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INTRODUCTION 

Alzheimer’s disease (AD) first identified as Alois 

Alzheimer in 1907, is slowly progressing dementia that 

affects cognition, behaviour, and functional status. There 

is no cure for AD since the precise pathophysiological 

mechanisms underlying it is not completely known. Drugs 

may temporarily reduce the symptoms associated with the 

disorder, but the condition is ultimately fatal.1  

EPIDEMIOLOGY 

Fifth-leading cause of death, primary cause of dementia in 

senior population is AD. Around 44 million people 

worldwide suffer from it. By 2050, no. of patients should 

almost double as result of population's growing ageing. 

Recent epidemiological research discovered decline in 

prevalence of AD, which may be partially attributed to 

better management of specific risk factors for disease.2  

GENETICS AND ETIOPATHOGENESIS 

Majority of cases of early-onset AD show mutations in the 

PSEN1, PSEN2, and APP genes. Apolipoprotein E4 

(ApoE4) gene mutations are mostly responsible for late-

onset AD, particularly in non-Hispanic white people. In 

members of other racial/ethnic groups, there was no 

consistent relationship between ApoE4 and AD. Recently, 
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albeit without a conclusive generalization, evidence has 

emerged suggesting that other genes may also be 

associated with Alzheimer's.3 

Amyloid plaques and neurofibrillary tangles 

Plaques are spherical microscopic lesions that have 

enlarging axonal end and extracellular amyloid beta-

peptide core. An amyloid precursor protein (APP), 

transmembrane protein, is source of beta-amyloid peptide. 

Alpha, beta, and gamma-secretases work as proteases to 

cleave beta-amyloid peptide from APP. Typically, alpha-

or beta-secretase will cleave APP, and resulting minute 

pieces are not harmful to neurons. However, beta-secretase 

and gamma-secretase cleavages in succession produce 42 

amino acid peptides (beta-amyloid 42). Increase in beta-

amyloid 42 results in amyloid aggregation, which harms 

neurons. In contrast to typical APP degradation, beta-

amyloid 42 favours development of aggregated fibrillary 

amyloid protein. On chromosome 21, one of locations 

connected to familial AD, is where APP gene is found. In 

AD, amyloid buildup surrounds meningeal, cerebral, and 

grey matter arteries. Multifocal grey matter deposits 

combine to produce plaques, which are milliary structures. 

However, some people with dementia found to have 

amyloid plaques on their brain scans whereas others did 

not, despite having dementia.  

In neurons, protein called tau forms fibrillary 

intracytoplasmic formations known as neurofibrillary 

tangles. The stabilization of axonal microtubules is the tau 

protein's main purpose. Microtubules are necessary for 

intracellular transport and are found along neuronal axons. 

Tau protein holds together microtubule assembly. Tau is 

hyperphosphorylated in AD and forms tau clumps as result 

of extracellular beta-amyloid aggregation. Neurofibrillary 

tangles are twisted pairs of helical filaments made of tau 

clumps. They begin to appear in the hippocampus before 

spreading to other parts of the cerebral cortex. In the 

neurons, tau-aggregates are deposited. National institute 

on ageing and Reagan Institute neuropathological criteria 

for the diagnosis of Alzheimer disease include the Braak 

staging, which was devised by Braak and Braak and is 

based on the topographical staging of neurofibrillary 

tangles into 6 stages. In comparison to plaques, tangles 

have a stronger correlation with AD. 4 

 

Figure 1: Progression of AD. 

CLINICAL PRESENTATION 

Mild AD 

Memory loss and other cognitive problems get with the 

progression of Alzheimer's. Wandering and getting lost 

can be a problem, as can having difficulties managing 

money and paying bills, asking questions repeatedly, 

taking longer to do everyday duties, and changing their 

personality and behaviour. In this period, patients are 

frequently diagnosed. 

Moderate AD 

This stage of the disease involves brain damage to the 

regions responsible for language, cognition, conscious 

thought, and sensory processing, including the capacity to 

recognize sounds and odours. As disorientation and 

memory loss worsen, it gets harder for people to identify 

their loved ones. They might not be able to adapt to new 

circumstances, learn new things, or perform complex 

chores like getting dressed. Additionally, individuals in 

this stage may exhibit impulsive behaviour and have 

hallucinations, delusions, and paranoia. 

Severe AD 

Plaques and tangles eventually cover the entire brain, and 

the brain's tissue begins to dramatically diminish. People 

who have advanced AD are fully reliant on others for their 

care and are unable to communicate. As the body slows 

down at the end of life, the person may spend most of the 

time in bed.5  

DIAGNOSIS 

Inquiry about general health, usage of prescription and 

over-the-counter medications, food, prior medical issues, 

capacity to carry out daily activities, and changes in 

behaviour and personality from the person experiencing 

symptoms as well as a family member or friend is done. 

Tests for language, counting, problem-solving, and 

memory is administered. Blood, urine, and other common 

medical tests that can assist pinpoint further potential 

reasons of the issue should be done. To ascertain whether 

depression or another mental health disorder is causing or 

contributing to a person's symptoms, a psychiatric 

evaluation can be instated. Concentrations of the proteins 

linked to AD and other dementias in cerebrospinal fluid 

(CSF), which is obtained through a spinal tap, should be 

assessed. To confirm an Alzheimer's diagnosis or to rule 

out other potential causes of symptoms, brain scans using 

computed tomography (CT), magnetic resonance imaging 

(MRI), or positron emission tomography (PET) are done.6 

THERAPEUTIC MANAGEMENT 

The objective of treatment is to reduce behaviour issues 

associated with memory loss, psychosis, delirium, 

paranoia and improve cognition.7  
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Cholinesterase inhibitors 

The aetiology of cognitive failure in AD is thought to 

involve a decrease in brain acetylcholine (ACh) levels. 

ACh levels in the brain may rise as a result of the inhibition 

of the ACh catabolic enzymes acetylcholinesterase 

(AChE) and butyrylcholinesterase (BuChE). 

AChE/BuChE inhibitors have been licensed by the FDA to 

treat AD symptoms. Although it has been hypothesised 

that blocking AChE and BuChE may help prevent the 

development of Aβ plaques and serve as a fundamental 

component of a disease-modifying strategy, this 

hypothesis has not been supported by any solid data. The 

development of new bio-oxidizable AChE and BuChE 

inhibitor prodrugs may be a creative way to enhance the 

therapeutic effects of this type of medication for AD.8 

Acetylcholinesterase (AChE)-selective inhibitors 

donepezil and galantamine, as well as the dual AChE and 

butyrylcholinesterase (BuChE) inhibitor rivastigmine, are 

now utilised in the treatment of AD.9 Cholinesterase 

inhibitors show a dose-dependent impact on cognition and 

functional activities in clinical trials. Behavioural 

symptoms also improve, but there is no dose-response 

association. Adverse gastrointestinal effects are dosage 

dependent. When cholinesterase is inhibited between 40 

and 70%, clinical improvement ensues.10 For mild to 

moderate AD, two galantamine dosages of 24 mg and 32 

mg daily is used. The most effective treatment for 

moderate to severe AD is a combination of donepezil 10 

mg and memantine 20 mg, followed by donepezil 23 mg 

on its own. None of the cognitive boosters, however, were 

expected to change behaviour. The transdermal patch with 

a greater dose of rivastigmine (15 cm2) was probably the 

best choice when considering the advantages of both 

function and clinical overall impression.11 With 10-mg of 

donepezil per day, cholinergic side effects like diarrhoea, 

nausea, and vomiting are more prominent when compared 

to 5-mg of donepezil per day.12 AChE inhibitors cannot 

totally stop AD's progression, and the single-target drugs 

that have made it to clinical trials weren't successful in 

treating AD either. Therefore, there is a need to create 

drugs that are multi-functional to target all AD 

symptoms.13  

NMDA receptor antagonist/ glutamate receptor 

antagonist 

The principal excitatory neurotransmitter in the human 

brain, glutamate, is a receptor for the N-methyl-D-

aspartate (NMDA) receptor. It is crucial to synaptic 

plasticity, a neuronal process thought to constitute the 

foundation of memory formation.14 Memantine is an 

antagonist of the glutamate receptor subtype known as the 

NMDA (N-Methyl-D-Aspartate)-receptor. It's used to 

minimise the neurotoxicity that's suspected to contribute to 

conditions like Alzheimer's and other neurodegenerative 

disorders.15 Memantine prevents overactivation of 

glutamine receptors while letting normal action by 

blocking the NMDA-receptor subtype of glutamate 

receptors. Its blocking properties counteract the central 

nervous system's (CNS) hyperactive glutaminergic 

pathway, which is responsible for the neurotoxicity found 

in Alzheimer disease.16 The receptor is pathologically 

overstimulated in AD, which makes it persistently active. 

Memantine aids in reducing the overstimulation.17 

Memantine is safe and well tolerated when given at a 

dosage of 20 mg/d to patients receiving consistent dosages 

of donepezil.18 According to Annweiler and colleagues, 

taking vitamin D supplements in addition to MEM 

improved overall cognition more than AD symptoms, both 

statistically and clinically.19 The most notable adverse 

effects include dizziness, headache, confusion, diarrhea, 

and constipation.20 At present, the only approved choice 

for the treatment of moderate to severe AD is memantine, 

an efficient pharmacotherapeutic drug.21  

Estrogen 

AD is more likely to affect women than men because 

oestrogen, which is necessary for healthy memory 

function, drops as women approach menopause. The 

analysis of factors causing this elevated risk in women is 

crucial for AD research since women, particularly APOE4 

carriers, have a considerably higher chance of acquiring 

AD than males.22 Studies on oestrogen therapy, however, 

reveal that while some menopausal women benefit from 

the hormone, others do not. Taxier et al conducted a study 

in mice with one or two copies of E3 and estradiol was 

directly injected into the hippocampus, one of the first 

areas of the brain to degenerate in Alzheimer's, thereby 

improving memory and increasing the density of dendritic 

spines.23 Modulation of synaptogenesis, enhanced cerebral 

blood flow, mediation of crucial neurotransmitters and 

hormones, protection against apoptosis, anti-inflammatory 

effects, and antioxidant qualities are few of the many 

impacts of estrogen on the brain.24 Using conditional 

logistic regression with age and education level 

adjustments, the degree of the connection between 

estrogen use and early-onset AD was examined by Slooter 

et al. Estrogen consumption and early-onset AD had an 

inverse relationship (adjusted odds ratio 0.34; 95% 

confidence range 0.12-0.94). Therefore, the study suggests 

estrogen use is advantageous for AD that manifests early.25 

Episodic memory which is an important early symptom of 

AD, is not improved by estrogen-containing hormone 

therapy when it is started in the late postmenopausal stage, 

on the contrary this can increase the risk of dementia.26  

Non-steroidal anti-inflammatory drugs 

Pathogenesis of AD has been linked to inflammatory 

processes. In AD, interactions between protein complexes 

of β-amyloid and hyper-phosphorylated tau with microglia 

and astrocytes cause the release of cytokines and 

chemokines, which are indicators of activated 

inflammation.27 Nonsteroidal anti-inflammatory drugs 

(NSAIDs) may lessen the inflammatory response by 

inhibiting cyclooxygenase-1 and cyclooxygenase-2 and by 

activating the peroxisome proliferator g nuclear 

transcription factor (PPAR).28 Use of celecoxib, 
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diclofenac, ibuprofen, paracetamol, aspirin, and naproxen 

was all linked to a significantly lower prevalence of AD.29  

In comparison to individuals who did not take NSAIDs, 

meta-analysis conducted by Zhang et al showed that 

current NSAID use was substantially related with a lower 

risk of AD (RR, 0.81, 95% CI0. 70 to 0.94).30  

Lipid lowering agents 

The theory that having elevated cholesterol levels raises 

the risk of AD has amassed a lot of research. 

Subsequently, a lot of research has been put into the 

potential use of lipid-lowering medications, in particular 

statins, as preventative or therapeutic agents for AD.31 By 

lowering intracranial A and phosphorylated tau, enhancing 

cerebral blood flow and the blood-brain barrier, reducing 

inflammation and oxidative stress, and through other 

mechanisms, statins may reduce the risk of development 

of AD. The most significant genetic risk factor for AD is 

the apolipoprotein E 4 allele (APOE 4). According to a 

longitudinal trial that lasted more than 6 years, statins 

appear to slow the deterioration of memory in people with 

heart disease and APOE4 carriers.32 Simvastatin 80 

mg/day, rather than the standard dose of 20 mg/day, was 

used in the clinical investigation to lower total cholesterol, 

lathosterol, and 24S-OH levels in cerebrospinal fluid.33 A 

study conducted by Masse et al suggests that lipid lowering 

agents may decrease cognitive decline associated with AD 

by exhibiting neuroprotective effect.34  

Vitamin E 

Vitamin E is a potential clinical intervention for AD (AD) 

given the association of its various biological functions 

influencing the neurodegenerative processes. The vitamin 

E isoforms, tocopherol and tocotrienol provide a wide 

range of benefits, including strong antioxidant and anti-

inflammatory properties, effects on immunological 

response, cellular signaling, and cholesterol reduction. A 

number of these roles provide a theoretical justification 

that help in treating AD-related disease.35 One of the most 

significant antioxidants is vitamin E, and studies have 

shown that it can reduce Aβ-induced oxidative stress. 

Preclinical trials provided evidence that vitamin E 

supplementation may help AD. Furthermore, vitamin E 

has the ability to restore memory and cognitive deficits in 

addition to reducing oxidative stress.36 A randomized trial 

conducted by Dysken et al showed that Alpha tocopherol 

at a dosage of 2000 IU/d proved successful in delaying the 

functional deterioration of mild to moderate AD.37  

Ginkgo biloba 

One of the well-known herbal remedies for AD is Ginkgo 

biloba leaves, which are listed in the Chinese 

Pharmacopoeia (2015 edition). One of the main active 

components of EGb, ginkgolide B, has the ability to reduce 

the neurotoxicity brought on by β-amyloid.38  Modern 

pharmacological research has demonstrated that the 

combination of donepezil and G. biloba extract may be 

effective in treating AD in rats and mice.39 A meta-analysis 

conducted by Xie et al suggest that the early stages of AD 

may benefit from the long-term (over 24 weeks) and high 

dose (240 mg/day) of ginkgo biloba extract.40 Headaches 

or gastrointestinal issues could be the potential 

adverse effects. Ginkgo's tendency to interact with other 

drugs cannot be completely disregarded. For instance, it 

may intensify the effects of blood-thinning drugs like 

warfarin and acetylsalicylic acid.41  

Huperzine A 

In Chinese traditional medicine, dementia has historically 

been treated with huperzine A (HupA), an alkaloid derived 

from the club moss Huperzia serrata.42 This alkaloid's 

effects have been related to its capacity to operate as an 

acetylcholinesterase inhibitor (AChEI), inhibiting the 

cholinergic enzyme acetylcholinesterase (AChE). HupA's 

biological functions have been investigated both in vitro 

and in vivo, and its involvement in neuroprotection seems 

to make it a promising therapeutic target for AD with 

potency much higher than huperzine B, donepezil or 

rivastigmine.43 It has also been noted that HupA possesses 

neuroprotective qualities against Aβ injury, oxygen-

glucose deprivation, glutamate, and free radical-induced 

cytotoxicity.44 Although HA is one of the safest AChE 

inhibitors, it takes a high dosage (between 0.2 and 0.8 mg 

per day) to noticeably improve cognition.45 This frequently 

causes cholinergic reactions, which can have adverse 

effects like sweating, nausea, vomiting, dizziness, 

hypertension, headaches, tachycardia, and insomnia.46 In 

patients with AD, huperzine A appears to have positive 

impacts on improvement of cognitive function, daily living 

activities, and overall clinical assessment.47  

Aducanumab 

The U.S. FDA has granted conditional permission for the 

use of aducanumab, the first disease modifying drug and 

monoclonal antibody that targets beta-amyloid clusters in 

mild AD.48 Accelerated approval by the FDA is linked to 

the drug’s effect on a surrogate endpoint which is the 

reduction of amyloid beta plaque.49 It is a human 

immunoglobulin gamma 1 (IgG1) monoclonal 

antibody serving as an immunotherapeutic. It works by 

bridging the blood-brain barrier, preferentially targeting 

and binding aggregated soluble oligomers and insoluble 

fibril conformations of Aβ plaques in the brain.50 It is 

administered intravenously through a 45-to-60-minute 

infusion every 4 weeks. The most frequent adverse effects 

include headaches, falls, and amyloid-related imaging 

abnormalities (ARIA). An allergic reaction is another 

adverse effect that could be quite harmful.51 In the clinical 

trials, 41% of the patients had brain haemorrhage or 

edoema. While the majority of instances were minor and 

treated by reducing the dose, 1% to 2% of individuals 

needed to be hospitalised or had lasting effects. The cause 

of a recent patient death connected to aducanumab is being 

investigated. In order to determine whether aducanumab 
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provides a significant patient benefit, the FDA has 

mandated that a new trial be finished by 2030.52  

Lecanemab 

A recombinant humanised immunoglobulin gamma 1 

(IgG1) monoclonal antibody known as lecanemab is 

targeted against aggregated soluble and insoluble forms of 

amyloid beta (Aβ), which are believed to have a role in the 

pathogenesis of AD. With a high level of selectivity for 

Aβ protofibrils, lecanemab helps to minimize Aβ plaques 

and prevent Aβ deposition in the brain.53 Patients 

receiving the recommended dose of lecanemab, 10 

milligram/kilogram every two weeks, had a statistically 

significant reduction in brain amyloid plaque from 

baseline to week 79 compared to the placebo arm, which 

had no reduction in amyloid beta plaque. The FDA used 

the accelerated approval process to approve lecanemab 

following a clinical trial conducted by Dyck et al because 

it demonstrated an impact on a surrogate endpoint that is 

reasonably likely to predict a therapeutic benefit for 

patients.54 Lecanemab selectively targets the forms of 

amyloid protein thought to be the most harmful to brain 

cells in the study by Dyck et al involving 1,795 individuals 

with early-stage, symptomatic Alzheimer's, and found to 

slow clinical decline by 27% after 18 months of treatment 

compared to those who received a placebo. The most 

frequent adverse reaction to the medication is an infusion-

related reaction, which can involve momentary symptoms 

like flushing, chills, fever, rash, and body aches (26.4% of 

participants vs. 7.4% in the placebo group). 75% of these 

responses occurred after the first dose, and 96% of them 

were mild to moderate.55 Randomized trial by McDade et 

al suggests amyloid plaques were significantly reduced 

after receiving lecanemab therapy, and the rate of clinical 

decline was also slowed. The possibility of using plasma 

biomarkers to track the effects of lecanemab treatment is 

suggested by the data, which also shows that rapid and 

dramatic amyloid reduction correlates with clinical benefit 

and possible disease-modifying effects.56  

CONCLUSION 

The world health organization has recently declared that 

about 139 million people worldwide will be affected with 

dementia which is typical in AD by the end of 2050. We 

are witnessing a growing epidemic of AD among the older 

population which contributes to the social and economic 

burden while the progression of the disease remains 

without cure. Since, the exact etiopathogenisis of AD is 

unknown, the screening process of the disease is only 80-

90% accurate and the treatment was symptomatic at best 

until recently as the research progresses on the molecular 

basis of the neurodegenerative disease. Though single 

target drugs under acetylcholinesterase inhibitors and 

NMDA receptor antagonist have shown clinical 

improvements in patients over the years, the advent of 

lecanemab, an immunoglobulin gamma 1 (IgG1) 

monoclonal antibody that targets amyloid proteins, has 

shown promising disease-modifying results among the 

study participants when compared to placebo, granting it 

an accelerated approval by the FDA. The only drawback 

to lecanemab therapy is that it is not cost effective, thereby 

limiting its availability and use. Nonetheless, as the 

research on targeted treatment of AD advances, there is 

still hope in the horizon for a possible cure someday. 
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