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Abstract: Alzheimer’s disease is a progressive neurodegenerative disorder characterized by memory 

loss, cognitive decline, behavioral abnormalities, and impairment in daily activities. It is one of the 

leading causes of dementia among elderly individuals worldwide. The disease involves multiple 

pathological pathways such as amyloid-beta plaque formation, tau protein aggregation, oxidative 

stress, cholinergic dysfunction, mitochondrial damage, excitotoxicity, and neuroinflammation. 

Conventional therapies provide only symptomatic relief and fail to completely prevent disease 

progression. 

Modern medicinal chemistry focuses on the development of multi-target-directed ligands because 

Alzheimer’s disease is a multifactorial disorder involving several biochemical pathways 

simultaneously. Nitrogen heterocyclic compounds are among the most important classes of compounds 

in medicinal chemistry due to their broad spectrum of biological activities, excellent pharmacokinetic 

properties, and ability to interact with multiple biological targets. 

Nitrogen heterocycles contain one or more nitrogen atoms incorporated into cyclic ring structures. 

These compounds exhibit antioxidant, anti-inflammatory, antimicrobial, anticancer, anticonvulsant, 

and neuroprotective properties. In Alzheimer’s disease therapy, nitrogen heterocyclic compounds have 

shown promising effects through acetylcholinesterase inhibition, prevention of amyloid aggregation, 

reduction of oxidative stress, modulation of neurotransmitter levels, and neuroprotection. 

This project discusses the role of multi-targeted nitrogen heterocycles in Alzheimer’s disease 

treatment. The report includes detailed information regarding Alzheimer’s disease pathology, causes, 

symptoms, nitrogen heterocyclic chemistry, classification, synthesis, drug design strategies, 

mechanism of action, biological evaluation, pharmacological activities, advantages, limitations, and 

future scope. 
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I.  INTRODUCTION 

In the universe, aging is a common biological mechanism that occurs in all living species. In humans, the process of 

aging is divided into two categories such as programmed and error or damage theories. The programmed theories 

emphasize that aging involves the prolongation of the sequential switching on and off of certain genes essential to 

follow a biological schedule, which regulates the growth and development of adolescence. This theory mainly affects 

the entire system responsible for repair, maintenance and defines mechanism due to the changes in gene expression. 

The error or damage theories of aging involves the ecological threats to living organisms which induces the cause of 

aging process in humans [1]. Moreover, aging is responsible for various types of cancer, cardiac diseases, inflammation 

and neurological disorder like Alzheimer’s disease (AD). Among that AD is the most common form of dementia which 

affects most of the elderly people. AD is characterized by the aggregation of extracellular amyloid β-protein (Aβ) that 

primarily occur in a filamentous form known as plaques and intracellular hyperphosphorylated tau protein known as 

neurofibrillary tangles [2]. These changes in the brain cause synaptic loss and dysfunction of neurons leads to reduction 

in glucose metabolism and shrinkage of grey matter. Also, the formation of plaques affects communication between 

neurons at synapses and intracellular phosphorylated tau tangles blocks the nutrient transportation and other essential 
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nutrients leads to cell death [3,4]. The symptoms of AD are cognitive dysfunction, issues in planning or problem-

solving tasks, poor judgement, depression, confusion and behavioural changes which can disrupt the person’s daily 

activities [5]. To date, the development of therapeutic drugs against AD is the promising strategy due to the poor 

diffusion of drugs across the blood brain barrier (BBB). Furthermore, there is a need for development of novel, safe, 

and efficient therapies for this neurodegenerative disease. Recent studies have focused on the development of novel 

drugs from natural sources to treat various disorders, including AD [6]. This review highlights the use of heterocyclic 

compounds in the treatment of AD. 

  

Phytopharmacology Pathology of AD 

The pathology of AD involves the formation of senile plaques due to the aggregation of amyloid beta (Aβ) peptides that 

induces the reactive oxygen species (ROS). Then the diminution of cholinergic neurons increased the activity of 

acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) results in cognitive losses [7]. Additionally, a few other 

reports showed that an inflammatory mechanism is also responsible for the pathology of AD. Histopathological studies 

showed that the presence of Aβ peptides in AD patients is correlated with groups of activated microglia cells and 

inflammatory proteins such as complement proteins, acute-phase proteins and anti-inflammatory cytokines [8]. Some 

studies indicated that the genetic variation of cytokines, particularly over expression of interleukin-1 and acute phase 

proteins triggers the cause of AD [9]. Several studies reported that elevated serum level of high sensitivity C-reactive 

protein (hs-CRP) that are found in extracellular plaques and tangles, acute phase reactant like α1-antichymotrypsin and 

interleukin-6 are associated with the cause of AD [10-12]. Based on the epidemiologic surveys suggested that the 

prolonged use of anti inflammatory drugs may prevent or slow down the progression of AD [13,14]. The formation of 

amyloid peptides by APP (amyloid precursor protein) pathway is mainly involved in the pathology of AD [15]. The 

APP hypothesis involves the cleavage of α or β-secretase which releases APP. Although the products released by 

cleavage of α secretase are considered as nontoxic, β-secretase involves the amyloidogenic and non-amyloidogenic 

division of APP pathway. Further the cleavage of β-secretase involves the formation of C terminal APP (C-APP) by γ-

secretase, based on the cleavage site, variable length of Aβ peptides are formed from the plasma membrane. Among 

these peptides, Aβ42 is considered as the main pathological cause of AD [16,17]. The oxidative stress is also a major 

impact in the pathogenesis of AD. The formation of reactive oxygen species (ROS) or free radicals such as hydrogen 

peroxide (H2O2, hydroxyl (OH) and superoxide (O2) stimulate oxidative damage which leads to DNA strand breaks, 

destruction of nucleic acids and sugars in the cell membrane and finally induces cell death [18,19]. Based on the 

epidemiologic studies, it was indicated that Apolipoprotein E (ApoE) genotype is also responsible for the pathology of 

AD. Lipid metabolism is regulated by three ApoE isoforms such as apoE2, apoE3, and apoE4 which are encoded by 

different alleles (ε2, ε3, ε4). In US, based on the clinical studies showed that ε4 allele is responsible for 50% of AD and 

95% of AD cases are due to the variation of ε2 allele in the gene encoding this protein. Additionally, several studies 

suggested that the fragments of ApoE are also responsible for the formation of plaques and tangles [20]. Based on these 

pathologies, the development of therapeutic drugs with less side effects against AD are the major task of this period. 

Although few drugs are approved by the U.S. Food and Drug Administration (FDA) for treating cognitive disorder like 

AD, but the efficiency varies among individuals [21]. 
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Figure 1.1 Phytopharmacology Pathology of AD

  

The main aim of this project is to study the role of multi

management of Alzheimer’s disease. 

To study the causes, symptoms, and pathophysiology of Alzheimer’s disease. To understand the importance of nitrogen 

heterocyclic compounds in medicinal chemistry. To classify different types of nitrogen heterocyclic compounds used in 

drug discovery. To study the concept of multi

mechanism of action of nitrogen heterocycles in neuroprotection. To study various drug design strategies used for 

developing antiAlzheimer agents. To understand the synthesis methods of nitrogen heterocyclic compounds. To study 

characterization techniques such as IR, NMR, Mass Spectr

and pharmacological activities of synthesized compounds. To analyze the advantages and limitations of multi

nitrogen heterocyclic compounds. To explore the future scope of nitrogen heterocycl

To understand the importance of developing safer and more effective drugs for neurodegenerative disorders.

 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by memo

dysfunction, behavioral abnormalities, and neuronal degeneration. The disease mainly affects elderly individuals and is 

considered one of the leading causes of dementia worldwide. Several pathological mechanisms including amyloid

plaque formation, tau protein aggregation, oxidative stress, cholinergic dysfunction, neuroinflammation, and 

mitochondrial damage are responsible for the progression of Alzheimer’s disease.

According to Saravana Priya Palaniappan, currently available drugs f

symptomatic relief and prolonged use may produce adverse side effects. Therefore, the development of novel 

therapeutic agents from natural and synthetic heterocyclic compounds has become an important area of research.

The pathology of Alzheimer’s disease involves accumulation of amyloid

acetylcholinesterase enzymes, and inflammatory mediators. Reactive oxygen species generated during oxidative stress 

damage neuronal cells and contribute to neurodegeneration. Studies have also shown that inflammatory cytokines such 

as interleukin-1 and C-reactive proteins are associated with Alzheimer’s disease progression.
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Figure 1.1 Phytopharmacology Pathology of AD 

II. AIM AND OBJECTIVES 

is to study the role of multi-targeted nitrogen heterocyclic compounds in the treatment and 

To study the causes, symptoms, and pathophysiology of Alzheimer’s disease. To understand the importance of nitrogen 

c compounds in medicinal chemistry. To classify different types of nitrogen heterocyclic compounds used in 

drug discovery. To study the concept of multi-target-directed ligands for Alzheimer’s disease treatment. To evaluate the 

gen heterocycles in neuroprotection. To study various drug design strategies used for 

developing antiAlzheimer agents. To understand the synthesis methods of nitrogen heterocyclic compounds. To study 

characterization techniques such as IR, NMR, Mass Spectroscopy, and UV spectroscopy. To evaluate the biological 

and pharmacological activities of synthesized compounds. To analyze the advantages and limitations of multi

nitrogen heterocyclic compounds. To explore the future scope of nitrogen heterocycles in Alzheimer’s disease therapy. 

To understand the importance of developing safer and more effective drugs for neurodegenerative disorders.

III. LITERATURE REVIEW 

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by memo

dysfunction, behavioral abnormalities, and neuronal degeneration. The disease mainly affects elderly individuals and is 

considered one of the leading causes of dementia worldwide. Several pathological mechanisms including amyloid

aque formation, tau protein aggregation, oxidative stress, cholinergic dysfunction, neuroinflammation, and 

mitochondrial damage are responsible for the progression of Alzheimer’s disease. 

According to Saravana Priya Palaniappan, currently available drugs for Alzheimer’s disease mainly provide 

symptomatic relief and prolonged use may produce adverse side effects. Therefore, the development of novel 

therapeutic agents from natural and synthetic heterocyclic compounds has become an important area of research.

The pathology of Alzheimer’s disease involves accumulation of amyloid-beta peptides, oxidative stress, activation of 

acetylcholinesterase enzymes, and inflammatory mediators. Reactive oxygen species generated during oxidative stress 

nd contribute to neurodegeneration. Studies have also shown that inflammatory cytokines such 

reactive proteins are associated with Alzheimer’s disease progression. 
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Several researchers have reported that acetylcholinesterase inhibitors such as tacrine, donepezil, galantamine, and 

rivastigmine improve cognitive function by increasing acetylcholine concentration in the brain. However, these drugs 

show limitations including hepatotoxicity, gastrointestinal disturbances, and incomplete disease control. 

Nitrogen heterocyclic compounds have attracted significant attention in medicinal chemistry because of their broad 

spectrum pharmacological activities. Heterocyclic compounds contain one or more heteroatoms such as nitrogen, 

oxygen, or sulfur within the ring structure. These compounds exhibit excellent biological properties including 

antioxidant, anti-inflammatory, antimicrobial, anticancer, and neuroprotective activities. 

Researchers have focused on nitrogen-containing heterocycles such as pyridine, pyrimidine, imidazole, pyrazole, 

quinoline, indole, triazole, and benzimidazole because these compounds demonstrate strong interaction with biological 

targets involved in Alzheimer’s disease. Nitrogen heterocycles are capable of crossing the blood-brain barrier 

and interacting with acetylcholinesterase enzymes, amyloid-beta proteins, and inflammatory mediators. 

Studies reported that triazole, pyrazole, and benzimidazole derivatives exhibit significant antioxidant and 

neuroprotective activities. These compounds reduce oxidative stress and protect neuronal cells from degeneration. 

Benzofuran and quinoline derivatives also show anti-amyloid and anti-inflammatory activities useful for Alzheimer’s 

disease treatment. 

Modern drug discovery approaches focus on multi-target-directed ligands because Alzheimer’s disease involves 

multiple biochemical pathways. Multi-targeted nitrogen heterocyclic compounds can simultaneously inhibit 

acetylcholinesterase enzymes, reduce oxidative stress, prevent amyloid aggregation, and suppress neuroinflammation. 

This multitarget approach improves therapeutic efficacy and reduces drug resistance. 

Several synthetic methods have been developed for the preparation of nitrogen heterocycles including cyclization 

reactions, condensation reactions, microwave-assisted synthesis, and green chemistry approaches. Characterization of 

synthesized compounds is carried out using techniques such as IR spectroscopy, NMR spectroscopy, mass 

spectrometry, and chromatography. These analytical methods confirm the purity and molecular structure of 

heterocyclic compounds. 

Biological evaluation studies indicate that nitrogen heterocyclic compounds possess promising anti-Alzheimer activity 

with reduced toxicity. In vitro and in vivo studies have demonstrated their ability to improve memory, reduce neuronal 

damage, and enhance cognitive functions. Therefore, nitrogen heterocycles are considered promising candidates for 

future Alzheimer’s disease therapy. 

In conclusion, literature studies suggest that multi-targeted nitrogen heterocyclic compounds represent an important and 

emerging area in Alzheimer’s disease treatment. Their broad pharmacological profile, ability to act on multiple disease 

pathways, and neuroprotective potential make them promising therapeutic agents for future anti- Alzheimer drug 

development. 

It is one of the major causes of dementia among elderly individuals worldwide. The prevalence of Alzheimer’s disease 

is continuously increasing due to aging populations and changing lifestyles. Studies indicate that millions of new cases 

are reported every year globally, making Alzheimer’s disease a major public health concern. 

The pathology of Alzheimer’s disease involves several complex biochemical and cellular mechanisms. Major 

pathological features include amyloid-beta plaque formation, neurofibrillary tangles, oxidative stress, mitochondrial 

dysfunction, neuroinflammation, and cholinergic neuronal degeneration. Amyloid-beta peptides accumulate outside 

neurons and form plaques that disrupt neuronal communication. Similarly, abnormal phosphorylation of tau proteins 

leads to formation of neurofibrillary tangles inside neurons, resulting in neuronal death and cognitive impairment. 

Researchers have proposed different hypotheses to explain Alzheimer’s disease progression. The cholinergic 

hypothesis suggests that deficiency of acetylcholine neurotransmitter contributes significantly to memory loss and 

cognitive dysfunction. Acetylcholinesterase inhibitors such as donepezil, rivastigmine, tacrine, and galantamine are 

used to increase acetylcholine levels in the brain and improve memory functions. However, these drugs mainly provide 

symptomatic relief and do not completely prevent disease progression. 
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Memantine, an NMDA receptor antagonist, is another approved drug used for moderate to severe Alzheimer’s disease. 

It reduces glutamate-induced excitotoxicity and protects neurons from damage. Although currently available therapies 

improve cognitive functions temporarily, they are associated with limitations such as hepatotoxicity, gastrointestinal 

disturbances, dizziness, headache, and incomplete therapeutic efficacy. 

Oxidative stress plays a major role in Alzheimer’s disease pathology. Excess production of reactive oxygen species 

damages proteins, lipids, enzymes, mitochondrial membranes, and DNA within neuronal cells. Researchers reported 

that antioxidants such as vitamin E, carotenoids, curcumin, and synthetic antioxidant compounds reduce oxidative 

stress and protect neuronal tissues from degeneration. 

Neuroinflammation is another important pathological mechanism associated with Alzheimer’s disease. Activation of 

microglial cells and inflammatory cytokines such as IL- 1β, TNF-α, and IFN-γ promotes neuronal injury and 

accelerates neurodegeneration. Recent therapeutic approaches aim to suppress neuroinflammation and improve 

neuronal survival. 

Nitrogen heterocyclic compounds have gained significant importance in medicinal chemistry due to their broad 

spectrum biological activities and excellent pharmacological properties. These compounds contain one or more 

nitrogen atoms incorporated within cyclic ring systems. Nitrogen heterocycles exhibit antioxidant, anti-inflammatory, 

antimicrobial, anticancer, anticonvulsant, and neuroprotective activities. Their structural diversity and ability to interact 

with multiple biological targets make them promising therapeutic agents for Alzheimer’s disease treatment. 

Several classes of nitrogen heterocyclic compounds including pyridine, pyrimidine, quinoline, indole, pyrazole, 

imidazole, triazole, piperidine, and benzimidazole derivatives have been investigated for anti-Alzheimer activity. These 

compounds exhibit multiple mechanisms of action such as acetylcholinesterase inhibition, antioxidant activity, 

antiinflammatory effects, inhibition of amyloid-beta aggregation, metal chelation, and neuroprotection. 

Modern medicinal chemistry focuses on multi-target-directed ligands because Alzheimer’s disease involves several 

interconnected pathological pathways. Multi-target compounds can simultaneously inhibit cholinesterase enzymes, 

reduce oxidative stress, suppress neuroinflammation, and prevent amyloid plaque formation. According to recent 

studies, multi-target-directed nitrogen heterocyclic compounds provide improved therapeutic efficacy and better 

disease management compared to single-target drugs. 

Research studies also highlight the importance of tau protein inhibition in Alzheimer’s disease therapy. 

Hyperphosphorylation of tau proteins results in neurofibrillary tangle formation and neuronal degeneration. Glycogen 

synthase kinase-3 inhibitors, microtubule stabilizers, and tau aggregation inhibitors are being investigated as potential 

therapeutic agents. 

Various immunotherapeutic approaches are also under clinical investigation for Alzheimer’s disease treatment. Anti-

amyloid monoclonal antibodies such as Aducanumab, Gantenerumab, Solanezumab, and BAN2401 target amyloid-beta 

plaques and reduce plaque accumulation in the brain. Among these, Aducanumab has shown promising effects in 

reducing amyloid burden and slowing cognitive decline in clinical studies. 

Herbal medicines and natural products are also being explored for Alzheimer’s disease therapy because of their safety 

and neuroprotective properties. Plant-derived compounds such as curcumin, ginsenosides, berberine, crocin, 

withanolides, and bacosides demonstrate antioxidant, anti-inflammatory, anti-amyloid, and cholinesterase inhibitory 

activities. Studies suggest that these compounds may improve memory and cognitive functions in Alzheimer’s disease 

patients. 

Recent research focuses on advanced therapeutic strategies such as nanotechnologybased drug delivery systems, 

artificial intelligence-assisted drug design, molecular docking studies, and gut microbiota modulation. Novel 

compounds like sodium oligomannate (GV971) have shown promising clinical results by reducing neuroinflammation 

and remodeling gut microbiota. 

In conclusion, literature studies indicate that Alzheimer’s disease is a multifactorial disorder requiring multi-target 

therapeutic approaches. Nitrogen heterocyclic compounds represent an important class of molecules due to their diverse 

pharmacological activities and ability to act on multiple disease pathways simultaneously. Continued research in 
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medicinal chemistry, biological evaluation, computational drug design, and clinical studies may lead to development of 

safer and more effective anti-Alzheimer agents in the future. 

According to Christina Rahm, Alzheimer’s disease remains one of the major challenges in modern medicine because 

currently available therapies only provide symptomatic relief and are unable to completely cure the disease. 

Pharmacological treatment mainly includes acetylcholinesterase inhibitors and NMDA receptor antagonists that 

improve neurotransmission and temporarily reduce cognitive symptoms. However, these therapies are associated with 

limitations such as poor efficacy, side effects, and inability to stop neuronal degeneration. 

Several researchers have emphasized the importance of the cholinergic hypothesis in Alzheimer’s disease pathology. 

According to this hypothesis, degeneration of cholinergic neurons and reduction in acetylcholine levels lead to memory 

impairment and cognitive dysfunction. Drugs such as donepezil, galantamine, tacrine, and rivastigmine inhibit 

acetylcholinesterase enzymes and increase acetylcholine concentration in the brain. Although these drugs improve 

memory temporarily, they do not completely prevent disease progression. 

Oxidative stress is another important pathological mechanism involved in Alzheimer’s disease. Excessive generation of 

reactive oxygen species damages neuronal proteins, lipids, enzymes, mitochondrial membranes, and DNA. Oxidative 

damage ultimately results in neuronal death and cognitive decline. Studies indicate that antioxidant compounds can 

reduce oxidative stress and protect neuronal tissues from degeneration. Therefore, modern research focuses on 

developing compounds with strong antioxidant and neuroprotective activities. 

Neuroinflammation also contributes significantly to Alzheimer’s disease progression. Activation of microglial cells and 

inflammatory cytokines leads to neuronal injury and synaptic dysfunction. Inflammatory mediators such as TNF-α, IL-

1β, and interferons promote neurodegeneration and worsen cognitive impairment. Recent therapeutic approaches aim to 

suppress inflammatory pathways and improve neuronal survival. 

Research studies suggest that regular physical exercise improves cerebral blood flow, hippocampal volume, and 

cognitive performance. Exercise increases oxygen supply to brain tissues, enhances neuronal plasticity, and reduces the 

risk of dementia. Studies by Peter Scheltens and co-workers demonstrated that individuals performing regular exercise 

show improved cognitive functions and reduced risk of Alzheimer’s disease compared to sedentary individuals. 

Nitrogen heterocyclic compounds have attracted considerable attention in medicinal chemistry because of their broad 

spectrum pharmacological activities and ability to interact with multiple biological targets. Nitrogen heterocycles 

contain one or more nitrogen atoms within cyclic ring systems and are widely present in pharmaceutical drugs and 

natural products. These compounds exhibit antioxidant, anti-inflammatory, antimicrobial, anticonvulsant, anticancer, 

and neuroprotective properties. 

Researchers have investigated various nitrogen heterocyclic scaffolds including pyridine, pyrimidine, quinoline, indole, 

triazole, pyrazole, benzimidazole, piperidine, and imidazole derivatives for anti-Alzheimer activity. These compounds 

demonstrate multiple mechanisms of action such as acetylcholinesterase inhibition, butyrylcholinesterase inhibition, 

anti-amyloid activity, metal chelation, antioxidant effects, and neuroprotection. Their ability to cross the blood-brain 

barrier makes them promising therapeutic agents for neurodegenerative disorders. 

Modern medicinal chemistry focuses on the development of multi-target-directed ligands because Alzheimer’s disease 

involves several interconnected biochemical pathways. Multitarget compounds are capable of simultaneously inhibiting 

acetylcholinesterase enzymes, reducing oxidative stress, preventing amyloid-beta aggregation, and suppressing 

neuroinflammation. This approach provides improved therapeutic efficacy compared to single-target drugs. 

Several synthetic methods have been developed for preparation of nitrogen heterocyclic compounds including 

cyclization reactions, condensation reactions, microwave-assisted synthesis, and green chemistry approaches. 

Characterization of synthesized compounds is carried out using techniques such as IR spectroscopy, NMR 

spectroscopy, mass spectrometry, UV spectroscopy, and chromatography. These analytical techniques confirm the 

molecular structure and purity of synthesized compounds. 
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Biological evaluation studies indicate that nitrogen heterocyclic compounds possess promising anti

with reduced toxicity. In vitro and in vivo studies demonstrate improvement in memory, reduction of oxidative damage, 

inhibition of cholinesterase enzymes, and protection of neuronal cells. Researchers continue to investigate novel 

heterocyclic molecules for development of safer and more effective antiAlzheimer therapeutic agents.

Recent studies also focus on advanced therapeu

nanotechnology-based drug delivery systems, molecular docking studies, and biomarker

technologies may improve drug targeting, enhance blood

associated with conventional therapies. 

In conclusion, literature studies reveal that Alzheimer’s disease is a multifactorial disorder requiring multi

therapeutic approaches. Nitrogen heterocyclic compounds represent an 

pharmacological activities, structural flexibility, and ability to act on multiple disease pathways simultaneously. 

Continued research in medicinal chemistry, biological evaluation, computational drug desig

lead to the development of safer and more effective anti

 

Alzheimer’s disease is a chronic neurodegenerative disorder characterized by gradual loss of neurons and decline 

cognitive functions. It is the leading cause of dementia among older adults.

Characteristics of Alzheimer’s Disease 

 Memory loss 

 Difficulty in thinking and reasoning

 Behavioral changes 

 Language problems 

 Confusion and disorientation 

 Loss of judgment 
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Biological evaluation studies indicate that nitrogen heterocyclic compounds possess promising anti

with reduced toxicity. In vitro and in vivo studies demonstrate improvement in memory, reduction of oxidative damage, 

ition of cholinesterase enzymes, and protection of neuronal cells. Researchers continue to investigate novel 

heterocyclic molecules for development of safer and more effective antiAlzheimer therapeutic agents.

Recent studies also focus on advanced therapeutic strategies such as artificial intelligenceassisted drug design, 

based drug delivery systems, molecular docking studies, and biomarker-based diagnosis. These 

technologies may improve drug targeting, enhance blood-brain barrier penetration, and reduce adverse effects 

In conclusion, literature studies reveal that Alzheimer’s disease is a multifactorial disorder requiring multi

therapeutic approaches. Nitrogen heterocyclic compounds represent an important class of molecules due to their diverse 

pharmacological activities, structural flexibility, and ability to act on multiple disease pathways simultaneously. 

Continued research in medicinal chemistry, biological evaluation, computational drug design, and clinical studies may 

lead to the development of safer and more effective anti-Alzheimer drugs in the future. 

III. ALZHEIMER’S DISEASE 

Alzheimer’s disease is a chronic neurodegenerative disorder characterized by gradual loss of neurons and decline 

cognitive functions. It is the leading cause of dementia among older adults. 

Difficulty in thinking and reasoning 

Figure 1.2 Alzheimer’s disease 
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Types of Alzheimer’s Disease 

Alzheimer’s disease is classified into different types based on age of onset, genetic factors, and disease progression. 

1. Early-Onset Alzheimer’s Disease 

This type occurs before the age of 65 years. It is less common and may develop in individuals between 30 and 60 years 

of age. Characteristics 

 Rapid progression of symptoms 

 Strong genetic association 

 Memory loss and behavioral changes at younger age Causes 

 Mutations in APP, PSEN1, and PSEN2 genes 

 Familial inheritance patterns 

 

2. Late-Onset Alzheimer’s Disease 

This is the most common form of Alzheimer’s disease and usually occurs after the age of 65 years. 

Characteristics 

 Slow progression 

 Gradual memory decline 

 Cognitive impairment in elderly individuals Risk Factors 

 Aging 

 Lifestyle factors 

 Environmental influences 

 APOE-e4 gene 

 

3. Familial Alzheimer’s Disease 

Familial Alzheimer’s disease is an inherited form caused by genetic mutations passed from parents to offspring. 

Characteristics 

 Strong family history 

 Earlier onset of symptoms 

 Rapid disease progression Genetic Mutations Involved 

 APP gene 

 Presenilin-1 (PSEN1) 

 Presenilin-2 (PSEN2) 

 

4. Sporadic Alzheimer’s Disease 

This is the most common non-inherited form of Alzheimer’s disease. It develops due to multiple factors rather than 

direct genetic inheritance. Characteristics 

 No clear family history 

 Usually develops after 65 years 

 Influenced by aging and lifestyle Risk Factors 

 Hypertension 

 Diabetes 

 Obesity 

 Smoking 

 Lack of physical activity 
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5. Mixed Dementia 

Mixed dementia occurs when Alzheimer’s disease is associated with other forms of dementia such as vascular dementia 

or Lewy body dementia. 

Characteristics 

 Combination of symptoms from multiple dementias 

 Memory loss with movement disorders 

 Severe cognitive decline Causes 

 Reduced blood supply to brain 

 Amyloid plaque formation 

 Neurodegeneration 

 

6. Posterior Cortical Atrophy (PCA) 

Posterior cortical atrophy is a rare variant of Alzheimer’s disease affecting the posterior region of the brain. 

Characteristics 

 Visual disturbances 

 Difficulty recognizing objects 

 Problems with reading and coordination Affected Areas 

 Occipital cortex 

 Parietal cortex 

 

7. Logopenic Variant Primary Progressive Aphasia (lvPPA)  

This type mainly affects speech and language functions. Characteristics 

 Difficulty finding words 

 Slow speech 

 Impaired communication abilities Brain Regions Affected 

 Left temporal lobe 

 Parietal regions 

 

8. Atypical Alzheimer’s Disease 

Atypical Alzheimer’s disease presents symptoms different from classical memory loss. Characteristics 

 Early behavioral changes 

 Visual or language impairment 

 Difficulty in movement and coordination 

Importance 

 Difficult to diagnose in early stages 

 Requires advanced neurological examination 

 

9. Mild Cognitive Impairment Due to Alzheimer’s Disease 

This is an early stage between normal aging and severe Alzheimer’s disease. Characteristics 

 Mild memory loss 

 Difficulty concentrating 

 Preserved daily activities Importance 

 Early diagnosis may slow progression 

 Useful for preventive therapy 
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10. Secondary Alzheimer’s Disease 

This form develops due to other medical conditions or external factors. Causes

 Brain injury 

 Stroke 

 Chronic infections 

 Metabolic disorders Characteristics

 Cognitive decline associated with un

 Progressive neuronal damage 

Causes and Risk Factors 

Figure 1.3 Causes and Risk Factors

Several factors contribute to the development of Alzheimer’s disease.

1. Age 

Increasing age is the major risk factor. 

2. Genetics 

Mutations in APP, PSEN1, and PSEN2 genes 

3. Oxidative Stress 

Free radicals damage neurons and brain tissues.

4. Amyloid Plaques 

Accumulation of amyloid-beta protein forms plaques in the brain.

5. Neurofibrillary Tangles 

Tau protein abnormalities lead to tangles inside neuro
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Figure 1.3 Causes and Risk Factors 

Several factors contribute to the development of Alzheimer’s disease. 

Mutations in APP, PSEN1, and PSEN2 genes increase disease risk. 

Free radicals damage neurons and brain tissues. 

beta protein forms plaques in the brain. 

Tau protein abnormalities lead to tangles inside neurons. 
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6. Inflammation 

Chronic neuroinflammation damages brain cells. 

7. Lifestyle Factors 

Smoking, obesity, diabetes, hypertension, and lack of exercise contribute to disease progression. 

Symptoms of Alzheimer’s Disease 

Symptoms develop gradually and worsen over time. 

Early Symptoms 

 Forgetfulness 

 Difficulty remembering names 

 Mood changes 

 Mild confusion 

Moderate Symptoms 

 Difficulty in communication 

 Trouble performing daily tasks 

 Personality changes 

 Poor judgment 

Severe Symptoms 

 Complete memory loss 

 Inability to recognize family members 

 Difficulty swallowing 

 Loss of physical functions 

 

Pathophysiology 

The pathophysiology of Alzheimer’s disease involves multiple biochemical and cellular mechanisms. 

Amyloid Cascade Hypothesis 

Amyloid-beta peptides accumulate in the brain and form plaques that damage neurons. 

Tau Hypothesis 

Tau proteins become hyperphosphorylated and form neurofibrillary tangles. 

Cholinergic Hypothesis 

Loss of cholinergic neurons reduces acetylcholine levels leading to memory impairment. 

Oxidative Stress 

Reactive oxygen species damage lipids, proteins, and DNA. 

Neuroinflammation 

Activation of microglia releases inflammatory mediators causing neuronal injury. 

 

Nitrogen Heterocycles 

Nitrogen heterocycles are cyclic organic compounds containing one or more nitrogen atoms in the ring structure. 

These compounds are highly important in medicinal chemistry because they show broad biological activities and good 

pharmacokinetic properties. 
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Figure 1.4 Common Nitrogen H

 

Importance in Drug Discovery 

 

Figure 1.5 Importance in Drug Discovery

• Enhanced biological activity 

• Improved drug stability 
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• Better solubility 

• Ability to cross the blood-brain barrier

Applications of Nitrogen Heterocyclic Compounds

Nitrogen heterocyclic compounds are organic compounds that contain nitrogen atoms in a ring structure. These 

compounds are widely used in medicinal chemistry because they show strong biological activities and are prese

many pharmaceutical drugs. Their applications in different therapeutic areas are explained below in detail.

 

Figure 1.6 Applications of Nitrogen Heterocyclic Compounds

 

1. Anticancer Drugs 

Nitrogen heterocycles play an important role in the developme

chemotherapy drugs contain pyridine, pyrimidine, quinoline, indole, imidazole, or triazole rings. These compounds act 

by inhibiting DNA synthesis, blocking enzymes, or stopping the growth of cancer cells.

Mechanism of Action 

• Inhibit DNA replication in cancer cells

• Block cell division (mitosis) 

• Inhibit protein kinases and enzymes

• Induce apoptosis (programmed cell death)

Important Nitrogen Heterocyclic Anticancer Drugs

1. Imatinib 

• Contains a pyrimidine ring 
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Figure 1.6 Applications of Nitrogen Heterocyclic Compounds 

Nitrogen heterocycles play an important role in the development of anticancer agents. Many clinically used 

chemotherapy drugs contain pyridine, pyrimidine, quinoline, indole, imidazole, or triazole rings. These compounds act 

by inhibiting DNA synthesis, blocking enzymes, or stopping the growth of cancer cells. 

Inhibit DNA replication in cancer cells 

Inhibit protein kinases and enzymes 

Induce apoptosis (programmed cell death) 

Important Nitrogen Heterocyclic Anticancer Drugs 
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Nitrogen heterocyclic compounds are organic compounds that contain nitrogen atoms in a ring structure. These 

compounds are widely used in medicinal chemistry because they show strong biological activities and are present in 

many pharmaceutical drugs. Their applications in different therapeutic areas are explained below in detail. 
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chemotherapy drugs contain pyridine, pyrimidine, quinoline, indole, imidazole, or triazole rings. These compounds act 
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• Used for chronic myeloid leukemia (CML)

• Inhibits tyrosine kinase enzyme 

2. Erlotinib 

• Quinazoline derivative 

• Used in lung cancer treatment 

• Blocks epidermal growth factor receptor (EGFR)

3. Temozolomide 

• Imidazotetrazine derivative 

• Used for brain tumors and glioblastoma

• Causes DNA damage in tumor cells

4. Methotrexate 

• Pteridine heterocycle 

• Used in leukemia and breast cancer

• Inhibits folic acid metabolism Advantages

• High biological activity 

• Selective action on tumor cells 

• Better drug-target interaction Limitat

• Drug resistance 

• Toxic side effects 

• Damage to healthy cells 

2. Antimicrobial Agents 

Nitrogen heterocyclic compounds are widely used as antibacterial, antifungal, antiviral, and antiparasitic agents. Their 

ring systems help in interacting with microbial

Mechanism of Action 

• Inhibit bacterial cell wall synthesis

• Block nucleic acid synthesis 

• Disrupt protein synthesis 

• Damage microbial membranes 

Important Antimicrobial Nitrogen Heterocycles

1. Metronidazole 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

• Nitroimidazole derivative 

• Effective against anaerobic bacteria and protozoa
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target interaction Limitations 

Nitrogen heterocyclic compounds are widely used as antibacterial, antifungal, antiviral, and antiparasitic agents. Their 

ring systems help in interacting with microbial enzymes and proteins. 

Inhibit bacterial cell wall synthesis 

Important Antimicrobial Nitrogen Heterocycles 

Effective against anaerobic bacteria and protozoa 
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2. Ciprofloxacin 

• Fluoroquinolone compound 

• Used against urinary tract and respiratory infections

• Inhibits bacterial DNA gyrase enzyme

 

3. Ketoconazole 

• Imidazole antifungal agent 

• Used in fungal infections 

• Inhibits fungal sterol synthesis 
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4. Isoniazid 

Isoniazid 

• Pyridine derivative 

• Used in tuberculosis treatment 

Advantages 

• Broad-spectrum activity 

• High potency 

• Effective against resistant strains 

Limitations 

• Antibiotic resistance 

• Allergic reactions 

• Gastrointestinal side effects 

 

3. Anti-inflammatory Drugs 

Nitrogen-containing heterocycles are used in anti

inflammation by inhibiting inflammatory mediators. Mechanism of Action

• Inhibit cyclooxygenase (COX) enzymes

• Reduce prostaglandin synthesis 

• Suppress inflammatory cytokines 

Important Drugs 

1. Celecoxib 

• Pyrazole-containing drug 

• Selective COX-2 inhibitor 

• Used in arthritis and joint pain 

2. Indomethacin 

• Indole derivative 

• Used for rheumatoid arthritis and inflammation

3. Piroxicam 
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• Benzothiazine derivative 

• Long-acting anti-inflammatory drug Advantages 

• Effective pain relief 

• Reduced inflammation 

• Better patient comfort Limitations 

• Gastric irritation 

• Kidney toxicity 

• Cardiovascular risks 

 

4. Antidepressants 

Many antidepressant drugs contain nitrogen heterocyclic structures because these rings improve interaction with 

neurotransmitter receptors in the brain. Mechanism of Action 

• Increase serotonin and norepinephrine levels 

• Block neurotransmitter reuptake 

• Improve mood and emotional stability 

Important Antidepressant Drugs 

 

1. Fluoxetine 

• Contains heterocyclic structure 

• Selective serotonin reuptake inhibitor (SSRI) 

• Used in depression and anxiety disorders 

 

2. Imipramine 

• Dibenzazepine heterocycle 

• Tricyclic antidepressant 

 

3. Alprazolam 

• Triazolobenzodiazepine derivative 

• Used for anxiety and panic disorders 

 

4. Trazodone 

• Triazolopyridine derivative 

• Used for depression and insomnia Advantages 

• Improve mental health 

• Reduce anxiety and stress 

• Better sleep quality Limitations 

• Drowsiness 

• Dependence in some drugs 

• Delayed therapeutic effect 

 

5. Neuroprotective Agents 

Nitrogen heterocyclic compounds are important in treating neurodegenerative diseases such as Alzheimer’s disease, 

Parkinson’s disease, and epilepsy. These compounds protect neurons from damage and improve brain function. 

Mechanism of Action 

• Prevent oxidative stress 

• Inhibit acetylcholinesterase enzyme 
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• Improve neurotransmitter function

• Reduce neuronal degeneration 

Important Neuroprotective Drugs 

1. Donepezil 

• Piperidine derivative 

• Used in Alzheimer’s disease 

• Enhances acetylcholine levels in the brain

 

2. Rivastigmine 

• Carbamate-containing heterocycle

• Used in dementia treatment 

 

3. Levodopa 

• Used in Parkinson’s disease 

• Increases dopamine levels 

 

4. Memantine 

• Adamantane derivative containing nitrogen

• Protects neurons from glutamate toxicity

Advantages 

• Improve memory and cognition 

• Slow disease progression 

• Enhance quality of life 

Limitations 

• Temporary symptom relief 

• Side effects like nausea and dizziness

• Limited cure for neurodegenerative diseases

Classification of Nitrogen Heterocycles 

Figure 1.7 Classification of Nitrogen Heterocycles
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Nitrogen heterocycles are classified according to ri

Five-Membered Rings 

 

Figure 1.8 Five

 

 

Pyrrole 

Contains one nitrogen atom. 

 

Imidazole 

Contains two nitrogen atoms. 

 

Pyrazole 

Widely used in pharmaceuticals. 

 

Six-Membered Rings  

Pyridine 

Important scaffold in medicinal chemistry. 
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Nitrogen heterocycles are classified according to ring size and number of nitrogen atoms. 

Figure 1.8 Five-Membered Rings 
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Pyrimidine 

Present in many therapeutic drugs. 

 

Piperidine 

Commonly used in CNS-active drugs. 

Fused Heterocycles  

 

Quinoline 

Exhibits antioxidant and neuroprotective activity. 

 

Indole 

Found in several natural products. 

 

Benzimidazole 

Shows antimicrobial and CNS activities. 

  

Multi-Target Drug Approach 

Alzheimer’s disease involves multiple pathological pathways. Therefore, drugs targeting only one mechanism are less 

effective. 

The multi-target approach focuses on designing compounds capable of acting on multiple targets simultaneously. 

Advantages of Multi-Target Drugs 

• Improved therapeutic efficacy 

• Reduced drug resistance 

• Better patient compliance 

• Lower side effects 

• Simultaneous treatment of multiple pathways Targets in Alzheimer’s  

Disease 

• Acetylcholinesterase enzyme 

• Butyrylcholinesterase enzyme 

• Amyloid-beta aggregation 

• Oxidative stress 

• Neuroinflammation 

• NMDA receptors 
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Figure 1.G Alzheimer’s hypothesis

 Mechanism of Action 

Nitrogen heterocyclic compounds act through several mechanisms.

1. Acetylcholinesterase Inhibition 

Prevents breakdown of acetylcholine and improves memory.

2. Antioxidant Activity 

Scavenges free radicals and protects neurons.

3. Anti-Amyloid Activity 

Prevents formation of amyloid plaques. 

5. Metal Chelation 

Removes toxic metal ions involved in neurodegeneration.

6. Neuroprotection 

Protects neuronal cells from oxidative and inflammatory damage.

  

Drug Design Strategies 

Drug design is an important step in the development of multi

Rational Drug Design 

Uses molecular information and computational methods to develop effective compounds.

Molecular Hybridization 

Combines two pharmacophores into a single molecule.

Structure-Activity Relationship 

Studies the relationship between chemical structure and biological activity.

Computer-Aided Drug Design 

Uses molecular docking and simulation studies.

Synthesis of Nitrogen Heterocycles 

Nitrogen heterocyclic compounds can be synthesized using various organic reactions.

Common Synthetic Methods Cyclization Reactions Formation of ring structures. Condensation Reactions

Combination of smaller molecules. 

Oxidation and Reduction Reactions Used for structural modifications.

Microwave-Assisted Synthesis 

Provides faster reaction rates and better yields. General Procedure

 

I J A R S C T  
   

International Journal of Advanced Research in Science, Communication and Technology

Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Volume 6, Issue 2, June 2026 

     DOI: 10.48175/IJARSCT-36316   

  

 
 

Figure 1.G Alzheimer’s hypothesis 

Nitrogen heterocyclic compounds act through several mechanisms. 

Prevents breakdown of acetylcholine and improves memory. 

Scavenges free radicals and protects neurons. 

Removes toxic metal ions involved in neurodegeneration. 
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Drug design is an important step in the development of multi-target compounds. 

Uses molecular information and computational methods to develop effective compounds. 

Combines two pharmacophores into a single molecule. 

Studies the relationship between chemical structure and biological activity. 

Uses molecular docking and simulation studies. 

Nitrogen heterocyclic compounds can be synthesized using various organic reactions. 

Common Synthetic Methods Cyclization Reactions Formation of ring structures. Condensation Reactions

Oxidation and Reduction Reactions Used for structural modifications. 

Provides faster reaction rates and better yields. General Procedure 

  

  

Technology 

Reviewed, Refereed, Multidisciplinary Online Journal 

 272 

Impact Factor: 8.2 

 

 

Common Synthetic Methods Cyclization Reactions Formation of ring structures. Condensation Reactions 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                          International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 2, June 2026 

 Copyright to IJARSCT      DOI: 10.48175/IJARSCT-36316   273 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
1. Selection of starting materials 

2. Reaction under controlled conditions 

3. Purification of products 

4. Characterization of synthesized compounds 

  

Characterization Methods 

Characterization confirms the structure and purity of synthesized compounds. 

IR Spectroscopy 

Identifies functional groups. 

Nuclear Magnetic Resonance Spectroscopy Determines molecular structure. 

Mass Spectrometry 

Measures molecular weight. UV-Visible Spectroscopy Studies electronic transitions. Thin Layer Chromatography 

Checks purity of compounds. Biological Evaluation 

Biological evaluation is performed to determine pharmacological activity. 

In Vitro Studies 

Acetylcholinesterase Inhibition Assay 

Measures inhibitory activity against acetylcholinesterase. 

Antioxidant Assay 

Determines free radical scavenging ability. 

Cytotoxicity Studies Evaluates safety profile. In Vivo Studies 

Animal models are used to study memory improvement and neuroprotective activity. 

Pharmacological Activities 

Nitrogen heterocycles exhibit several pharmacological activities. 

Antioxidant Activity 

Protects cells from oxidative stress. 

Anti-Inflammatory Activity 

Reduces inflammation in neuronal tissues. 

Neuroprotective Activity Prevents neuronal degeneration. Cholinesterase Inhibition 

Enhances acetylcholine concentration in the brain. 

Anti-Amyloid Activity Prevents plaque formation. Advantages 

• Multi-target activity 

• Better therapeutic outcome 

• Reduced adverse effects 

• Enhanced brain penetration 

• Improved patient compliance 

• Broad pharmacological profile 

Limitations 

Despite promising activity, some limitations exist. 

• Complex synthesis procedures 

• High research cost 

• Limited clinical data 

• Possible toxicity 

• Difficulty in optimization 

Future Scope 

Future research may focus on: 

• Development of safer compounds 
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• Use of artificial intelligence in drug design 

• Clinical trials of new heterocyclic molecules 

• Development of targeted drug delivery systems 

• Combination therapy approaches 

Nitrogen heterocyclic compounds have great potential for future Alzheimer’s disease therapy. 

  

Result and Discussion 

The reviewed nitrogen heterocyclic compounds showed promising anti-Alzheimer activity through multi-target 

mechanisms. Quinoline and piperazine derivatives demonstrated strong cholinesterase inhibition, while indole 

derivatives showed potent antioxidant and neuroprotective effects. Imidazole and pyridine compounds exhibited good 

metal-chelating properties. 

The presence of nitrogen atoms improved: 

Drug binding affinity Lipophilicity 

Blood–brain barrier penetration Pharmacological activity 

The multi-target approach may provide better therapeutic outcomes compared to conventional single-target drugs. 

 

II. CONCLUSION 

 Alzheimer’s disease is a serious neurodegenerative disorder affecting millions of people worldwide. Current therapies 

provide only symptomatic relief and fail to stop disease progression completely. 

Multi-target-directed nitrogen heterocycles represent an important area of modern medicinal chemistry. Their ability to 

act on multiple disease pathways such as oxidative stress, cholinesterase inhibition, amyloid aggregation, and 

neuroinflammation makes them promising therapeutic agents. 

Continuous research in synthesis, characterization, and biological evaluation may lead to the development of safer and 

more effective anti-Alzheimer drugs in the future. 
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