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ABSTRACT

Alzheimer’s disease (AD) is a prevalent cause of dementia in the elderly, characterized by progressive cognitive
decline and neurodegeneration. This review focuses on the etiology of AD, the role of various receptors [TNF (Tumor
necrosis factor) receptor, nAChR (Neuronal nicotinic acetylcholine receptors), NMDARs (N-Methyl-D-aspartate
receptors), APOE (Apolipoprotein E) receptor, and amyloid-beta receptor], and risk factors contributing to its
development. AD progresses through mild, moderate, and severe stages, each exhibiting distinct symptoms. The hallmark
pathologies are neurofibrillary tangles and amyloid plaques, comprised of hyperphosphorylated tau protein and amyloid-
beta peptides, respectively. Current pharmacotherapeutic options alleviate symptoms but lack a complete cure. To address
the challenges in developing effective AD treatments, researchers have turned to artificial intelligence (Al) and
computational approaches in drug design. Al techniques, including machine learning and molecular docking, enable the
analysis of large datasets and prediction of molecular interactions between potential drug candidates and target receptors.
Virtual screening and molecular modeling aid in identifying novel therapeutic compounds. Predictive modeling and
optimization algorithms optimize drug properties and predict efficacy. Al also facilitates the repurposing of existing drugs
by analyzing their interactions with AD-related receptors and pathways. Clinical trial optimization using Al algorithms
enhances patient selection, treatment monitoring, and outcome prediction. Integrating Al into AD drug design holds
tremendous promise for accelerating the discovery of effective interventions. By leveraging Al’s capabilities, researchers
can efficiently analyze extensive data, predict drug-target interactions, and optimize drug properties, leading to the
identification of novel AD treatments. However, further research and validation are needed to translate Al-driven drug
design approaches into clinically viable solutions for AD patients. Through continued advancements in Al and
collaborative efforts, the development of targeted and advanced therapies for AD is within reach.
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computation, learning, language, and judgment, are impaired. They typically coexist with changes in social
conduct, emotional control, or motivation. Dementia has several origins, including AD and cerebrovascular
diseasel®. Cognitive decline, impaired memory and eventually dementia are inescapable neurological
symptoms of AD, which is brought on by the death of brain cells. In those 65 and older, it causes dementia the
most frequently®4. The disease goes through three primary stages, each with its own difficulties and signs. By
identifying the disease phases at this time, medical experts can predict future symptoms and possible treatments
for AD cases that are both sporadic and hereditary. The symptoms of AD vary in severity and are specific to
each individual instance. Both familial and sporadic occurrences of AD can be attributed to the inheritance of
specific genes. The most prevalent form of AD, known as sporadic AD, has a relationship to the apolipoprotein
4 (APOE 4) allele, with homozygotic conditions carrying a higher risk®®.. The sickness goes through three
primary stages, each with its own difficulties and signs. By figuring out what stage the disease is now at,
medical practitioners can predict future symptoms and possible treatments. The degree of AD symptoms varies
and is unique to each incidence. Specific genes can be passed down through families, which can explain AD
cases that are both sporadic and genetic. The apo lipoprotein 4 (APOE4) allele and the most common kind of
AD, known as sporadic AD, both have a link, with homozygotic circumstances bearing a greater risk. A few
of the numerous etiological factors for AD include genetics, environmental factors, and ordinary lifestyle
choices Figure 111, The neocortex and hippocampal portions in brain, which are sensitive and essential for
memory and cognition, play crucial roles in learning, forming new memories, spatial navigation, and the
integration of sensory information!®!,

Figure 1. The elements that contribute to Alzheimer’s disease.

AD may have more than one definition, depending on its intended application. Numerous elements,
including clinical trials for novel therapies, epidemiological research, or pathological examinations, might be
used to make a clinical diagnosis!®. The National Institute of Health’s Work Group disorders of the
communication and Nervous system, in conjunction with the Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA), formulated diagnostic criteria for Alzheimer’s disease, which were widely
embraced®. Based on this criterion, the diagnosis of AD is divided into 3 parts: definite, feasible as well
likely. The existence of dementia must be determined by clinical examination, recorded by a standardized
mental health evaluation, and verified by neuropsychological testing in order for AD to be considered probable.
These must show cognitive defects in two or more domains, along with memory loss and other cognitive
decline in time even in the absence of delirium. There must be no other systemic or brain disorders that might
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account for the gradual losses in memory, cognition, and the onset must occur between the ages of 40 and 90.
Characteristics that, albeit not necessary, support a likely AD diagnosis progressive deficits in particular
cognitive abilities like language, praxis, and perceptual recognition; impairments in daily living activities; a
ancestry of AD, specific if it has been confirmed pathologically; as well normal or nonspecific results on
common tests like spinal fluid analysis, electroencephalography, and computerized tomography. A likely
diagnosis of AD is supported by mental and behavioral problems, weight loss, and, in more severe cases,
increased muscular tone, myoclonus, aberrant gait patterns, and seizures. When a second systemic or brain
disease is present but is not thought to be the source of the dementia, when the conventional clinical syndrome
is present but there are changes in the onset, appearance, or clinical course, when a single, persistent brain
disease is there but not thought to be the dementia’s primary cause, and when any of these circumstances apply,
the diagnosis of possible AD is made. If no other known reason is present, a gradual cognitive deterioration is
discovered. AD has been shown to be unlikely if there is a rapid apoplectic onset, localized neurologic
abnormalities, seizures, or gait problem in the early or starting phases of the illness. According to research,
these variables have a moderate to exceptional degree of reliability!’*'?. The fatalities in other
neurodegenerative diseases like Parkinson’s disease, up to 80% of the neurons may need to be faulty before a
symptomatic threshold is crossed and clinically noticeable issues appear!*®!,

2. Different variables involved in Alzheimer’s disease along with the
correlation of receptors

2.1. Molecular genetics of Alzheimer’s disease and aging

Ageing can impact the body’s auto-healing process, including those in the brain, as several studies have
shown. Additionally, as people age, a certain heart-related risk factors, like excessive Blood pressure, cardiac
disorder, and too much low density lipoprotein—become increasingly common(®l. Approximately 5% of AD
affects persons between the ages of 65 and 74. The likelihood increases to 50% for people above 85. The main
factor for AD is age, and it is also one of the risk factors that cannot be altered!*!,

AD is a neurodegenerative disorder which occurs primarily in older adults, particularly those over the age
of 65. It is identified by the progressive loss of cognitive function, including memory loss, confusion, and
difficulties with language and problem-solving. While AD involves complex alteration in the brain, with an
increase in abnormal protein deposits. Receptors play a crucial role in transmitting signals and mediating
communication between cells in the brain and throughout the body'®!. One important receptor system affected
by AD is the cholinergic system, specifically the cholinergic receptors. Cholinergic receptors are involved in
the transmission of signals mediated by the neurotransmitter acetylcholine, which is crucial for learning,
memory, and attention. Another receptor system affected in AD is the glutamatergic system, it involves
receptors which respond to the neurotransmitter glutamate. Glutamate receptors are essential for normal
synaptic function and plasticity, which are critical for learning, memory processes. In AD, its evidence of
dysregulation of glutamate receptors, including alterations in their expression and function. This dysregulation
can lead to abnormal excitatory activity, impaired synaptic function, and neuronal damage, further contributing
to the cognitive loss™*?!,

Additionally, AD involves the deposition of abnormal protein, like amyloid plaques and tau tangles.
These deposits can also interact with receptors and disrupt their normal functioning. For example, amyloid
beta, the main component of plaques, has been shown to bind to several receptors, including NMDA (N-
methyl-D-aspartate) receptors, nicotinic acetylcholine receptors, metabotropic glutamate receptors, leading to
altered signaling and neuronal dysfunction.



The link between age, receptors, and AD is complex and multifaceted. Aging plays the major risk factor
in the disease, the exact mechanisms underlying receptor dysfunction and their contribution to disease
progression are still being investigated.

The NMDA (N-methyl-D-aspartate) receptor is a type of glutamate receptor is important in synaptic
plasticity, learning, and memory cycle. It is one of the major receptor subtypes involved in excitatory
neurotransmission in the braint*,

The function and regulation of NMDA receptors can be affected in several ways:

e  Age-related changes: NMDA receptor function can be influenced by normal aging processes. As
individuals age, there can be alterations in the structure and composition of NMDA receptors, including
alter expression levels of receptor subunits. These age-related changes can affect the sensitivity and
responsiveness of NMDA receptors to glutamate, that contributes to cognitive loss as well as age-related
memory impairments.

o Amyloid beta interaction: In AD, the deposition of amyloid beta plaques can interact with NMDA
receptors. Amyloid beta can bind to NMDA receptors and disrupt their normal function. This interaction
may lead to increase Ca* in nervous system, triggering a series of events which lead to neuronal
dysfunction and cell morbidity.

e Tau pathology: Another importance of AD is the formation of tau tangles, which aggregates of abnormal
tau protein within neurons. Tau pathology can affect NMDA receptor activity by disrupting synaptic
function and impairing the trafficking of receptors to the cell membrane. This can lead to altered synaptic
transmission and develop to cognitive impairment.

e  Excitotoxicity: In AD, the dysregulation of glutamate signaling, including NMDA receptor activity, can
lead to excitotoxicity, which lead to the excessive action of glutamate and NMDA receptors, resulting in
an intake of Ca™ ions and which destroy neurons. Excitotoxicity can promote to neurodegeneration and
cognitive loss.

Understanding the intricacy in NMDA receptors and AD is crucial for developing targeted therapeutic
interventions. Researchers are investigating strategies to modulate NMDA receptor activity and restore the
balance of excitatory neurotransmission to mitigate detrimental effects of NMDA receptor dysregulation in
AD. These efforts aim to increase cognition and potentially lowers the progression of AD!3],

2.2. Correlation of socioeconomic determinants of dementia along with education and
Alzheimer’s disease

It is hypothesized that greater education causes the brain to form more synaptic connections, while the
precise explanation of this link is unknown. As the condition worsens, the brain develops a “synaptic reserve”
that gives patients the ability to compensate for the death of neurons. People with less education tend to be at
a greater risk since they are not familiar with the typical causes*>¢l. More years of schooling, in the opinion
of some experts, produce a “cognitive reserve” that helps people to more effectively adjust for brain
abnormalities that might result in signs of AD or another dementia. In order to compensate for early
Alzheimer’s disease-related brain alterations, the cognitive reserve theory states that education improves the
relation in brain neurons and offers the brain the capacity to employ alternate neuron-to-neuron communication
routes to complete cognitive tasks!*".

2.3. Association between alcohol and Alzheimer’s disease

Alcohol abuse clearly has a negative impact on the brain, and little to more alcohol consumption has been
linked to increased brain shrinkage and decreased brain sizes™™®!, Study indicating that heavier drinkers in
between 20 to 40 years have a chance of dementia and AD in old age that was more than three times higher,



especially among bearers of the APOE 4 genotype, highlights the harmful effect of heavy alcohol
consumptiont?%,

AD and increase alcohol intake can have separate and combined effects on various receptors in the brain.
While alcohol can have acute effects on receptor function. While some points which provide insights into the
potential effects of AD and alcohol on certain receptors:

o  GABA receptors: Gamma-aminobutyric acid (GABA) receptors are inhibitory receptors which act by
regulating neuronal excitability. Chronic alcohol consumption can affect GABA receptors, leading to
increased inhibitory signaling and tolerance development. In Alzheimer’s disease, alterations in GABA
receptor function have also been reported, although the exact mechanisms are not fully elucidated. These
changes in GABA receptors may act in cognitive impairments in both chronic alcohol use disorder and
Alzheimer’s disease®.

o  Glutamate receptors: Glutamate is excitatory neurotransmitter, and receptors like NMDA and AMPA (a-
amino-3-hydroxyl-5-methyl-4-isoxazole-propionate) receptors, are crucial for synaptic transmission and
plasticity. Chronic alcohol consumption can affect glutamate receptor function, leading to adaptive
changes in receptor expression and signaling. In AD, improper regulation of glutamate receptors,
including NMDA receptors, has also been observed, contributing to excitotoxicity and neuronal damage.
The combined effects of chronic alcohol consumption and Alzheimer’s disease on glutamate receptors
may exacerbate excitotoxicity and neuronal dysfunction®!,

o  Dopamine receptors: Alcohol consumption can impact dopamine receptors, which act in reward and
motivation pathways. Acute alcohol intake can increase dopamine release, contributing to satisfactory
effects of alcohol. Chronic alcohol consumption, however, may cause dopamine receptor modifications
that culminate in tolerance and dependence. In Alzheimer’s disease, alterations in dopamine receptor
signaling have been reported, potentially contributing to behavioral and neuropsychiatric symptoms
commonly seen in the disease!*!,

Alcohol consumption is a modifiable problem for dementia, including AD. The use of alcohol in excess
over extended periods of time raises the risk of cognitive decline and neurodegeneration. The pathogenic
mechanisms that underlie Alzheimer’s disease, such as neuroinflammation and oxidative stress, can also be
made worse by alcohol misusel**14,

Given complexity of alcohol’s effects on receptors and the interaction with AD, it is important to promote
responsible alcohol consumption and seek professional medical advice for personalized guidance regarding
alcohol uset***7),

2.4. Effects of smoking on Alzheimer’s disease

Numerous follow-up investigations, in contrast to cross-sectional research, discovered a considerably
elevated chance of AD related with smoking, particularly in noncarriers of the APOE €4 genotypel?: %!,
Numerous epidemiological investigations into the connection between smoking and AD have been conducted,
with many of these investigations coming to contradictory conclusions. Generally speaking, case-control or
cohort studies have been used in this epidemiological research. In general, case-control work demonstrates
that smoking is linked to a lower chance of developing AD. Cohort studies, on the other hand, frequently
demonstrate that smokers have a higher chance of acquiring AD than do non-smokers*!,

Alzheimer’s disease and smoking can both have separate effects on various receptors in the brain. Here
are some points into potential effects of AD and smoking on certain receptors:

e Nicotinic acetylcholine receptors (nAChRs): These are a type of acetylcholine receptor that works in
cognitive function, learning, and memory. Nicotine, the primary addictive component of tobacco, binds
to and activates nAChRs. Chronic smoking increases the upregulation of nAChRs in brain, as the
receptors adapt to chronic nicotine exposure. In AD, cholinergic neurons are lost and decreased
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cholinergic transmission, including the activity of nAChRs. The combined actions of smoking and AD
on nAChRs are complex, as nicotine’s effects can modulate cholinergic signaling but smoking itself is
linked with increased risk for cognitive loss and demential??.,

o Dopamine receptors: Smoking affects the release and reuptake of various neurotransmitters, including
dopamine. Nicotine stimulates the release of dopamine, leading to the rewarding and reinforcing effects
of smoking. Chronic smoking can lead to adaptations in dopamine receptors, resulting in tolerance and
dependence. In Alzheimer’s disease, alterations in dopamine receptor signaling have been observed,
potentially contributing to behavioral and neuropsychiatric symptoms of disease. The combined action of
smoking with Alzheimer’s disease on dopamine receptors are not yet fully understood but may interact
to further dysregulate dopamine signaling®®.

e  Serotonin receptors: These play a role in mood regulation and cognitive processes. Smoking has been
shown to affect serotonin receptors and serotonin transporter function. However, the specific effects of
smoking on serotonin receptors and their interaction with AD are still being investigated. Changes in
serotonin receptor signaling have been implicated in mood disturbances and neuropsychiatric symptoms
observed in AD?2224],

Given the detrimental health effects associated with smoking, including its potential impact on receptors
and the risk of cognitive decline, it is highly recommended to quit smoking or avoid smoking altogether.
Seeking professional medical advice and support for smoking cessation can significantly improve overall
health outcomes and potentially reduce the risk of AD and different cognitive impairments(?-24,

2.5. Molecular genetics of Alzheimer’s disease

The APOE a4 allele is the primary genetic vulnerability component, acceleration of A accumulation in
the brain was likely what first made it a risk factor for AD?>?]. However, using the a4 form raises the
likelihood of getting Alzheimer’s and the age at when it strikes. More people are at risk if they inherit two a4

[17]
genest*.,

AD has a significant genetic component, with certain genetic variations linked to the high risk of
developing the disease. These factors can affect various receptors in the brain, contributing to the propagation
of AD. Here are some key points regarding the correlation between Alzheimer’s genetics and receptors:

e Amyloid precursor protein (APP) and amyloid beta (AB) receptors: Genetic mutations in the APP genes
involved in the processing of APP, such as presenilin 1 (PSEN1) and presenilin 2 (PSEN2), can lead to
the overproduction or deposition of amyloid beta protein. Amyloid beta is a vital factor of amyloid plaques
observed in AD. Receptors such as NMDA, nicotinic, metabotropic glutamate receptors can interact with
amyloid beta, leading to altered signaling and neuronal dysfunction®,

e  Apolipoprotein E (APOE) and cholesterol receptors: The APOE gene has 3 types: €2, €3, and 4. The
APOE ¢4 type is the major genetic factor for late-onset AD. APOE is linked in cholesterol metabolism,
and APOE receptors play a role in the transport of lipids, including cholesterol. Disruptions in cholesterol
homeostasis can impact neuronal function and develop of Alzheimer’s pathology*??],

e Tau and microtubule-associated protein (MAP) receptors: Genetic variations can influence function of
tau protein and MAPs. Mutations in the MAPT (Microtubule Associated Protein Tau) gene, which
encodes tau, lead to abnormalities in tau protein, resulting in the neurofibrillary tangles in AD. Tau
interacts with various receptors, including NMDA receptors, influencing synaptic function and neuronal
health!*"),

e  Cholinergic receptors: Genetic factors can influence the expression and function of cholinergic receptors,
such as nicotinic acetylcholine receptors and muscarinic acetylcholine receptors. Variations in genes in
cholinergic signaling, like cholinergic receptor genes (CHRNA) and choline acetyltransferase (CHAT),
can impact cholinergic neurotransmission, contributing to cognitive impairments seen in AD.
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Genetic variations linked with a high risk of AD; they do not guarantee the development of the disease
(Table 1). Studying the genetic correlations with receptors in AD provides insights into the underlying
mechanisms and potential targets for therapeutic interventionst*’?>20!,

Table 1. Atabular representation of the correlation between Alzheimer’s disease, genetics, and their effects and drawbacks in
correlation with receptors.

Genetic factors Receptors Effects Drawbacks

APP, PSEN1, PSEN2 NMDA receptors  Altered signaling, neuronal dysfunction Accumulation of amyloid beta,
neurodegeneration

Nicotinic

Acetylcholine

Receptors
Metabotropic
Glutamate
Receptors
APOE Cholesterol Disruptions in neuronal function, lipid High prevalence of late-onset AD
metabolism
Receptors
MAPT NMDA receptors  Abnormal tau protein, neurofibrillary tangles Tauopathies, cognitive decline
Cholinergic receptor  Nicotinic Altered cholinergic neurotransmission Cognitive impairments, loss of
memory
Genes Acetylcholine
(CHRNA, CHAT)
Receptors
Muscarinic

Acetylcholine

Receptors

2.6. Peripheral cholesterol, metabolic disorders and Alzheimer’s disease

Certain dietary components is having role in reducing the incidence of AD, according to studies conducted
in both animal and human modelst?”! consuming lots of fatty acids raises the risk of obesity, which increases
the chance of AD?®?%, According to a recent study, a high-fat diet can result in damage that resembles the
pathology of AD, including cognitive decline, potentiated beta-secretase processing of APP, and mitochondrial
damage linked to insulin resistance**32],

Local high-density lipoproteins (HDL) transport cholesterol into the brain; In the adult brain, astrocytes
produce 1<°cholesterol to a greater amount than neurons do. LDL levels are increased by Cardiovascular
disorder, which has systemic changes linked to oxidation and nitration, is increased by
hypercholesterolemial®*34. AD risk factors have been proposed to include high blood and plasma cholesterol
levelst>3],

Alzheimer’s disease, obesity, and hypercholesterolemia (high cholesterol levels) can all have effects on
various receptors in body and brain as well. Few effects of each condition with respect to receptors are below.

2.6.1. Alzheimer’s disease and receptors

a) Cholinergic receptors: AD is characterized by a progressive loss of cholinergic neurons with reduced
cholinergic transmission in brain. This leads to impaired signaling through cholinergic receptors, such as
nicotinic and muscarinic receptors. Consequently, cognitive impairments and memory deficits are observed
due to the crucial role of cholinergic signaling in learning and memory processes (Figure 2).



b) Glutamate receptors: Dysregulation of glutamate receptors, particularly NMDA receptors, occurs in
AD. Abnormal deposition of amyloid beta plaques disrupts glutamate signaling, leading to excitotoxicity and
neuronal damage. Alterations in NMDA receptor activity and function contribute to cognitive decline and
synaptic dysfunction in AD?"28,

2.6.2. Obesity and receptors

a) Leptin receptors: In obesity, there is often resistance to the actions of leptin, leading to decreased
sensitivity of leptin receptors. This resistance can disrupt the normal signaling of leptin receptors, impairing
the regulation of diet and energy spend.

b) Insulin receptors: Obesity is commonly linked with insulin resistance, which can affect insulin receptor
signaling. They are involved in various functions, including neuronal survival, synaptic plasticity, and
cognitive processes. Insulin resistance in obesity may lead to impaired insulin signaling through insulin
receptors, potentially contributing to cognitive impairment and increased risk of neurodegenerative
diseases®**2,

2.6.3. Hypercholesterolemia and receptors

a) Cholesterol receptors: Hypercholesterolemia is characterized by elevated levels of cholesterol in the
blood. Cholesterol receptors, such as LDL receptors, work for the uptake and regulation of cholesterol in
various cells, including those in the brain. High cholesterol levels, the receptors may become dysregulated,
leading to altered cholesterol homeostasis. Disruptions in cholesterol receptor function can have detrimental
effects on neuronal health, synaptic function, and cognitive processes*.

b) Serotonin receptors: Hypercholesterolemia has been associated with alterations in serotonin receptors.
It plays a role in mood regulation and cognitive function. Elevated cholesterol levels can impact the function
and expression of serotonin receptors, potentially contributing to mood disorders and cognitive
impairmentst®32,

The relationships described here are complex, and the specific effects on receptors may vary depending
on individual factors and the interplay of various physiological processes. While these conditions have
implications for receptor function, the mechanisms and their contributions to disease development and
progression are still areas of ongoing research!?’-2],

2.7. Type 2 diabetes mellitus (T2DM) and Alzheimer’s disease

Hyperglycemia causes an increase in glucose production, impaired pancreatic beta-cell synthesis of
insulin, and insulin resistance are the hallmarks of T2DME7]. Another common condition linked to fat and
ageing is T2DM, which is regarded as separate problem, Diabetes is linked with neurodegeneration because
high blood sugar levels and insulin resistance may affect the brain’s oxidative stress pathways and neuro
inflammatory signals® (Table 2).

The mechanisms and interactions involved are complex and the specific effects may vary depending on
individual factors. Additionally, this table does not encompass all potential effects and drawbacks linked with
T2DM and ADR839,

2.8. Traumatic brain injury (TBI) and Alzheimer’s disease

According to recent studies, even moderate, frequent TBI may promote neurodegenerative disease. TBI
is the impairment of normal brain function brought on by a head injury, shock, or anything inserted into the
skull. AD risk rises with moderate to severe TBI and other dementias. Auto accidents are the primary cause of
half of all moderate or severe TBIs. High risk of Alzheimer’s is linked with moderate TBI and other dementias
when compared to persons who have not experienced a head injury, while a severe TBI is linked to a 4.5 times
greater risk*"),



Table 2. Tabular representation of the effects of type 2 diabetes mellitus on Alzheimer’s disease with respect to receptors.

T2DM effects on Receptors Effects Drawbacks
Alzheimer’s
Insulin resistance Insulin Impaired insulin signaling, reduced Altered glucose metabolism in the brain,

Glutamate (NMDA)

Cholinergic

Advanced glycation
end products (AGESs)

RAGE (receptor for
AGEs)

Glutamate (NMDA)

Cholinergic

Oxidative stress Glutamate (NMDA)

Cholinergic

Insulin

insulin sensitivity
Excitotoxicity, synaptic dysfunction

Reduced cholinergic transmission,
cognitive impairments

Increased inflammatory response,
oxidative stress

Excitotoxicity, synaptic dysfunction

Reduced cholinergic transmission,
cognitive impairments

Excitotoxicity, synaptic dysfunction

Reduced cholinergic transmission,
cognitive impairments

Impaired insulin signaling, reduced
insulin sensitivity

neurodegeneration
Neurodegeneration, cognitive decline

Memory deficits, impaired learning

Neuroinflammation, neuronal damage

Neurodegeneration, cognitive decline

Memory deficits, impaired learning

Neurodegeneration, cognitive decline

Memory deficits, impaired learning

Altered glucose metabolism in the brain,
neurodegeneration

2.9. Hypertension and Alzheimer’s disease

According to study, having high blood pressure in your middle years increases your risk of developing
AD. There may be connection between AD and high BP since many research have linked it to brain atrophy
and the creation of NFTs (intracellular neurofibrillary tangles)! .

2.9.1. Alzheimer’s disease and receptors

a) Cholinergic receptors: Cholinergic receptors, including nicotinic and muscarinic receptors, play
important part in learning, memory, and cognitive processes. In AD, the dysfunction of cholinergic receptors
leads to impaired synaptic transmission and cognitive decline.

b) Glutamate receptors: Dysregulation of glutamate receptors, particularly NMDA receptors, occurs in
AD. Abnormal increase of amyloid beta plaques disrupts glutamate signaling, leading to excitotoxicity and
neuronal damage. The altered function of glutamate receptors leads to synaptic dysfunction and cognitive
failure.

c) Insulin receptors: Insulin receptors in the brain are involved in various functions, including synaptic
plasticity, neuronal survival, and cognitive processes. In AD, insulin resistance and reduced insulin signaling
have been observed, leading to impaired insulin receptor function. This disruption can contribute to neuronal
dysfunction and impaired cognition.

2.9.2. Hypertension and receptors

a) Adrenergic receptors: Hypertension is characterized by chronically elevated BP. Increased sympathetic
activity in hypertension activates adrenergic receptors, including alpha-1 and beta-1 receptors. Prolonged
stimulation of adrenergic receptors can contribute to vascular remodeling, increased vascular resistance, and
further elevation of blood pressure.

b) Renin-angiotensin system (RAS) receptors: Hypertension often involves dysregulation of the renin-
angiotensin system. Activation of angiotensin Il receptors, such as AT1 receptors, can lead to vasoconstriction,
sodium and water retention, and increased blood pressure. Chronic activation of RAS receptors contributes to
sustained hypertension.



c) NMDA receptors: Hypertension is linked with higher activity of NMDA receptors in certain brain
regions. Overactivation of NMDA receptors can lead to calcium influx and excitotoxicity, potentially
damaging neurons and contributing to cognitive impairment.

Both AD and hypertension are complex conditions with various underlying mechanisms. The effects on
receptors described here represent some of the known relationships observed in scientific research. However,
the interactions between these conditions and receptors are multifaceted and may vary among individuals.
Further research is necessary to fully elucidate the intricate connections between AD, hypertension, and their
impact on receptor functionl*®4%,

Figure 2. The physiological characteristics of neurons in (a) healthy; and (b) Alzheimer’s disease-affected brains.

3. Stage and symptom in Alzheimer’s disease

Different stages and conditions, symptoms of the Alzheimer’s disease are displayed in Figure 31241,
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4. Receptors

Figure 3. Sign and symptoms of Alzheimer’s disease.

Effect of various receptors along with there role is given in Table 3.

Table 3. Effect of various receptors along with their role.

Receptors

Role

nAChR

NMDARs

Another recurrent feature of AD is a reduction in cholinergic neurons in the forebraint¢l, The two
distinct kinds of acetylcholine receptors that are released by cholinergic neurons are nAchRs and
mACchRs, often known as ionotropic and metabotropic receptors, respectively. Five unique subunits (a, B,
y and £), each of which is expressed by a separate gene, make up the pentameric structure of nAchRs,
which are ligand-gated ion channelst’8l, Because they are strongly expressed in the brain areas where
AD neuropathology develops, the 2 principal NAChR subtypes expressed in the CNS—a7 and a4b2—are
involved in the emergence of this dementia®l,

NMDARs are important mediators of brain plasticity because unique neuronal activity patterns may be
transformed into long-lasting changes in synapse and function, which hypothesized to underpin higher
cognitive capacities™!. The main excitatory neurotransmitter in human brain, glutamate, is a ligand for
the N-methyl-D-aspartate receptor. Majority of NMDAR subgroup are distinct in that they need the
opening of the channel by Mg?* to be relieved at the same time as presynaptic glutamate release and a
sizable postsynaptic membrane depolarization®l. Ischemic stroke, seizures, and neurodegenerative
diseases like Parkinson’s, Huntington’s and AD are all correlated with abnormal NMDAR activity[2],
NMDAR is crucial for synaptic plasticity and neuronal persistence. But overzealous NMDAR activation
promotes cell death and excitotoxicity[®31,
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Table 3. (Continued).

Receptors Role

TNFR1 The two main TNF receptors are TNFR1 and TNFR2. To produce its biological action, TNF binds with
them. On chromosome 12p13.31, there is a gene called TNFR1 that produces a 55/60 kDa membrane
receptor and contains 10 exons. A membrane receptor with a 75/80 kDa molecular weight is encoded by
the TNFR2 gene, which has 10 exons and is found at chromosome 1p36.22. Study found that individuals
having dementia of the Alzheimer type (DAT) have both kinds of receptors on their T cells than usual.
This may demonstrate that DAT patients have an active systemic immune system as compared to healthy
peoplel>*-601,

Amyloid-beta receptor  An extracellular protein deposit that, when stained with Congo red and seen with circularly polarized
light, exhibit green birefringence is what is traditionally referred to as an amyloid fibril, also known as an
amyloid. This pattern is a result of the cross beta-sheet secondary structure connected to amyloid
fibrils®4. Amyloid-beta was found to be the primary elements of amyloid plaques in 198462, Although
beta deposition in the medial parietal cortex is the 1st stage in AD progression, tau aggregates in the
medial temporal lobe precede it in older adults with cognitive intact brain[®l, Studies on cells and
experiments on animals have shown that oligomeric, soluble a-beta plaques, not insoluble amyloid
plaques, are what have the detrimental effect(%451. The updated amyloid cascade theory suggests that
soluble oligomeric a-beta gathering are the direct cause of the neurodegenerative triadf®l, Oligomers of
a-betal-42, which is assumed to be in charge of the early cognitive impairments in AD, are most
synaptotoxic forms[®],

APOE receptor A significant apolipoprotein and cholesterol transporter in the brain is called APOE. Triglycerides and
other lipids are delivered to the CNS and plasma by the 34 kDa APOE protein, which binds to APOE
receptors on cell surfaces®l. The allele 4 of the APOE gene has a substantial risk for developing late-
onset ADI®70, The LDLR family, which is primarily in charge of making APOE-lipoprotein particles,
carries lipids like cholesterol to the brain’s neurons’*72, The liver and brain express large amounts of
this LDLR-related protein that is LRP1 which is different from LRPs, which binds more than 30 ligands,
including App, APOE, tissue-type plasminogen activator, and 2 macroglobulinl™], When affected by A
peptides™771 various APOE isoforms connect to APOE receptors in different ways. These findings
established that A peptides can conflict with APOE’s typical work in brain lipid metabolism, which
would add to the pathogenesis of ADL8-8%],

With AD, the link between synapse loss and cognitive deterioration. At the top of the image is a control
synapse. The pleiotropic effects of the f-amyloipeptide (AB) are shown by a “Alzheimer’s disease synapse” at
the bottom of the picture. Rings are used to depict synaptic vesicles. By diminishing dendritic spine density
and changing the ratio of long-term potentiation to long-term depression, the experimental application and
expression of AP, in particular oligomers, reduce synaptic plasticity. Oligomers may inhibit baseline synaptic
transmission when used in high doses. N-methyl-D-aspartate (NMDATr) and amino-3-hydroxy-5-methyl-4-
isoxazole propionic acid receptor endocytosis is made easier by AP (AMPATr). Additionally. AP interacts with
the p75 neurotrophin receptors (p75NTr). The levels of BDNF are already inhibited by the tyrosine kinase B
receptor (trkBr), also known as the BDNF receptor. Nerve growth factor (NGF) and brain-derived neurotrophic
factor levels are already inhibited by the tyrosine kinase B receptor (trkBr), also known as the BDNF receptor
(BDNF). Nicotinic acetylcholine (ACh) receptor (nAChr) signalling as well as presynaptic terminal ACh
release are both impacted by AB. Mild cognitive impairment causes the loss of hippocampal synapses, but it
also increases the size of the synaptic profiles that are still there. The acronym for amyloid precursor protein
includes tyrosine kinase AP receptor (trkAr), phosphorylated calcium-calmodulin-dependent protein kinase 2
(pCaMKII), cyclic AMP response element-binding protein (0CREB), and voltage-gated calcium channel
(VGCC) (APP) (Figure 4).
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Figure 4. Dysfunction of the synapses in Alzheimer’s disease.

5. Diagnoses of Alzheimer’s disease

Variants of Alzheimer’s disease along with the multicenter clinicopathological correlation in
dementia

Patients with AD who have been diagnosed for over 50 years and whose autopsy results finally confirm
the diagnosis have been documented with atypical clinical presentations!”). Many patients complicate clinical
diagnostics due to comorbid conditions. The ratio of hippocampal neurofibrillary tangle density to neocortical
tangle density can be used to classify three primary subgroups of AD"®, In this way, “limbic predominate AD”
and “hippocampal sparing AD” are characterized as two atypical AD subtypes. Hippocampal sparring AD
sometimes manifests at a younger age and degenerates cognitively more quickly than usual AD. In contrast,
limbic predominate AD frequently manifests later in life and degrades cognition more gradually. It’s
interesting to note that 30% of instances with hippocampal sparing may appear clinically differently. In these
situations, there may be localized or asymmetrical enhanced cortical atrophy, which frequently results in
clinical symptoms other than problems in episodic memory. Although executive function, visuospatial, and
linguistic abnormalities are all seen in AD, they are not often the clinical manifestation. Those who have main
progressivel”. Posterior cortical atrophy is another unusual clinical symptom that can accompany AD with
hippocampal sparing (PCA). PCA can also be brought on by prion disease and corticobasal degeneration, in
addition to AD™, Progressive executive impairment is most typically associated with frontotemporal lobar
degeneration, but AD, particularly hippocampal-sparing AD, can also present in this fashion®!l. Genetic study
of APOE indicates that hippocampus sparing AD and typical or limbic dominant AD are more closely
related"®)(Table 4).
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Table 4. lllustrating different variants of Alzheimer’s disease.

Variant Description Characteristics

Early-onset AD Occurs before the age of 65 and represents a small Strong genetic component, often caused by
proportion of all AD cases. mutations in APP, PSEN1, or PSEN2 genes.

Late-onset AD The most common form of AD, typically developing Complex interaction of genetic, environmental,
after the age of 65. and lifestyle factors.

Familial AD A subset of AD cases with a clear pattern of Caused by mutations in APP, PSEN1, or
inheritance, typically autosomal dominant. PSEN2 genes.

Sporadic AD The majority of AD cases, lacking a clear familial Likely caused by a combination of genetic,
pattern of inheritance. environmental, and lifestyle factors.

Early-onset familial AD A rare form of AD with an onset before age 50 and a  Typically caused by highly penetrant mutations
strong genetic basis. in APP, PSEN1, or PSEN2 genes.

Late-onset sporadic AD  The most common form of AD with a late onset, Associated with genetic risk factors such as
influenced by both genetic and environmental APOE &4 allele.
factors.

6. Comparison of neuropathologic criteria for the diagnosis of Alzheimer’s
disease

Every neuropathological alteration associated with AD is abnormal, according to the pathologic diagnosis
of AD. The 2012 National Institute on Aging-Association Alzheimer’s Guidelines are the most recent set of
criteria for the neuropathological evaluation of Alzheimer’s disease!®*®*. Since Alzheimer initially identified
the neuropathological symptoms of the condition, such as amyloidal plaques and hyper phosphorylated NFTSs,
in 1907, the pathophysiology of AD has been a contentious subject. Several ideas have been put out to explain
this complicated condition in light of the numerous causation factors. These include the tau hypothesis, the
inflammatory theory, the cholinergic hypothesis, and the A hypothesis. The most often used Ap hypotheses
during the past 20 years, according to recent study®®] Recent research has further emphasized the
significance of AP oligomers in synaptic dysfunction, indicating that they are largely the sole signal among
many others that compromises the integrity of brain processes additionally, the development of amyloid
plaques in older age seems to be a very late process. So as a result®®”. Current research has highlighted the
significance of AP oligomers in synaptic dysfunction, demonstrating that, among many other signals, they are
primarily the only ones that compromise the integrity of brain functions. Amyloid plaque development in old
age also seems to be a somewhat late process!®®!. Recent research has demonstrated that both neurons and their
accompanying astrocytes work together to create AP 42 oligomers. But because AB42 plaques, which are
predicted to form in the late stages, draw microglia, their significance in the process cannot be discounted!®" 8,
Microglial activation results in the production and release of proinflammatory cytokines such as IL-1b, TNF-
a, and IFN-g. These cytokines then drive the neighboring astrocyte-neuron to produce more amounts of A 42
oligomers, which stimulates further AB 42 synthesis and dispersion®®. Ap-oligomers also kill oligodendroglia
(OLGs), which is related to the neurons-astrocyte complex. The neuronal and vascular degeneration in AD
brains is considered to be caused by aggregates of AP oligomers!®®*°!, Due to their low reduced glutathione
(GSH) content and high iron concentration, which impairs their ability to scavenge oxygen radicals, OLGs are
particularly susceptible to oxidative stress®). Additionally, it has been shown that membranes rich in
cholesterol, such as those present in OLGs and myelin, are more vulnerable to damage by AP 42 oligomerst®?.
AP 42 oligomers engage a number of membrane receptors on neurons and astrocytes, including the p75
neurotrophin receptor (p75NTR), frizzled receptor, insulin receptor, NMDA glutamate receptor, and 7
nicotinic ach receptor, according to earlier studies on the pharmacology of A receptors (a7n). IGF-1R (insulin-
like growth factor-1 receptor) neuroprotective signaling is activated by AB 42 monomerst®®l. The proteases
neprilysin and insulin degrading enzyme (IDE), absorption by astrocytes and microglia, passive flow into the
cerebrospinal fluid, and soluble form of the low-density lipoprotein are some of the methods used to remove
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AB oligomers from the protein 1 linked to low-density lipoprotein receptors (LRP1)!**. Studies on the impact
of NO on IDE-mediated AP degradation suggest that higher NO levels found in AD may reduce IDE enzyme

activity, which may encourage the buildup of AB oligomers in the brain and the onset of AD,

7. Several therapeutic pharmacological targets exist for Alzheimer’s
diseases

7.1. Focusing on A protein (anti-amyloid)
There is anti-amyloid medicines tackle a number of APP metabolism-related issues (Table 4)1°,

7.2. Focusing on amyloid transport

According to study, LRP expression declines with ageing, reducing Ap oligomers’ ability to leave the
brain quickly®®". According to study, LRP expression declines with ageing, worsening Ap oligomer export and
prolonging their stay in the brain®®. It has been previously documented that A oligomers bind to the blood-
brain barrier’s multiligand receptor (RAGE) with a high affinity, facilitating their entry into the CNS and
helping to promote CNS entry, inflammation, and neuronal death®,

7.3. Change in secretes enzyme activity

According to research, cell surface receptors (muscarinic/GABA agonists) and the activation of signaling
cascades like PKC (protein kinase C) control the activity. Bryostatin 1, a powerful PKC activator and anti-
cancer medication, is now undergoing phase Il clinical studies. Another potential method for inhibiting APP
processing is p-secretes™. Another B-secretase inhibitor with promising preclinical findings is GRL-82341"%,

7.4. Aiming to reduce amyloid aggregation

Monomeric AP is bound by glycosaminoglycan tramiprosate, which prevents oligomerization and
aggregation. The medicine has finished its phase Il testing. The anti-oligomerization characteristics of
ELNDOQO5 (scyllo-inositol) have also been investigated since they significantly reduced insoluble A
oligomers and reversed cognitive impairment in transgenic mice’?l. A phase II study has just been completed.
Initially isolated from ovine colostrum, colostrunin (CLN) is a proline-rich polypeptide complex. It not only
significantly influences cognition, learning, and memory, but it also has strong immunoregulatory
properties™™®, Colostrinin dissolves pre-formed fibrils and has a potent anti-Ap peptide aggregation inhibitory
actiont*%4,

7.5. Focusing on amyloid clearance

Degrading enzymes for AP oligomers are less abundant in AD, which might lead to AP buildup!®®.
Experimental evidence shows that the quantities of Ap oligomers in the plasma and brain of transgenic mice
are decreased by inhibitors of plasminogen activator inhibitor 1! Earlier studies have shown that

somatostatin, a peptide hormone, regulates the clearance of AP oligomers by activating neprilysin!‘%!,

7.6. Therapy for vaccination using amyloid

Immunization with AP oligomers is a key component of amyloid-based immunotherapy. This immune
response prevents AP oligomers from aggregating and leads to their ejection from the body™. In 2001, Tuppo
and Arias*®! financed the first clinical trial utilizing active immunization, which used aggregated synthetic
Ab42 peptide administered in QS21 adjuvant. These studies focus that delivery of the Ab42 peptide resulted
in anti-Ap antibodies, reduced CSF tau levels, and slowed cognitive declinel*®, The therapeutic immunization
potential of the APPswe/PS1dE9 vaccine was investigated in double transgenic mice and other animal models
with AD-like illness*®!,
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7.7. Focus on tau protein

In order to maintain the microtubules and guarantee ideal neuronal function, particularly with regard to
axonal form, development, and polarity, neuronal cells frequently manufacture the tau protein. Consequently,
focusing therapy on tau protein may be more successful*',

7.8. Phosphorylation of tau is prevented

One of the crucial enzymes that phosphorylates tau is glycogen synthase kinase 3 (GSK3). Lithium and
valproate are said to inhibit GSK3 in tests, and when taken orally, they lessen tau pathology™.

7.9. Microtubule stabilization as a target

Microtubule stabilizer paclitaxel is reported to improve fast axonal transit, microtubule density, and motor
performance in an AD experimental model™?. It has been discovered that epothilone D, a microtubule
stabilizer known for its capacity to traverse the blood-brain barrier, considerably reduces microtubule
pathology™,

7.10. Vaccination therapy based on tau

Another method to promote the immune system’s removal of tau tangles is tau-based immunotherapy
The possibility of treating tau illness by activating the immune system has been emphasized by recent studies
on active vaccination. Although the precise mechanism is yet unknown, using the JNPL3 mouse P301S
tauopathy model, passive immunotherapy is successful in avoiding intracellular tau pathology and associated
symptomst4],

[91]

7.11. NMDA receptor antagonism

Synaptic plasticity, neuronal development, cognition, learning, and memory are all regulated by
glutamatergic neurons**®!, The NMDA receptor is blocked by memantine, an uncompetitive NMDA antagonist,
by tying it up in an open state. Memantine therapy improves spatial learning in AD animal models, guards
against Ab-induced neurotoxicity, lowers apoptosis, reduces free radical-mediated damage, and reverses
synaptic degeneration according to experimental findings. Memantine is the only medication that has received
clinical approval for treatment in AD in the USA and Europe!**®1'7] |t is expected that cholinergic neurons
would first get affected by the illness before the glutamatergic system is damaged by excitotoxicity™®!. In the
USA and Europe, only memantine has been used for therapeutic use in individuals with AD. Cholinergic
neurons show early illness involvement int**® 12°! pefore glutamatergic system degradation and excitotoxic
degeneration, early disease involvement of cholinergic neurons is predicted.

7.12. Multiple-targeted ligands

Owing to the intricacy of the underlying mechanics AD, substances with multiple potential targets (multi-
target directed ligands) interact with various mechanisms to treat symptoms and slower the effects. Examples
of such compounds include AChEIs that have antioxidant properties and drugs that simultaneously inhibit
AChE and BACE!?!! (Table 5).

8. Additional pharmacotherapeutic techniques

8.1. Drugs that reduce cholesterol

Statins have been shown to have pleiotropic effects, including dose-dependent advantages for cognition,
memory, and neuroprotection. Statins are also known to protect 1< cortical neurons against glutamate
damagel*?? (Table 6).
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Table 5. lllustrating several therapeutic pharmacological targets for Alzheimer’s disease based on different approaches.

Therapeutic approach Target Description

Anti-amyloid therapy AP protein Targeting the accumulation and aggregation of amyloid-beta (AB)
protein to prevent plague formation and deposition.

Amyloid transport modulation ~ Amyloid transport proteins ~ Enhancing the clearance and removal of A protein from the brain
through modulation of transport mechanisms.

Secretase enzyme activity B-secretase (BACE) and y- Modulating the activity of secretase enzymes involved in A
secretase production to reduce the generation of amyloid-beta peptides.

Amyloid aggregation inhibition A aggregation Preventing the aggregation and formation of Af} oligomers and
fibrils, which are implicated in neurotoxicity and plaque
formation.

Amyloid clearance Amyloid clearance Enhancing the clearance of AP protein from the brain through

enhancement mechanisms various mechanisms, such as immune-mediated clearance or
activation of microglial phagocytosis.

Immunotherapy/vaccination Amyloid-beta protein Developing therapeutic vaccines or antibody-based treatments that
stimulate the immune system to target and clear amyloid-beta
protein.

Tau protein modulation Tau protein Targeting the phosphorylation and aggregation of tau protein to

prevent the formation of neurofibrillary tangles.

Phosphorylation inhibition Tau protein phosphorylation  Modulating enzymes involved in the abnormal phosphorylation of
tau protein to reduce its aggregation and neurotoxic effects.

Table 6. lllustrating additional pharmacotherapeutic techniques for Alzheimer’s disease.

Pharmacotherapeutic technique  Description

Acetylcholinesterase inhibitors Inhibit the breakdown of acetylcholine, a neurotransmitter involved in memory and cognition,
to increase its availability in the brain. These drugs can help alleviate cognitive symptoms in
AD.

NMDA receptor antagonists Block NMDA receptors to modulate glutamate activity, aiming to reduce excitotoxicity and

neuronal damage associated with AD.

Anti-inflammatory agents Target neuroinflammation by inhibiting inflammatory processes and reducing the release of
pro-inflammatory cytokines.

Antioxidants Counteract oxidative stress and reduce free radical damage through the supplementation of
antioxidants.

Insulin sensitizers Enhance insulin signaling and sensitivity in the brain, aiming to improve glucose metabolism
and neuronal function.

Anti-amyloid antibodies Monoclonal antibodies that target and clear amyloid-beta (Ap) plaques in the brain, potentially
slowing disease progression.

Tau protein stabilizers Aim to prevent the abnormal aggregation and phosphorylation of tau protein, reducing the
formation of neurofibrillary tangles.

Neuroprotective agents Promote neuronal survival and protect against neurodegeneration by targeting various
pathways involved in cell death and neuroprotection.

Calcium channel blockers Regulate calcium influx into neurons, potentially protecting against excitotoxicity and
reducing neuronal damage.

Neurotransmitter modulators Modulate the levels and activity of neurotransmitters such as serotonin, dopamine, and
norepinephrine to enhance cognitive function and alleviate symptoms.

8.2. Gonadotropins with neuroprotective properties

Such hormones as progesterone, estrogen, and testosterone are renowned for their neuroprotective
abilities. Itis widely known that as people age, their concentrations rise while luteinizing hormone (LH), which
promotes the illness process, declines. Studies have revealed that women who have previously taken HRT
(hormone replacement therapy) have a reduce chance of developing Alzheimer’s disease, but current usage is
ineffective unless it lasts more than 10 years. The risk of AD is decreased by low dosage estrogen treatment,
according to a new study??],
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8.3. Neurogenesis

Since cholinergic neurons are sensitive to and dependent upon nerve growth factor (NGF), neurotrophic
factors are administered in an effort to preserve neurogenesis and cell survival in neurodegenerative illnesses.
When neurotrophic factors are used as a treatment, preclinical studies have demonstrated positive outcomes.

8.4. Anti-inflammatory therapy

In addition to inhibiting cyclooxygenase (COX), NSAIDs are used to treat neuroinflammation associated
with disease processes. These drugs have positive effects via preserving Ca** homeostasis, focusing on several
pathways including PPAR, Rho-GTPases, and g-secretase.

8.5. Caspase blockers

In preclinical trials, caspase inhibitors—both selective and non-selective—proved beneficial for
neuroprotection.

8.6. Nucleic acid drugs substance

The novel method for treating neurodegenerative illnesses that uses choices based on nuclear factor k-B
(NF-kB) decoys or plasmid DNA (pDNA) or antisense oligodeoxy nucleotides. They are now undergoing
preclinical research and preliminary clinical testing. Another method is to provide neurotrophic factors by
utilizing naked pDNA that has the insertion of the genes for neurotrophic factors. pDNA is used as a DNA
vaccine because of the molecule’s immunogenicity, which stimulates dendritic cells and fosters a T-cell
responsel*?4,

8.7. Multiple-targeted ligands

Because the processes underlying AD are complicated, drugs with several possible targets (also known
as multi-target directed ligands) interact with a variety of systems to provide symptomatic and disease-
modifying effects. Examples include compounds that block AChE and BACE concurrently or AChEIls with
antioxidant characteristics™?!,

8.8. Current pharmacotherapeutic options for Alzheimer’s disease (AD)

Acetylcholinesterase inhibitors (AChEIls): Drugs like donepezil, rivastigmine, and galantamine work by
increasing the levels of acetylcholine, a neurotransmitter that’s reduced in AD. These drugs help improve
cognitive function, especially in the early stages of the disease.

N-methyl D-aspartate receptor antagonists (NMDARs): Memantine is an NMDAR antagonist that
regulates glutamate activity, a neurotransmitter linked to excitotoxicity in AD. Memantine helps manage
moderate to severe AD symptoms and may slow cognitive declinel***%],

Al-driven drug design holds immense promise in revolutionizing the discovery of new treatments for
Alzheimer’s disease (AD). However, like any advanced technology, it comes with potential challenges and
risks that need to be considered.

Data bias and quality: Training data is a major component of Al models. The predictions and results may
also be biased if the data utilized to train the Al systems is biased or lacking. The produced treatments for AD
may not be appropriate to all patients if the training data is biased toward a certain subset of patients.

Al models occasionally overfit the training data, which makes them highly good at forecasting outcomes
based on the training data but may fail to generalize to new, unknown data. This can result in the identification
of medication candidates that are ineffective or false positives.

Lack of human oversight: Relying only on Al forecasts without human knowledge could lead to missing
important details that human researchers might otherwise noticel*?21%,
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9. Role of Al in drug designing of Alzheimer’s disease

The role of artificial intelligence (Al) in drug designing for Alzheimer’s disease (AD) is increasingly
significant and holds great promise for accelerating the discovery and development of effective treatments. Al
techniques, such as machine learning and deep learning, are revolutionizing the drug discovery process by
enabling researchers to analyze vast amounts of data, identify patterns, and make predictions with enhanced
speed and accuracy™?®,

Al can be employed at various stages of drug design for Alzheimer’s.

9.1. Data analysis and integration

Al algorithms can analyze and integrate diverse data sources, including genomics, proteomics, and
clinical data, to identify potential biomarkers, therapeutic targets, and disease pathways associated with AD.
This helps in gaining a comprehensive understanding of the disease and identifying novel drug targets (Table
7)[126].

Table 7. Tabular form detailing the key aspects of data analysis and integration in drug designing for Alzheimer’s disease (AD).

Data analysis and integration Description

in AD drug design

Genomic data analysis Analyzing DNA sequencing and gene expression data to identify genetic risk factors, disease-
related genes, and dysregulated pathways associated with AD.

Proteomic data analysis Analyzing protein expression profiles to identify differentially expressed proteins, protein-protein
interactions, and post-translational modifications relevant to AD pathology.

Clinical data integration Integrating demographic information, cognitive assessments, medical history, and imaging data to
understand disease progression, identify clinical phenotypes, and correlate with molecular
signatures.

Bioinformatics and data mining Utilizing bioinformatics tools and data mining techniques to extract knowledge from large-scale
biological datasets, predict protein structures and functions, identify drug targets, and uncover
molecular pathways and networks associated with AD.

9.2. Virtual screening and molecular modeling

Al-based computational methods, including molecular docking, molecular dynamics simulations, and
structure-based drug design, can efficiently screen large databases of chemical compounds to identify potential
drug candidates with high affinity and specificity for target proteins involved in AD pathogenesis, such as
amyloid-beta or tau proteins (Table 8)?¢],

9.3. Predictive modeling and optimization

Machine learning algorithms can analyze drug-target interactions and predict the efficacy, safety, and
pharmacokinetic properties of potential drug candidates. These predictions aid in prioritizing lead compounds
and optimizing their chemical structures to enhance drug-like properties and reduce the likelihood of adverse
effects (Table 9)1*27),

Table 8. Tabular form detailing the key aspects of virtual screening and molecular modeling in relation to receptors in Alzheimer’s
disease.

Virtual screening and Description
molecular modeling in AD

Receptor selection Identifying relevant receptors involved in AD pathogenesis, such as amyloid-beta (Ap) receptors,
tau protein receptors, cholinergic receptors, glutamate receptors, etc.

Compound library Creating a database of chemical compounds for virtual screening. This library can include approved
drugs, natural compounds, small molecules, or compound databases obtained from various sources.

Ligand preparation Preparing the chemical structures of the compounds in the library by optimizing their
conformations, assigning appropriate charges, and generating 3D models.
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Table 8. (Continued).

Virtual screening and
molecular modeling in AD

Description

Protein structure preparation

Molecular docking

Binding site prediction

Scoring and ranking

Molecular dynamics
simulations

Virtual screening hit
validation

Obtaining protein structures of the selected receptors through experimental methods (X-ray
crystallography, cryo-electron microscopy, etc.) or using computational techniques (homology
modeling, ab initio modeling, etc.).

Performing molecular docking simulations to predict the binding affinity and interaction between
the compounds in the library and the target receptors. This technique evaluates the complementary
fit between the ligand and receptor, considering factors such as hydrogen bonding, electrostatic
interactions, and hydrophobic interactions.

Identifying and predicting the binding sites on the receptor proteins where the ligands interact and
form stable complexes. This information helps in understanding the key interaction residues and
guiding the design of ligands with improved binding affinity and specificity.

Scoring and ranking the ligand-receptor complexes based on their docking scores or energy
calculations. This step helps prioritize the compounds with the most favorable binding interactions
for further analysis and experimental validation.

Performing molecular dynamics simulations to study the dynamic behavior of the ligand-receptor
complexes over time, providing insights into the stability, flexibility, and conformational changes of
the complexes. This analysis aids in understanding the binding mechanism and can guide
optimization of ligands for enhanced efficacy and reduced side effects.

Validating the hits obtained from virtual screening through additional computational methods, such
as pharmacophore modeling, quantitative structure-activity relationship (QSAR) analysis, or
molecular mechanics calculations. This step helps filter out false positives and prioritize the most
promising compounds for further experimental evaluation.

Table 9. Tabular form detailing the key aspects of predictive modeling and optimization in Alzheimer’s disease (AD) research.

Predictive modeling and
optimization in AD

Description

Data integration

Feature selection

Machine learning algorithms

Model training and evaluation

Cross-validation

Model optimization

Model interpretation

External validation

Integrating diverse data sources, including genomics, proteomics, clinical data, and imaging data,
to build comprehensive datasets for predictive modeling.

Identifying relevant features or variables from the integrated dataset that contribute significantly
to AD prediction or drug response. This helps reduce dimensionality and improve the accuracy
and interpretability of the predictive models.

Utilizing various machine learning algorithms, such as logistic regression, random forests, support
vector machines (SVM), or deep learning models, to develop predictive models for AD-related
outcomes, such as disease progression, diagnosis, treatment response, or patient stratification.

Splitting the dataset into training and testing sets and training the predictive models using the
training data. The models are then evaluated on the testing set to assess their performance in terms
of accuracy, sensitivity, specificity, and other relevant metrics.

Performing cross-validation techniques, such as k-fold cross-validation or leave-one-out cross-
validation, to assess the robustness and generalizability of the predictive models. This helps
estimate their performance on unseen data and mitigate overfitting.

Tuning the hyperparameters of the predictive models to optimize their performance. This can be
done using techniques like grid search, random search, or Bayesian optimization, aiming to find
the best set of parameters that yield the highest predictive accuracy or other desired metrics.

Analyzing the trained models to understand the important features and their contributions to the
predictions. This provides insights into the underlying factors associated with AD and can guide
further investigations or inform personalized treatment strategies.

Validating the predictive models on external datasets or independent cohorts to assess their
generalizability and reproducibility. This helps determine the reliability and applicability of the
models beyond the initial training dataset.

Predictive modeling and optimization techniques in AD research leverage machine learning algorithms
and statistical methods to analyze integrated data, develop accurate predictive models, and optimize their
performance. These approaches aid in identifying relevant biomarkers, predicting disease outcomes,
optimizing treatment strategies, and guiding personalized medicine efforts in the fight against Alzheimer’s

disease.
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9.4. Repurposing existing drugs

Al algorithms can analyze large-scale drug databases and clinical data to identify approved drugs or
investigational compounds that may have therapeutic potential for AD. This approach accelerates the drug
development process by repurposing existing drugs, which have already undergone safety testing and may
require less time and resources for further evaluation (Table 10)M!,

Table 10. Tabular form detailing the key aspects of repurposing existing drugs for Alzheimer’s disease (AD) and their receptor
actions.

Repurposing existing drugs for AD Description

Drug repurposing approach Utilizing existing drugs approved for other indications to potentially treat AD by
repurposing them for their known pharmacological actions and mechanisms of action.

Target receptors Identifying the specific receptors or molecular targets that the repurposed drugs act upon to
exert their therapeutic effects in AD. These receptors can include cholinergic receptors,
glutamate receptors, GABA receptors, serotonin receptors, insulin receptors, or amyloid-
beta receptors, among others.

Mechanisms of action Understanding the specific mechanisms of action by which the repurposed drugs interact
with the target receptors to modulate biological pathways and processes relevant to AD
pathogenesis. This can involve receptor activation, inhibition, modulation of signaling
pathways, or regulation of neurotransmitter release.

Drug screening and selection Conducting in vitro or in silico screenings to identify potential candidates among existing
drugs that exhibit desirable receptor interactions and have the potential to affect AD-related
pathological processes.

Preclinical evaluation Performing preclinical studies, such as cell-based assays or animal models, to assess the
efficacy and safety of repurposed drugs in targeting the identified receptors and modulating
AD-related molecular pathways.

Clinical trials and evaluation Conducting clinical trials to evaluate the repurposed drugs’ effectiveness and safety in AD
patients. These trials assess the drugs’ impact on cognitive function, disease progression,
biomarker profiles, and overall patient outcomes.

Receptor-related therapeutic Assessing the specific therapeutic outcomes achieved through receptor modulation, such as

outcomes improvement in cognitive function, reduction in neuroinflammation, regulation of amyloid-
beta production or clearance, enhancement of synaptic plasticity, or modulation of tau
protein phosphorylation.

Combination therapies Exploring the potential synergistic effects of combining repurposed drugs targeting different
receptors or pathways to achieve enhanced therapeutic outcomes in AD. This can involve
simultaneous or sequential administration of multiple drugs with complementary actions.

Safety and side effects Monitoring and evaluating the safety profile and potential side effects associated with the
repurposed drugs, taking into consideration their known profiles from their approved
indications and potential off-target effects resulting from receptor interactions.

Regulatory considerations and Addressing regulatory requirements and seeking market approval for repurposed drugs as
market approval AD treatments, considering the existing safety and efficacy data, as well as any necessary
modifications or additional studies required to support their new indication.

Repurposing existing drugs for AD offers the advantage of leveraging known pharmacological properties
and established safety profiles. By targeting specific receptors and modulating relevant pathways, these
repurposed drugs hold the potential to provide novel therapeutic options for AD.

9.5. Clinical trial optimization

Al can assist in optimizing clinical trial design by leveraging patient data, real-world evidence, and
predictive modeling to identify patient populations that respond to specific treatments. This helps in better trial
outcomes and reducing costs associated with unsuccessful trials (Table 11)1*2%,
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Table 11. Tabular form detailing the key aspects of clinical trial optimization specific to Alzheimer’s disease (AD).

Clinical trial optimization in AD  Description

Trial design Determining the optimal trial design, including study objectives, patient population, sample
size calculation, randomization methods, and allocation of treatment groups. This involves
considering the specific AD stage (mild, moderate, or severe), target population (early-onset,
late-onset, genetic mutations), and the type of intervention (new drug, repurposed drug, non-
pharmacological interventions).

Biomarker selection Identifying and selecting appropriate biomarkers, such as amyloid-beta (Ap) levels, tau
protein, neuroinflammation markers, neuroimaging (PET, MRI), or cerebrospinal fluid (CSF)
biomarkers, to assess disease progression, treatment response, and safety endpoints.
Incorporating biomarkers into the trial design helps evaluate target engagement, disease
modification, and monitor treatment effects more accurately.

Patient recruitment Developing strategies for efficient patient recruitment, including collaboration with research
sites, clinics, and patient registries, as well as utilizing online platforms and social media to
reach potential participants. Implementing robust screening and eligibility criteria to ensure
enrollment of suitable participants and minimize dropout rates during the trial.

Endpoint selection Defining relevant clinical endpoints and outcome measures to assess treatment efficacy, such
as cognitive function (using validated scales like ADAS-Cog, MMSE), activities of daily
living (ADL), neuropsychiatric symptoms (NPI), global clinical impression (CGl), or quality
of life (QoL) assessments. Selecting appropriate surrogate endpoints or biomarker-based
outcomes that can serve as early indicators of treatment response or disease modification.

Data collection and management Establishing standardized procedures for data collection, including electronic data capture
(EDC) systems, case report forms (CRFs), and source documentation. Implementing rigorous
data management and quality control measures to ensure accurate and reliable data collection,
storage, and analysis. Compliance with data protection and privacy regulations (e.g., GDPR,
HIPAA) is essential to maintain data integrity and participant confidentiality.

Statistical analysis plan Developing a comprehensive statistical analysis plan (SAP) outlining the statistical methods
and procedures for data analysis. This includes specifying primary and secondary endpoints,
statistical tests, treatment effect estimation, handling missing data, and adjustment for multiple
comparisons. Adhering to the pre-specified SAP reduces bias and enhances the validity and
interpretability of the trial results.

Adaptive trial designs Exploring adaptive trial designs, such as adaptive randomization, sample size re-estimation,
Bayesian approaches, or interim analyses, to optimize trial efficiency, flexibility, and to
increase the chances of detecting treatment effects. Adaptive designs allow for modifications
based on accumulating data while maintaining statistical rigor and ensuring participant safety.

Site management and monitoring  Implementing robust site management and monitoring procedures to ensure compliance with
the protocol, regulatory guidelines, and good clinical practice (GCP). Conducting regular site
visits, monitoring data quality, verifying participant informed consent, and providing training
and support to investigators and site staff.

Regulatory compliance Adhering to regulatory requirements and guidelines, obtaining necessary approvals from
regulatory agencies (e.g., FDA, EMA), and following the International Council for
Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH)
guidelines for conducting clinical trials. Ensuring proper documentation, reporting adverse
events, and meeting ethical standards throughout the trial process.

Patient engagement and retention  Implementing strategies to enhance patient engagement.

10. Limitations and challenges

Limited efficacy: These medications do not offer a cure or stop the underlying illness progression; instead,
they mainly treat symptoms and may halt cognitive deterioration.

Temporal efficacy: Efficacy tends to be more evident in the early stages of AD, whereas its influence is
generally less pronounced in the later stages. Acetylcholinesterase inhibitors might have negative side effects
such diarrhea, vomiting, and nausea. NMDAR antagonists may cause confusion, hallucinations, and nausea.
Variability in response: These medications’ effectiveness varies greatly and depends greatly on how each
patient reacts to them. Impact in the short term: Although these medications may have an effect on the disease’s
progression in the short term, this is not always the case. Limited illness modification: The underlying illness
process is not modified by the available medications. They merely offer temporary respite and don’t stop or
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stop the neurodegenerative processes that lead to AD. High cost and accessibility: Due to financial limitations
or problems with the healthcare system, some patients may not be able to afford these medications or have
restricted access to them. Need for combinatorial therapy: Due to the intricacy of AD, single-drug therapies
frequently fall short. Although a combination of medications that target various routes may be more beneficial,
this presents difficulties for safety, tolerance, and possible drug interactions. Ethical considerations: Deciding
when to initiate or discontinue these medications, particularly in advanced stages, involves ethical
considerations surrounding the patient’s quality of life and potential benefits!!20122126]

11. Conclusion and perspective

This publication provides further information on the pathophysiology and development of AD illness as
well as an understanding of the numerous receptors, their functions, and prospective treatment targets. There
is an abundance of information available regarding this complex condition, but there aren’t many options for
managing it. Unfortunately, the current treatment choices (AChEIls and memantine) primarily target the
disease’s symptoms rather than its underlying cause. Conversely, the vaccine strategy continues to be
promising because of the behavioral alteration shown in mice and the potential that the amyloid accumulates
in the brain could be targeted and neutralized through an effective immunization approach, thereby offering a
potential avenue for halting or slowing the progression of Alzheimer’s disease. The behavioral benefits seen
in animal, however, and the amyloid reserved in preclinical studies of illness might be removed after Ap
immunization, indicate that the vaccination technique is still a viable one. Another appealing alternative is
vaccination, which is said to promote the elimination of tau and AP oligomers on an internal level. Moreover,
certain novel techniques are now being studied, including DNA immunization, NOS modulation, and caspase
inhibition. It’s difficult to predict if the right use of several non-targeted methods, such as anti-inflammatory
therapy, metal chelation, antioxidant supplements, and epigenetic alterations, would enhance clinical outcomes
because it has been documented that their effects are more detrimental. Where did we go wrong, considering
the anti-amyloid and antioxidant research that failed? Failure of the drug compound, experimental design,
omission of biomarkers from trials, incomplete data reporting, population heterogeneity, inappropriate dosage,
inappropriate timing, and last but not least antioxidant therapy may be benefit in the early stages. Such factors
include a lack of knowledge about the pharmacokinetics and bioavailability of the medicine.

In conclusion, AD is a complex neurodegenerative disorder with various pathological mechanisms and
clinical manifestations. Understanding the effects of AD on receptors and exploring therapeutic targets is
crucial for developing effective treatments. Several receptors, such as cholinergic, glutamate (NMDA), insulin,
and amyloid beta receptors, are implicated in the disease process. Changes in receptor function contribute to
cognitive decline, synaptic dysfunction, and neurodegeneration observed in AD.

Moreover, the correlation between AD and other factors, such as genetics, obesity, hypertension, smoking,
and T2DM further highlights the intricate nature of the disease. Genetic variants can influence the risk and
onset of AD, while comorbidities like obesity, hypercholesterolemia, hypertension, and T2DM can impact
receptor activity and contribute to disease progression.

To combat AD, various pharmacotherapeutic techniques are being explored. These include targeting
amyloid-beta (AB) protein through anti-amyloid therapies, amyloid transport modulation, secretase enzyme
activity changes, and inhibition of AP aggregation. Additionally, therapies focusing on tau protein, such as
preventing phosphorylation and stabilizing tau, are being investigated. Other approaches involve enhancing
amyloid clearance, vaccination against amyloid, and modulating neurotransmitters and neuroprotective
pathways. A lot of study is done in relation of AD and developing therapeutic strategies, the field is still
evolving, and effective treatments remain a challenge. More research has to be done to explore the complexities
of AD, identify novel therapeutic targets, and develop interventions that can effectively halt the disease.
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In summary, AD involves alterations in various receptors and their signaling pathways, leading to
cognitive impairments and neurodegeneration. Factors such as genetics, comorbidities, and lifestyle choices
can impact receptor activity and contribute to disease development. Therapeutic interventions targeting
amyloid-beta, tau protein, neuroinflammation, and oxidative stress are being investigated. However, the
effective pharmacotherapies for AD remain a complex and ongoing research endeavor.

In conclusion, optimizing clinical trials specific to AD is crucial for the successful treatments. By
carefully designing trial protocols, selecting appropriate endpoints, and incorporating biomarkers, researchers
can enhance the accuracy and reliability of the trial outcomes. Efficient patient recruitment strategies and
robust data collection and management systems help ensure the timely enroliment of suitable participants and
accurate data collection. Statistical analysis plans and adaptive trial designs allow for flexibility and efficient
utilization of resources, increasing the chances of detecting treatment effects. Compliance with regulatory
guidelines and ethical standards is essential for patient safety and data integrity. Moreover, maintaining patient
engagement and retention throughout the trial process fosters meaningful participation and minimizes attrition
rates.

Optimizing clinical trials in AD involves a multidisciplinary approach, incorporating expertise from
clinical researchers, statisticians, data managers, and regulatory professionals. By implementing these
strategies, researchers can enhance the efficiency, reliability, and interpretability of clinical trial results,
ultimately advancing the development of novel therapies for same. As mentioned in this study, several
interesting clinical trials are now being carried out. These studies might identify brand-new treatment targets
and contribute to cracking the complex AD puzzle.
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