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ABSTRACT

Alzheimer’s disease (AD) is a progressive neurodegenerative, a primarily concerned and leading cause of
mortality worldwide which has no cure so far, of the world. The disease progresses from memory loss to
cognitive decline gradually. The severity of Alzheimer’s grows up from mild, moderate to severe. Hallmarks of
the research of AD reported, are the identification of amyloid-beta (4AB) plaques and tau protein tangles
between and within the neuronal cells, oxidative stress, low acetylcholine, and most importantly the genetic
connection. Diagnosis of this condition is not so simple since there is no single test that identifies Alzheimer’s as
early as possible. The therapies for the disease just provide symptomatic relief but not cure. The present review
emphasizes the disease burden in the world, neurobiological aspects, and its management through conventional
drug therapies along with novel research on therapeutic strategies, new drugs which showed excellent results
that are to be approved and were approved, including investigations on plant medicine.
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INTRODUCTION

Alzheimer's disease (AD), a kind of dementia that differs from age-associated memory impairment [1]. AD is
common in elderly people of the age of 65 and above. It is an irreversible, neurodegenerative, progressive brain
disorder [1]. The early symptoms include the difficulty of remembering recent conversations or events, apathy,
and depression which may proceed further to impaired communication, disorientation, confusion, poor
judgment, behavioural changes, and, ultimately difficulty in speaking, swallowing, and walking too.
Neurodegeneration is associated with various factors like genetic mutations (less than 5%), incorrect protein
folding, and damage in membrane neurons, mitochondrial dysfunction, oxidative stress, toxic molecule
formation, and neuroinflammatory processes. The greatest challenge in treating Alzheimer’s would be the lack
of efficient biomarkers for early diagnosis, prevention, and treatment methods [2].

Clinical outcomes in the patients like mild cognitive impairment (MCI) will later develop into dementia. AD or
non-AD, AD accounts for 60-80% of cases [3, 4] and 1.9% relative risk and prevalence. Nearly 1 in 3 adults
suffer from multiple chronic conditions globally [5]. In the year 2008 as a part of the “Mental health Gap Action
Programme” [6] (MhGAP), the world health Organisation (WHO) declared dementia as a priority condition. The
theme for mhGAP Forum 2018 is Accelerating Countries’ Action on Mental Health [7]. According to a report,
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there could be an increase of 35% of new AD cases in the next 20yrs [8] That approximates the total number of
new dementia cases annually worldwide is nearly 7.7 million that is defining a fresh case for every 4 sec. In
2015 the prevalence is 4.4 million, which estimates to be doubled by 2050 [9]. The incidence of AD is in
increasing order as, Asia, Europe, and North America [10]. 1-6% of recorded cases are of the age 30-60 which
is termed as an early-onset disease. The mortality increases as the disease progress [11]. In India, the order of
prevalence of AD is West India, South India, North India, and East India in order. Neurons are the primary
targets in AD. When nerve cells die brain shrinks. Plaques are clusters of protein fragments, formed between
neurons and tangles are twisted strands of the other protein responsible for the disturbed neurotransmitter
function [12].

Treatment

Treating Alzheimer’s is a challenge because there is no cure for this condition, a lot of efforts were kept into
finding preventive strategies, ways to improve the condition, and ultimately a solution for AD. The primary
treatment aims to improve symptoms. US-FDA has approved two categories of drugs (Table 1) in the treatment
of AD. ‘Acetylcholinesterase inhibitors” and ‘NMDA (N-methyl D-aspartate) receptor antagonists,” [13] to treat
AD for cognitive improvement but neither of them targets the formed plaques or the tangles to halt the disease
progression [13].

Table 1. US-FDA-approved drug list [14, 15]

Drug name Drug type Mechanism Approved for Side effects
Donepezil Cholinesterase Acetylcholine(ACh) breakdown in ~ Mild to Nausea, Increased frequency of
(Aricept) inhibitor. the brain is prevented. severe bowel moments, and loss of appetite

ACh breakdown is prevented and

Galantamine Cholinesterase N .
nicotinic receptors are stimulated

Mild to Nausea, Increased frequency of

Razadyne inhibitor moderate  bowel moments, and loss of appetite
( yne) to release ACh. PP
Rivastigmine Cholinesterase ACh and Butyryl choline break Mild to Nausea, Increased frequency of
(Exelon) inhibitor down is prevented moderate  bowel moments, and loss of appetite
. Regulate the ex lutamat . .
Memantine . egu a_le € excess _g uta a_e Moderate to Confusion, dizziness, headache, and
NMDA antagonist activation and associated toxic L
(Namenda) severe constipation.
effects.
Memantine + . . nfusion, dizziness, h he,
ema .e NMDA antagonist and ACh breakdown is prevented and Moderate to Confusion, d ess, headache
donepezil Nausea, Increased frequency of

cholinesterase inhibitor ~ glutamate toxicity is blocked. severe

(Namzaric) bowel moments, loss of appetite

Cholinergic hypothesis

Initially, it was believed that the cause of this disease might be related to Acetylcholine (Ach) a
neurotransmitter, functions in learning and memory. Ach produced from choline and acetyl coenzyme-A
reaches the synapse through microtubules. Acetylcholinesterase (AchE) hydrolyses Ach [16], anti-AchE
increases the cholinergic-synaptic transmission by inhibiting AchE at synaptic-cleft thus hydrolysis of Ach is
decreased [17]. Henceforth, AD patients were treated with AchE inhibitors to improve memory since the
primary symptom is memory loss. Donepezil, Rivastigmine are selective AchE inhibitors whereas Tacrine and
Physostigmine inhibit both acetyl and butyrylcholinesterase.

‘Tacrine’ (9-amino-1,2,3,4-tetrahydroacride hydrochloride hydrate) [18]. Tacrine, the first drug approved by the
US-FDA for the treatment [16] of Alzheimer's disease in 1993 [19] is a nonselective reversible AchE inhibitor.
T % is 2-4 hrs. and the drug intended to be taken four times daily. Tacrine use has been limited because it causes
asymptomatic elevation of serum aminotransferase concentrations and causes hepatotoxicity. Physostigmine is a
tertiary amine, nonselective reversible inhibitor of AchE and Butyryl-cholinesterase. Its t1/2 is 30 min and
hence it was administered every 2 hrs initially, later a controlled release formulation made it possible to take
twice daily. Donepezil is approved by the FDA in the year 1996 is a reversible, selective AchE inhibitor. A
longer t1/2 enables the dose as once daily and is the most widely used drug for AD.

Metrifonate also is known to be Trichlorfon, is an anthelmintic drug that has anticholinesterase activity. To
inhibit anti cholinesterase [20] it undergoes non-enzymatic hydrolysis to dichlorvos (a pseudo-irreversible
inhibitor). It can rapidly enter the brain and has a half-life better than physostigmine and donepezil. The most
common side effects observed to be diarrhea, leg cramps, and muscle weakness. Eptastigmine is a carbamate
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derivative of physostigmine, a reversible inhibitor of AchE. Sinus bradycardia, granulocytopenia, and
hepatotoxicity are common side effects of the drug [21]. Rivastigmine is a relatively pseudo irreversible
inhibitor of acetylcholinesterase with a duration of action of 10hrs.

NMDA-receptor partial antagonist

‘NMDA (N -methyl -D-aspartate) receptor antagonist’ drugs treat brain damage, memory loss, and AD [22].
Glutamate a neurotransmitter processes signaling by attaching itself to a new cell by using NMDA receptor
[23]. Glutamate at the NMDA receptor site enables calcium to pass into the cell carrying chemical or electric
signals which is important for learning n memory functions. L-Glutamate in abnormal conditions acts as
neurotoxins also called endogenous amino acids (EAA). These toxins open membrane cation channels to an
excessive influx of sodium and a passive influx of Calcium and water which results in acute neuronal swelling
[23, 24].

Memantine (Ebixa®, Axura®, Namenda®, Akatinol®), a partial antagonist of NMDA receptors was approved
(2003) for treating moderate to severe AD. In normal neurological conditions, memantine is ineffective but
becomes effective at higher concentrations of glutamate associated with over activation of NMDARs. Besides,
NMDARSs blockage mitigates amyloid beta induce degeneration of cholinergic neurons [25]. Research suggests
the prodrug of memantine called “memit” is an agent to treat Alzheimer’s. Hydrogen sulphide is found to have
anti-inflammatory and neuroprotective activity. Replacing the free amine with isothiocyanate functions as a
putative hydrogen sulphide donor. Memit changes to memantine through cystine mediated mechanism by
releasing hydrogen sulphide. The study reveals the reduction of AP (1-42) self-aggregation and has
cytoprotective action [26].

Anti-amyloid approach

Amyloid beta-peptide (AP) was first sequenced and recognized as a potential marker by Glenner& Wong, 1984
[27]. Later 39- 43 amino acid peptides were identified as the major content of extracellular plaques. AP is a
cleavage product of a large, transmembrane protein APP (amyloid precursor protein). The evidence that AP
plaques have a major deteriorating role in the progress of AD, can be considered as a therapeutic target and deal
with several aspects of APP metabolism. APP is cleaved in two pathways (amyloidogenic and non-
amyloidogenic) by o, B and y-secretase enzymes [28]. First, if the APP is cleavaged by a-secretases which
prevent the formation of the AP instead forms sAPPa fragments (neuroprotective) is formed. However, if § and
v- secretases predominate then AP is formed, which aggregates forming senile plaques which produce
neurotoxins [29].

The AB1-40 isoform, the most prevalent peptide, followed by the AB1-42 peptide (hydrophobic) generates
aggregates at a faster rate [30]. ApP42 causes oxidative damage to promote hyperproliferation of tau gives a toxic
effect on synapses and mitochondria [31]. Microglial cells were induced by AB42 results in the release of
proinflammatory cytokines including IL-1B, TNF-a, and IFN-y [32]. These cytokines stimulate the closest
astrocytes producing further amounts of AB42 oligomers [33]. Secretase enzyme receptors play a key role in
amyloid synthesis. a secretase is regulated at Muscarinic and GABA agonist. Another approach is to regulate -
secretase. Inhibition of B-secretase approach to regulating AP plaques.

Drugs like Tramiprosate (Alzhemed), Colostrinin (CLN), Epigallocatechin (EGCG), NIC5- 15, Nasal insulin are
anti-Af agents that act by inhibiting the AP peptides or dissolves their formed fibrils. Anti-amyloid beta
monoclonal antibodies like Solanezumab, Gantenerumab and Crenezumab, and BAN 2401 were tested to act
against AB. Of the four Gantenerumab is in clinical trial phase Il at present(NCT03444870) [34].
Gantenerumab human IgG1 antibody has an affinity to bind with a conformational epitope on AP fibrils. At the
beginning of 2019, Roche announced the halt of clinical trials (CREAD 1 and CREAD 2) of the anti-amyloid
antibody Crenezumab [35]. Solanezumab, trial phaselll is a miss, as it cannot slow cognitive decline in AD.
BAN2401 failed to meet the primary endpoint in phase Il trials but this yet may have benefited so the company
announced phase |11 of the trial. Elenbecestat a molecule blocks amyloid production is still in testing. So far,
Aducanumab is found to be successful to act against AP [36].

Tau protein targeting

Tau proteins are associated with microtubule stabilization which aids axons and dendrites for neuronal
transmission. In the 1980s researchers discovered that the main protein that binds neurofibrillary tangles (NFTSs)
was ‘tau’. Tau is a phosphoprotein, found in neurons in the peripheral and central nervous systems [37]. Tau has
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6 isoforms in the human brain. Increased tau phosphorylation decreases the amount of microtubule-bound
protein. Thus, Phosphorylation in the microtubule-binding domain of tau is regulating microtubule stabilization.
Critically phosphorylation of the orthologous residues in adjacent microtubule-binding repeats at S262 and S356
is observed [38]. Therapy aims to prevent the aggregation of paired, helically twisted filaments of hyper-
phosphorylated tau, a key component of neurofibrillary tangles [39].

Inhibition of tau phosphorylation can be a great therapeutic target. Glycogen synthase kinase 3 (GSK3), a
primary enzyme in tau phosphorylation is targeted [29]. ‘Tideglusib’> (NP031112) is an irreversible GSK3p
inhibitor. The stabilization of microtubules can be a therapeutic target as well which improved axonal transport,
microtubule density, and motor function (eg. Paclitaxel, Epothilone, D-NAP(NAPVSIPQ), and D-
SAL(SALLRSIPA). Drugs (Astemizole, Lansoprazole, and methylthioninechloride) have a strong affinity for
tau protein indirectly to reduce tau-tau interaction by blocking the tau oligomerization [40]. Heat shock protein
90 (Hsp 90), folds denatured-proteins aids in preventing tau degradation. Curcumin a natural plant extract is also
known to inhibit Hsp 90 [41].

Intracellular signaling cascades

Modulation of intracellular signaling cascades can also be a therapeutic intervention in AD. Inhibitors of
phosphodiesterase (PDE) provide significant benefits ie the region-specific alterations in the expression of
PDE7 and PDE8 mRNA levels in the hippocampal region of the brain. Reduced PDE7A transcripts and
increased PDES8B are observed in the later stages of AD [42, 43]. Rolipram, Sildenafilortadalafil, Cilostazol is
PDE selective inhibitors that effectively alter memory, cognitive functions, decrease AP accumulation, and tau
phosphorylation. Cilostazol is a PDE3 inhibitor and an antiplatelet agent that treats subcortical vascular disease
by increasing the cAMP level by promoting phosphorylation of CREB. It improves cerebral blood flow aids in
antioxidative effect and is proved to prevent AP aggregation [41, 44]. Rolipram shows a better synaptic function
and improves cognitive function [43]. Sildenafil is a PDE5 inhibitor that shows a reversal of cognitive
impairment [45].

Modulated levels of neurotransmitters

In AD the cholinergic neurons and glutamatergic neurons of the hippocampal region are affected first. Etazolate
and SGS742, GABA antagonist showed promising results in preclinical and phase-l studies. Etazolate is a
selective GABA(A) receptor modulator, stimulates sSAPPalpha production in cortical neurons [46].

Oxidative stress

Accumulated AP blocks mitochondrial import channels and increases ROS production, thereby increased
mitochondrial ROS production will further cause mitochondrial dysfunction, affects membrane lipids, enzymes,
DNA, and lastly to cell death [47]. Antioxidants like vitamins E, C, and carotenoids, phytochemicals, and
synthetic compounds reduce oxidative stress in the brain. Alpha-tocopherol (vitamin E) limits free radical
formation, lipid peroxidation, and oxidative stress promoting the survival of neurons exposed to plaques.
Selegiline is a mono-amino oxidase inhibitor, increases brain catecholamines. Idebenone is a benzoquinone
derivative with the anti-oxidative property [48].

Immunotherapy

Much research is done to clearAP through AP antigens (active vaccination) or anti-Af antibodies (passive
vaccination). Inactive immunization uses an active vaccine with multiple doses of AP42, Antibodies were
developed reported adverse events [49]. Passive immunization with human recombinant A monoclonal
antibodies administered (Intravenously) acts against the N terminus of AP [50] Table 2 lists the
immunotherapeutic agents that are in various stages of clinical trials. According to Jeffrey Cummings, on a
whole of 112 agents in the current AD treatment, many immunotherapeutic agents are in various phases of
clinical trials [50].

Table 2. List of the biological or immunological agents of AD under research (clinical trials), both active and
passive [51-55]

Chemical . . | -
Con:;)nc:ljz d Status Trial Organizer/ sponcer Category/Target tT]Z:’Z;)OI
AAB-003 Discontinued Janssen, Pfizer Amyloid beta Passive
AADvac-1 Phase-2, Axon Neuroscience SE Tau Active
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AB vac 40 Phase 2 Araclon Biotech Amyloid beta Active
ACI-24 Phase 1/2, AC Immune SA Amyloid beta Active
ACI-35 Phase 1 AC Immune SA, Janssen Tau Active

AN-1792 Discontinued Janssen, Pfizer Amyloid beta Active

Aducanumab Phase 3 Biogen, Neurimmune Amyloid beta Passive
Affitope AD02 Phase 2 AFFIRIiS AG Amyloid beta Active

BAN2401 Phase 2 Biogen, Eisai Co., Ltd. Amyloid beta Passive
BIIBO76 Phase 1 Biogen, Neurimmune Tau Passive
BI1IB092 Phase 2 Biogen, Bristol-Myers Squibb Tau Passive

Bapineuzumab Discontinued Janssen, Pfizer Amyloid beta Passive

C2N 8E12 Phase 2 AbbVie, C2N Diagnostics, LLC Tau Passive

CAD106 Phase 2/3 Novartis Pharmaceuticals Corporation Amyloid beta Active
Crenezumab Phase 3 AC Immune SA, Genentech, Hoffmann-La Amyloid beta Passive
Roche

Etanercept Phase 2 Amgen, Inc., Pfizer Inflammation Passive

GSK933776 Inactive GlaxoSmithKline (GSK) Amyloid beta Passive
Gammagard® Discontinued Baxter Healthcare AmyI0|d be_t aand Passive
inflamation

Gamunex Phase 2/3 Grifols Biologicals Inc. AP target Inflammation  Passive

Gantenerumab Phase 3 Chugai Pharmaceutlcl_\':\(l);c;., Ltd., Hoffmann-La Amyloid beta Passive
JNJ-63733657 Mild AD Phase 1 Janssen Tau Passive

LY2599666 Discontinued Eli Lilly & Co. Amyloid beta Passive

LY3002813 Phase 2 Eli Lilly & Co. Amyloid beta Passive

LY3303560 Phase 2 Eli Lilly & Co. Tau Passive

LY3372993 Phase 1 Eli Lilly & Co. Amyloid-beta Passive

Lu AF20513 Phase 1 H. Lundbeck, Otsuka Pharmaceutical Co., Ltd. Amyloid-beta Active

MEDI1814 Phase 1 Eli Lilly & Co. Amyloid beta Passive

Octagam®10% Inactive Octapharma AP target Inflammation  Passive

Ponezumab Discontinued. Pfizer Amyloid beta Passive

RG7345 Discontinued Roche Tau Passive

RO 7105705 Phase 2 AC Immune SA, Genentech, Hoffmann-La Tau Passive
Roche

SAR228810 Phase 1 Sanofi Amyloid beta Passive

Solanezumab Phase 3 Eli Lilly & Co. Amyloid beta Passive

UB 311 Phase 2 United Neuroscience Amyloid beta Active

Vanutidecridificar  Discontinued Janssen Amyloid beta Active

Herbal therapy for Alzheimer’s

Extensive research on different plants is underway worldwide as plant extracts have a rather more therapeutic
advantage, with fewer untoward effects, and are more economical. Using herbal medicine is in practice.
Moreover, people tend to be interested in traditional medicine in recent times. Herbal medicine offers several
options for altering the progress and symptoms of AD. Memory ailments are treated by herbal medicine
indigenously in several cultures. In India, Ashwagandha, Turmeric, Brahmi Shankhpushpi, Gotu Kola,
Jyotishmati, and Jatamansitreat AD [56]. Other plants which are reported to treat AD are listed in Table 3. Also,
studies have concluded, the inclusion of herbal medicine in conventional therapy brings in promising changes in
the cognitive function of the patient.

Table 3. List of the Plants, extracts, and chemical constituents that were studied to have therapeutic action
against AD [57, 58]

Plant Family Extract/Constituents Mechanism Ref
Decrease AP protein formation, inhibits - and y-
. . Ginsenosides secretase activity, Promote AP peptide
Panax ginseng Avraliaceae degradation. [58, 59]
Gintonin Attenuates brain amyloid plaque deposits
Ginkgo Biloba Ginkgoaceae Ginkgolide A, Ap-induced caspase-3 reduced and platelet  [60, 61]
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Ginkgolide B activating factor inhibition
- . Protect 1 cells from AB AB-induced t
Curcuma longa Zingiberaceae Curcumin rotect neurona’ ce's from . P Ap-induced tau [62]
phosphorylation.
— . . ABi infl ti h
Coptischinensis Ranunculaceae Berberine Suppress AP induced m_ ammation and the [63]
phosphorylation of tau
Melissa officinalis Lamiaceae  4-O-methylhonokiol Inhibition of AB1-42-induced ROS generation [64]
neuron death.
Decrease AP secretion with no alteration in the
- - io of AB1-4 AB-42, P
Polygala tenuifolia Polygalaceae Tenuifolin ratio o . B1-40 and AP ossess” [65]
neuroprotective effect. Improve the cognitive
deficits
. . . Significantly i impai t,
Crocus sativus Iridaceae Crocin _|gn_| _|can y Improve mer_n_ory _|mpa_|rmen [66]
Significantly prevent cognitive impairments.
Tanshinone 1A Protection from AB25-35-induced toxicity.
Salvianolic acid A Inhibit A self-aggregation and blocks the
Saliva militiorrhiza Lamiaceae Salvianolic acid B . Neuroprotecyve,_ . [67]
anti-inflammatory and anti-oxidative effects
Crvptotanshinone Cholinesterase inhibitor improves learning,
yp Improve the cognitive ability to
. . . Withanolide A Behavi | defici |
Withaniasomnifera Solanaceae |t_ ano |d_e and ehavioural deficits were_ re\_/grsed and plaque [57, 67]
withanoside 1V load decreased significantly.
HuperziaSerrata Lycopodiaceae Huperzine A Inhibition of AB-induced APP secretion. [68]
Moringaoleifera Moringaceae Myricetin Regulating levels of a-secretase [69]
- . 95% ethanolic . Inh.lbltlon.Of amyloid
Bacopamonnieri Plantaginaceae extract peptide-activated intracellular acetyl- [70]
' cholinesterase activity
. . Inhibits fibril formation and destabilization of
Cinnamomumzeylanicum  Lauraceae Aqueous extract o [71]
formed fibrils.
. AB-induced totoxicity, inhibition of Ap-
Ganodermalucidum  Ganodermataceae Aqueous extract P-induced synaptotoxicity, inhibition of A [57]

induced

Recent hallmarks in the alzheimer’s research

Almost by the end of 2019 two drugs, Biogen’s (USA) ‘Aducanumab (BIIB03) and Shanghai Green valley
Pharmaceuticals’ (China), GV-971 (Oligomannate) emerged out with glory and proved to be treating
Alzheimer’s disease.

Aducanumab: An antibody, a protein designed to target AP. It preferentially binds to aggregates of AP and
reduces the amyloid plaques. Biogen sponsored seven clinical trials [72]. Phase-1 was with healthy people
(NCT02782975) and patients in the US(NCT01397539) and Japan (NCT02434718). Phase-1 trial
(NCTO01677572), double-blind randomization, a placebo-controlled trial, ‘PRIME’ with 192 pre-dementia and
mild Alzheimer’s patients concludes significant reduction is observed at higher doses and slow rate of cognitive
decline. Later another two trials were initiated by biogen, double-blind randomization (1:1) phase-3 clinical
trial, named ENGAGE (NCT02477800) and EMERGE (NCT02484547) treatment dose once a month by
infusions. The primary aim of these two trials is to assess the efficacy of BIIB037 [73]. As the trials were
unlikely to meet the primary objective, the trials were halted with a decision based on safety concerns [74].
Later another phase 2 trial (NCT 03639987) start to evaluate the safety of the continued dosing of the drug. In
patients with mild AD, it was also halted in march 2019. Then analysis was conducted with more data from
participants who did not complete the trial. EMERGE met the primary and secondary endpoint on the other
hand ENGAGE is a failure. Based on the results of the new analysis biogen declared they would file for
regulatory approval in early 2020 [75].

GV-971: A start-up firm (Shanghai Green Valley Pharmaceuticals) from China has surprised the neuroscientist
and drug developers of the world with conditional approval for their seaweed-derived molecule GV-971 in
November 2019. The drug grew out of research by a ‘GengMeiyu’ of ‘The Chinese Academy of Science’s
Shanghai Institute of MateriaMedica’, a centre for research into traditional Chinese medicine [76]. The active
ingredient in GV-971 is sodium oligo-mannurate is derived from Brown algae, a seaweed. This molecule got the
praises and attention of the world's neuroscientists as it was the first drug to get approval in the past two decades
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and it has presented a new therapeutic approach aiming at inflammation and improving cognition in patients
[77].

Various therapeutic strategies targeting amyloid-beta and tau phosphorylation have shown constant
disappointment in the clinical trials, which gave rise to considering a new therapeutic strategy for the disease.
This compound interacts with the Intestinal microflora and host immune system [78]. As a part of the host
immune response, many inflammatory diseases (including inflammation during AD) may arise in connection to
disturbances in intestinal microflora [79]. Using 5XFAD transgenic (Tg) mouse models, as the disease progress
changes in gut microflora lead to an increase of phenylalanine and isoleucine stimulates pro-inflammatory T
helper cells (Thl). Thl cells along with M1 microglia activation cause neuroinflammation. This component
suppresses phenylalanine/isoleucine accumulation reducing neuroinflammation [80] also crosses Blood-brain -
barrier (BBB) through glucose transporter (GLUT1) and stops AP fibril formation and destabilizes formed
fibrils to non-toxic monomers [81].

Phase-1 trial with 112 normal individuals, Phase-2 with 255 patients from different sites of China received a
dose of 600-900mg per day with placebo for 6 months. Phase-1 and 2 trials showed a safe and well-tolerated
profile. Phase 3 trial (NCT02293915) conducted at 34 sites, 818 [80] patients were treated with 900mg/ day or
placebo for 9 months with no other AD drugs [82]. The trial met the primary endpoint with a statistical
significance of P<0.001 and no serious adverse events occurred with a similar rate between drug and placebo.

CONCLUSION

Alzheimer’s disease is one of the top listed causes of death in the world. The mortality rate of AD over a period
has increased, and so as the concerns for treating the infected population too. The cure for AD is still in finding
since the first report of the Disease. The strategy of Alzheimer’s research is finding better biomarkers that could
reasonably identify the risk of the disease and finding therapeutic agents that control the disease or the
symptoms. There were only a few drugs that were approved to treat the disease which targets the symptoms.
Decades of research concluded multiple causes of the disease. With no dubiety, certainly, there is a demand for
superior therapy to treat the patients. Several drug molecules are in different stages of clinical trials that target
other causes of the disease apart from improving memory. Another therapeutic concern of the disease is to
identify the early stage AD and treat it. In support of Alzheimer’s research and understanding the criticality, US-
FDA lowers the bar for clinical trial success (Feb- 2018) of drugs that treat the early stages of Alzheimer’s. This
states the necessity for the new molecules or new plant constituents to control the estimated statistics of AD
deaths in the future. Furthermore, the success of components extracted from natural sources like curcumin and
the very recent GV-971 obtained from a seaweed brown alga gives a scope and hope for the emerging
researchers, to consider natural components to elicit certain pharmacological action and could be proved as
potential drugs for the future.

ACKNOWLEDGMENTS : None
CONFLICT OF INTEREST : None
FINANCIAL SUPPORT : None
ETHICS STATEMENT : None

REFERENCES

1. Kerppers Il, Hosni AP, Miri AL, Cordeiro ME, Kerppers FK, de Lima MM, et al. Therapeutic Approaches
for Alzheimer’s Disease: New Perspectives. Amyloid Hist Perspect. 2021. Available from:
https://www.intechopen.com/online-first/76042. doi:10.5772/intechopen.97081.

2. Zv&fova M. Clinical aspects of Alzheimer's disease. Clin  Biochem. 2019;72:3-6.
doi:10.1016/j.clinbiochem.2019.04.015.

3. Crous-Bou M, Minguillén C, Gramunt N, Molinuevo JL. Review Alzheimer's disease prevention: from risk
factors to early intervention. Alzheimer's Res Ther. 2017;9(1):1-9.

4. Porsteinsson AP, Isaacson RS, Knox S, Sabbagh MN, Rubino 1. Diagnosis of Early Alzheimer’s Disease:
Clinical Practice in 2021. J Prev Alzheimers Dis. 2021;8:371-86. doi:10.14283/jpad.2021.23

116



Beera et al. Int. J. Pharm. Res. Allied Sci., 2021, 10(4): 110-120

5.

10.
11.

12.

13.

14,

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

Hajat C, Stein E. The global burden of multiple chronic conditions: a narrative review. Prev Med Rep.
2018;12:284-93.

Winder Z, Wilcock D, Jicha GA. Diagnostic and Prognostic Laboratory Testing for Alzheimer Disease.
Clin Lab Med. 2020;40(3):289-303.

Mental health, World health organization. Available from: http://www.who.int/mental_health/mhgap/en.
Alzheimer’s Disease Facts and Figures. Alzheimer's Dement. Alzheimer’s Assoc. 2018;14(3):367-429.
Available from: https://www.alz.org.

Sadleir KR, Vassar R. Modeling genetic diversity in Alzheimer’s disease. Lab Animal. 2019;48(3):87-8.
Ghara TK, Roy K. Alzheimer’s Disease-An Analytical View. IOSR-JNHS. 2017;6(4):31-5.

Tomike I, Olawande M, Ajayi P, Emmanuel P. Treatment pathways of Alzheimer in Nigeria. Heliyon.
2020;6(12):e05724.

Au R. Updates in Solving the Mystery of Alzheimer's Disease Pathology. Int J Clin Pharmacol
Pharmacother. 2018;3(138):2. doi:10.15344/2018/2456-3501/138.

Santamaria TZ, Gomez PY, Galindo IF, Gonzalez MG, Vazquez AO, Lépez ML. Pharmacogenetic studies
in Alzheimer disease. Neurologia. 2020;53(1):153.

Arranz AM, De Strooper B. The role of astroglia in Alzheimer's disease: pathophysiology and clinical
implications. Lancet Neurol. 2019;18(4):406-14.

Benek O, Korabecny J, Soukup O. A perspective on multi-target drugs for Alzheimers disease. Trends
Pharmacol Sci. 2020;41(7):434-45.

Crismon ML. Tacrine: first drug approved for Alzheimer's disease. Ann Pharmacother. 1994;28(6):744-51.
Bastin C, Delhaye E, Moulin C, Barbeau EJ. Novelty processing and memory impairment in Alzheimer’s
disease: A review. Neurosci Biobehav Rev. 2019;100:237-49.

Bamford RA, Widagdo J, Takamura N, Eve M, Anggono V, Oguro-Ando A. The interaction between
contactin and amyloid precursor protein and its role in Alzheimer’s disease. Neuroscience. 2020;424:184-
202.

Fish PV, Steadman D, Bayle ED, Whiting P. New approaches for the treatment of Alzheimer’s disease.
Bioorg Med Chem Lett. 2019;29(2):125-33.

Muralidar S, Ambi SV, Sekaran S, Thirumalai D, Palaniappan B. Role of tau protein in Alzheimer’s
disease: The prime pathological player. Int J Bio Macro. 2020;163(1):1599-617.

Soldan A, Pettigrew C, Albert M. Cognitive reserve from the perspective of preclinical Alzheimer disease:
2020 update. Clin Geriatr Med. 2020;36(2):247-63.

Baazaoui N, Igbal K. A novel therapeutic approach to treat Alzheimer’s disease by neurotrophic support
during the period of synaptic compensation. J Alzheimers Dis. 2018;62(3):1211-8. do0i:10.3233/JAD-
170839

McEntee WJ, Crook TH. Glutamate: its role in learning, memory, and the aging brain.
Psychopharmacology. 1993;111(4):391-401. doi:10.1007/BF02253527.

Havekes R, Heckman PR, Wams EJ, Stasiukonyte N, Meerlo P, Eisel UL. Alzheimer's disease
pathogenesis: The role of disturbed sleep in attenuated brain plasticity and neurodegenerative processes.
Cell Signal. 2019;64:109420.

Sestito S, Daniele S, Pietrobono D, Citi V, Bellusci L, Chiellini G, et al. Memantine prodrug as a new agent
for Alzheimer’s Disease. Sci Rep. 2019;9(1):4612.

Bilal M, Barani M, Sabir F, Rahdar A, Kyzas GZ. Nanomaterials for the treatment and diagnosis of
Alzheimer's disease: An overview. Nanolmpact. 2020:100251.

Pearson HA, Peers C. Physiologicalroles for amyloid B peptides. J Physiol. 2006;575(1):5-10.

Majdi A, Sadigh-Eteghad S, Aghsan SR, Farajdokht F, Vatandoust SM, Namvaran A, et al. Amyloid-p, tau,
and the cholinergic system in Alzheimer’s disease: Seeking direction in a tangle of clues. RevNeurosci.
2020;31(4):391-413. doi:10.1515/revneuro-2019-0089.

Tran L, Ha-Duong T. Exploring the Alzheimer amyloid-p peptide conformational ensemble: A review of
molecular dynamics approaches. Peptides. 2015;69:86-91.

Kurz A, Perneczky R. Novel insights for the treatment of Alzheimer's disease. Prog Neuro
psychopharmacol Biol Psychiatry. 2011;35(2):373-9.

Dal Pra I, Chiarini A, Gui L, Chakravarthy B, Pacchiana R, Gardenal E, et al. Do astrocytes collaborate
with neurons in spreading the “infectious” AP and Tau drivers of Alzheimer’s disease?. Neuroscientist.
2015;21(1):9-29.

117



Beera et al. Int. J. Pharm. Res. Allied Sci., 2021, 10(4): 110-120

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45.

46.

47.

48.

49,

50.

Sl

52.

53.

54.

55.

56.

Kumar A, Singh A. A review on Alzheimer's disease pathophysiology and its management: an update.
Pharmacol Rep. 2015;67(2):195-203.

Rygiel K. Novelstrategies for Alzheimer's disease treatment: An overview of anti-amyloid beta monoclonal
antibodies. Indian J Pharmacol. 2016;48(6):629-36.

News. ALZFORUM networking cure. Roche Pulls Plug on Two Phase 3 Trials of Crenezumab. 31 Jan
2019. Available from: https://www.alzforum.org/news/research-news/roche-pulls-plug-two-phase-3-trials-
crenezumab

Servick K. Another major drug candidate targeting the brain plaques of Alzheimer’s disease has failed.
What’s left? AAAS. Science. Brain Behav Health. 2019. doi:10.1126/science. aax4236

Simi¢ G, Babi¢Leko M, Wray S, Harrington C, Delalle I, Jovanov-Milogevi¢ N, et al. Tau protein
hyperphosphorylation and aggregation in Alzheimer’s disease and other tauopathies, and possible
neuroprotective strategies. Biomolecules. 2016;6(1):6. doi:10.3390/biom6010006.

Noori T, Dehpour AR, Sureda A, Sobarzo-Sanchez E, Shirooie S. Role of natural products for the treatment
of Alzheimer’s disease. Eur J Pharmacol. 2021;898:173974.

Mendiola-Precoma J, Berumen LC, Padilla K, Garcia-Alcocer G. Therapies for prevention and treatment of
Alzheimer’sdisease. Biomed Res Int. 2016;2016. doi:10.1155/2016/2589276.

Congdon EE, Sigurdsson EM. Tau-targeting therapies for Alzheimer's disease. Nat Rev Neurol.
2018;14(7):399-415. d0i:10.1038/s41582-018-0013-z.

Vasefi M, Ghabolian-Zare E, Abedelwahab H, Osu A. Environmental toxins and Alzheimer’s disease
progression. Neurochem Int. 2020;141(1):104852.

Wang Z, Shen L, Wang Y, Huang S. Interated analysis of miRNA and mRNA expression in the blood of
patients with Alzheimer’s disease. Mol Med Rep. 2020;22(2):1053-62.

Hampel H, Mesulam MM, Cuello AC, Farlow MR, Giacobini E, Grossberg GT, et al. The cholinergic
system in the pathophysiology and treatment of Alzheimer’sdisease. Brain. 2018;141(7):1917-33.
Garcia-Osta A, Cuadrado-Tejedor M, Garcia-Barroso C, QOyarzabal J, Franco R. Phosphodiesterases as
therapeutic  targets for  Alzheimer's disease. ACS Chem Neurosci. 2012;3(11):832-44.
d0i:10.1021/cn3000907.

Guzman-Martinez L, Maccioni RB, Farias GA, Fuentes P, Navarrete LP. Biomarkers for
Alzheimer’sdisease. Curr Alzheimer Res. 2019;16(6):518-28.

Marcade M, Bourdin J, Loiseau N, Peillon H, Rayer A, Drouin D, et al. Etazolate, a
neuroprotectivedruglinking GABAA receptor pharmacology to amyloid precursor protein processing. J
Neurochem. 2008;106(1):392-404.

Mayeux R, Sano M. Treatment of Alzheimer's disease. N Engl J Med. 1999;341(22):1670-9.

Chakravorty A, Jetto CT, Manjithaya R. Dysfunctional mitochondria and mitophagy as drivers of
Alzheimer’s disease pathogenesis. Front Aging Neurosci. 2019;11:311. doi:10.3389/fnagi.2019.00311
Delrieu J, Ousset PJ, Caillaud C, Vellas B. 'Clinical trials in Alzheimer's disease: Immunotherapy
approaches. J Neurochem. 2011; 120(1):186-93.

Duthey B. Priority Medicines for Europe and the World" A public health approach to innovation. WHO
Backgr Pap. 2013;6.

Cummings J, Lee G, Ritter A, Zhong K. Alzheimer's disease drug development pipeline: 2018. Alzheimers
Dement. 2018;4(1):195-214.

ALZ  Forum,  Therapeutics, (internet)AD  target/  therapy  types.  Available  from:
https://www.alzforum.org/therapeutics.

Tatiparti K, Sau S, Rauf MA, lyer AK. Smart treatment strategies for alleviating tauopathy and
neuroinflammation to improve clinical outcomes in Alzheimer's disease. Drug Discov Today.
2020;25(12):2110-29.

Ankarcrona M, Winblad B, Monteiro C, Fearns C, Powers ET, Johansson J, et al. Current and future
treatment of amyloid diseases. J Intern Med. 2016;280(2):177-202.

Huang LK, Chao SP, Hu CJ. Clinical trials of new drugs for Alzheimer disease. J Biomed Sci.
2020;27(1):1-3. doi:10.1186/s12929-019-0609-7.

Zeng Q, Siu W, Li L, Jin YU, Liang S, Cao M, et al. Autophagy in Alzheimer's disease and promising
modulatory effects of herbal medicine. Exp Gerontol. 2019;119:100-10.

Adewusi EA, Steenkamp V. Medicinal plants and their derivatives with amyloid-beta inhibitory activity as
potential targets for drug discovery. Asian Pac J Trop Dis. 2015;1808(15):60810-6.

118



Beera et al. Int. J. Pharm. Res. Allied Sci., 2021, 10(4): 110-120

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Fang J, Wang L, Wu T, Yang C, Gao L, Cai H, et al. Network pharmacology-based study on the
mechanism of action for herbal medicines in Alzheimer treatment. J Ethnopharmacol. 2017;196:281-92.

Liu H, Ye M, Guo H. An updated review of randomized clinical trials testing the improvement of cognitive
function of Ginkgo biloba extract in healthy people and Alzheimer’s patients. Front Pharmacol.
2020;10:1688.

Janben IM, Sturtz S, Skipka G, Zentner A, Garrido MV, Busse R. Ginkgo biloba in Alzheimer’s disease: A
Systematic review. Wien Med Wochenschr. 2010;160(21):539-46.

Ringman JM, Frautschy SA, Cole GM, Masterman DL, Cummings JL. A potential role of the curry spice
curcumin in Alzheimer's disease. Curr Alzheimer Res. 2005;2(2):131-6.

Li Y, Guan S, Liu C, Chen X, Zhu Y, Xie Y, et al. Neuroprotective effects of Coptis chinensis Franch
polysaccharide on amyloid-beta (AP)-induced toxicity in a transgenic Caenorhabditis elegans model of
Alzheimer's disease (AD). Int J Biol Macromol. 2018;113:991-5.

Zhang Y, Noh K, Song W. Chinese herbal medicines on cognitive function and activity of daily living in
senior adults with Alzheimer's disease: a systematic review and meta-analysis. Integr Med Res.
2019;8(2):92-100.

Oh JJ, Kim SJ. Inhibitory Effect of the root of Polygala tenuifolia on Bradykinin and COX 2-Mediated Pain
and Inflammatory Activity. Trop J Pharm Res. 2013;12(5):755-9.

Adalier N, Parker H. Vitamin E, turmeric and saffron in treatment of Alzheimer’s disease. Antioxidants.
2016;5(4):40.

Zhang XZ, Qian SS, Zhang YJ, Wang RQ. Salvia miltiorrhiza: A source for anti-Alzheimer’s disease drugs.
Pharm Biol. 2016;54(1):18-24.

Kuboyama T, Tohda C, Komatsu K. Effects of Ashwagandha (roots of Withania somnifera) on
neurodegenerative diseases. Biol Pharm Bull. 2014;37(6):892-7.

Sutalangka C, Wattanathorn J, Muchimapura S, Thukham-mee W. Moringaoleifera mitigates memory
impairment and neurodegeneration in animal model of age-related dementia. Oxid Med Cell Longev.
2013;695936.

Chaudhari KS, Tiwari NR, Tiwari RR, Sharma RS. Neurocognitive effect of nootropic drug Brahmi
(Bacopamonnieri) in Alzheimer's disease. Ann Neurosci. 2017;24(2):111-22.

Madhavadas S, Subramanian S. Cognition enhancing effect of the aqueous extract of Cinnamomum
zeylanicum on non-transgenic Alzheimer's disease rat model: Biochemical, histological, and behavioural
studies. Nutr Neurosci. 2017;20(9):526-37.

Huang S, Mao J, Ding K, Zhou Y, Zeng X, Yang W, et al. Polysaccharides from Ganodermalucidum
promote cognitive function and neural progenitor proliferation in mouse model of Alzheimer's disease.
Stem Cell Rep. 2017;8(1):84-94.

Aducanumab. therapeutics. Databases. ALZforum Networking for cure. updated 2019. Available from:
https://www.alzforum.org/therapeutics/aducanumab

Viglietta V, O'Gorman J, Williams L, Tian Y, Sandrock A, Doody R, et al. Randomized, Double-Blind,
Placebo-Controlled Studies to Evaluate Treatment with Aducanumab (BIIB037) in Patients with Early
Alzheimer's Disease: Phase 3 Study Design (S1.003). Neurology. 2016;86(16 Supplement) S1.003.

Howard R, Liu KY. Questions EMERGE as Biogen claims aducanumab turnaround. Nat Rev Neurol.
2020;16(2):63-4. doi:10.1038/s41582-019-0295-9

Joseph A. A new Alzheimer's therapy is approved in China, delivering a surprise for the field but also
questions. 2019. Awvailable from: https://www.statnews.com/2019/11/04/a-new-alzheimers-therapy-is-
approved-in-china-delivering-a-surprise-for-the-field-but-also-questions/

Servick K, Normile D. Alzheimer's experts greet China's surprise approval of a drug for brain disease with
hope and caution. (Asia/PacificHealth.). sciencemag.org. 2019. doi:10.1126/science. abal117

Thaiss CA, Zmora N, Levy M, Elinav E. The microbiome and innateimmunity. Nature. 2016;535(7610):65-
74.

Blander JM, Longman RS, lliev ID, Sonnenberg GF, Artis D. Regulation of inflammation by microbiota
interactions with the host. Nat Immunol. 2017;18(8):851-60.

Wang X, Sun G, Feng T, Zhang J, Huang X, Wang T, et al. Sodium oligomannate therapeutically remodels
gut microbiota and suppresses gut bacterial amino acids-shaped neuroinflammation to inhibit Alzheimer’s
disease progression. Cell Res. 2019;29(10):787-803.

119



Beera et al. Int. J. Pharm. Res. Allied Sci., 2021, 10(4): 110-120

79.

80.

81.

82.

GV-971, Therapeutics. Database. ALZforum networking for a cure. Available from:
https://www.alzforum.org/therapeutics/gv-971.

Osman AS, Gad MH, Hareedy AA, Mishriki AA, Rasheed EA. Sitagliptin attenuates cognitive impairment
in the rat model of Aluminuminduced Alzheimer’s disease. J] Adv Pharm Educ Res. 2019;9(3):53-61.
Xiao S, Chan P, Wang T, Hong Z, Wang S, Kuang W, et al. A 36-week multicenter, randomized, double-

blind, placebo-controlled, parallel-group, phase 3 clinical trial of sodium oligomannate for mild-to-
moderate Alzheimer’s dementia. Alzheimers Res Ther. 2021;13(1):62.

Plascencia-Villa G, Perry G. Status and future directions of clinical trials in Alzheimer's disease. Int Rev
Neurobiol. 2020;154:3-50.

120



