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ABSTRACT
Neurodegenerative disorders are marked by the loss of brain neuron activity, resulting in gradual
cognitive impairment. The effects of neurodegenerative diseases are severe in terms of pathology and
the cost of patient care. The aged, in general, are the most vulnerable. Alzheimer's disease (AD) is a
brain ailment that causes cell degradation and is the leading cause of dementia, identified by a loss of
thinking ability and independence in daily tasks. The amyloid cascade hypothesis, which attributes
clinical signs/symptoms to an abundance of amyloid-beta (Aβ) peptides, enhanced deposition into
amyloid plaques, and eventually neuronal destruction, is one theory for pathogenesis AD. The use of
acetylcholinesterase inhibitors in AD treatment is based on their favorable effects on the disease's
functional, cognitive and behavioral symptoms. However, their involvement in AD pathogenesis is
uncertain. This comprehensive review will provide an overview of AD, including the pathophysiology,
causes, treatments, and future treatment.
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1. Introduction
In recent times, millions of people globally have been affected
by neurodegenerative disorder. Neurodegenerative disorders
are marked by the loss of brain neuron activity, resulting in
gradual cognitive impairment (Bianchi et al., 2020). The
effects of neurodegenerative diseases are severe in terms of
pathology as well as the cost of patient care. The aged, in
general, are the most vulnerable (Brejyah & Karaman, 2021).
One of the most common neurological disorders is
Alzheimer's disease (AD). AD is the leading cause of dementia
in the elderly in more than 80% of the world's population, and
it causes early death (Kumar & Singh, 2015; Hölscher, 1998).
Learning, memory, and other cognitive faculties deteriorate
due to Alzheimer's disease type dementia. The development of
Alzheimer's disease is usually caused by a memory problem.
When memory impairment and total memory damage occur, a
clinical diagnosis for Alzheimer's disease is required
(Parasuraman & Haxby, 1993). Short-term memory loss is a
prominent symptom of AD. Still, other symptoms include
language difficulties, confusion, mood swings, and behavioral
abnormalities as the disease develops (agitation, sleep
changes, and psychosis). The condition eventually leads to the
loss of physiological functions and death (Prvulovic et al.,
2010). With the rise in life expectancy, Alzheimer's disease is
becoming a major health concern in the modern world (Minati
et al., 2009). AD is a brain ailment that causes cell degradation
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and is the leading cause of dementia, identified by a loss of
thinking ability and independence in daily tasks.
WHO (World Health Organisation) stated AD as a "global
public health priority" since no permanent treatment
procedure exists at the current time. There are well-stated
conceptions and hypotheses on the drug targeting and origin
of AD. Based on this theory, medications lower pathological
disease progression (Srivastava et al., 2021). Insufficiency of
the neurotransmitter Acetylcholine (ACh) and oxidative stress
caused by increased glutamatergic transmission is also linked
to Alzheimer's disease (Armstrong, 2013).
The term AD was first used by Kraepelin in the year 1910
based on the clinical and pathological description of the
original cases of Alzheimer's (Abeysinghe et al., 2020).
2. Recent Statistics
Alzheimer's disease, which accounts for 60-80% of all
dementia cases, is the most frequent cause. Alzheimer's
disease affects 20-50 % of people aged 85 and up (Agarwal et
al., 2013). The younger onset AD population comprises about
200,000 persons under the age of 65, whereas the elder onset
AD group is made up of 5 million people over the age of 65. By
2050, one new case of Alzheimer's disease is predicted to
arise every 33 seconds, or about a million new cases per year,
with a total estimated prevalence of 63.8 million (Kumar &
Singh, 2015; Fukushima et al., 2016).
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Dementia affects roughly 46.8 million individuals globally,
according to estimates from 2015. This number of new cases
is over 30% (9.9 million) higher than the incidence reported
in the World Health Organization (WHO) report from 2010.
Asia (49%), Europe (25 %), and America (18 %) had the
greatest incidence rates (Fukushima et al., 2016; dos Santos et
al., 2018). It has been predicted that the number of affected
people will reach 74.7 million by 2030 and 131.5 million by
2050(Armstrong, 2013). According to the worldwide
statistical data, females are more likely to be affected than
men, and with age, the risk of AD also rises (Bhushan et al.,
2018). As per the World Alzheimer Report 2015, the total cost
of the disease was $818 billion. When compared to the 2010
study, expenses climbed by 35.4 percent. According to the
trend, expenses in 2018 and 2030 will be 1 trillion dollars and
2 trillion dollars, respectively (Reitz & Mayeux, 2014).
According to the findings of this meta-analysis of 20 types of
research, India has a dementia prevalence of 20 per thousand
people. In comparison to studies from other regions of the
world, the prevalence of dementia in India is low.
The prevalence of dementia has been observed to be higher in
western countries than in the Indian subcontinent and other
Asian countries (Choudhary et al., 2021).
Studies from 1996 to 2017 in India confirmed variations in
dementia occurrence across the country. According to the
Dementia in India 2020 Report, the number of Indians aged 60
and over will be around 5,304,444 in 2020 and will surpass 14
million by 2050.
Table 1 describes the prevalence of dementia in different
geographical locations in India from 1996 to 2017
(Ravindranath & Sundarakumar, 2021).
Table 1: The results of a dementia survey conducted in
various geographical areas of India.
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3.

Stages of Alzheimer's Disease

In elderly people, AD is considered as a gradually causing
neurodegenerative disorder and evident reason of dementia.
AD type dementia gradually worsens over time and affects
thinking ability and memory.
There are seven different stages of Alzheimer's disease
through which it develops and forms a cognitive
neurodegenerative disease. The development of AD can be
sequenced into a series of stages:
First, there will be no issues or loss of memory for a person.
No signs of dementia can be noticed in a meeting with medical
expertise. A person can experience memory lapses and the
inability to recall familiar items in the second stage. There are
no indicators of dementia in consultation with medical
experts. This could be related to advanced age or the early
stages of Alzheimer's disease. The presence of dementia can
be detected by those in the surrounding during the mild
cognitive decline stage. The symptoms can be recognized after
a thorough medical examination. This disorder can sometimes
be diagnosed, but not always. In the moderate cognitive
decline stage (Bhushan et al., 2018) the person looks to be
living in the past and has progressively lost the ability to form
new memories (Morrison & Lyketsos, 2005). Medical
specialists can recognize the clear indications of dementia.
Moderately severe cognitive decline (Moderate or mild stage
Alzheimer's disease), patients may:
a) Be unable to recollect their own residence, telephone
number, or the high school or college from which they
graduated at this stage.
b) Lose track of where they are or what day it is.
c) Having difficulties in mental arithmetic.
d) Need assistance selecting appropriate attire for the season
or occasion.
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2.7
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Chennai
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7.5
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Memory continues to deteriorate, behavior changes may
occur, and persons must be assisted with all daily activities.
Patients have trouble remembering their personal histories
during the severe cognitive decline stage. In this last stage AD,
persons even lose the capability to reply to the situation to be
a part of the discussion and, finally, to control the program.
However, they may still say words. Even for eating or going to
the toilet, they need help (Agarwal et al., 2013). The stages of
AD are given in Table 2.

Chennai
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≥60

3.5

1996

Table 2: Stages of Alzheimer's disease (Bhardwaj et al., 2017)
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4.

Pathophysiology

There are two pathological hallmarks of the disease found in
the brain of individuals with AD: extracellular amyloid plaques
and intracellular neurofibrillary tangles (Prvulovic et al.,
2010). Way back from the first observed neuropathological
features in 1907 to now, in this span of more than 100 years,
there is no evident clarification on the pathogenesis of AD
(Kumar & Singh, 2015; Armstrong, 2013).
At the macro level, the pathophysiology of AD can be defined
by damage of brain tissue gradually. (Finder, 2010) In the
cerebral cortex and hippocampus, atrophy can be detected,
and it becomes very prominent with age (Armstrong, 2013).
At the microscopic level, AD can be well-defined by the
neuropathologic hallmarks of three different types, which are
namely, intracellular neurofibrillary tangles (NFTs), neuronal
degeneration, and extracellular plaques of β-amyloid protein
(amyloid plaques).
To describe AD's pathophysiology depending on several
responsible factors, many hypotheses have been proposed,
namely: a) The β-amyloid hypothesis, b) The cholinergic
hypothesis, c) The glutamatergic/excitotoxicity hypothesis, d)
The oxidative stress hypothesis, e) The chronic inflammation
hypothesis (dos Santos et al., 2018).
The unusual cleavage of amyloid precursor protein (APP) by
the enzymes: α-secretase, βsecretase, and γ-secretase results
in the formation of β-amyloid plaques, clumps made up of
peptides that are insoluble in nature. In normal conditions,
APP cleavage by β-secretase, followed by γ-secretase, leads to
the formation of 40 amino acid peptides that are soluble, but
in AD conditions, APP is cleaved in the wrong place and forms
42 insoluble amino acid peptides, Aβ42 or Aβ, which form
recognizable clumps. α-secretase blocks the formation of Aβ
and serves as a protective enzyme at the time of cleavage of
APP (Finder, 2010). The main reason for neuronal damage in
AD is the Aβ which is known to be a neurotoxic substance and
also causes dementia (Abeysinghe et al., 2020).
Neurotoxin Aβ plaques stick with the receptor in the
glutamate (neurotransmitter) binds and also with the Ca2+
channel, thus causing Ca2+ influx and increase in intercellular
Ca2+, which induces neuronal cell apoptosis. This plaque also
causes local inflammatory reactions and, finally neuronal cell
death (Agarwal et al., 2013).
Loss of cholinergic neurons drastically in the brain results in
cognitive impairment. Acetylcholine, a neurotransmitter, is
vital for memory.
Lipid peroxidation is initiated by Aβ, which produces reactive
oxygen and nitrogen species. Both the oxygen and nitrogen
species contain an unpaired electron which takes part in the
formation of free radicals and results in cellular and molecular
damages (Finder, 2010). The flowchart of the pathophysiology
of Alzheimer's Disease is given in Figure 1.
5.

Causes and Risk Factors

Physicians are often confronted with what caused the disease
when communicating the treatment and diagnosis of the
disease to a patient's family. To date, many theories that could
ve been proposed, which are roughly divided into different
categories (James & Bennett, 2019). Figure 2 illustrated
various risk factors of AD.

Figure 1: Pathophysiology of Alzheimer's disease

be the contributing factor to this disease have been proposed,
which are roughly divided into different categories (James &
Bennett, 2019). Figure 2 illustrated various risk factors of AD.
5.1.

Theories based on aging

Aging is one of the major risk factors for AD among the
population in general. There is a clear link between AD and
aging. In people aged75-84, the prevalence of AD rises to an
estimated 19%, and in those aged 85 and more, it rises to 3035 %, maybe up to 50% (Schelterns & Feldman, 2003).
Recent research has identified two potential mechanisms that
could be related to aging that may contribute to the
development of this disease.
The first one is based on the concept that free radicals and/or
reactive oxygen species produced during cellular respiration
may play an important role in aging and, hence, in the
development of AD. There has been an ample amount of
evidence accumulated suggesting that oxidative damage to
proteins and membrane lipids along with an upregulation of
antioxidant enzymes is associated with the progression of AD
(James & Bennett, 2019).
The second possible mechanism is related to messenger RNA
and/or mRNA based on the research conducted where mRNA
has been reported in elderly humans and older rodents. This
mechanism is based on the following theory that there has
been an altered reading frame due to the deletion of two
consecutive bases in a protein, namely, β-amyloid precursor
protein and ubiquitin-B, and due to this, the corresponding
altered mRNA of these proteins contribute to the pathogenesis
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of AD (James & Bennett, 2019).
5.2. Theories based on anatomical pathways degeneration
5.2.1.

Cholinergic hypothesis

The degeneration of the cholinergic neurotransmitter system
was one of the first theories as to the cause of AD. There has
been a significant loss of acetylcholine in the brain of
individuals with AD, according to studies conducted in the
1980s. Subsequent studies also showed a reduction in the
level of choline acetyltransferase (CAT), values in the cerebral
cortex being 30-50% of those of controls and in levels of
acetylcholinesterase, especially late in the disease (Sims &
Bowen, 1983).
5.2.2.

Cortico-cortical pathways

neuritic plague after undergoing an orderly sequential
transformation. The number of these senile plaques remains
relatively low in most cognitively intact individuals, although
it increases with age (Mackenzie, 1994).
5.4.

Theories based on genetic factors

The established risk factor for late-onset Alzheimer's
dementia is a familial history of AD. Though they are at higher
risk, persons with first-degree relatives with AD will not
develop dementia. The autosomal dominant Alzheimer's
dementia is also caused by mutations in three genes, amyloid
precursor protein (APP) and Presenilin 1 and 2. The cases of
gene-related AD mostly occur before the age of 65 (Hölscher,
1998), but these familial forms of dementia account for only 48% of the total cases (James & Bennett, 2019).

There have been several studies suggesting the degeneration
of anatomical cortical pathways connecting different parts of
the cerebral cortex is linked to the progression and/or
pathogenesis of AD. According to a study by Scheff and Price,
when the loss of synaptophysin reactivity in the cortex in AD
was compared to synapse loss in the temporal lobe, a decrease
in the synaptic marker SP6 in all regions of the AD brain was
found (Scheff & Price, 1993). It was further suggested that this
disease could spread via these pathways either in the
orthograde and/or retrograde direction. This pattern of
spread was also observed by Hiorns et al., who finally
concluded that in AD, severely affected regions were
interconnected by cortico-cortical pathways (Hiorns et al.,
1991).

The APOE gene is the most firmly established genetic risk
factor for late-onset AD (Breteler, 2000). This gene exists in
three allelic forms: ε2, ε3, and ε4(Morris et al., 2016). Among
these, the ε4 allele is associated with an approximately
threefold increase in the risk of AD as compared with the
other forms of an allele, which is more common, i.e., ε3. The
allele ε2 is rare and thus is associated with decreased risk. The
APOE gene helps in the regulation of cholesterol transport in
the bloodstream. However, the mechanism through which it
contributes to the pathogenesis of AD remains poorly
understood (Snowdon et al., 1997).

5.3.

According to evidence, the importance of sleep to amyloid
clearance has been shown. Sleep deprivation, therefore, is
related to the amyloid accumulation in the brain, and thus the
relationship between these seems to be bidirectional.
According to one study, it is reported that consolidation of
better sleep modified the relationship of the APOE ε4 allele
with incident AD and tau angle pathology, therefore indicating
that it may provide resilience as well and resistance for those
at risk (Lim et al., 2013).

Theories based on structural abnormalities

According to the revelation of microscopic examination, a
cerebral cortex peppered with neurofibrillary tangles and
senile plaques is associated with the pathogenesis of AD,
thereby suggesting that AD is dementia associated with these
histopathological abnormalities.
5.3.1.

Neurofibrillary tangles

This consists of an aberrant aggregation of phosphorylated
fibrillary proteins within the neuronal cytoplasm. When they
are present, it becomes significant that the neuron fails to
maintain its cytoskeleton properly, which is required in
supporting the extraordinary branching shape of its numerous
processes. A modest number of these tangles are a common
occurrence as people grow older. However, an increased
number of such tangles are a major and possibly one of the
main mechanism which leads to neuronal death in AD
(Armstrong, 2009).
5.3.2.

Senile plaques

These are more complex consisting of extracellular deposits of
amyloid material. They are associated with swollen, distorted
neuronal processes known as dystrophic neurites. Complex
sugar polymer components are thought to be critical in the
assembly of these deposits, like amyloid elsewhere in the
body. Starting from the fifth to the eighth decade of life,
individuals develop these cortical senile plagues, and hence,
about 75% of the population is affected. These plagues start as
innocuous deposits of non-aggregated, putatively nonneurotoxic β-amyloid (diffuse plaques). However, in some
individuals, these plagues transform into a mature senile

5.5.
5.5.1.

5.5.2.

Theories based on environmental factors
Sleep and circadian rhythm

Diet and nutrition and/or malnutrition

The role of diet and nutrition mostly owes to the complexities
of measuring nutrient intake. For example, through some
consensus, it has been found that the risk for dementia may be
increased by saturated fats and trans-fatty acids, while leafy
greens and certain vitamins and other nutrients may decrease
it (Barnard et al., 2014).
Certain symptoms like low serum albumin, iron, folate,
vitamin B12, and low cerebral metabolism of glucose and
oxygen may also be present in patients with AD, which
suggests a low-calorie malnutrition syndrome. This syndrome
results in the development of NFT due to chronic nutritional
deficiencies of calcium and magnesium (Abalan, 1984.).
5.5.3.

Head injury

Several observations made through different studies have
suggested that there is a link between head injury and AD.
This hypothesis is because head injury and/or trauma results
in a primary injury which then spreads most frequently via
the inflammatory cytokines to the organs which were
unaffected initially. This leads to the activation of microglia
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and the immune cells of the central nervous system, which
simplifies the original injury. As found in AD, in the head of
head injury survivors, APP is observed in the neural perikarya
and DN surrounding Ab deposits (James & Bennett, 2019).
Some other risk factors that can lead to AD are diabetes,
oxidative
stress,
hypertension,
air
pollution,
hypercholesterolemia, cholesterol, atherosclerosis, atrial
fibrillation, alcohol, smoking, and others (McGirr et al., 2020;
Surabhi & Singh, 2019).
5.6.

Hypertension

It may increase the risk of AD by weakening the vascular
integrity of the blood-brain barrier (BBB), which could lead to
protein extravasation in brain tissues and the buildup of
Amyloid-β(Skoog & Gustafson, 2006). Hypertension is a risk
factor for various pathological illnesses, including strokes,
ischemic white matter lesions, myocardial infarctions,
atherosclerosis, cardiovascular diseases, etc. are linked to
Alzheimer's disease (Bucht et al., 1983).
5.7.

hurt the development of Alzheimer's disease (Mecocci et al.,
2018). Reactive oxygen species such as superoxide, hydrogen
peroxide, hydroxyl radicals, nitric oxide radicals, and others
are produced in an infinite amount as a result of oxidative
stress (Markesbery, 1997). It is linked to the oxidation of
nucleic acids, proteins, lipids, and carbohydrates, which
causes oxidative damage to these components (Finkel &
Holbrook, 2000). Endogenous sources such as mitochondria,
cytochrome P450, and peroxisomes, among others, are
involved in the formation of reactive oxygen species (ROS).
Exogenous sources such as UV, ionizing radiations,
inflammatory cytokines, and antioxidant defenses such as
vitamins (A, C, and E), glutathione peroxidase, catalase, and
glutathione are the major causes (Imtiaz et al., 2014).
Cholinergic
Insufficiency
Tau Phosphorylation
Amyloid β
accumulation

Diabetes mellitus

Diabetes mellitus was positively linked with vascular
dementia but negatively associated with AD in several case
studies (Brejyeh & Karaman, 2021). The exact mechanism
through which diabetes mellitus raises the risk of AD is
unknown. It is hypothesized that an Insulin-degrading enzyme
acts as an amyloid and insulin cleavage enzyme. Insulin
signaling is disrupted in type 2 diabetes; the synthesis of the
insulin-degrading enzyme is reduced, resulting in a buildup
and hyperinsulinemia (Luchsinger et al., 2005). It was also
shown that insulin and amyloid-β were competing for the
same insulin-degrading enzyme, resulting in a decrease in Aβ
clearance (Hickman et al., 2016; Arvanitakis et al., 2004; Guo
et al., 1996).
5.8.

Smoking

The link between smoking and Alzheimer's disease is a matter
of some debate. A meta-analysis of case-control studies from
before 1990 found an inverse relationship between
Alzheimer's disease and smoking history (Notkola et al.,
1998). Memory and cognition improving the impact of
nicotine, possibly through raising the density of nicotine
receptors or promoting the release of acetylcholine, is one
scientifically feasible explanation for smoking's protective
effect on Alzheimer's disease (Povova et al., 2021).
5.9.

Obesity

Higher cholesterol and saturated fats, according to research,
increase the risk of Alzheimer's disease (Gregor &
Hotamisligil, 2011). Obesity is characterized by a continuous
mild systemic inflammation that leads to a brain inflammatory
process marked by increased cytokine release at first
(Lumeng & Saltiel, 2011; Alford et al., 2018). It is a proinflammatory factor in which the cytokines tumor necrosis
factor-alpha (TNFα), interleukin-1beta (IL-1β), chemokine,
and interleukin-6 play a key role (IL-6) (Barnham et al, 2004).
5.10.

Oxidative Stress

One of the major risk factors of AD is oxidative stress.
According to various researches, oxidative stress appears to

Oxidative Stress

Alzheimer’s
Disease

Inflammation

Exitotoxicity

Hormonal Imbalance
Other factors

Figure 2: Factors Affecting Alzheimer's disease

6.

Treatment

Conventionally, the main therapy of Alzheimer's disease is
based on two therapies: cholinesterase inhibitors and Nmethyl-D-aspartate glutamate antagonists (Figure 3)
(Stephenson, 2015).
6.1.

Acetylcholinesterase Inhibitors

A dynamic loss of nicotinic receptors has been described
throughout, and there is evidence that these receptors play a
role in memory and cognition deficits (McGirr et al., 2020). An
important pathological and neurochemical feature of AD is a
deficit in central cholinergic transmission caused by
degeneration of the basal forebrain nuclei (Whitehouse et al.,
1996). Patients with mild to moderate AD undergo treatment
with acetylcholinesterase inhibitors as first-line therapy
(Doody et al., 2001). According to the cholinergic hypothesis,
cognitive dysfunction occurs in Alzheimer's patients as a
result of extensive cholinergic neuron loss, enzymatic
dysfunction for ACh synthesis and degradation, and an
inability to transmit neurologic impulses across cholinergic
synapses (Fish et al., 2019). AChEIs have been proposed as a
way to keep ACh from degrading between synapses. They also
work by lowering levels of the precursor protein for amyloidβ, as well as amyloid-β synthesis and accumulation
(Yiannopoulou & Papageorgiou, 2013; Arendt et al., 1992).
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The US Food and Drug Administration has approved four
cholinesterase inhibitors for AD: tacrine, donepezil,
rivastigmine, and galantamine. The European Agency for the
Evaluation of Medical Products has only approved
rivastigmine on a central level (EMEA) (Nordberg & Svensson,
1998). Tacrine, donepezil, and galantamine are all selective
acetylcholinesterase inhibitors. Galantamine also enhances
cholinergic neurotransmission by acting as an allosteric ligand
at nicotinic acetylcholine receptors, increasing both
presynaptic and postsynaptic acetylcholine release and
neurotransmission (Francis et al., 1999). In addition to
acetylcholinesterase inhibition, rivastigmine also inhibits
butyrylcholinesterase, which accounts for roughly 10% of
total cholinesterase in normal human brains and is mostly
linked with glial cells (Chopra et al., 2011).
6.2. N-methyl -D- aspartate Glutamate Antagonist (NMDA
Antagonist)
The main excitatory neurotransmitter in the CNS is Glutamate
and it has a role in neurotransmission and plasticity. NMDA,
AMPA, and kainate are the subtypes of Glutamate receptors.
NMDA receptors appear to be a promising target for
preventing neurodegeneration in Alzheimer's disease
(Sonknsare et al., 2005). Overactivation of the N-methyl-Daspartate glutamate (NMDA) receptor allows for excessive
Ca2+ influx, producing excitotoxicity and leading to neuronal
injury and death (Schmitt et al., 2004).
Memantine was the first and only NMDA receptor antagonist
to be approved for the treatment of moderate-to-severe AD in
the United States and Europe in the year 2003-2004 (Reisberg
et al., 2003). Under experimental conditions, memantine, a
non-competitive and low-affinity NMDA receptor antagonist,
protects neurons from calcium-mediated neurodegeneration
(Shah et al., 2008). Figure 3 shows the conventional and
future treatments of AD.

strategies to the treatment of Alzheimer's disease (Figure 3).
7.1. Amyloid precursor protein (APP) and β-secretase and
γ-secretase inhibitors
7.1.1.

Intracellular neurofibrillary tangles of paired helical filaments
formed of hyperphosphorylated microtubule-associated
protein τ (MAPτ) and extracellular amyloid deposits in senile
neuritic plaques are pathological features of Alzheimer's
disease. The amyloid-β peptides (Aβ) in β pleated sheet
conformation are the major components of these plaques,
which are surrounded by dystrophic neurites with varying
numbers of activated microglia and reactive astrocytes.
Several lines of evidence suggest that cerebral Aβ buildup
plays a key role in the etiology of Alzheimer's disease (Golde &
Younkin, 2001). There are two sequential cleavages in the
amyloidogenic pathway. β secretase cleaves APP to produce a
membrane-bound,
99-amino-acid-residue
C-terminal
fragment (C99), which is then cleaved by γ secretase within
the transmembrane region to release Aβ. γ-secretase has two
C-terminal variants (A1–40 and A1–42) due to uneven
proteolysis at the C terminal.
A1–40 accounts for 90% of Aβ generated, although A1–42 is
more likely to collect as fibrils and is the primary component
of amyloid deposits. Pharmacological inhibition of β-secretase
and γ-secretase could be used to treat amyloidopathy in
Alzheimer's disease (Selkoe,2001).
7.1.2.

7.

Future treatments

There are a lot of challenges in developing new clinical trials for

AD because the disease progresses at a slow pace over many
months and measures of cognitive performance are among the
registerable endpoints recognized by regulatory organizations
(Hardy & Selkoe, 2002). There are many strategies taken to
target Alzheimer's Diseases (Figure 4). Amyloid precursor
protein (APP) and β-secretase and γ-secretase inhibitors,
Anti-inflammatory drugs, cholesterol-lowering drugs, metal
chelators, other amyloid modulating approaches are the new

β- secretase

The pepsin family of aspartyl proteases shares similarity with
β-secretase (β-site APP-cleaving enzyme; BACE). On
chromosome11, the β-secretase gene is found; BACE2, a βsecretase homolog, has been discovered on chromosome 21
and is expressed in highly vascularized tissues (such as the
kidney, heart, and placenta) (Sisodia & George-Hypslop,
2002).β-secretase is regarded to be a good therapeutic target
because it catalyzes the first step in the synthesis of Aβ.
7.1.3.

Figure 3: Conventional and Future Treatment Approaches for
Alzheimer's disease.

APP cleavage

γ- secretase

γ-secretase's identification is unknown, but it is responsible
for determining the A1-40 to A1-42 ratio and has various
remarkable qualities, including the capacity to cut substrates
in the center of the transmembrane domain in a water-free
environment. γ-secretase is thought to be a multiprotein
complex, and some studies show that presenilin proteins are
the complex's catalytic site (Yu et al., 2000). Presenilins are
crucial in notch receptor cleavage, and inhibiting this route in
the embryo is fatal; nevertheless, adult mice with inducible
presenilin-1 deletion have no overt pathogenic phenotype
(Sisodia & George-Hypslop, 2002). Nicastrin is a membranebound protein hypothesized to be a cofactor of the γ-secretase
complex that regulates catalytic activity (Athar et al., 2021).
7.2. Anti-inflammatory drugs
Anti-inflammatory medicines work by lowering the
inflammatory response in brain tissue, as shown in studies by
Lim et al. (2001), who found that indomethacin and ibuprofen
might diminish the development of Aβ (Lim et al., 2001).
However, long-term use can result in a slew of adverse side
effects, including kidney and stomach issues (Aisen et al.,
2003). Other anti-inflammatory drugs include curcumin which
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inhibits COX-1, COX-2, and LOX by modulating eicosanoid
biosynthesis; magnolol; A-pinene; Ginkgolide B, which is a
platelet-activating factor antagonist; Beta-pinene; luteolin;
Rosmarinic acid; carvacrol; resveratrol; and apocynin, which
are all COX inhibitors. All of these activities help to limit the
inflammatory processes linked to the physiology of
Alzheimer's disease and lessen the disease's negative
repercussions (Bullock, 2006).
7.3.

Antioxidants

Antioxidants inhibit the generation of free radicals, lowering
oxidative stress in cells and, as a result, contributing to the
treatment of Alzheimer's disease by exerting a possible
neuroprotective impact. Vitamin E has been shown to help
with Alzheimer's disease, decreasing the progression of the
disease (Forlenza et al., 2011). Other antioxidants include
resveratrol, apocynin (Divino da Rocha et al., 2011), and
flavonoids like quercetin and myricetin, which prevent the
inactivation of acetylcholine receptors through their
recognized antioxidant action (De Melo & Costa, 2005).
Similarly, estrogen replacement treatment prevents
Alzheimer's disease by acting on neuroprotective processes.
Estrogens act on a variety of receptors on the neuronal
surface, boosting neurotransmitter release and increasing
cerebral blood flow. In addition, estrogen has been shown to
reduce the neurotoxicity caused by Aβ (Grimes & Jope, 2001).
The anti-Alzheimer vaccination AT-1792 was developed to
target amyloid plaques but was discontinued due to
considerable side effects (Wang et al., 2011).

7.4.

Metal Chelators

Metal ions possibly play a role in the development of
Alzheimer's disease. Aβ appears to be a metalloprotein with a
high affinity for Cu2+ and Zn2+, explaining its toxicity and
aggregation. The formation of reactive oxygen species, which
are involved in neurodegeneration, may be triggered by metal
binding to Aβ in particular (Curtain et al., 2001). Cu2+ and
Zn2+ concentrations in the neocortex of Alzheimer's patients
are high. This evidence supports a strategy that focuses on the
interaction of Aβ with metal ions (Lovell et al., 1998). In a
study conducted by Cherny et al., it was found that Cu/Zn
chelators solubilize Aβ plaques from the brains of Alzheimer's
patients after death (Cherny et al., 1999).
8.

Conclusion

Alzheimer's disease is a brain ailment that causes cell
degradation and is the leading cause of dementia. It is
reported that more than 1million people are affected by AD
every year. It has no specific signs and symptoms, which
creates more complications in diagnosing this disease. Many
theories are related to AD's causes, and risk factors are
Cortico-cortical pathways, cholinergic hypothesis, and many
more. Though the disease is not curable, we can still treat the
symptoms by acetylcholine esterase inhibitors (donepezil,
galantamine, rivastigmine, and tacrine), NMDA antagonist
(memantine). As neurodegenerative diseases like AD hit a
large population every year, medical science is trying to find
new strategies that will target AD. Significant progress
has been achieved in describing pre-dementia stages of
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Combination
therapy

APP and βsecretase and γsecretase
inhibitors

Figure 4: Therapeutic Strategies to Target Alzheimer's Diseases
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Alzheimer's disease and enhancing diagnostic and therapeutic
options for treating the disease. The new strategies are Tau
deposition and phosphorylation, cleavage of APP, β-secretase
inhibitors, γ-secretase inhibitors, anti-inflammatory agents,
etc. Much progress has been made in understanding the
biology and clinical aspects of Alzheimer's disease since the
first case was described more than a century ago.
Current Alzheimer's disease treatments target a biochemical
pathway linked to the disease that is thought to be modifiable.
It is necessary to develop molecular techniques that alter the
consequences of mutations in important genes or reduce
hereditary susceptibility. Methods to prevent or delay the
progression of Alzheimer's disease should be the focus of
treatments. The development of such techniques will be
dependent on our growing understanding of the disease's
etiology.
To better understand the causes, diagnosis, and cure of
Alzheimer's disease, new strategies are also required along
with the existing treatments. The use of the various drugs and
drug candidates discussed in this article could help to improve
the therapies of Alzheimer's disease.
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