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The inability to remember recent events, process new information, or complete even the most basic of tasks is a hallmark 
of Alzheimer’s disease, an irreversible neurodegenerative brain illness. Among those 65 and older, it is the leading cause of 
dementia. When a person’s cognitive and behavioural skills deteriorate to the point that they become a burden in everyday 
life, we say that they have dementia.There is currently no known way to halt the progression of AD or stop its symptoms 
from occurring. Huge literature survey was conducted from various popular medical databases such as Google Scholar, 
PubMed, ScienceDirect, etc. through the internet and the available data were classified according to their targets.The article 
focuses on basics of AD, History, Symptoms, Stages, Beta-amyloid peptide, Modulators of amyloid aggregation, Amyloid 
beta-oligomer, Targets for inhibiting the β-amyloid production (Monoclonal antibodies, Hormones, Inhibition of Aβ-peptide 
formation, Inhibition of Aβ-peptide formation [molecules like Posiphen, JNJ-54861911, LY3202626, E2609, AZD-3293, 
CNP520, MK-8931, LY2886721, and LY2811376],and Clearance of Aβ), and List of beta-amyloid inhibitors in clinical trials.
This literature evidences may be a convenient reference (particularly, the low molecular-weight inhibitors) to the modern-
day researchers (pharmacognosists, pharmacologists, clinicians, medicinal chemists, medical practitioners, scientists, etc.) 
working dedicatedly in AD research.This study will certainly open novel avenues for ligand development and revolutionary 
applications in pharmacotherapeutics.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive age-related 
neurodegenerative disorder and is the most common form 
of dementia among the elderly. It is generally diagnosed in 
individuals over the age of 65 years. The main pathological 
hallmarks of AD are the accumulation of amyloid plaques, 
or senile plaques, containing extracellular deposits of the 
amyloid-β peptide (Aβ) and the presence of intraneuronal 
neurofibrillary tangles (NFTs), which result from 
hyperphosphorylated tau-protein. The oxidation of lipids, 
proteins, and nucleic acids in neurons is also a hallmark 
pathological feature of AD. The etiology of AD is still 
unknown, but several factors have been suggested that 
appear to reduce the incidence of the disease.1,2

Three main approaches have been taken: 

1.	 The first involves the reestablishment of neurotrans-
mitters levels, with the inhibition of cholinesterases 
such as acetyl cholinesterase (AChE), butyryl cho-
linesterase (BChE), and monoamine oxidase (MAO) 
enzymes.3,4

2.	 The second one concerns neuroprotection where oxi-
dative stress is considered to be an early event in the 
pathological cascade for the disease, suggesting the 
potential use of antioxidants to limit the effects of free 
radicals on nerve cells.5,6

3.	 The third approach deals with specific aspects re-
lated to AD, including the decrease in the production 
or aggregation of Aβ peptide, and inhibition of γ and 
β-secretase enzymes which play a critical role in the 
amyloidogenic and tau protein pathways, among 
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others.Intracellular NFT is made up of paired micro-
tubule-associated protein tau helical filaments, which 
are abnormally hyperphosphorylated.7,8

The emphasis on studies today has switched from protein 
deposits to studies on the function of activating effectors, 
soluble oligomeric Aβ and P-tau. A lot of research is also 
dedicated to studying how Aβ and P-tau contribute to AD-
related toxic events, how they induce improvements in the 
expression of other essential brain proteins, and eventually 
how they cause neurodegeneration. However, in order 
to obtain a deeper understanding of the mechanism of 
neurotoxicity and to ensure successful treatment, it is also 
important to discern how both Aβ and P-tau communicate. 
AChE is a central enzyme in the cholinergic nervous system, 
as reviewed thoroughly in this special issue. Many various 
types of neurons deteriorate through the development of 
AD, and there is a deep depletion of forebrain cholinergic 
neurons, which is followed by a gradual decrease in 
acetylcholine.9,10

AChE is regulated by both the acetylcholine-synthesizing 
enzyme choline acetyltransferase (ChAT) and the 
acetylcholine-hydrolyzing enzyme AChE. To a large degree, 
therapies intended to reverse the cholinergic deficit are 
focused on the relevance of cholinergic activity in cognition. 
Despite the general reduction in AChE activity in the AD 
brain, current AD treatment is primarily based on AChE-I 
antagonists, which improve cholinergic transmission but 
have limited and intermittent therapeutic effects. For almost 
50 years, it has been well known that the distribution of AChE 
molecular types in the AD brain is especially disturbed, but 
the physiopathological importance and consequent effects 
of these fascinating changes in AChE organisms remain 
unclear. A typical characteristic of AD neuropathology is 
an improvement in AChE levels around amyloid plaques 
and NFT, but the importance of this rise remains to be 
determined.11,12

In other words, AChE activity upregulation following long-
term AChE-I therapy has been documented in a variety 
of studies over the past decade. The limited efficacy and 
persistence of AChE-II can be linked to all these anomalies 
in AChE expression patterns, as well as AChE upregulation 
in response to persistent inhibition.13,14

ADNI’s main successes were as follows:

1.	 Production in a multicenter environment of systematic 
techniques for clinical studies, positron emission to-
mography (PET), magnetic resonance imaging (MRI), 
and cerebrospinal fluid (CSF) biomarkers;15,16

2.	 Elucidation of trends, imaging transition frequencies, 
and biomarker measures of CSF in control subjects, 
patients with MCI, and patients with AD. CSF bio-
markers are compatible with β-amyloid cascade and 

tau-mediated neurodegeneration theories for AD ex-
pected disease trajectories, while brain atrophy and 
hypometabolism levels show predicted trends, but 
show varying rates of change depending on area and 
seriousness of disease;17,18

3.	 The evaluation of alternate medical categorization ap-
proaches. The best classifiers currently integrate opti-
mal features from a number of modalities, including 
MRI, fluorodeoxyglucose-PET, CSF biomarkers and 
clinical trials;19,20

4.	 In mildly symptomatic or even non-symptomatic sub-
jects, β-amyloid, CSF biomarkers, and tau, as well as 
amyloid PET, can represent the earliest steps in AD 
pathology and are leading candidates for the detection 
of AD in its preclinical stages;21,22

5.	 Improving the quality of clinical trials by recog-
nizing the samples who are more likely to suffer 
imminent potential clinical deterioration by using 
more responsive outcome tests to minimize sample 
sizes. Baseline cognitive and/or MRI tests typically 
expected a better potential regression than other 
modalities, whereas the most successful outcome 
measures were found to be MRI measures of im-
provement;23,24

6.	 Confirmation of the CR1, CLU, and PICALM AD risk 
loci and recognition of new nominee risk loci;25,26

7.	 Worldwide influence in Europe, Asia, and Aus-
tralia through the development of ADNI-like pro-
grammes;27,28

8.	 Understanding the biology and pathobiology of normal 
ageing, MCI, and AD by combining ADNI biomarker 
data with ADNI clinical data to promote studies to ad-
dress disputes regarding contradictory theories about 
AD etiopathogenesis, thus advancing efforts to iden-
tify disease-modifying ADNI drugs;29,30

9.	 The construction of networks to allow all raw and 
processed data to be exchanged without embargo 
by interested science investigators worldwide. The 
ADNI research was expanded by a two-year 2009 
Grand Opportunities grant and a renewal of the 
ADNI (ADNI-2) from October 2010 to 2016, with 
an additional 550 participants participating in the 
study.31,32

HISTORY

In 1906, AD was first described by Dr. Alois Alzheimer 
in his patient known only as Auguste D who experienced 
memory loss and physiological change that he noted in the 
autopsy where the brain was shrinking in and around nerve 
cells in brain. The abnormal clumps called amyloid plaque 
and tangled bundles of fibers called neurofibrillary were 
found in the brain.33
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SYMPTOMS

•	 Cognitive: mental decline, difficulty thinking and un-
derstanding, confusion in the evening hours, delusion, 
forgetfulness, mental confusion, difficulty concentrat-
ing, and inability to create new memories.

•	 Behavioral: aggression, agitation, difficulty with self-
care, irritability, meaningless repetition of own words, 
and restlessness.

•	 Mood: anger, loneliness, and mood swings.
•	 Psychological: depression and hallucination.
•	 Common: inability to combine muscle movements, 

jumbled speech, and loss of appetite.34,35

STAGES OF ALZHEIMER’S DISEASE

•	 Stage one: No impairment 
•	 Stage two: very mild cognitive decline 
•	 Stage three: mild cognitive decline
•	 Stage four: moderate cognitive decline 
•	 Mild stage: dementia36

CAUSES OF ALZHEIMER DISEASE

There are various factors which leads the healthy brain to 
AD brain:

Neurofibrillary tangles 
Tau protein phosphorylates and aggregates within 
neuronal cytoplasm which ultimately forms neurofibrillary 
tangles. When tau phosphorylates, it detaches from the 
microtubule, thus it dissociates, and the cytoskeleton 
structure gets dispersed. A small number of neurofibrillary 
tangles are universal consequences of aging. An increase 
in the population of tangles is theprime and possibly the 
main mechanism of neuronal death in AD. Neurofibrillary 
tangles mostly occurs in the areas of the hippocampus 
which are involved in the storage of permanent memories, 
and hence memory is impaired in the early stages of 
AD.37,38

Senile Plaques
Senile plaques are formed from the β-amyloid peptide. It is a 
peptide of 39-43 amino acid residues produced by proteolytic 
cleavage of a large precursor known as the amyloid precursor 
protein (APP), which is encoded by a gene located at 
chromosome 21 in humans. Enzyme secretase (secretase and 
γ-secretase) is responsible for proteolysis of APP at position 
597 and 637-639 and the release of β-amyloid fragments. Aβ 
is a major protein constituent of the senile plaques found in 
the brain of AD patients.39,40

ROLE OF GENE 

Genes are involved in the development of AD as some 
mutations increase the production of short forms β-amyloid 
while the others favor the formation of long-form β-amyloid 
which aggregates more readily. Mutation in other genes 
coding for the novel proteins presenilin-1 and presenilin-2 
are reported to account for the majority of early-onset, 
familial dominant inherited AD.40,41

ROLE OF ENVIRONMENTAL FACTORS

Metals such as aluminumand lead are linked with a number 
of neurodegenerative disease including AD and causes 
toxicity to a number of organs in the human body.Copper 
and arsenic disrupt the homeostasis of amyloid-β-protein. 
Chronic exposure to pesticides like organophosphates leads 
to cognitive and psychomotor impairment. Metals like 
aluminum copper, iron, lead, cobalt, cadmium, manganese, 
mercury, arsenic, selenium, and zinc directly or indirectly 
affect the healthy brain and may increasethe chances of 
neurodegeneration. Insecticides or pesticides such as 
organochlorides and organophosphates may increasethe risk 
of dementia in AD. Industrial and commercial pollutants 
such as brominated flames retardants show impaired learning 
and memory and simultaneously decrease hippocampus 
cholinergic receptors. Air pollutants involve nickel like toxic 
particulate matter. In the nickel nanoparticles model of air 
pollution, there is an increased report inthe levels of Aβ-40 
and Aβ-42 levels in mice brain.42

PATHOPHYSIOLOGY

Alzheimer’s disease occurs due to the formation of senile 
plaque and neurofibrillary tangle in the brain (mostly 
hippocampus and cortex region), where the senile 
plaque is formed at the surface of the neuron and NFT is 
created inside the neuron. A senile plaque is formed by 
β-amyloid protein and NFT is formed by tau protein due 
to hyperphosphorylation. Amyloid precursor proteins are 
present on the surface of the neuron and are normally cut 
by the enzymes such as β-secretase and γ-secretase enzyme 
and this cut part is referred to as β-amyloid. This is collected 
in forming a fiber-like structure called senile plaque. NFT 
is formed and the signal is transferred from soma to the 
synapse, further, the signal is transferred from a neuron 
which is made up of microtubules. These microtubules are 
stabilized by tau protein. In Alzheimer’s disease, this tau 
protein becomes defective and removes from microtubules. 
The defective tau protein is assembling in neurons and 
formed filament. Without the skeleton, the neurons do not 
generate and the connection between neurons is lost. An 
abnormal accumulation of tau filament in neuron form 
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NFT. Senile plaque and NFT are depositedat the synaptic 
junction due to a decrease the released and concentration 
of acetylcholine.43

STRUCTURE OF PAIRED HELICAL FILAMENTS 
(PHF)

Most of the neurological disease involves the formation 
of dense fibrous aggregates. These aggregates are 
morphologically different from the normal components of 
the neuronal cytoskeleton. There are two types of filaments; 
PHF (paired helical filament) and SF (straight filament) 
where the former constitutes the principal component that 
is neurofibrillary tangles in AD.PHFs arethe double-helical 
stock of morphological units, each with a C-shaped cross-
section displaying three domains. When seen under an 
electron microscope, PHFs have a fuzzy-coat that can be 
stripped off by pronase to leave a pronase-resistant core. The 
earlier immunological studies showed that tau is associated 
with PHF as well as with some anti-tau antibodies which 
decorate fuzzy PHF’s but not stripped PHF’s. The second 
minor class filaments found in the AD brain are straight 
filaments, having 15 nm wide dimension when seen in an 
electron microscope. Isolated filaments from AD brain and 
antibody labeling of sectioned material shows SF’s share 
epitope with PHF’s.44

ΒETA-AMYLOID PEPTIDE

The β-amyloid peptide (Aβ) plays a central role in the 
neuropathology of Alzheimer’s disease (AD).13 Aβ is a 
peptide of 39-43 amino acid residues produced by proteolytic 
cleavage of a large precursor known as the amyloid precursor 
protein (APP), encoded by a gene located at chromosome 21 
in humans. APP is an integral membrane glycoprotein, with 
a short cytoplasmic C-terminal tail and a large extracellular 
N-terminal domain. The class of enzyme known as secretases 
is responsible for the proteolysis of APP and release of Aβ. 
Aβ is released following cleavage of APP at positions 597 
and 637-639 by β-secretases and γ-secretases, respectively.

γ-secretases may cleave APP at the C-terminal end of Aβ 
at four different positions, giving rise to Aβ peptide. The 
exact position of C-terminal cleavage appears critical to 
the development of AD, since the generation of the more 
amyloidogenic peptides is strongly correlated with the 
development of AD. Aβ is the major protein constituent 
of the senile plaques found in the brains of AD patients. 
Aβ forms characteristic non-covalent fibrillar aggregates 
both in vitro and in vivo, and its aggregation and ensuing 
amyloid deposition in the brain have been related to AD 
neurotoxicity.45

MODULATORS OF AMYLOID AGGREGATION

•	 Plasma protein
•	 Glicosaminoglycans
•	 Apolipotrein
•	 Complement C1q
•	 Acetylcholinesterase
•	 Laminin
•	 Entactin
•	 Phospholipids
•	 Ganglioside 
•	 Glicerol
•	 Metals46

TAU PROTEIN

Tau protein belongs to the family of microtubule association 
protein. They are mainly present in neurons, where they 
assemble tubulin monomers into the microtubule networks 
that keep the cell shape and it acts as axonal transport. 
The human adult brain consists of six different isoforms 
which are regulated by an alternative splicing mechanism. 
Tau proteins are major components of intraneuronal and 
glial fibrillar lesions. Molecular analysis depicted that 
abnormal phosphorylation might be an important event in 
the pathogenesis where tau is the remarkable marker of the 
neurodegenerative process.47

GENE ORGANIZATION

The human tau gene is one of the unique and spotted over a 
hundred kb on the long arm of chromosome-17, denoting the 
position at 17q21 which contains 16 exons.48
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SPLICING 

Primary tau transcript contains 16 exons but three of them; 
exons 4A, 6, 8 are not present in any mRNA in the human 
brain. Exon-1 is a part of the promoter and is transcribed but 
not translated. Exon-14 is usually identified in mRNA. Some 
of the consecutive exons are 1, 4, 5, 7, 9, 11, 12, 13 [36, 39, 
40, 41], and 2,3,10 are brain-specific of adult. Alternative 
splicing of these three exons allows for six combination viz. 
(2-3-10-) , (2+3-10-) , (2+3+10-) , (2-3-10+) , (2+3-10+) 
, (2+3+10+).39,40,41 Primary tau transcript gives rise to six 
mRNA.49

STRUCTURE AND ROLE OF TAU PROTEIN

Tau isoforms are produced from a single gene through 
alternative mRNA splicing. In the adult brain, tau protein 
consistsof a family of six isoforms which range from 352 
to 442 amino acid with amolecular weight range from 45 
KDa to 65 KDa. There are two terminals present in tau; 
one is the carboxy-terminal (C-terminal) and the other is 
amino-terminal. Tau isoforms differ from each other by the 
presence of either 3 or 4 repeat regions in the C-terminal and 
the absence or presence of one or two inserts in the amino-
terminal part (N-terminal). Tau isoforms are differentially 
determined during growth so that they have specific 
physiological roles independently. Tau isoforms may be 
dispersed in the neuronal subpopulation. N-terminal called as 
projection domain because it projects from the microtubule 
surface where it interacts with other cytoskeleton elements 
as well as the plasma membrane whereas C-terminal is 
called the microtubule-binding domain because it binds on 
microtubules and stabilizes it.50

ESTABLISHED SYNTHETIC CHOLINESTERASE 
INHIBITORS

Physostigmine

Physostigmine is a carbamate ester and an indole alkaloid that 
was the first ChE inhibitor investigated for the treatment of 
AD. It was isolated from the seeds of Physostigmavenenosum, 
a para-sympathomimetic plant alkaloid. The blood-brain 
barrier (BBB) can move through, has a short half-life, 
and a small therapeutic index. It also has a number of side 
effects such as nausea, vomiting, diarrhoea, dizziness, and 

headaches. It was previously used for glaucoma treatment 
and delayed gastric emptying. However because of the 
drawbacks listed above the drug was not licenced and was 
discarded for AD use. With a lower side effect profile, the 
newer medications proved to be more successful.51

Tacrine

Tacrine is a 1,2,3-triazole derivative that acts both as AchE and 
BuchE. It was first approved for the treatment of AD in 1993 
for its efficacy on the ADAS-Cog and on the global measure 
compared to placebo in phase-II and phase-III clinical trials. 
For AD subjects, it was found to be quite limited owing to 
poor tolerance and precipitation of a number of side effects 
including vomiting, nausea, diarrhea, dizziness, syncope, 
and seizures. Also, the route of administration and patient 
compliance were challenging due to 4-times a day dosing 
regimen as a result of a short half-life. In addition, patients 
under treatment with this drug are required to have periodic 
blood monitoring due to hepatotoxicity. Finally, owing to 
the aforementioned liver toxicity, which was believed to 
be caused by the preference for BuChE and the availability 
of less toxic, better tolerated medications with a simplified 
dosing schedule, tacrine was discontinued.52

Donepezil

Donepezil is a piperidine derivative that acts as a selective 
and reversible inhibitor of AchE. Donepezil was approved 
in 1996 for the treatment of mild-to-moderate AD. A 
high dose (23mg) formulation was approved for use for 
moderate to severe AD. It is well absorbed with a relative 
oral bioavailability of 100% and reaches peak plasma 
concentrations in 3-4 hrs. The elimination half-life is ~70 hrs 
and is approximately 96% bound to human plasma proteins. 
It is primarily metabolized by CYP450 isoenzymes 2D6 and 
3A4 and undergoes glucuronidation. It is often assumed that 
there is an extra mechanism of action rather than just a ChEI. 
Donepezil is known to function not just at the level of the 
neurotransmitter, but even at the molecular and cellular level 
in virtually any stage involved in AD pathogenesis.53
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Rivastigmine

It is a carbamate derivative of reversible cholinesterase 
inhibitor that is selective for the central nervous system and 
is used for the treatment of AD. It is a small molecule and 
has easy BBB permeability which enables fantastic BuChE 
and AChE inhibitory properties. Rivastigmine was approved 
for the treatment of mild-to-moderate AD in the year 2000 
and has since gained approval for PAD after a trial with 699 
patients with mild-to-moderately severe AD. In capsular 
form, the drug has been frequently associated with side 
effects like nausea, vomiting, anorexia, and diarrhea. In 2007, 
Rivastigmine, due to small molecule characteristics, was 
reformulated for delivery through a transdermal patch which 
resulted in significantly lowered GI side effects compared to 
the oral capsule. It is minimally metabolized by the CYP450 
cytochrome system with weak binding to plasma proteins 
(~40%). The duration of ChE activity in cerebrospinal fluid 
is ~10 hrs after a 6-mg oral dose.54

Galantamine

It is a benzazepine derivative obtained from norbelladine. It 
is found in Galanthus and Other Amaryllidaceae. It has been 
noted that the medicinal activity of Galantamine is primarily 
due to its sensitising action on nAChRs rather than general 
cholinergic stimulation due to cholinesterase inhibition. For 
the treatment of mild-to-moderate AD, it was accepted. A 
substantial increase in the ADAS-cog score of 3.3 points for 
the 16 mg/day group and 3.6 points for the 24 mg/day group 
was correlated with the administration of this medication, 
as well as a noticeable improvement in the physiological, 
emotional and functional symptoms of AD compared with 
placebo.55

CONCLUSION

The emerging details of AD pathophysiology provide 
possible therapeutic targets. Although, no effective treatment 

is yet available to stop AD or to prevent its development, this 
review may inspire motivated researchers for future product 
developments. As reviewed above, different approaches 
addressing distinct aspects of the disease are being pursued 
in an attempt to develop effective therapies. The stimulation 
of the physiological mechanism of clearance of the peptide 
and inhibition of amyloid aggregation may eventually 
constitute an effective approach to the prevention of AD. The 
drug developmentprocess progresses from phase-I to phase-
III created rays of hope for future arrival. This literature 
evidences may be a convenient reference (particularly, 
the low molecular-weight inhibitors) to the modern-day 
researchers (pharmacognosists, pharmacologists, clinicians, 
medicinal chemists, medical practitioners, scientists, 
etc.) working dedicatedly in AD research. This study will 
certainly open novel avenues for ligand development and 
revolutionary applications in pharmacotherapeutics.
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