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Alzheimer's disease is the most prevalent neurodegenerative disorder and the leading 

cause of dementia worldwide, posing a significant global health challenge due to its 

increasing prevalence in the aging population. The disease is characterized by 

progressive cognitive decline, memory impairment, and irreversible neuronal loss 

resulting from multiple interconnected pathological mechanisms. Although the precise 

etiology remains incompletely understood, substantial evidence indicates that AD is a 

multifactorial disorder involving amyloid-β deposition, tau protein 
hyperphosphorylation, oxidative stress, neuroinflammation, mitochondrial dysfunction, 

synaptic impairment, excitotoxicity, cholinergic deficits, blood–brain barrier disruption, 

insulin resistance, gut–brain axis dysregulation, and abnormalities in metal ion 

homeostasis. These mechanisms interact to promote neuronal degeneration, brain 

atrophy, and progressive cognitive impairment. Current pharmacological therapies 

primarily provide symptomatic relief by enhancing cholinergic neurotransmission or 

regulating glutamatergic signaling, while recently developed disease-modifying 

therapies target amyloid pathology. Ongoing research focuses on identifying novel 

therapeutic targets that simultaneously address multiple pathological pathways to slow 

disease progression and improve clinical outcomes. This review summarizes the major 

pathophysiological mechanisms involved in Alzheimer's disease and discusses their 

implications for the development of innovative pharmacological strategies and future 

therapeutic interventions 
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INTRODUCTION Alzheimer's disease is a chronic, progressive, and 

irreversible neurodegenerative disorder that 
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primarily affects older adults and is the leading 

cause of dementia worldwide.[1]  Alzheimer's 

disease was first described in 1906 by the German 

psychiatrist and neuropathologist Dr. Alois 

Alzheimer, who reported the case of a 51-year-old 

woman, Auguste Deter, presenting with 

progressive memory loss, confusion, behavioral 

changes, and language impairment. Postmortem 

examination of her brain revealed characteristic 

pathological features, including extracellular 

amyloid plaques and intracellular neurofibrillary 

tangles, which remain the defining 

histopathological hallmarks of the disease 

today.[1] The pathogenesis of Alzheimer's disease 

is highly complex and multifactorial. Although the 

exact cause remains incompletely understood, 

extensive research has identified several 

interconnected pathological mechanisms 

contributing to disease progression. These include 

the accumulation of extracellular amyloid-beta 

(Aβ) peptides, hyperphosphorylation of tau 

protein leading to neurofibrillary tangles, chronic 

neuroinflammation mediated by activated 

microglia and astrocytes, oxidative stress, 

mitochondrial dysfunction, synaptic loss, impaired 

glucose metabolism, vascular abnormalities, and 

neuronal apoptosis. [1] Dementia is a clinical 

syndrome characterized by a decline in memory, 

cognitive abilities, language, reasoning, and daily 

functioning severe enough to interfere with an 

individual's independence. According to recent 

global estimates, more than 55 million people are 

living with dementia, and Alzheimer's disease 

accounts for approximately 60–70% of all 

dementia cases. With increasing life expectancy 

and population aging, the prevalence of 

Alzheimer's disease is expected to rise 

dramatically, potentially exceeding 130 million 

cases by 2050, making it one of the most 

significant public health challenges of the 21st 

century. The disease not only affects patients but 

also imposes substantial emotional, social, and 

economic burdens on families, caregivers, and 

healthcare systems.[2] These pathological 

processes ultimately result in progressive 

degeneration of neurons, particularly in the 

hippocampus and cerebral cortex, regions 

responsible for memory formation, learning, and 

higher cognitive functions. The multifactorial 

nature of Alzheimer's disease explains why 

therapeutic strategies targeting a single 

pathological pathway have frequently failed to 

produce substantial clinical benefits.[3] 

Clinically, Alzheimer's disease progresses 

gradually through several stages, beginning with a 

preclinical phase during which pathological 

changes accumulate years before symptoms 

become apparent. This is followed by mild 

cognitive impairment , characterized by 

measurable memory deficits without significant 

impairment in daily activities. As the disease 

advances, patients develop mild, moderate, and 

eventually severe dementia, with progressive 

deterioration in memory, executive function, 

language, orientation, judgment, and behavior. In 

the advanced stages, individuals lose the ability to 

perform basic activities of daily living, become 

bedridden, and require continuous care. Non-

cognitive manifestations such as depression, 

anxiety, agitation, hallucinations, sleep 

disturbances, and psychosis further complicate 

disease management and significantly reduce 

quality of life.[4] The etiology of Alzheimer's 

disease involves a combination of genetic, 

environmental, and lifestyle factors. Age remains 

the strongest risk factor, with incidence increasing 

exponentially after 65 years of age. Genetic 

mutations in the amyloid precursor protein (APP), 

presenilin-1 (PSEN1), and presenilin-2 (PSEN2) 

genes are responsible for rare cases of early-onset 

familial Alzheimer's disease, whereas the 

apolipoprotein E ε4 (APOE ε4) allele is the most 

important genetic risk factor for the more common 

late-onset form. Other contributing factors include 
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cardiovascular diseases, diabetes mellitus, 

hypertension, obesity, hypercholesterolemia, 

traumatic brain injury, physical inactivity, 

smoking, and low educational attainment. These 

findings have strengthened the concept that 

Alzheimer's disease results from complex 

interactions between genetic susceptibility and 

modifiable environmental influences.[5] For more 

than three decades, pharmacological management 

of Alzheimer's disease focused primarily on 

symptomatic treatment. The currently approved 

conventional medications include 

acetylcholinesterase inhibitors (donepezil, 

rivastigmine, and galantamine), which enhance 

cholinergic neurotransmission by inhibiting 

acetylcholine breakdown, and the N-methyl-D-

aspartate (NMDA) receptor antagonist 

memantine, which reduces glutamate-mediated 

excitotoxicity. While these agents provide modest 

improvements in cognition and daily functioning, 

they do not prevent neuronal degeneration or 

significantly alter disease progression. 

Consequently, the need for disease-modifying 

therapies capable of targeting the underlying 

pathological mechanisms has become a major 

focus of pharmaceutical research.[6] 

Over the past decade, significant advances in 

molecular biology, neuroimaging, biomarker 

development, immunotherapy, and precision 

medicine have transformed the therapeutic 

landscape of Alzheimer's disease. The approval of 

anti-amyloid monoclonal antibodies, including 

lecanemab and donanemab in selected patient 

populations, represents the first generation of 

therapies designed to slow disease progression by 

reducing amyloid plaque burden. Although these 

therapies provide only modest clinical benefits and 

require careful patient selection because of risks 

such as amyloid-related imaging abnormalities 

(ARIA), they represent a major milestone in 

Alzheimer's disease treatment.[7] Simultaneously, 

research efforts have expanded beyond the 

traditional amyloid hypothesis to include therapies 

targeting tau protein aggregation, 

neuroinflammation, oxidative stress, 

mitochondrial dysfunction, synaptic protection, 

autophagy, insulin signaling, and the gut–brain 

axis. Novel pharmacological strategies involving 

gene therapy, RNA-based therapeutics, stem cell 

therapy, nanotechnology-based drug delivery, 

artificial intelligence-assisted drug discovery, and 

pharmacogenomics-guided precision medicine are 

opening new avenues for personalized treatment. 

Advances in blood- and cerebrospinal fluid-based 

biomarkers have also enabled earlier diagnosis, 

better disease monitoring, and more accurate 

selection of patients for targeted therapies.[8] 

 

Fig No. 1. Alzheimer Brain and Normal Brain Difference 
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Despite these remarkable developments, 

Alzheimer's disease remains incurable, and many 

investigational therapies continue to face 

challenges related to efficacy, safety, blood–brain 

barrier penetration, treatment cost, and long-term 

clinical outcomes. Nevertheless, growing 

understanding of disease biology has shifted the 

focus from symptomatic management toward 

disease modification and prevention. The future of 

Alzheimer's disease pharmacotherapy is likely to 

involve multimodal therapeutic approaches that 

simultaneously target multiple pathological 

pathways while incorporating personalized 

medicine based on genetic, molecular, and 

biomarker profiles.[9] This review aims to provide 

a comprehensive overview of recent 

pharmacological advances in Alzheimer's disease, 

with emphasis on emerging therapeutic targets, 

disease-modifying agents, ongoing clinical trials, 

novel drug delivery systems, precision medicine 

approaches, and future perspectives that may 

reshape the management of this devastating 

neurodegenerative disorder. 

Table No. 1. Overview of Animal Models Used in Preclinical Alzheimer's Disease Studies[10–17] 

Animal Model Species Method/Genetic 

Modification 

Key Pathological 

Features 

Application Reference 

APP 

Transgenic 

Mouse 

Mouse Overexpression of 
human APP gene 
with familial AD 

mutations 

Amyloid-β plaque 
formation, 
memory 

impairment 

Evaluation of 
anti-amyloid 

drugs, 
disease 

mechanisms 

[18] 

APP/PS1 

Double 

Transgenic 

Mouse 

Mouse Human APP + 
Presenilin-1 

(PSEN1) mutations 

Early amyloid 
plaque deposition, 
cognitive deficits 

Drug 
screening, 
biomarker 

studies 

[19] 

5xFAD Mouse Mouse Five familial AD 
mutations (APP 

and PSEN1) 

Rapid amyloid 
accumulation, 

gliosis, neuronal 
loss 

Preclinical 
testing of 
disease-

modifying 
therapies 

[20] 

3xTg-AD 

Mouse 

Mouse APP, PSEN1, and 
Tau mutations 

Amyloid plaques, 
neurofibrillary 

tangles, cognitive 
decline 

Studies of 
combined 

amyloid and 
tau 

pathology 

[21] 

Tau 

Transgenic 

Mouse 

(P301S/P301L) 

Mouse Mutant human tau 
gene 

Tau aggregation, 
neurofibrillary 

tangles 

Evaluation of 
anti-tau 

therapies 

[22] 

Tg2576 Mouse Mouse Swedish mutation 
in APP gene 

Progressive 
amyloid plaque 

formation 

Early-stage 
drug 

discovery 

[23] 

Knock-in APP 

Mouse 

Mouse Humanized APP 
mutations without 

overexpression 

Physiological 
amyloid 

production 

Better 
mimicry of 

human 
disease 

[24] 
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SAMP8 Mouse Mouse Naturally 
accelerated aging 

strain 

Age-related 
cognitive 

impairment, 
oxidative stress 

Aging and 
neuroprotecti

on studies 

[25] 

Intracerebrove

ntricular 

Streptozotocin 

(ICV-STZ) Rat 

Rat Intracerebroventric
ular injection of 
streptozotocin 

Insulin resistance, 
oxidative stress, 

cognitive 
dysfunction 

Sporadic AD 
research 

[26,27] 

Scopolamine-

Induced Model 

Mouse/
Rat 

Administration of 
scopolamine 

Temporary 
memory 

impairment due to 
cholinergic 
blockade 

Screening of 
memory-
enhancing 

drugs 

[28,29] 

AlCl₃ 
(Aluminum 

Chloride) 

Model 

Rat/ 
Mouse 

Chronic aluminum 
chloride 

administration 

Oxidative stress, 
memory deficits, 
neuronal damage 

Neuroprotect
ive and 

antioxidant 
studies 

[30,31] 

Aβ Peptide 
Injection 

Model 

Rat/ 
Mouse 

Intracerebral 
injection of 

amyloid-β peptides 

Local amyloid 
toxicity, 

neuroinflammatio
n, cognitive 
impairment 

Testing anti-
amyloid 

compounds 

[32,33] 

D-Galactose-

Induced Aging 

Model 

Mouse/
Rat 

Chronic D-
galactose 

administration 

Oxidative stress, 
aging-like 
changes, 

cognitive deficits 

Anti-aging 
and 

antioxidant 
drug studies 

[34,35] 

Non-Human 

Primate Model 

Monkey Naturally aged or 
experimentally 

induced 

Amyloid 
deposition, 

cognitive decline 

Translational 
pharmacolog

y 

[36,37] 

Zebrafish AD 

Model 

Zebrafis
h 

Genetic 
manipulation or 

chemical induction 

Amyloid 
deposition, 

neurodegeneratio
n 

High-
throughput 

drug 
screening 

[38,39] 

Drosophila AD 

Model 

Fruit Fly Expression of 
human APP or tau 

genes 

Neurodegeneratio
n, locomotor 

deficits 

Genetic 
studies, rapid 

screening 

[40,41] 

Caenorhabditis 

elegans (C. 

elegans) 

Nemato
de 

Human Aβ or tau 
expression 

Protein 
aggregation, 

paralysis 

Molecular 
mechanisms, 

high-
throughput 
screening 

[42,43] 

I. Pathophysiology of Alzheimer's Disease: 

a. Neuronal Loss and Neurodegeneration 

Alzheimer's disease (AD) is a progressive 

neurodegenerative disorder characterized by 

widespread neuronal loss and structural 

abnormalities in several regions of the brain. The 

earliest and most significant pathological changes 

occur in the hippocampus, entorhinal cortex, and 

amygdala, which are responsible for learning, 

memory formation, and emotional regulation. As 

the disease progresses, neurodegeneration extends 

to the association cortices of the frontal, temporal, 

and parietal lobes, leading to progressive 

impairment of cognitive functions, language, 

executive abilities, and behavior. Subcortical 
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structures, including the locus coeruleus, dorsal 

raphe nucleus, and basal nucleus of Meynert, are 

also affected, resulting in disturbances of 

noradrenergic, serotonergic, and cholinergic 

neurotransmission.[44] One of the characteristic 

pathological features of AD is the formation of 

neurofibrillary tangles composed of abnormal tau 

protein. These tangles develop in a predictable 

sequence, beginning in the transentorhinal cortex, 

followed by the entorhinal cortex, the CA1 region 

of the hippocampus, and eventually spreading to 

the association cortices. The extent and 

distribution of neurofibrillary tangles closely 

correlate with the severity of cognitive impairment 

and dementia, making tau pathology one of the 

strongest indicators of disease progression. 

Progressive neuronal degeneration is accompanied 

by marked cortical atrophy, particularly within the 

temporofrontal regions. This neuronal damage 

triggers chronic neuroinflammatory responses 

characterized by activation of microglial cells, 

infiltration of immune cells such as monocytes and 

macrophages, and the accumulation of 

extracellular amyloid-β plaques. Together, 

neuronal loss, synaptic degeneration, 

inflammation, and protein aggregation contribute 

to the irreversible cognitive decline observed in 

Alzheimer's disease.[45] 

b. Amyloid-β Hypothesis 

The amyloid-β (Aβ) hypothesis is one of the most 

extensively studied mechanisms underlying 

Alzheimer's disease. According to this hypothesis, 

abnormal accumulation of amyloid-β peptides 
initiates a cascade of pathological events that 

ultimately result in neuronal dysfunction and 

cognitive impairment. Amyloid-β peptides are 
generated from the amyloid precursor protein 

through sequential enzymatic cleavage by β-

secretase (BACE1) and γ-secretase. Under 

physiological conditions, APP can also be cleaved 

by α-secretase, which prevents the formation of 

amyloid-β and produces non-toxic peptide 

fragments. In Alzheimer's disease, increased 

amyloidogenic processing favors the production of 

amyloid-β peptides, particularly Aβ42, which has 

a strong tendency to aggregate. An imbalance 

between amyloid-β production and its clearance 
leads to the accumulation of soluble oligomers that 

subsequently form protofibrils, fibrils, and 

extracellular amyloid plaques. Among these 

forms, soluble oligomers are considered the most 

neurotoxic because they interfere with synaptic 

communication, impair neuronal signaling, and 

trigger inflammatory responses. Amyloid-β 
deposition activates microglia and astrocytes, 

resulting in the release of inflammatory cytokines, 

reactive oxygen species, and neurotoxic 

mediators. The resulting chronic inflammation 

promotes oxidative stress, mitochondrial 

dysfunction, synaptic loss, and ultimately neuronal 

death. Amyloid accumulation also accelerates tau 

protein hyperphosphorylation, further amplifying 

neurodegeneration. Although the amyloid 

hypothesis remains central to Alzheimer's disease 

research, increasing evidence suggests that 

amyloid deposition alone cannot fully explain 

disease progression. Instead, it interacts with 

multiple pathological mechanisms, including tau 

pathology, neuroinflammation, oxidative stress, 

and vascular dysfunction, to produce the clinical 

manifestations of Alzheimer's disease.[46,47] 

c. Tau Protein Hyperphosphorylation 

Tau is a microtubule-associated protein that plays 

an essential role in maintaining neuronal structure 

and facilitating intracellular transport. Under 

normal physiological conditions, tau stabilizes 

microtubules within neuronal axons and supports 

efficient transport of nutrients, neurotransmitters, 

and cellular organelles. In Alzheimer's disease, tau 

undergoes excessive hyperphosphorylation, 

causing it to detach from microtubules and lose its 

stabilizing function. The abnormal tau proteins 
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aggregate into paired helical filaments that 

accumulate as intracellular neurofibrillary tangles. 

These tangles disrupt axonal transport, impair 

synaptic function, and eventually lead to neuronal 

degeneration. Unlike amyloid plaques, the 

distribution and severity of tau pathology correlate 

strongly with cognitive decline, hippocampal 

atrophy, and disease severity. Tau pathology 

progressively spreads from one brain region to 

another through interconnected neuronal 

networks, contributing to the continuous 

worsening of clinical symptoms. Because of its 

close association with disease progression, 

hyperphosphorylated tau has become an important 

therapeutic target, with ongoing research focusing 

on tau aggregation inhibitors, anti-tau antibodies, 

kinase inhibitors, and tau-directed 

vaccines.[48,49] 

d. Oxidative Stress Hypothesis 

Oxidative stress is considered a major contributor 

to neuronal damage in Alzheimer's disease. It 

occurs when the production of reactive oxygen 

species and reactive nitrogen species exceeds the 

antioxidant defense capacity of the brain. 

Although ROS and RNS participate in normal 

cellular signaling, excessive production causes 

oxidative damage to proteins, lipids, nucleic acids, 

and cellular membranes. The brain is particularly 

vulnerable to oxidative stress because it consumes 

large amounts of oxygen, contains abundant 

polyunsaturated fatty acids that are highly 

susceptible to lipid peroxidation, and possesses 

relatively limited antioxidant defenses. Neurons 

are especially sensitive to oxidative injury due to 

their high metabolic activity and relatively low 

concentrations of endogenous antioxidants such as 

glutathione. Oxidative stress promotes 

mitochondrial dysfunction, DNA damage, protein 

oxidation, calcium dysregulation, and activation of 

apoptotic pathways, all of which contribute to 

progressive neuronal death. Furthermore, 

oxidative stress enhances amyloid-β production 
and tau hyperphosphorylation, creating a self-

perpetuating cycle that accelerates disease 

progression. Consequently, antioxidant-based 

therapeutic strategies continue to be explored as 

potential interventions for Alzheimer's 

disease.[50–52] 

e. Metal Ion Hypothesis 

Disturbances in metal ion homeostasis have 

emerged as another important mechanism 

involved in Alzheimer's disease. Essential 

transition metals such as copper (Cu), iron (Fe), 

and zinc (Zn) play critical roles in neuronal 

function, enzyme activity, neurotransmission, and 

antioxidant defense. However, abnormal 

accumulation or redistribution of these metals can 

promote neurodegeneration. Excessive 

concentrations of copper and iron catalyze the 

formation of reactive oxygen species through 

redox reactions, thereby increasing oxidative 

stress and neuronal injury. These metals also 

facilitate aggregation of amyloid-β peptides and 
promote the formation of amyloid plaques. In 

addition to copper and iron, altered levels of 

manganese and aluminum have also been 

associated with neurodegenerative processes, 

although their precise roles remain under 

investigation. These findings have led to 

increasing interest in metal-chelating agents, 

ionophores, and metal-modulating compounds as 

potential therapeutic approaches aimed at 

restoring metal homeostasis and reducing 

neurotoxicity.[50,53] 

f. Cholinergic Hypothesis 

The cholinergic hypothesis is one of the earliest 

and most influential theories proposed to explain 

the cognitive decline associated with Alzheimer's 

disease. It suggests that degeneration of 

cholinergic neurons within the basal forebrain, 

particularly the basal nucleus of Meynert, leads to 
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a marked reduction in the neurotransmitter 

acetylcholine, which is essential for learning, 

memory, attention, and cognition. Progressive loss 

of cholinergic neurons results in impaired 

cholinergic neurotransmission and reduced 

activation of cholinergic receptors throughout the 

cerebral cortex and hippocampus. This 

neurotransmitter deficiency contributes 

significantly to memory impairment and cognitive 

dysfunction observed in patients with Alzheimer's 

disease. The cholinergic hypothesis forms the 

basis for currently approved symptomatic 

treatments, including acetylcholinesterase 

inhibitors such as donepezil, rivastigmine, and 

galantamine. These drugs inhibit the breakdown of 

acetylcholine, thereby increasing its concentration 

within synaptic clefts and temporarily improving 

cognitive function. However, because they do not 

prevent neuronal degeneration or modify disease 

progression, their therapeutic benefits remain 

limited. Recent studies indicate that genetic 

factors, including the apolipoprotein E (APOE) 

genotype, may influence both disease 

susceptibility and treatment response. Current 

evidence suggests that cholinergic dysfunction 

represents only one component of the complex 

pathological network underlying Alzheimer's 

disease and interacts with amyloid accumulation, 

tau pathology, oxidative stress, and 

neuroinflammation.[54,55] 

 
Fig No. 2. 

 
Fig No. 3. 
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DISCUSSION 

Alzheimer's disease is increasingly recognized as 

a multifactorial neurodegenerative disorder in 

which several pathological mechanisms operate 

simultaneously rather than independently. Earlier 

research primarily focused on the amyloid cascade 

hypothesis, suggesting that amyloid-β deposition 
was the initiating event responsible for disease 

progression. Although amyloid accumulation 

remains a central hallmark of Alzheimer's disease 

and has led to the development of disease-

modifying therapies such as monoclonal 

antibodies, clinical studies have demonstrated that 

reducing amyloid burden alone does not 

completely halt cognitive decline. This has shifted 

scientific attention toward understanding the 

complex interactions among multiple pathological 

processes. Tau protein hyperphosphorylation has 

emerged as a critical determinant of disease 

severity because neurofibrillary tangle formation 

closely correlates with neuronal loss, hippocampal 

atrophy, and cognitive impairment. Increasing 

evidence indicates that abnormal tau aggregation 

disrupts neuronal transport, impairs synaptic 

communication, and accelerates 

neurodegeneration. Consequently, tau-targeted 

therapies, including monoclonal antibodies, 

aggregation inhibitors, and vaccines, are being 

actively investigated as potential disease-

modifying interventions. Neuroinflammation also 

plays a pivotal role in Alzheimer's disease 

progression. Chronic activation of microglia and 

astrocytes results in sustained production of 

inflammatory cytokines, chemokines, and reactive 

oxygen species, thereby amplifying neuronal 

injury. Rather than serving only as a consequence 

of amyloid deposition, inflammation is now 

considered an active contributor to disease 

progression, making immune-modulating 

therapies promising therapeutic candidates. 

Oxidative stress and mitochondrial dysfunction 

further contribute to neuronal degeneration by 

impairing cellular energy metabolism, increasing 

free radical production, damaging DNA, proteins, 

and lipids, and triggering apoptotic pathways. 

These mechanisms create a vicious cycle that 

enhances amyloid production, tau 

phosphorylation, and inflammatory responses. 

Similarly, disturbances in metal ion homeostasis 

involving copper, iron, and zinc have been 

implicated in amyloid aggregation and oxidative 

damage, suggesting that restoration of metal 

balance may offer additional therapeutic benefits. 

The cholinergic hypothesis continues to explain 

many of the cognitive manifestations of 

Alzheimer's disease and remains the basis for 

currently approved symptomatic therapies. 

However, the limited efficacy of 

acetylcholinesterase inhibitors highlights the need 

for treatments capable of modifying the underlying 

disease process rather than merely improving 

neurotransmission. Additional mechanisms such 

as glutamatergic excitotoxicity, blood–brain 

barrier dysfunction, insulin resistance, and gut 

microbiota dysregulation have broadened the 

understanding of Alzheimer's disease and opened 

new avenues for therapeutic intervention. Recent 

advances in molecular biology, biomarker 

discovery, pharmacogenomics, artificial 

intelligence, and nanotechnology have accelerated 

the identification of novel therapeutic targets and 

personalized treatment approaches. Future 

management of Alzheimer's disease will likely 

depend on combination therapies that 

simultaneously target amyloid pathology, tau 

aggregation, neuroinflammation, oxidative stress, 

mitochondrial dysfunction, and metabolic 

abnormalities. Such multimodal approaches may 

provide greater clinical benefit than therapies 

directed at a single pathological pathway. 
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CONCLUSION 

Alzheimer's disease is a complex and progressive 

neurodegenerative disorder resulting from the 

interaction of multiple pathological mechanisms, 

including amyloid-β accumulation, tau protein 
hyperphosphorylation, oxidative stress, 

neuroinflammation, mitochondrial dysfunction, 

cholinergic deficits, excitotoxicity, blood–brain 

barrier disruption, insulin resistance, and 

alterations in the gut–brain axis. These 

interconnected processes collectively contribute to 

synaptic dysfunction, neuronal loss, cerebral 

atrophy, and progressive cognitive decline. 

Although conventional pharmacological therapies 

provide symptomatic improvement by enhancing 

cholinergic neurotransmission or regulating 

glutamatergic activity, they do not effectively 

prevent disease progression. Recent advances in 

disease-modifying therapies, particularly anti-

amyloid monoclonal antibodies, represent 

important milestones in Alzheimer's disease 

treatment; however, their clinical benefits remain 

modest and are associated with certain limitations. 

A growing understanding of the molecular 

mechanisms underlying Alzheimer's disease has 

shifted research toward the development of 

therapies targeting multiple pathological pathways 

simultaneously. Emerging strategies involving 

anti-tau agents, anti-inflammatory drugs, 

antioxidants, mitochondrial protectants, gene 

therapy, RNA-based therapeutics, 

nanotechnology-mediated drug delivery, and 

precision medicine offer promising opportunities 

for improving treatment outcomes. Future research 

should focus on early diagnosis through sensitive 

biomarkers, personalized therapeutic approaches 

based on genetic and molecular profiling, and 

combination therapies capable of addressing the 

multifactorial nature of the disease. Continued 

advances in neuroscience, pharmacology, and 

biotechnology are expected to facilitate the 

development of safer and more effective 

interventions that may delay disease progression, 

preserve cognitive function, and improve the 

quality of life of patients affected by Alzheimer's 

disease. 

ACKNOWLEDGEMENT 

I express my sincere gratitude to the Hyderabad 

(Sind) National Collegiate Board (HSNC Board) 

for providing the opportunity and necessary 

support to pursue my research work. I am deeply 

thankful to the Principal, Prin. K. M. Kundnani 

College of Pharmacy, Mumbai, for providing 

excellent academic guidance, encouragement, and 

the facilities required to carry out this research 

successfully. I sincerely acknowledge the IRC for 

its valuable guidance, constructive suggestions, 

and continuous support throughout my Ph.D. 

research work. I extend my heartfelt thanks to the 

Department of Pharmaceutics and all the faculty 

members for their constant encouragement, 

technical guidance, and academic support. 

REFERENCES 

1. Öziç MU, Ekmekci AH, Özsen S, Barstugan 

M, Yildogan AT. Diagnosis of Alzheimer’s 
Disease Using Atlas-Based Volume 

Measurement Method on 3D T1 Weighted 

MR Images. JOURNAL OF 

POLYTECHNIC-POLITEKNIK DERGISI 

2022;25. 

2. M. M, K. U, T. E, Y. M, H. T, M. Y, et al. 

Effects of vitamin B12 on behavioral changes 

in strok-prone spontaneously hypertensive 

rats. Biog Amines 1991;8. 

3. Jprn U. The effects of galantamine 

administration on brain network topology in 

patients with Alzheimer’s disease (AD): a 
possible new biomarker for pharmacotherapy 

of AD. 



Rajratan Thorat, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5296-5309 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 5306 | P a g e  

Http://WwwWhoInt/Trialsearch/Trial2Aspx?

TrialID=JPRN-UMIN000018749 2015. 

4. Aslan D, Ercan F, Aybek H, Şahiner T. Apoe 
epsilon4 allele frequency in patients with 

dementia in different ethnic and geographic 

groups. Turkish Journal of Biochemistry 

2010;35. 

5. Storandt M, Kaskie B, Von Dras DD. 

Temporal memory for remote events in 

healthy aging and dementia. Psychol Aging 

1998;13. https://doi.org/10.1037/0882-

7974.13.1.4. 

6. Z. W, Z. G, M. G, G. C. Tonic inhibition in 

dentate gyrus impairs long-term potentiation 

and memory in an Alzhiemer’ s disease 
model. Nat Commun 2014;5. 

7. Hasegawa T, Mikoda N, Kitazawa M, LaFerla 

F. Treatment of Alzheimer’s Disease with 
Anti-Homocysteic acid Antibody. Nature 

Precedings 2008. 

https://doi.org/10.1038/npre.2008.2301.1. 

8. Öziç MÜ, Özşen S, Ekmekci AH. A novel 
feature extraction approach with VBM 3D 

ROI masks on MRI. IFMBE Proc., vol. 62, 

2017. https://doi.org/10.1007/978-981-10-

4166-2_80. 

9. Talib SAY. Tau Protein: Neurological 

Associated with Parkinson?s and Alzhiemer 

Disease, Study using Structural Prediction 

Methods (Homology Modeling and 

Secondary Prediction Methods). International 

Journal of Science and Research (IJSR) 

2017;6. 

10. Mangoni AA, Zinellu A. A systematic review 

and meta-analysis of pteridines in mild 

cognitive impairment and Alzheimer’s 
disease. BMC Geriatr 2025;25. 

https://doi.org/10.1186/s12877-025-05760-9. 

11. Martin S, Wolters P, Baldwin A, Gillespie A, 

Dombi E, Walker K, et al. Social-emotional 

functioning of children and adolescents with 

neurofibromatosis type 1 and plexiform 

neurofibromas: Relationships with cognitive, 

disease, and environmental variables. J 

Pediatr Psychol 2012;37. 

https://doi.org/10.1093/jpepsy/jsr124. 

12. Qader MA, Hosseini L, Abolhasanpour N, 

Oghbaei F, Maghsoumi-Norouzabad L, 

Salehi-Pourmehr H, et al. A systematic review 

of the therapeutic potential of nicotinamide 

adenine dinucleotide precursors for cognitive 

diseases in preclinical rodent models. BMC 

Neurosci 2025;26. 

https://doi.org/10.1186/s12868-025-00937-9. 

13. Afzal O, Dalhat MH, Altamimi ASA, Rasool 

R, Alzarea SI, Almalki WH, et al. Green Tea 

Catechins Attenuate Neurodegenerative 

Diseases and Cognitive Deficits. Molecules 

2022;27. 

https://doi.org/10.3390/molecules27217604. 

14. Bejanin A, Schonhaut DR, La Joie R, Kramer 

JH, Baker SL, Sosa N, et al. Tau pathology 

and neurodegeneration contribute to cognitive 

impairment in Alzheimer’s disease. Brain 
2017;140. 

https://doi.org/10.1093/brain/awx243. 

15. Orsini M, Ferreira ACA de F, De Assis ACD, 

Magalhães T, Teixeira S, Bastos VH, et al. 

Cognitive impairment in neuromuscular 

diseases: A systematic review. Neurol Int 

2018;10. 

https://doi.org/10.4081/ni.2018.7473. 

16. Liu S, Yang Y, Wang K, Zhang T, Luo J. A 

study on the impact of acute exercise on 

cognitive function in Alzheimer’s disease or 
mild cognitive impairment patients: A 

narrative review. Geriatr Nurs (Minneap) 

2024;59. 

https://doi.org/10.1016/j.gerinurse.2024.06.0

19. 

17. Curiel Cid RE. Degenerative and cognitive 

diseases. Curr Opin Neurol 2023;36. 

https://doi.org/10.1097/WCO.000000000000

1201. 



Rajratan Thorat, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5296-5309 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 5307 | P a g e  

18. Xiao QY, Ye TY, Wang XL, Qi DM, Cheng 

XR. Effects of Qi-Fu-Yin on aging of 

APP/PS1 transgenic mice by regulating the 

intestinal microbiome. Front Cell Infect 

Microbiol 2023;12. 

https://doi.org/10.3389/fcimb.2022.1048513. 

19. Yang W, Zou Y, Zhang M, Zhao N, Tian Q, 

Gu M, et al. Mitochondrial Sirt3 Expression is 

Decreased in APP/PS1 Double Transgenic 

Mouse Model of Alzheimer’s Disease. 
Neurochem Res 2015;40. 

https://doi.org/10.1007/s11064-015-1630-1. 

20. Zhu C, Liu X. Behavioral and pathological 

characteristics of 5xFAD female mice in the 

early stage. Sci Rep 2025;15. 

https://doi.org/10.1038/s41598-025-90335-2. 

21. García-Mesa Y, López-Ramos JC, Giménez-

Llort L, Revilla S, Guerra R, Gruart A, et al. 

Physical exercise protects against 

Alzheimer’s disease in 3xTg-AD mice. 

Journal of Alzheimer’s Disease 2011;24. 
https://doi.org/10.3233/JAD-2011-101635. 

22. Schnöder L, Quan W, Yu Y, Tomic I, Luo Q, 

Hao W, et al. Deficiency of IKKβ in neurons 
ameliorates Alzheimer’s disease pathology in 
APP- and tau-transgenic mice. FASEB 

Journal 2023;37. 

https://doi.org/10.1096/fj.202201512R. 

23. Lorenzini L, Zanella L, Sannia M, 

Baldassarro VA, Moretti M, Cescatti M, et al. 

Experimental colitis in young Tg2576 mice 

accelerates the onset of an Alzheimer’s-like 

clinical phenotype. Alzheimer’s Research and 
Therapy 2024;16. 

https://doi.org/10.1186/s13195-024-01471-2. 

24. Jiang R, Shimozawa M, Mayer J, Tambaro S, 

Kumar R, Abelein A, et al. Autophagy 

Impairment in App Knock-in Alzheimer’s 
Model Mice. Front Aging Neurosci 2022;14. 

https://doi.org/10.3389/fnagi.2022.878303. 

25. Yang X, Yu D, Xue L, Li H, Du J. Probiotics 

modulate the microbiota–gut–brain axis and 

improve memory deficits in aged SAMP8 

mice. Acta Pharm Sin B 2020;10. 

https://doi.org/10.1016/j.apsb.2019.07.001. 

26. Grieb P. Intracerebroventricular 

Streptozotocin Injections as a Model of 

Alzheimer’s Disease: in Search of a Relevant 
Mechanism. Mol Neurobiol 2016;53. 

https://doi.org/10.1007/s12035-015-9132-3. 

27. León-Arcia K, Andrade-Guerrero J, Martínez-

Orozco H, Villegas-Rojas MM, Pérez-Segura 

I, Ramírez IL, et al. First unified time-course 

of Alzheimer’s-like pathology in the 

intracerebroventricular streptozotocin-rat 

model: A systematic review. Ageing Res Rev 

2026;113. 

https://doi.org/10.1016/j.arr.2025.102918. 

28. Kim JS, Kim MG, Ryu JE, Lee YB, Liu QF, 

Kim KK, et al. Effect of 

woohwangchungsimwon and donepezil co-

treatment on cognitive function and serum 

metabolic profiles in a scopolamine-induced 

model of Alzheimer’s disease. J 
Ethnopharmacol 2024;319. 

https://doi.org/10.1016/j.jep.2023.117359. 

29. Tagad A, Galatage ST, Hankuntimath N, 

Hugar S, Raikar SR, Patil VP, et al. 

Neuroprotective potential of green-

synthesized silver nanoparticles from Psidium 

guajava in a scopolamine-induced rat model 

of Alzheimer’s disease. Ann Pharm Fr 
2026;84. 

https://doi.org/10.1016/j.pharma.2025.10.006

. 

30. Alghamdi BSA. Possible prophylactic anti-

excitotoxic and anti-oxidant effects of virgin 

coconut oil on aluminium chloride-induced 

Alzheimer’s in rat models. J Integr Neurosci 
2018;17. https://doi.org/10.3233/JIN-180089. 

31. [31] Lin WT, Chen RC, Lu WW, Liu 

SH, Yang FY. Protective effects of low-

intensity pulsed ultrasound on aluminum-

induced cerebral damage in Alzheimer’s 



Rajratan Thorat, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5296-5309 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 5308 | P a g e  

disease rat model. Sci Rep 2015;5. 

https://doi.org/10.1038/srep09671. 

32. Zhu H, Wang X, Wallack M, Li H, Carreras I, 

Dedeoglu A, et al. Intraperitoneal injection of 

the pancreatic peptide amylin potently 

reduces behavioral impairment and brain 

amyloid pathology in murine models of 

Alzheimer’s disease. Mol Psychiatry 2015;20. 
https://doi.org/10.1038/mp.2014.17. 

33. Yokoyama M, Kobayashi H, Tatsumi L, 

Tomita T. Mouse Models of Alzheimer’s 
Disease. Front Mol Neurosci 2022;15. 

https://doi.org/10.3389/fnmol.2022.912995. 

34. Blat A, Stepanenko T, Bulat K, Wajda A, 

Dybas J, Mohaissen T, et al. Spectroscopic 

signature of red blood cells in a d-galactose-

induced accelerated aging model. Int J Mol 

Sci 2021;22. 

https://doi.org/10.3390/ijms22052660. 

35. Ji M, Su X, Liu J, Zhao Y, Li Z, Xu X, et al. 

Comparison of naturally aging and D-

galactose induced aging model in beagle dogs. 

Exp Ther Med 2017;14. 

https://doi.org/10.3892/etm.2017.5327. 

36. Li HW, Zhang L, Qin C. Current state of 

research on non-human primate models of 

Alzheimer’s disease. Animal Model Exp Med 
2019;2. https://doi.org/10.1002/ame2.12092. 

37. Zhang R, Quan H, Wang Y, Luo F. 

Neurogenesis in primates versus rodents and 

the value of non-human primate models. Natl 

Sci Rev 2023;10. 

https://doi.org/10.1093/nsr/nwad248. 

38. Chen R, Li X, Chen H, Wang K, Xue T, Mi J, 

et al. Development of the “hidden” multi-
target-directed ligands by AChE/BuChE for 

the treatment of Alzheimer’s disease. Eur J 
Med Chem 2023;251. 

https://doi.org/10.1016/j.ejmech.2023.11525

3. 

39. Chen H, Mi J, Li S, Liu Z, Yang J, Chen R, et 

al. Design, synthesis and evaluation of 

quinoline-O-carbamate derivatives as 

multifunctional agents for the treatment of 

Alzheimer’s disease. J Enzyme Inhib Med 
Chem 2023;38. 

https://doi.org/10.1080/14756366.2023.2169

682. 

40. Jeon Y, Lee JH, Choi B, Won SY, Cho KS. 

Genetic dissection of Alzheimer’s disease 
using Drosophila models. Int J Mol Sci 

2020;21. 

https://doi.org/10.3390/ijms21030884. 

41. Kong Y, Li K, Fu T, Wan C, Zhang D, Song 

H, et al. Quercetin ameliorates Aβ toxicity in 
Drosophila AD model by modulating cell 

cycle-related protein expression. Oncotarget 

2016;7. 

https://doi.org/10.18632/ONCOTARGET.11

963. 

42. Su MT, Lu CW, Wu WJ, Jheng YS, Yang SY, 

Chuang WC, et al. Applications of 

Immunomagnetic Reduction Technology as a 

Biosensor in Therapeutic Evaluation of 

Chinese Herbal Medicine in Tauopathy 

Alleviation of an AD Drosophila Model. 

Biosensors (Basel) 2022;12. 

https://doi.org/10.3390/bios12100883. 

43. Wang X, Zhao Y, Hu Y, Ren P, Sun Y, Guo 

X, et al. Establishment of a Drosophila AD 

model. J Biol Methods 2016;3. 

https://doi.org/10.14440/jbm.2016.61. 

44. Angelova VT, Stoyanov BP, Simeonova R. 

New Insights into the Development of 

Donepezil-Based Hybrid and Natural 

Molecules as Multi-Target Drug Agents for 

Alzheimer’s Disease Treatment. Molecules 
2024;29. 

https://doi.org/10.3390/molecules29225314. 

45. Khezri MR, Yousefi K, Esmaeili A, 

Ghasemnejad-Berenji M. The Role of 

ERK1/2 Pathway in the Pathophysiology of 

Alzheimer’s Disease: An Overview and 
Update on New Developments. Cell Mol 



Rajratan Thorat, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5296-5309 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 5309 | P a g e  

Neurobiol 2023;43. 

https://doi.org/10.1007/s10571-022-01191-x. 

46. Chételat G, Villemagne VL, Pike KE, Baron 

JC, Bourgeat P, Jones G, et al. Larger 

temporal volume in elderly with high versus 

low beta-amyloid deposition. Brain 2010;133. 

https://doi.org/10.1093/brain/awq187. 

47. Villain N, Chételat G, Grassiot B, Bourgeat P, 

Jones G, Ellis KA, et al. Regional dynamics of 

amyloid-β deposition in healthy elderly, mild 
cognitive impairment and Alzheimer’s 
disease: A voxelwise PiB-PET longitudinal 

study. Brain 2012;135. 

https://doi.org/10.1093/brain/aws125. 

48. Shen XY, Luo T, Li S, Ting OY, He F, Xu J, 

et al. Quercetin inhibits okadaic acid-induced 

tau protein hyperphosphorylation through the 

Ca2+-calpain-p25-CDK5 pathway in HT22 

cells. Int J Mol Med 2018;41. 

https://doi.org/10.3892/ijmm.2017.3281. 

49. Zeng KW, Ko H, Yang HO, Wang XM. 

Icariin attenuates β-amyloid-induced 

neurotoxicity by inhibition of tau protein 

hyperphosphorylation in PC12 cells. 

Neuropharmacology 2010;59. 

https://doi.org/10.1016/j.neuropharm.2010.0

7.020. 

50. Curpan AS, Luca AC, Ciobica A. Potential 

Novel Therapies for Neurodevelopmental 

Diseases Targeting Oxidative Stress. Oxid 

Med Cell Longev 2021;2021. 

https://doi.org/10.1155/2021/6640206. 

51. Vitorović J, Joković N, Radulović N, 
Mihajilov-Krstev T, Cvetković VJ, Jovanović 
N, et al. Antioxidant activity of hemp 

(Cannabis sativa l.) seed oil in drosophila 

melanogaster larvae under non-stress and 

h2o2-induced oxidative stress conditions. 

Antioxidants 2021;10. 

https://doi.org/10.3390/antiox10060830. 

52. Armstrong E, Boonekamp J. Does oxidative 

stress shorten telomeres in vivo? A meta-

analysis. Ageing Res Rev 2023;85. 

https://doi.org/10.1016/j.arr.2023.101854. 

53. Sanders OD, Rajagopal L, Rajagopal JA. The 

oxidatively damaged DNA and amyloid-β 
oligomer hypothesis of Alzheimer’s disease. 
Free Radic Biol Med 2022;179. 

https://doi.org/10.1016/j.freeradbiomed.2021

.08.019. 

54. Bohnen NI, Frey KA, Studenski S, Kotagal V, 

Koeppe RA, Scott PJH, et al. Gait speed in 

Parkinson disease correlates with cholinergic 

degeneration. Neurology 2013;81. 

https://doi.org/10.1212/WNL.0b013e3182a9f

558. 

55. Nagai-Arakawa I, Muramatsu I, Uwada J, 

Tsuda Y, Tokunaga A, Irie A, et al. Evaluation 

of the Alterations in Central Cholinergic 

Neurotransmission in Aging and Amyloid 

Precursor Protein Knock-In Mice. J 

Neurochem 2025;169. 

https://doi.org/10.1111/jnc.70081. 

 

 

HOW TO CITE: Rajratan Thorat, Prerana Bambale, 
Madhuri Dhure, Vijay Kadam, Rajani Athawale, 
Pharmacological Innovations in Alzheimer's Disease: 
Recent Progress and Future Perspectives, Int. J. of Pharm. 
Sci., 2026, Vol 4, Issue 7, 5296-5309, 
https://doi.org/10.5281/zenodo.21642980 


