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Abstract 

In affluent nations, Alzheimer's disease (AD) is today one of the largest healthcare 

concerns. There is no efficient medication that can stop the onset of a disease. In recent 

years, research on innovative pharmacotherapies has primarily been based on It is the β-

amyloid (A) peptide that causes cognitive decline and neuronal death. The most typical 

cause of dementia is Alzheimer's disease (AD). β- Amyloid- buildup, which results in the 

development of senile plaques, and the intracellular presence of neurofibrillary tangles 

made of hyperphosphorylated tau protein are features of the disease's pathogenesis. We 

can characterize the key fronts in the therapeutic approach to AD: the approved drugs 

currently on the market for the treatment of the disease, including aducanumab, donepezil, 

galantamine, rivastigmine, memantine, and a combination of memantine and donepezil; 

therapies under investigation that focus primarily on Amyloid β pathology and tau 

pathology; and other complementary therapies intended to enhance lifestyle in order to 

contribute to disease prevention. Research has placed a lot of emphasis on finding novel 

therapeutic strategies that specifically target the alleged underlying pathogenic pathways, 

and it is anticipated that these efforts may eventually lead to the development of novel 

drugs with disease-modifying capabilities. The purpose of this review was to evaluate and 

summarize existing therapies as well as potential future alternatives for treating AD. 

 

Keywords: Alzheimer’s disease, dementia, β-amyloid pathology, tau pathology; 

pharmacology; drugs. 

 

 Introduction 

 

Alzheimer's disease is a degenerative neurological condition that results in brain shrinkage 

and the death of brain cells (1). The most prevalent kind of dementia characterized by a 

steady deterioration in cognitive, behavioral, and social abilities and impairs a person's 

capacity for independent functioning is Alzheimer's disease. (2). The most prevalent form 

of dementia is Alzheimer's disease. It is a gradual disease that starts with mild memory 

loss and could impair one's capacity to interact socially and react to their surroundings (3, 

(4). Alzheimer's disease involves parts of the brain that control thought, memory, and 

language. It can seriously affect a person's ability to carry out daily activities. Alzheimer's 

disease is a condition that affects the brain. (5). Dr. Alois Alzheimer is honored by the 

disease's name. Dr. Alzheimer discovered alterations in the brain tissue of a woman who 
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had passed away from an uncommon mental disease in 1906. (6). Her symptoms included 

memory loss, language problems, and unpredictable behavior. After she died, he examined 

her brain and found many abnormal clumps (now called amyloid plaques) and tangled 

bundles of fibers (now called neurofibrillary, or tau, tangles) (7). 

 

 Epidemiology of Alzheimer’s Disease 

 

There are currently 35.6 million people living with dementia globally, and 7.7 million new 

cases are identified each year. Recent research has verified this pattern and projects an 

increase of 87 percent in Europe between 2010 and 2050. (8). As the most frequent cause 

of dementia, Alzheimer's disease (AD) accounts for 60 to 75 percent of all cases. 

Additionally, whereas mortality related to other illnesses, such as heart disease, has 

declined recently, those about AD have increased by 68 percent in the past ten years. The 

main risk factor in the etiopathogenesis of AD is age; as life expectancy progressively 

increases, so does the number of people affected. Studies that have evaluated AD show 

that the annual prevalence in people aged 45–64 year is approximately 24.2/100,000, and 

the incidence is 6.3/100,000. However, the disease is more common in people over 65, and 

the likelihood of developing AD increases exponentially with age, doubling every 5 years 

after that (9),(10). 

 

 Fig 1: Epidemiology of Alzheimer’s disease  

 

 Physiopathology of Alzheimer’s Disease 

 

Amyloid-β Pathology 

 

   According to theory, Amyloid- 𝛽 is continuously produced, and its aggregation and 

subsequent plaque buildup in AD are concentration-dependent (11). In addition to 

abnormal APP processing by -𝛽 and –𝛾 secretase enzymes, excessive accumulation of both 

soluble and insoluble A 𝛽 can also result from ineffective clearance of freshly produced A 

𝛽. An imbalance between amyloid formation and release may result from decreased 

activity of A 𝛽-degrading enzymes such as neprilysin, insulin-degrading enzyme (IDE), 

and angiotensin-converting enzyme I (ACE I). There are possibly other, less well-known 
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risk factors for sporadic AD, such as the ApoE status and the presence of concomitant 

conditions like metabolic syndrome and diabetes. Additionally, cortical synaptic 

integration may be altered by senile compact plaques, which have also been linked to the 

aberrant curvature of surrounding neurites. According to some theories, AD development 

may cause Aβ to directly encourage neuronal death in the hippocampus and entorhinal 

cortex (12), (13). 

Additionally, these regions are crucial for learning and memory, making them extremely 

sensitive to this illness. The blood-brain barrier (BBB) is damaged or impaired due to Aβ 

deposition at the vascular level, known as cerebral amyloid angiopathy (CAA), which is 

present in most AD patients. They affect the BBB's functionality. But CAA can also 

develop without having AD, making it a potential sign of vascular dementia (VaD) (14). 

 

 
                       Fig 2:  β- amyloids and Amyloids 

 

Tau Pathology 

  Tau is soluble, unfolded microtubule-associated protein that regulates the cytoskeletal 

dynamics of neurons in the central nervous system. Under pathological conditions, tau 

becomes abnormally phosphorylated and aggregates into filamentous brain inclusions 

referred to as neurofibrillary tangles (NFTs) (15). Although the tau composition and 

structure of NFTs are well characterized, the process of tangle formation is not well 

understood. The presence of tau inclusions in various morphologies is characteristic of 

several neurodegenerative diseases called tauopathies, including Alzheimer’s disease 

(AD), Pick’s disease, and frontotemporal dementia (16). AD is characterized by neuronal 

and synapse loss and histopathologically by two hallmark lesions: amyloid-β-containing 

plaques and NFTs. In AD, NFTs accumulate in a hierarchical pattern affecting selectively 

vulnerable brain regions essential for learning and memory. Progression of NFT pathology 

throughout the brain correlates well with a decline in cognitive function (17). The 

entorhinal cortex (EC) is the first cortical region affected by NFTs, followed by the 

hippocampus and, ultimately, the neocortex. Progression of NFTs appears to propagate 

across limbic and association cortices, creating a predictable pattern that permits the 

neuropathological diagnosis of different AD stages (18). The loss of NFT-affected neurons 

results in disconnection and deafferentation of critical neural circuits. It thus is likely to 

contribute to the defects in memory and higher-order cognitive functions in AD. 
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Furthermore, it is generally accepted that tau dysfunction is one of the leading proximal 

causes of neuronal loss in AD, although neurofibrillary tangles appear to be downstream 

pathological processes (19). 

Fig 3: Tau 

Neuroinflammation and Neuronal Loss 

 

Neuroinflammation is the third core neuropathological feature in AD brains besides Aβ or 

NFT. Activated astrocytes and microglia are found characteristically around neurons and 

plaques (20). Increased expression of several proinflammatory cytokines or inflammatory 

markers was also noted in AD brains. This inflammatory reaction was proposed to respond 

to the progressive accumulation of Aβ plaques and NFTs. Chronic or uncontrolled 

activation of these inflammatory processes is detrimental by inducing neuronal damage or 

death. The following section discusses many cellular components and mediators that 

constitute the  

neuroinflammation process in AD (21). Microglia are the resident immune cells of the 

central nervous system. Like peripheral monocytes, they perform phagocytosis, antigen-

presenting, and produce immune mediators. Due to the persistent encounter of Aβ and the 

inefficient phagocytosis clearance of fibrillar form Aβ, microglia are persistently activated. 

Chronically activated microglia due to Aβ produces proinflammatory mediators, which 

lead to decreased phagocytosis ability and prolonged neuroinflammation. Astrocytes are 

multifunctional glial cells involved in nutritional supplementation to neurons, waste 

clearance, and blood-brain barrier maintenance (22). In AD, astrocyte activation, 

astrogliosis, and astrocyte atrophy, indicated by increasing GFAP, could occur early in the 

disease course, even before amyloid plaque formation. Aβ also activates astrocytes, 

possibly through the NF-κB pathway. Activated astrocytes degrade Aβ itself and increase 

the phagocytosis of microglia through ApoE lipidation. However, activated astrocytes also 

produce inflammatory mediators, contributing to the neuroinflammation process 

Oligodendrocytes are the source of myelin in the central nervous system (23). The role of 

oligodendrocytes in the neuroinflammation of AD is still largely unknown. In an in vitro 

study, oligodendrocytes are capable of complement synthesis and thus could contribute to 

neuroinflammation (24). 
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                                       Fig 4:  Astrocyte and Microglia 

 

Results: 

Approved Treatment for Alzheimer’s Disease 

Aducanumab 

 

Aducanumab is a monoclonal antibody indicated in the treatment of Alzheimer's 

disease (25). Aducanumab, or BIIB037, is a monoclonal IgG1 antibody that targets 

extracellular amyloid-β plaques in the brain; similar to gantenerumab, bapineuzumab and 

solanezumab. Aducanumab is a recombinant antibody derived from patients with slow or 

absent cognitive decline, and phase 1b clinical trial data have shown patients treated with 

aducanumab show a reduction in amyloid-β plaques (26). Based on Mini-Mental State 

Examination and Clinical Dementia Rating (CDR), patients taking aducanumab showed 

signs of slowing progression, however, these data are controversial. Clinical trials showed 

a 23% relative difference between the experimental and placebo groups as determined by 

CDR; however, this is equivalent to an absolute difference of 0.4/18 (27). Although 

aducanumab's approval represents the first drug treatment for Alzheimer's disease, the 

approval is conditional on further results. Biogen enrolled patients in phase 3 clinical trials 

in 2015, but increased the size of the trials from 1350 patients to 1650 patients to 

maintain statistical power in the face of a high standard deviation (28). 

Development of aducanumab was discontinued in March 2019 when two phase 3 

clinical trials did not pass futility analysis, however, Biogen sought FDA approval 

in October 2019 after a reanalysis of the data (29). 

Aducanumab was granted accelerated FDA approval on 7 June 2021. Continued 

approval will be based on further trials confirming a clinical benefit over currently 

available therapy (30). Alzheimer's disease is a neurodegenerative disease. Part of the 

pathology of Alzheimer's disease is the presence of plaques forming extracellularly in the 

brain. These plaques are mostly composed of amyloid-β, a peptide of varying length formed 

by the cleavage of the amyloid precursor protein. The "amyloid cascade hypothesis" 

suggests that the accumulation of amyloid-β oligopeptides in the brain drives the 

pathogenesis of Alzheimer's disease (31). 

Aducanumab is a monoclonal IgG1 antibody that binds to amyloid-β at amino acids The 

amyloid-β residues Phe4, His6, Glu3, and Arg5 are responsible for the majority of the 

contact between amyloid-β and aducanumab's Fab region. Data from studies in mice and 
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humans show aducanumab treatment reduces amyloid-β, however human trials show non-

significant changes in amyloid-β40 and amyloid-β42 across a dose range of 0.3-30 mg/kg 

and an increase in amyloid-β40 and amyloid-β42 at 60 mg/kg (32). Aducanumab treatment 

is associated with slowing the rate of progression of Alzheimer's disease, based on Mini-

Mental State Examination, Clinical Dementia Rating, and levels of p-tau in the 

cerebrospinal fluid (33). 

 
 

 

                    Fig 5: Mechanism of action Aducanumab 

 

Acetylcholinesterase Inhibitors (AChEI) 

Rivastigmine 

O

O

N

N

 
Rivastigmine is a cholinesterase inhibitor used to treat mild to moderate dementia in 

Alzheimer's (34). Rivastigmine is a parasympathomimetic or cholinergic agent for the 

treatment of mild to moderate dementia of the Alzheimer's type. Rivastigmine is a 

cholinesterase inhibitor that inhibits both butyrylcholinesterase and acetylcholinesterase 

(35). Rivastigmine is a carbamate derivative that is structurally related to physostigmine, 

but not to donepezil and tacrine. The precise mechanism of rivastigmine has not been fully 

determined, but it is suggested that rivastigmine binds reversibly with and inactivates 

cholinesterase (eg. acetylcholinesterase, butyrylcholinesterase), preventing the hydrolysis 

of acetylcholine, and thus leading to an increased concentration of acetylcholine at 

cholinergic synapses. The anticholinesterase activity of rivastigmine is relatively specific 

for brain acetylcholinesterase and butyrylcholinesterase compared with those in peripheral 

tissues (36),(37). 
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Donepezil 
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Donepezil is an acetylcholinesterase inhibitor used to treat the behavioral and cognitive 

effects of Alzheimer's Disease and other types of dementia (38). In 2016, the global burden 

of dementia was estimated to be 43.8 million, demonstrating a significant increase from a 

global prevalence of 20.2 million in 1990. Donepezil, also known as Aricept, is a 

piperidine derivative acetylcholinesterase inhibitor used in the management of the 

dementia of Alzheimer's Disease, and in some cases, is used to manage other types of 

dementia (39),(40). Donepezil was first approved by the FDA in 1996, and its extended-

release form was approved in combination with Memantine in 2014 to manage moderate 

and severe forms of Alzheimer's dementia. A donepezil transdermal delivery system, 

Adlarity, was approved by the FDA in March 2022 for the treatment of Alzheimer's 

dementia (41). Though it does not alter the progression of Alzheimer's disease, donepezil 

is effective in managing the symptoms of its associated dementia. 

The commonly accepted cholinergic hypothesis proposes that a portion of the 

cognitive and behavioral decline associated with Alzheimer's are the result of decreased 

cholinergic transmission in the central nervous system. Donepezil selectively and 

reversibly inhibits the acetylcholinesterase enzyme, which normally breaks down 

acetylcholine (42). The main pharmacological actions of this drug are believed to occur as 

the result of this enzyme inhibition, enhancing cholinergic transmission, which relieves 

the symptoms of Alzheimer's dementia. In addition to the above, other mechanisms of 

action of donepezil are possible, including the opposition of glutamate-induced excitatory 

transmission via downregulation of NMDA receptors and the regulation of amyloid 

proteins, which have demonstrated significant effects on the disease process of Alzheimer's 

(43). Other possible targets for donepezil may also include the inhibition various 

inflammatory signaling pathways, exerting neuroprotective            effects. 

Galantamine 

 

N O

O

OH

 
 

Galantamine is a cholinesterase inhibitor used to manage mild to moderate dementia 

associated with Alzheimer's Disease (44). 
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Galantamine is a tertiary alkaloid and reversible, competitive inhibitor of the 

acetylcholinesterase (AChE) enzyme, which is a widely studied therapeutic target used in 

the treatment of Alzheimer's disease. First characterized in the early 1950s, galantamine 

is a   tertiary alkaloid that was extracted from botanical sources, such as Galanthus nivalis. 

Galantamine was first studied in paralytic and neuropathic conditions, such as myopathies 

and postpolio paralytic conditions, and for reversal of neuromuscular blockade. Following 

the discovery of its AChE-inhibiting properties, the cognitive effects of galantamine were 

studied in a wide variety of psychiatric disorders such as mild cognitive impairment, 

cognitive impairment in schizophrenia and bipolar disorder, and autism; however, re-

development of the drug for Alzheimer’s disease did not commence until the early 1990s 

due to difficulties in extraction and synthesis (45). Galantamine blocks the breakdown of 

acetylcholine in the synaptic cleft, thereby increasing acetylcholine neurotransmission. It 

also acts as an allosteric modulator of the nicotinic receptor, giving its dual mechanism of 

action clinical significance. 

The drug was approved by the FDA in 2001 for the treatment of mild to moderate dementia 

of the Alzheimer's type. As Alzheimer's disease is a progressive neurodegenerative 

disorder, galantamine is not known to alter the course of the underlying dementing process 

(46). Galantamine works to block the enzyme responsible for the breakdown of 

acetylcholine in the synaptic cleft, thereby enhancing cholinergic neuron function and 

signaling. Under this hypothesized mechanism of action, the therapeutic effects of 

galantamine may decrease as the disease progression advances and fewer cholinergic 

neurons remain functionally intact. It is therefore not considered to be a disease-modifying 

drug. Galantamine is marketed under the brand name Razadyne, and is available as oral 

immediate- and extended-release tablets and solutions (47). 

Alzheimer’s disease is characterized by progressive, irreversible degeneration of 

acetylcholine- producing neurons, cognitive impairment, and the accumulation of 

neurofibrillary tangles and amyloid plaques. The cholinergic system plays a critical role in 

memory, alongside other important neural functions such as attention, learning, stress 

response, wakefulness and sleep, and sensory information (48). Studies show that 

acetylcholine (ACh) is involved in the modulation of acquisition, encoding, consolidation, 

reconsolidation, extinction, and retrieval of memory. The gradual loss of cholinergic 

neurons in Alzheimer’s disease (AD) may, therefore, contribute to the memory loss 

exhibited by AD patients. 

Acetylcholinesterase is secreted by cholinergic neurons to rapidly hydrolyze ACh at the 

synaptic cleft to release acetate and choline. Choline is later recycled back into the 

presynaptic cholinergic neuron via reuptake by the high-affinity choline transporter (49). 

There is some evidence demonstrating the potential involvement of the 

acetylcholinesterase enzyme in the formation of amyloid fibrils. Galantamine 

competitively and reversibly inhibits the anticholinesterase enzyme in the CNS (namely 

in the frontal cortex and hippocampal regions) by binding to the choline-binding site and 

acyl-binding pocket of the enzyme active site. By blocking the breakdown of ACh, 

galantamine enhances ACh levels in the synaptic cleft (50). 
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N-Methyl D-Aspartate (NMDA) Antagonists 

Memantine 

NH2

 
 

 

Memantine is an NMDA receptor antagonist used to treat moderate to severe dementia in 

Alzheimer's(51).Initially approved by the FDA in 2013, memantine is an N-methyl-D-

aspartate (NMDA) receptor antagonist used in the management of Alzheimer's Disease 

(AD). It is different from many other Alzheimer's Disease medications, as it works by a 

different mechanism than the cholinesterase enzyme inhibitors normally employed in the 

management of Alzheimer's disease (52). Memantine blocks the effects of glutamate, a 

neurotransmitter in the brain that leads to neuronal excitability and excessive stimulation 

in Alzheimer's Disease. 

In 2010, it was estimated that 36 million people worldwide live with Alzheimer's Disease. 

In 2013, this number increased to 44 million. Almost doubling every 20 years, the 

prevalence of Alzheimer's Disease is predicted to reach 66 million by 2030 and to 115 

million by 2050 In December 2013, the G8 dementia summit concluded that dementia 

should be considered a global priority with the objective of developing a cure or a disease-

modifying therapy by the year 2025 (53). 

Continuous activation of the N-methyl-D-aspartate (NMDA) receptors in the central 

nervous system caused by glutamate is thought to cause some of the Alzheimer's disease 

symptoms. This overactivation is thought to contribute to neurotoxicity due to the 

excitatory properties of glutamate. The pharmacological effect of memantine likely occurs 

via the drug's behavior as an uncompetitive (open-channel) NMDA receptor antagonist, 

preventing glutamate action on this receptor (54),(55). Memantine has a preference for the 

NMDA receptor-operated cation channels. Despite these antagonist effects, memantine 

has not been proven to prevent or retard the neurodegeneration seen in patients diagnosed 

with    Alzheimer’ s                          disease. 

 

Alternative Therapies: 

Physical Activity 

Physically active people have lower chances of developing dementias like Alzheimer's, 

vascular dementia, and other dementias. But how helpful is exercise as a brain-health 

intervention? The effectiveness of aerobic exercise, resistance training, and multimodal 

exercise therapies were examined in many systematic reviews that were reviewed by the 

WHO GDG. These studies' findings imply that exercise has a minor but positive impact on 

cognitive functioning, with the benefits of aerobic exercise being greater than those of 

resistance exercise. The WHO GDG highly advises physical activity to lower the risk of 
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cognitive deterioration in light of these findings (56), (57). Sports and planned exercise 

are examples of physical activity, along with walking, cycling, and home tasks. The WHO 

advises 150 minutes or more of moderate-intensity aerobic physical activity or 75 minutes 

or more of vigorous-intensity aerobic physical activity (or an equivalent combination of 

moderate and vigorous activity) per week for individuals 65 years of age and older (58), 

(59). 

 

 
 

Fig 6: Diet and Lifestyle 
 

Complementary Therapies 

 

Finally, in addition to all of the aforementioned approaches, the use of complementary 

medicine. such as aromatherapy and music therapy, has shown to be effective in the 

management of behavioural symptoms as well as states of anxiety or depression, which 

are very typical clinical manifestations in  patient with AD. The approach to AD also 

includes occupational therapy, where cognitive and behavioral exercises are used to 

enhance the patients' quality of life and, as a result, that of their caregivers (60),(61), (62).  

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 7 Music Therapy                  
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 Current Treatment 

 

Although there is no known cure for Alzheimer's, there are therapies that may slow down 

the disease's course as well as medication and non-drug solutions for symptom 

management (63). Knowing what options are available can assist those with the disease 

and those who care for them manage symptoms and enhance the quality of life (64).For 

mild to moderate cases, there are acetylcholinesterase (AchE) inhibitors available, and for 

moderate to severe cases, there is memantine, an NMDA (N-methyl-D-aspatarte) receptor 

antagonist (65). 

Three treatments for Alzheimer's cholinesterase inhibitors are commonly prescribed: 

• Donepezil (Aricept) is approved to treat all stages of the disease. It's taken once a day as a 

pill (66). 

• The medication Razadyne (galantamine) is authorized to treat mild to moderate 

Alzheimer's (67). 

• Mild to moderate Alzheimer's disease is accepted for rivastigmine (Exelon) treatment (68).  

• Research is now being done on Alzheimer's disease. The anti-amyloid antibody medicine 

AduhelmTM is the first to demonstrate that clearing the brain of amyloid, one of the 

symptoms of Alzheimer's disease, is probably going to slow down cognitive and functional 

deterioration in those with early-stage Alzheimer's disease (69). 

• The US Food and Drug Administration has recently approved to aducanumab AduhelmTM 

as a treatment for Alzheimer's disease. This is the first FDA-approved therapy to target the 

biology of Alzheimer's disease (70). 

 

Conclusions 

 

For researchers, the therapeutic strategy for Alzheimer's disease remains a difficulty. 

Despite breakthroughs in science, there is still no medication that can stop the disease's 

course; instead, available treatments have only helped patients with this disease's cognitive 

and behavioral decline. In this context, it is crucial to enhance initiatives that encourage 

healthy lives in order to prevent pathology. A deeper comprehension of the intricate 

elements behind the symptoms of the most common diseases, such as behavioral, 

emotional, inflammatory, and metabolic abnormalities, may aid in the creation of cutting-

edge and effective treatments. Sex differences should be considered while researching AD 

pathogenesis due to the differing prevalence of AD in men and women, as they may 

indicate the need for distinct therapy modalities. In order to identify new medicines that 

can aid in treating AD, additional study is necessary to develop a deeper understanding of 

the disease. 
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