less commonly reported symptoms
(Molinuevo et al., 2005).
3. Potential therapeutic approach for the treatment of AD

3.1. Anti-amyloid therapy

According to the amyloid cascade hypothesis, AD is linked to
monomeric Ab aggregation. The development of harmful oligomers
can be caused by an increase and buildup of Ab in the synaptic
synapse. These oligomers form protobrils, which eventually lead
to amyloid deposits (Bondi et al., 2017). The ‘‘Amyloid hypothesis”
proposes that Ab generation in the brain propagates a series of
pathophysiologic events that culminate in the clinical manifesta-
tion of AD The formation of amyloid oligomers, which eventually
trigger the amyloid cascade, is primarily responsible for neurotox-
icity (Yiannopoulou et al., 2013). The key pathophysiologic corner-
stones of the cluster are oxidation, inflammation, excessive
glutamate, and tau hyperphosphorylation.

To circumvent the said condition, anti-amyloid therapy acts by
two major mechanisms either by reducing of Ab42 production and
Ab-plaque burden or by promoting Ab clearance (Atri 2019).
3.1.1. Reducing of Ab42 production
3.1.1.1. a-secretase modulators. The non-amyloidogenic process is
increased when APP is broken down by a-secretase, based on the
current amyloid hypothesis. As a result, the modulation of the
enzyme has been suggested as a major drug strategy. Clinical trials
for APH-1105 and ID1201, two -secretase modulators that stimu-
late the PI3K/Akt pathway, are now underway. APH-1105 is an
intranasal therapy for mild to moderate AD while ID1201 also acti-
vates a -secretase and is studied in subjects with mild AD (Cho
et al., 2014).

Etazolate (EHT0202) is listed as another a-secretase modulators
which acts as a selective GABA receptor modulator. The agent was
reported to have a safety profile with a good tolerance in AD
patients (Vellas et al., 2011).
3.1.1.2. BACE inhibitors. Due to unanticipated challenges, clinical
studies with BACE inhibitors such as lanabecestat, verubecestat,
and atabecestat have lately been terminated (Egan et al., 2019;
Henley et al., 2019). The lanabecestat phase 3 investigation was
halted due to a lack of efficacy, and the verubecestat and atabeces-
tat trials were halted as well owing to inefficacy and safety con-
cerns, respectively. All the treatments reduced cerebrospinal fluid
(CSF) Ab42 in a dose-dependent manner, but without providing
any cognitive or functional benefits, and several of them were
inadequately tolerated and ineffective in subjects with prodromal
AD. These findings back the idea that stopping the formation of
Abmay not be enough to avoid the disease from progressing.

Elenbecestat (E2609) and umibecestat (CNP520) are the two
agents which are in different phases of clinical trials (Cummings
et al., 2019).
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3.1.1.3. c-secretase inhibitors. c secretase inhibitors are no longer
regarded a suitable target for the treatment of AD due to major
safety concerns (Lopez et al., 2019). Additional investigations on
this essential enzyme may assist to safely target -secretase thera-
peutically. There are no c-secretase effectors in clinical trials right
now. Semagacestat was linked to a deterioration of everyday activ-
ities as well as greater infections incidences and incidence of skin
cancer, while avagacestat was linked to a higher percentage of cog-
nitive decline as well as adverse dose-limiting effects such as the
incidence of skin cancer while tarenflurbil had little blood–brain
barrier penetration (Doody et al., 2013; Coric et al., 2015;
Muntimadugu et al., 2016).

3.1.2. Reducing Ab-plaque burden
Anti-amyloid aggregation drugs directly communicate with the

Ab peptide to prevent the production of Ab42 fibers, making them
a possible therapy for AD.

The oral drug, scyllo-inositol is a Ab42 aggregation inhibitor
that was studied in AD subjects (ELND005). A clinical study (phase
2) in patients with AD found no confirmation of ELND0050s clinical
benefit, and the study was stopped due to severe toxicity concerns
(Salloway et al., 2011).

Another promising treatment is KLVFF, a peptide sequence that
mimics the hydrophobic center region of the Ab and eventually
replaces natural polypeptides. The KLVFF compound, which is
resistant to proteolytic degradation and can also break down
oligomerics to a limited level, is the final compound, can also break
down oligomerics to a minor amount. (Stark et al., 2017).

3.1.2.1. Promoting Ab clearance. Passive and active immunization
are the 2 key immunotherapeutic methods for promoting Ab clear-
ance that are presently under investigation in various phases of
analyses (Wisniewski et al., 2015).

3.1.2.1.1. Passive immunization. The most efficient and prospec-
tive class is passive Ab immunotherapy using mAbs. The chief dis-
advantages of this class of medicines are cerebral
microhemorrhages and vasogenic edema (Yiannopoulou et al.,
2013).

Crenezumab, gantenerumab, and solanezumab are the major
therapies that are enrolled for preclinical studies or for at-risk pop-
ulations, while crenezumab, gantenerumab, and solanezumab are
the drugs that are for studies in prodromal and very mild AD
patients (Yang et al., 2019). The preliminary results from the
BAN2401 studies revealed a treatment-afflicted effect of a reduc-
tion in cerebral amyloid load in AD patients, together with a slow-
ing of cognitive deterioration (Panza et al., 2018). Conversely, the
preliminary trial of gantenerumab in patients with prodromal AD
was untimely halted due to a lack of therapeutic efficacy, but
research findings imply that relatively high gantenerumab dosing
may be required to attain clinical effectiveness (Ostrowitzki et al.,
2017) To achieve this an open-label addition for engaged patients
with mild AD is being pursued concurrently with a double-blind,
placebo-controlled study in AD patients. Similarly, until today,
solanezumab had not been shown to slow the progression of brain
atrophy.

3.1.2.1.2. Active immunization. A phase 2 research using UB-
311, a synthetic peptide utilized as an Ab vaccine, is now underway
in individuals who are experiencing mild or moderate episodes of
AD. It produced a total response rate in AD patients during the
phase 1 of clinical trial. Swelling at the injection site and agitation
were the most common side effects. Patients with mild AD had a
slower rate of cognitive decline (Hull et al., 2017). The high rate
of encephalitis in previous experiments (AN-1792) inspired the
development of more potent anti-active immunotherapy drugs
that are more specific to Ab sites and less prone to activate T cells
and are currently being tested in clinical trials. ABvac40 is being
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assessed as the first active vaccine. AD Patients with aged 50 to
85 years old participated in a phase one trial. There was no evi-
dence of incident vasogenic edema or microhemorrhages. Antibod-
ies specific to Ab40 were generated in 92 % who had ABvac40
injections (Lopez et al., 2019).

3.2. Chelation therapy

Metal ion imbalance in the brain is among the primary triggers
in the etiology of AD and hence it is appropriate to tackle this said
illness with a chelation therapy technique employing metal ions
(Pfaender et al., 2014). A metal chelator as an ideal drug for
AD should meet essential qualities including moderate binding
for metals, effective transit through biological membranes (partic-
ularly the BBB) and thereby lower toxicity (Bendova et al., 2010).
Furthermore, determining the selectivity of prospective metal
chelators is a significant complexity. The chelating capacity of
metal chelators for AD treatment needs to be powerful enough to
trap either free metal ions or Ab linked metal ions, but not substan-
tial enough to participate with metal ions coupled to other metal-
loproteins that could perform a role in human health.

Even though there are many chelating agents, only some have
desirable pharmacological effects and could be employed as a drug
for AD. Clioquinol (CQ) and deferiprone (DFP) have been identified
as promising AD drugs due to their lower MW and robust scaffold-
ing attributes.

3.2.1. Clioquinol (CQ) and its derivatives
Metal ions can be chelated with CQ, decreasing Ab aggregation.

It also has the capability to chelate metal ions from metal–Ab spe-
cies into CQ–Cu(II) or CQ–Zn(II) complexes in a 2:1 ratio, prevent-
ing metal ions from adhering to Ab and dispersing brain aggregates
in vitro [Ferrada et al., 2007]. These exciting findings give insights
on the possibility of using metal chelating drugs to partially
reverse the progression of AD. CQ indicated promising results in
a phase IIa clinical trial in Alzheimer’s patients and slowing cogni-
tive decline [Ritchie et al., 2003]. Consequently, the emergence of
CQ as an anti-AD drug has been halted due to potential neurotox-
icity and undesirable mutagenic contaminants (Budimir et al.,
2011).

In the presence of Cu(II), Zn(II), and Fe(III), a bis-8-
hydroxyquinoline ligand, allowed huge rise in the potential to safe-
guard against b-amyloid peptide precipitation compared to CQ
in vitro (Deraeve et al., 2007). It is known to inhibit Cu–Ab from
causing H2O2 generation, which is linked to harmful oxidative
stress in AD.

Mohamed et al. synthesized (2,20-(1E,10 E)-(1,2- phenylenebis
(methan-1-yl-1-ylidene)) bis (azan-1-yl-1-ylidene) dibenzoic
acid), which is coordinated to metal ions with the azomethine-N
and carboxylate-O as binding sites in a 1: 1 ratio. Magnetic and
solid reflectance confirmed the geometrical structure of the
formed complexes with the metal ions (Abdallah et al., 2010).

3.2.2. Deferiprone (DFP) and its derivatives
The iron chelator deferiprone (DFP, 3-hydroxy-1,2-dimethylpyr

idin-4(1H)-one) is known to treat thalassaemia (Telpoukhovskaia
et al., 2013). It has a strongly positive and significant affinity for
metals such as iron, copper, and zinc in its scaffold (Clarke et al.,
1992). Even though DFP has a C log P value of 1.4, which is too neg-
ligible to cross the BBB, its low molecular weight as well as its suit-
able structure render it relatively easy to optimize, and it has been
used as a lead compound in the development of multi-target direc-
ted ligands (MTDL) for the treatment of AD (Santos 2008).

Free radicals can also be scavenged by the Zn (II)–curcumin
complex and the Cu(II)–curcumin complex. Furthermore, as com-
pared to curcumin and Zn (II)–curcumin combination, Cu(II)–cur-



Table 1
List of herbal compounds for AD treatment.

Active compound Source Therapeutic attribute Therapeutic efficacy Ref

Berberine Coptis chinensis Antioxidant activity, butyrylcholinesterase
and AChE inhibition, monoamine oxidase
inhibition, and cholesterol-lowering effect

Berberine has been shown to improve memory, lower
Ab and APP concentration, and diminish Ab plaque
accumulation.

Huang et al.,
2017

Berberine treatment on BV2 microglia cells significantly
suppressed the IL-6, COX-2, and iNOS expressions induced
by b -amyloid.

Zhu et al., 2006

Curcumin Curcuma longa Anti-inflammatory, antioxidant, antitumor,
antibacterial activities

By lowering oxidative damage, PC12 cells were found to be
protected from Ab induced neurotoxicity. and tau
hyperphosphorylation with a dose of 5–10 lM.

Veldman et al.,
2016

In an Alzheimer’s transgenic mouse model, curcumin has
been reported to reverse amyloid etiology.

Lim et al., 2001

Curcumin’s antioxidant and anti-inflammatory qualities
also helped to alleviate certain symptoms of Alzheimer’s
disease.

Yang et al.,
2005

triterpenoids,
flavonol
glycosides,
anthocyanins,
and steroids

Convolvulus
pluricaulis

Reducing the induction of tau and APP
protein and mRNA levels

The neurotoxic action of scopolamine was substantially
reduced when C. pluricaulis was administered orally.

Bihaqui et al.,
2012

Bilobalide Ginkgo biloba When tested on neurons and Schwann cells, it showed
substantial protective properties.

Defeudis 2002

Increased the amounts of the transcription factor
phosphorylated CREB and the neurotrophin BDNF in
neuronal cells, which boosted neurogenesis and
synaptogenesis.

Tchantchou
et al., 2009

Epigallocatechin-3-
gallate

Camellia
sinensis

Antioxidant activity In streptozotocin-induced dementia in mice, glutathione
peroxidase activity was increased, AChE activity was
inhibited, and NO metabolite production and ROS
generation were also observed to be inhibited.

Biasibetti et al.,
2013

In mutant PS2 Alzheimer mice, enhanced memory
retention and inhibited -secretase enzyme activity was
noted

Lee et al., 2009

In senescence-accelerated P8 animals,
minimized Ab accumulation and increased neprilysin
enzyme expression was showcased.

Chang et al.,
2015

Biflavonoid Chamaecyparis
obtusa

The biflavonoid have shown to protect HT22 mouse
hippocampus cells from glutamate-induced oxidative
damage by activating antioxidant enzymes and/or
inhibiting ERK1/2.

Jeong et al.,
2014

Ginsenoside Rg1 Panax ginseng Physical stress reliever and stamina
enhancer

Following oxygenglucose deprivation (OGD) therapy,
it protected cultured hippocampal cells from ischemia-
reperfusion injury by reducing neuronal nitric oxide
synthase (nNOS) function and avoiding calcium overinflux
into neural cells

He et al., 2014.

Ginsenoside Rb1 was found to protect neurons against
glucose-induced neurotoxicity, which has been linked to
cognitive impairment in hippocampus neurons caused by
diabetes.

Liu et al., 2014a

Catalpol Rehmannia
glutinosa

Antioxidation, anti-inflammatory, anti-
apoptotic activity

lt provided neuroprotection against cerebral ischaemia/
reperfusion injury by reducing ROS, inhibiting lipid
peroxidation, and increasing endothelin-1 production.

(Liu et al.,
2014d).

Modifying protein kinase C (PKC) and caveolin-1 (Cav-1)
expression and limiting oxidative damage in diabetic rats
was found to restore spatial memory loss.

(Zhou et al.,
2014a).

Genistein Glycine max inhibited NF-jB, JNK and ERK signaling
pathways

Genistein protected C6 glial cells from Ab25-35-induced
inflammation via altering the NF-B signaling cascade.

Zhao et al.,
2014b

It also reduced apotosis and improved antioxidation
reaction in A (25–35)-induced cultured hippocampal
neurons.

Zeng et al.,
2004

Crocin Crocus sativus It worked by reducing stress-related oxidative damage to
the brain and other organs in the tested rat model.

Bandegi et al.,
2014

Trans-crocetin, was observed to pass the BBB and enter the
CNS when evaluated in Caco-2 monolayer cell culture,
although crocin bioavailability was likely limited after oral
treatment.

Lautenschläger
et al., 2015

Huperzine A Huperzia
serrata

a natural inhibitor of acetylcholinesterase It aided in ymptomatic treatment for AD. However, the
chemical had no substantial impact.

Rafii et al., 2011

Glabridin Glycyrrhiza
glabra

brain cholinesterase inhibitory activity The said study found that Liquorice’s memory-improving
effects were attributable to its antioxidant and
antiinflammatory properties.

Chakravarthi
and Avadhani,
2013

Honokiol and
magnolol

Magnolia
officinalis

Reactive oxygen species production is
reduced, intracellular calcium levels are
reduced, and caspase-3 activation is
inhibited.

It significantly ameliorated Ab induced neuronal apoptotic
cell death.

Hoi et al., 2010
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cumin complex had a better potential to scavenge free radicals. The
findings could help researchers better understand the role of cur-
cumin in the treatment of AD (Krishnankutty et al., 2003).
3.3. Natural drugs for AD treatment

Medications have been shown to reduce progression and asso-
ciated symptoms of many diseases, including AD. Numerous stud-
ies have been conducted to look at the benefits of complete
extraction of plants on AD, as well as to identify the functional fac-
tors involved in achieving the necessary therapeutic benefits
(Ansari et al., 2013). Many molecules, including lignans, flavonoids,
tannins, polyphenols, triterpenes, sterols, and alkaloids, have been
shown to have anti-inflammatory, anti-amyloidogenic, anti-
cholinesterase, and anti-inflammatory properties. An array of sub-
stances has been used in people with AD which has produced
promising results. (Olajide et al., 2017). Table 1 presents an array
of herbal compounds that are being researched upon for AD.
Table 2
List of novel drugs in various phases of clinical trials for AD.

Drug entity Trial Number Study title

MEDI1814(anti-
amyloid beta mAb)/
Phase I

NCT02036645 ‘‘SAD/MAD Study to Assess Safety,
Tolerability, PK & PD of MEDI1814 in Subje
With Mild-Moderate Alzheimer’s Disease”

TPI 287 (next-
generation taxane) /
Phase 1

NCT01966666 ‘‘A Safety, Tolerability, Pharmacokinetics,
Pharmacodynamics and Preliminary Effica
Study of TPI-287 in Alzheimer’s Disease”

NGP 555/Phase 1 NCT02534480 ‘‘Neurogenetic Pharmaceuticals (NGP) 555
Healthy Young Volunteers (Single-ascendi
Dose)”

ALZT-OP1a and ALZT-
OP1b/Phase1/2

NCT04570644 ‘‘Randomized I/II Phase Study of ALZT-OP1
Combination Therapy in Alzheimer’s Disea
and Normal Healthy Volunteers”

PF-06648671/Phase 1 NCT02316756 ‘‘A Single Ascending Dose Study To Evalua
Safety And Pharmacokinetics Of Compoun
PF-06648671 In Healthy Subjects”

SUVN-502 / Phase 2a NCT02580305 ‘‘SUVN-502 With Donepezil and Memanti
for the Treatment of Moderate Alzheimer’
Disease- Phase 2a Study”

AC-1204(glucose
stimulant) / Phase 3

NCT01741194 ‘‘AC-1204 26-Week Long Term Efficacy
Response Trial With Optional Open-label E
(NOURISH-AD)”

IIdalopirdine / Phase 3
Posiphen / Phase 1 NCT04524351 ‘‘Posiphen� Dose-Finding, Biomarker Study

Early Alzheimer’s and Parkinson’s Patients

Rilapladib / Phase 2a NCT01428453 ‘‘A Phase 2a Study to Evaluate the Effect o
Rilapladib (SB-659032) in Alzheimer’s
Disease”

Nilvadipine / Phase 3 NCT02017340 ‘‘A Phase III Trial of Nilvadipine to Treat
Alzheimer’s Disease (NILVAD)”

Elenbecestat (E2609)/
Phase 3

NCT02956486 ‘‘A 24-Month Study to Evaluate the Efficac
and Safety of Elenbecestat (E2609) in
Participants With Early Alzheimer’s Diseas

MK-7622 / Phase 3 NCT01852110 ‘‘Efficacy and Safety of MK-7622 as Adjun
Therapy in Participants With Alzheimer’s
Disease (MK-7622–012)”

Tau Mab / Phase 1 NCT04619420 ‘‘A Study of JNJ-63733657 in Participants
With Early Alzheimer’s Disease (Autonom
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4. Clinical trials of novel drugs for AD

Considering the complexity of the condition and the expanding
number of patients, finding effective treatments for AD has risen to
the top of the priority list. Currently available treatments for AD,
such as cholinesterase inhibitors and the N-methyl-D-aspartate
receptor antagonist, can temporarily reduce psychiatric symptoms
but not stop or cure the progression of the disease. From an amy-
loid perspective, many international pharmaceutical companies
have conducted numerous clinical trials in the treatment based
on amyloid cleansing, but none have been successful. Researchers
have developed and tested a variety of therapies, including anti-
amyloid and anti-tau interventions, neurotransmitter mutations,
anti- neuroinflammation and neuroprotection interventions, cog-
nitive enhancement, and behavioral submission (Huang et al.,
2020) An array of novel therapies is underway in various phases
of clinical trials (Table 2).

Bapineuzumab was the first monoclonal antibody to target
Ab in AD using a passive immunotherapy technique. Following
Description Status

cts
Antibody binds to monomeric Ab42 Completed

cy
It functions as a microtubule stabilizing and tubulin binding
agent. Because it can pass across the blood–brain barrier,
unlike other taxanes, it is being researched for tauopathies.

Completed

in
ng

By regulating the gamma secretase complex, it was shown to
pass the BBB and efficiently reduce Ab 42 and Αb40

Completed

se
Mast cell stabilizer, anti-inflammatory Recruiting

te
d

Gamma secretase modulator Completed

ne
s

5-HT4 antagonist Completed

xt
Caprylic triglyceride is an oral formulation that promotes a
mild persistent ketosis, which enhances mitochondrial
metabolism. In people with Alzheimer’s disease, it provides a
fueling substitute to glucose.

Completed

Selective 5-HT6 antagonist
in
”

A small, lipophilic, orally available chemical that easily
passes the BBB. Iron promotes neurotoxic aggregating
protein mRNA translation, but iron regulatory protein-1
prevents it (IRP-1). This drug decreases the amount of free
mRNA accessible for translation by increasing IRP-1 binding
to the iron response element stem loop in the 50UTR of the
mRNAs in issue.

Active, not
recruiting

f Lipoprotein-associated phospholipase A2 inhibitor Completed

This dihyropyridine calcium channel blocker is being
evaluated for its efficacy in the treatment of AD, based on
epidemiological research associating hypertension to
dementia.

Completed

y

e”

BACE inhibitor Terminated

ct Muscarinic M4 receptor modulator Terminated

y)”
A monoclonal antibody that binds to human tau and has
been shown to be effective in the treatment of AD and other
tauopathies.

Recruiting
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the completion of the first two studies, which revealed no treat-
ment efficacy on either cognitive or functional outcomes, further
trials were halted (Salloway et al., 2014). A phase 2b study of
E2609 (elenbecestat), a BACE-1 inhibitor, in amyloid-PET people
with MCI, prodromal AD, or mild AD was performed and reduced
dose-dependent in CSF A levels was noted. There is no significant
change in AD. Composite Score or CDR-SB score (Murakami et al.,
2019). In a 24-month study to evaluate the efficacy and safety of
elenbecestat in studies on Alzheimer’s Disease (MISSION AD1)
and MISSION AD2 trials of prodromal AD, elenbecestat therapeutic
efficacy was tested. The said trials are expected to run until Decem-
ber 2023. GV-971 (sodium oligo-mannurarate) binds to several
amyloid sites, further destabilizes, and prevents Ab synthesis,
and increases the elimination of Ab (Wang et al., 2019). The effects
of GV-971 on mild to severe form of AD were tested in a phase 3
study that started in April 2014 and the results of this study high-
lighted the fact that GV-971 has significant cognitive benefits.The
dihydropyridine calcium channel blocker nilvadipine with a capac-
ity of lowering Ab production and increasing clearance Ab was
evaluated for neuroprotective and anti-inflammatory properties
(Lawlor et al., 2018).

The NILVAD trial, which took place in 2013, examined the effec-
tiveness of nilvadipine in people with AD. ADAS-Cog was the main
outcome measure, but there was no difference in the primary or
secondary end point measures according to a published report
(Bishop et al., 2004).

The effectiveness of suvorexant in patients with mild to severe
AD with insomnia was studied in a phase 3 trial. Merck pointed out
that the first and second objectives of the case were fulfilled. It can
therefore be said that Suvorexant can be an effective treatment for
the behavioral and psychological symptoms associated with AD
(Herring et al., 2019). EVP-6124, an antagonist of 5-HT3 receptor
and a agonist of 7 nicotinic acetylcholine receptor a has a central
role in regulating the release of various neurotransmitters
(Ahmed et al., 2019). It enhances cholinergic neurotransmission,
which increases cognitive abilities. A trial (phase 3) to assess its
safety was initiated but FDA issued a clinical hold owing to its gas-
trointestinal side effect.

Apiprazole works to stabilize the dopamine system (DSSs). It
helps to improve the reduction of neurite-induced neuropathy. In
AD-related psychosis, this treatment has the potential to remove
the neurotoxicity induced by Ab (Coleman et al., 2017). A phase
3 clinical study examined the effectiveness of different doses of
aripiprazole in people AD who were agitated. Because it was diffi-
cult to hire volunteers, the attempt was completed in March 2016.

In the year 2018, two phase 3 clinical trials involving azeliragon
for patients with mild AD were initiated and its the study (phase 3)
in individuals with AD and poor glucose tolerance started in the
year 2019 which is expected to be completed in 2023 (Galimberti
et al., 2017).

Due to the shortage of anti-AD drugs, experiments with various
drugs, such as anti-amyloid and anti-tau, neurotransmitter flexibil-
ity and neuroprotective benefits, and mental enhancement, require
planning that can provide promising results.
5. Significance of work

Several options for treating AD are currently being researched.
Phytopharmaceuticals and nutraceuticals are also gaining popular-
ity in the fight against Alzheimer’s disease. The current article
includes a list of approved pharmaceuticals for the treatment of
AD, as well as prospective therapies for the illness’s treatment
and a pipeline of novel therapies in various stages of clinical trials.
The drugs under clinical trials may open new pathways for effec-
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tive treatment of patients with AD while improving their quality
of life.

6. Conclusion

A slew of ongoing clinical trials is focusing on numerous ther-
apy targets in AD. Considering the recent knowledge of a high per-
centage of failed AD clinical trials on therapeutics, more recent
trials appear to be bolstered by the convergence of advances in
AD biomarkers, the positioning of a single primary outcome and
fabrication of novel trial designs. At the same time, cutting-edge
research is focusing on the generation of more comprehensive
diagnostic tools as well as disease prevention investigations. Fram-
ing a compelling therapeutic affiliation of the patient with health-
care providers through a comprehensive and integrated strategy
that uses psychoeducation, behavioral, and environmental
methodologies, innovative prepping for future healthcare demands
along with relevant pharmaceutical treatment would add substan-
tial value in the treatment regime for AD.
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Deraeve, C., Pitíe, M., Mazarguil, H., Meunier, B., 2007. Bis-8-hydroxyquinoline
ligands as potential anti-Alzheimer agents, New J. Chem., 31, 193–195.
https://doi.org/10.1039/B616085A

Doody, R.S., Raman, R., Farlow, M., 2013. A phase 3 trial of semagacestat for
treatment of Alzheimer’s disease. N. Engl. J. Med. 369, 341–350. https://doi.org/
10.1056/nejmoa1210951.

Dunstan, R., Bussiere, T., Engber, T., Weinreb, P., Maier, M., Grimm, J., Rhodes, K.,
Arastu, M., Li, M., Zhang, X., 2011. The role of brain macrophages on the
clearance of amyloid plaques following the treatment of Tg2576 with BIIB037.
Alzheimers Dement. l 7 (4), S700. https://doi.org/10.1016/j.jalz.2011.05.2025.

Egan, M.F., Kost, J., Voss, T., 2019. Randomized trial of verubecestat for prodromal
Alzheimer’s disease. N. Engl. J. Med. 380, 1408–1420. https://doi.org/10.1056/
NEJMoa1812840.

Ferrada, V., Arancibia, B., Loeb, E., Norambuena, C., OleaAzar., Huidobro-Toro, J.P.,
2007. Neurotoxicology. 28, 445–449. https://doi.org/10.1016/j.
neuro.2007.02.004.

Ferrero, J., Williams, L., Stella, H., Leitermann, K., Mikulskis, A., O’Gorman, J., Sevigny,
J., 2016. First-in-human, double-blind, placebo-controlled, single-dose
escalation study of aducanumab (BIIB037) in mild-to-moderate Alzheimer’s
disease. Alzheimers Dement (N Y) 2 (3), 169–176. https://doi.org/10.1016/j.
trci.2016.06.002.

Francis, P., 2005. The interplay of neurotransmitters in Alzheimer’s disease. CNS
Spectrums 10 (S18), 6–9. https://doi.org/10.1017/S1092852900014164.

Galimberti, D., Scarpini, E., 2017. Pioglitazone for the treatment of Alzheimer’s
disease. Expert. Opin. Investig. Drugs 26 (1), 97–101. https://doi.org/10.1080/
13543784.2017.1265504.

Hardy, J., Selkoe, D.J., 2002. The amyloid hypothesis of Alzheimer’s disease: progress
and problems on the road to therapeutics. Science 297, 353–356. https://doi.
org/10.1126/science.1072994.

He, Q., Sun, J., Wang, Q., Wang, W., He, B., 2014. Neuroprotective effects of
ginsenoside Rg1 against oxygen-glucose deprivation in cultured hippocampal
neurons. J. Chin. Med. Assoc. 77, 142–149. https://doi.org/10.1016/j.
jcma.2014.01.001.

Henley, D., Raghavan, N., Sperling, R., Aisen, P., Raman, R., Romano, G., 2019.
Preliminary results of a trial of atabecestat in preclinical Alzheimer’s disease. N.
Engl. J. Med. 380, 1483–1485. https://doi.org/10.1056/nejmc1813435.

Herring, W.J., Roth, T., Krystal, A.D., Michelson, D., 2019. Orexin receptor antagonists
for the treatment of insomnia and potential treatment of other neuropsychiatric
indications. J. Sleep Res. 28 (2), e12782. https://doi.org/10.1111/jsr.12782.

Hoi, C.P., Ho, Y.P., Baum, L., Chow, A.H.L., 2010. Neuroprotective effect of honokiol
and magnolol, compounds from Magnolia officinalis, on beta-amyloid-induced
toxicity in PC12 cells. Phytother. Res. 24, 1538–1542. https://doi.org/10.1002/
ptr.3178.
1763
Huang, L.K., Chao, S.P., Hu, C.J., 2020. Clinical trials of new drugs for Alzheimer
disease. J. Biomed. Sci. 27, 18. https://doi.org/10.1186/s12929-019-0609-7.

Huang, M., Jiang, X., Liang, Y., Liu, Q., Chen, S., Guo, Y., 2017. Berberine improves
cognitive impairment by promoting autophagic clearance and inhibiting
production of b-amyloid in APP/ tau/PS1 mouse model of Alzheimer’s disease.
Exp. Gerontol. 91, 25–33. https://doi.org/10.1016/j.exger.2017.02.004.

Hull, M., Sadowsky, C., Arai, H., 2017. Long-term extensions of randomized
vaccination trials of ACC-001 and QS-21 in mild to moderate Alzheimer’s
disease. Curr. Alzheimer Res. 14, 696–708. https://doi.org/10.2174/
1567205014666170117101537.

Jeong, E.J., Hwang, L., Lee, M., Lee, K.Y., Ahn, M.J., Sung, S.H., 2014. Neuroprotective
biflavonoids of Chamaecyparis obtusa leaves against glutamate-induced
oxidative stress in HT22 hippocampal cells. Food Chem. Toxicol. 64, 397–402.
https://doi.org/10.1016/j.fct.2013.12.003.

Kishita, N., Backhouse, T., Mioshi, E.J., 2020. Nonpharmacological interventions to
improve depression, anxiety, and quality of life (QoL) in people with Dementia:
an overview of systematic reviews. Geriatr. Psychiatry Neurol. 33 (1), 28–41.
https://doi.org/10.1177/0891988719856690.

Krishnankutty., John, V., 2003. Synthesis, Characterization, and Antitumour Studies
of Metal Chelates of Some Synthetic Curcuminoids Synth. React. Inorg. Met. Org.
Chem. 33, 343–358. https://doi.org/10.1081/SIM-120017791

Lautenschläger, M., Sendker, J., Hüwel, S., Galla, H.J., Brandt, S., Düfer, M., 2015.
Intestinal formation of trans-crocetin from saffron extract (Crocus sativus L.)
and in vitro permeation through intestinal and blood brain barrier.
Phytomedicine 22, 36–44. https://doi.org/10.1016/j.phymed.2014.10.009.

Lawlor, B., Segurado, R., Kennelly, S., Rikkert, M.G.O., Howard, R., Pasquier, F., 2018.
Nilvadipine in mild to moderate Alzheimer disease: a randomised controlled
trial. PLoS Med. 15 (9), e1002660. https://doi.org/10.1371/journal.
pmed.1002660.

Lee, J.W., Lee, Y.K., Ban, J.O., Ha, T.Y., Yun, Y.P., Han, S.B., 2009. Green tea (-)-
epigallocatechin-3-gallate inhibits b-amyloid-induced cognitive dysfunction
through modification of secretase activity via inhibition of ERK and NF-jB
pathways in mice. J. Nutr. 139, 1987–1993. https://doi.org/10.3945/
jn.109.109785.

Lim, G.P., Chu, T., Yang, F., Beech, W., Frautschy, S.A., Cole, G.M., 2001. The curry
spice curcumin reduces oxidative damage and amyloid pathology in an
Alzheimer transgenic mouse. J. Neurosci. 21, 8370–8377. https://doi.org/
10.1523/jneurosci.21-21-08370.2001.

Liu, Y.R., Li, P.W., Suo, J.J., Sun, Y., Zhang, B.A., Lu, H., Zhu, H.C., Zhang, G.B., 2014d.
Catalpol provides protective effects against cerebral ischaemia/reperfusion
injury in gerbils. J. Pharm. Pharmacol. 66, 1265–1270. https://doi.org/10.1111/
jphp.12261.

Liu, D., Zhang, H., Gu, W., Liu, Y., Zhang, M., 2014a. Ginsenoside Rb1 protects
hippocampal neurons from high glucose-induced neurotoxicity by inhibiting
GSK3b-mediated CHOP induction. Mol. Med. Rep. 9, 1434–1438. https://doi.org/
10.3892/mmr.2014.1958.

Lopez, C., Tariot, P.N., Caputo, A., 2019. The Alzheimer’s Prevention Initiative
Generation Program: study design of two randomized controlled trials for
individuals at risk for clinical onset of Alzheimer’s disease. Alzheimers Dement.
5, 216–227. https://doi.org/10.1016/j.trci.2019.02.005.

Molinuevo, J.L., Lladó, A., Rami, L., 2005. Memantine: targeting glutamate
excitotoxicity in Alzheimer’s disease and other dementias. Am. J. Alzheimers
Dis. Other Demen. 20, 77–85. https://doi.org/10.1177/153331750502000206.

Muntimadugu, E., Dhommati, R., Jain, A., Challa, V.G., Shaheen, M., Khan, W., 2016.
Intranasal delivery of nanoparticle encapsulated tarenflurbil: a potential brain
targeting strategy for Alzheimer’s disease. Eur. J. Pharm. Sci. 92, 224–234.
https://doi.org/10.1016/j.ejps.2016.05.012.

Murakami, K., Irie, K., 2019. Three structural features of functional food components
and herbal medicine with amyloid b42 anti-aggregation properties. Molecules
24 (11), 2125. https://doi.org/10.3390/molecules24112125.

Olajide, O.J., Yawson, E.O., Gbadamosi, I.T., Arogundade, T.T., Lambe, E., Obasi, K.,
2017. Ascorbic acid ameliorates behavioural deficits and neuropathological
alterations in rat model of Alzheimer’s disease. Environ. Toxicol. Pharmacol. 50,
200–211. https://doi.org/10.1016/j.etap.2017.02.010.

Ostrowitzki, S., Lasser, R.A., Dorflinger, E., Scheltens, P., Barkhof, F., Nikolcheva, T.,
Ashford, E., Retout, S., Hofmann, C., Delmar, P., Klein, G., Andjelkovic, M., Dubois,
B., Boada, M., Blennow, K., Santarelli, L., Fontoura, P., 2017. SCarlet RoAD
Investigators. a phase III randomized trial of gantenerumab in prodromal
Alzheimer’s disease. Alzheimers Res. Ther. 9 (1), 95.

Panza, F., Seripa, D., Lozupone, M., 2018. The potential of solanezumab and
gantenerumab to prevent Alzheimer’s disease in people with inherited
mutations that cause its early onset. Expert. Opin. Biol. Ther. 18, 25–35.
https://doi.org/10.1080/14712598.2018.1389885.

Pfaender, S., Grabrucker, A.M., 2014. Characterization of biometal profiles in
neurological disorders. Metallomics 6, 960–977. https://doi.org/10.1039/
c4mt00008k.

Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W., Ferri, C.P., 2013. The global
prevalence of dementia: a systematic review and metaanalysis. Alzheimers
Dement. 9 (1), 63–75. https://doi.org/10.1016/j.jalz.2012.11.007.

Rafii, M., Walsh, S., Little, J., Behan, K., Reynolds, B., Ward, C., 2011. A phase II trial of
huperzine a in mild to moderate Alzheimer disease. Neurology 76 (16), 1389–
1394. https://doi.org/10.1212/wnl.0b013e318216eb7b.

Reisberg, B., Doody, R., Stoffler, A., Schmitt, F., Ferris, S., Mobius, HJ., 2003.
Memantine in moderate-to-severe Alzheimer’s disease. N. Engl. J. Med. 348,
1333–1341. http:// dx.doi.org/10.1056/NEJMoa013128.

https://doi.org/10.2165/00002512-200421100-00001
https://doi.org/10.1017/s135561771700100x
https://doi.org/10.1017/s135561771700100x
https://doi.org/10.2478/v10007-011-0006-6
https://doi.org/10.1007/s40266-017-0446-x
https://doi.org/10.1007/s40266-017-0446-x
https://doi.org/10.4103/0976-9668.117025
https://doi.org/10.4103/0976-9668.117025
https://doi.org/10.1016/j.yexcr.2015.04.004
https://doi.org/10.1016/j.yexcr.2015.04.004
https://doi.org/10.1016/j.neulet.2014.09.036
https://doi.org/10.1016/j.neulet.2014.09.036
https://doi.org/10.1016/S0020-1693(00)80327-8
https://doi.org/10.1146/annurev-pharmtox-010716-104837
https://doi.org/10.1146/annurev-pharmtox-010716-104837
https://doi.org/10.1001/jamaneurol.2015.0607
https://doi.org/10.1016/s1043-6618(02)00233-5
https://doi.org/10.1056/nejmoa1210951
https://doi.org/10.1056/nejmoa1210951
https://doi.org/10.1016/j.jalz.2011.05.2025
https://doi.org/10.1056/NEJMoa1812840
https://doi.org/10.1056/NEJMoa1812840
https://doi.org/10.1016/j.trci.2016.06.002
https://doi.org/10.1016/j.trci.2016.06.002
https://doi.org/10.1017/S1092852900014164
https://doi.org/10.1080/13543784.2017.1265504
https://doi.org/10.1080/13543784.2017.1265504
https://doi.org/10.1126/science.1072994
https://doi.org/10.1126/science.1072994
https://doi.org/10.1016/j.jcma.2014.01.001
https://doi.org/10.1016/j.jcma.2014.01.001
https://doi.org/10.1056/nejmc1813435
https://doi.org/10.1111/jsr.12782
https://doi.org/10.1002/ptr.3178
https://doi.org/10.1002/ptr.3178
https://doi.org/10.1186/s12929-019-0609-7
https://doi.org/10.1016/j.exger.2017.02.004
https://doi.org/10.2174/1567205014666170117101537
https://doi.org/10.2174/1567205014666170117101537
https://doi.org/10.1016/j.fct.2013.12.003
https://doi.org/10.1177/0891988719856690
https://doi.org/10.1016/j.phymed.2014.10.009
https://doi.org/10.1371/journal.pmed.1002660
https://doi.org/10.1371/journal.pmed.1002660
https://doi.org/10.3945/jn.109.109785
https://doi.org/10.3945/jn.109.109785
https://doi.org/10.1523/jneurosci.21-21-08370.2001
https://doi.org/10.1523/jneurosci.21-21-08370.2001
https://doi.org/10.1111/jphp.12261
https://doi.org/10.1111/jphp.12261
https://doi.org/10.3892/mmr.2014.1958
https://doi.org/10.3892/mmr.2014.1958
https://doi.org/10.1016/j.trci.2019.02.005
https://doi.org/10.1177/153331750502000206
https://doi.org/10.1016/j.ejps.2016.05.012
https://doi.org/10.3390/molecules24112125
https://doi.org/10.1016/j.etap.2017.02.010
http://refhub.elsevier.com/S1319-0164(22)00252-3/h0265
http://refhub.elsevier.com/S1319-0164(22)00252-3/h0265
http://refhub.elsevier.com/S1319-0164(22)00252-3/h0265
http://refhub.elsevier.com/S1319-0164(22)00252-3/h0265
http://refhub.elsevier.com/S1319-0164(22)00252-3/h0265
https://doi.org/10.1080/14712598.2018.1389885
https://doi.org/10.1039/c4mt00008k
https://doi.org/10.1039/c4mt00008k
https://doi.org/10.1016/j.jalz.2012.11.007
https://doi.org/10.1212/wnl.0b013e318216eb7b


H.A. Alhazmi and M. Albratty Saudi Pharmaceutical Journal 30 (2022) 1755–1764
Ritchie, C.W., Bush, A.I., Mackinnon, A., Macfarlane,S., Mastwyk, M., MacGregor, L.,
Kiers, L., Cherny, R., Li, Q.X., Tammer A., 2003. Metal-Protein Attenuation with
Iodochlorhydroxyquin (Clioquinol) Targeting Ab Amyloid Deposition and
Toxicity in Alzheimer Disease. Arch. Neurol. 60, 1685–1691. 51 A.
doi:10.1001/archneur.60.12.1685.

Rountree, S.D., Atri, A., Lopez, O.L., Doody, R.S., 2013. Effectiveness of antidementia
drugs in delaying Alzheimer’s disease progression. Alzheimers Dement. 9 (3),
338–345. https://doi.org/10.1016/j.jalz.2012.01.002.

Salloway, S., Sperling, R., Keren, R., 2011. ELND005-AD201 Investigators. a phase 2
randomized trial of ELND005, scyllo-inositol, in mild to moderate Alzheimer
disease. Neurology 77, 1253–1262. https://doi.org/10.1212/
wnl.0b013e3182309fa5.

Salloway, S., Sperling, R., Fox, N.C., Blennow, K., Klunk, W., Raskind, M., 2014. Two
phase 3 trials of bapineuzumab in mild-to-moderate Alzheimer’s disease. N.
Engl. J. Med. 370 (4), 322–333. https://doi.org/10.1056/NEJMoa1304839.

Santos, M.A., 2008. Recent developments on 3-hydroxy-4-pyridinones with respect
to their clinical applications: mono and combined ligand approaches. Coord.
Chem. Rev. 252, 1213–1224. https://doi.org/10.1016/j.ccr.2008.01.033.

Singh, M., Kaur, M., Kukreja, H., Chugh, R., Silakari, O., Singh, D., 2013.
Acetylcholinesterase inhibitors as Alzheimer therapy: from nerve toxins to
neuroprotection. Eur. J. Med. Chem. 70, 165–188. https://doi.org/10.1016/j.
ejmech. 2013.09.050.

Stark, T., Lieblein, T., Pohland, M., 2017. Peptidomimetics that inhibit and partially
reverse the aggregation of Ab1-42. Biochemistry 56, 4840–4849.

Swerdlow, R.H., Burns, J.M., Khan, S.M., 2014. The Alzheimer’s disease
mitochondrial cascade hypothesis: progress and perspectives. Biochim.
Biophys. Acta - Mol. Basis Dis. 1842, 1219–1231. https://doi.org/10.1016/j.
bbadis.2013.09.010.

Tabet, N., 2006. Acetylcholinesterase inhibitors for Alzheimer’s disease: anti-
inflammatories in acetylcholine clothing! Age Ageing 35, 336–338. https://doi.
org/10.1093/ageing/afl027.

Tchantchou, F., Lacor, P.N., Cao, Z., Lao, L., Hou, Y., Cui, C., 2009. Stimulation of
neurogenesis and synaptogenesis by bilobalide and quercetin via common final
pathway in hippocampal neurons. J. Alzheimers Dis. 18, 787–798. https://doi.
org/10.3233/jad-2009-1189.

Telpoukhovskaia, M.A., Patrick, B.O.C., RodŕıguezRodŕıguez, Orvig, C., 2013.
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