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Abstract:

Cognitive decline, memory loss, and behavioral abnormalities are hallmarks of Alzheimer's-condition (AD),
a progressive neurological illness that significantly lowers a patient's quality of life and places a heavy
financial burden on society. Cholinergic deficiencies, glutamatergic excitotoxicity, amyloid-beta aggregation,
tau hyperphosphorylation, oxidative stress, and neuroinflammation are some of the pathways that contribute
to the pathogenesis of AD. Among these, glutamatergic dysfunction and the cholinergic hypothesis are crucial
for the development of emotional and cognitive disorders. N-methyl-D-aspartate (NMDA) receptor
antagonists and cholinesterase inhibitors (ChEIs) are the mainstays of pharmacological treatment for AD
symptoms. availability in synaptic clefts, boosting cognitive performance and cholinergic neurotransmission.
By specifically preventing pathological NMDA receptor activation without interfering with normal synaptic
transmission, NMDA antagonists, like memantine, control glutamatergic signaling, lowering excitotoxic
neuronal damage and delaying the onset of disease.The pharmacologic mechanisms, clinical efficacy, safety
profiles, and therapeutic limits of NMDA antagonists and ChEIs in the treatment of AD are thoroughly
examined in this review. It also looks at new medication formulations, combination therapy trends, and
possible future paths for cholinergic and glutamatergic system targeting. Gaining knowledge of the molecular
interactions between various drug groups can help improve treatment plans, enhance overall Alzheimer's
disease management, and improve cognitive outcomes.

The NMDA-receptor blocker memantine and cholinesterase inhibitors (ChEIs), such as donepezil,
rivastigmine, and galantamine, continue to be the mainstays of symptomatic medication for Alzheimer's
disease (AD). While memantine is mostly used in moderate-to-severe stages of AD and may help stabilize
cognition and behavior, ChEIs offer mild to moderate benefits in cognition and several daily living activities
over the short to medium term. For moderate-to-severe AD, combination drugs (ChEI + memantine) is
frequently utilized, and new research indicates that there may be additive benefits in certain cases. Safety
profiles (dizziness, disorientation for memantine; bradycardia, GI symptoms for ChEIs) are often controllable
but need to be monitored. Heterogeneity in response, limited disease-modifying effect, and the requirement
for biomarkers to forecast benefit are important gaps.
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1.Introduction & clinical context:

Alzheimer’s disease is a progressive neurodegenerative disorder marked by a cholinergic deficit,
dysregulation of glutamatergic systems, accumulation of amyloid-f, and tau pathology. The goal of
symptomatic pharmacotherapy is to enhance or maintain cognitive and functional outcomes, while non-
pharmacological care and support for caregivers are crucial. Presently, the most commonly prescribed
symptomatic medications focus on two neurotransmitter systems: cholinergic (ChEls) and
glutamatergic/NMDA (memantine).It is a chronic, progressive neurodegenerative disorder and the leading
cause of dementia, primarily impacting older adults. The condition is defined by a gradual deterioration in
memory, cognitive abilities, language skills, and daily functioning. The disease is linked to the abnormal
buildup of B-amyloid plaques outside neurons and neurofibrillary tangles (tau protein) within neurons,
resulting in neuronal loss and brain atrophy, particularly in the hippocampus and cerebral cortex. Clinically,
Alzheimer’s disease advances from mild memory impairment to severe cognitive dysfunction, behavioral
alterations, and total dependence. While there is no definitive cure, existing treatments can help to slow the
progression of symptoms and enhance the quality of life.

Epidemiology
Prevalence: Alzheimer’s disease (AD) is the leading cause of dementia, representing 60—-70% of cases
globally.

Age distribution: The incidence of AD rises sharply with age. It is uncommon before the age of 60, affecting
approximately 5-8% of individuals aged 65 and older, and over 30% in those aged 85 and above.

Gender: The disease is more prevalent in women than in men, likely due to longer life expectancy and potential
hormonal influences.

Geographical distribution: Alzheimer’s disease is found worldwide, with a higher prevalence reported in
developed nations.It is rapidly increasing in low- and middle-income countries as a result of an aging
population.
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Incidence: The number of new cases rises significantly after the age of 65, with the risk approximately
doubling every five years post-65.
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Genetic epidemiology: Early-onset Alzheimer's disease (AD) occurs in less than 5% of cases and is often
familial, while late-onset AD constitutes the majority of cases and is linked to the APOE-¢4 allele.

India-specific trend (general): There is a growing prevalence of Alzheimer's disease due to increased life
expectancy, making it the primary cause of dementia among the elderly.

Public health impact: Alzheimer's disease is a major contributor to disability, dependency, and caregiver
burden, resulting in significant economic and social strain on healthcare systems.

Causes & Pathophysiology:

1. Amyloid Plaques: Unusual accumulations of beta-amyloid protein build up outside nerve cells,
hindering communication between neurons.

2. Neurofibrillary Tangles: Twisted strands of tau protein develop within neurons, resulting in cellular
damage and death.

3. Neurotransmitter Deficiency: Diminished levels of acetylcholine, a crucial neurotransmitter for
memory and learning.

4. Genetic Factors: Hereditary forms associated with genes such as APP, PSEN1, and PSEN2. The
APOE &4 allele heightens risk.

5. Environmental & Lifestyle Factors: Aging, head trauma, hypertension, diabetes, and insufficient
mental engagement may play a role.
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Symptoms:

= Early Stage: Forgetfulness, confusion, difficulty remembering names or events.

* Middle Stage: Impaired reasoning, language problems, personality changes, wandering.

= Late Stage: Loss of recognition of family, inability to communicate, dependence for daily care, and
physical decline.

Diagnosis:
e C(linical evaluation of symptoms and medical history.
e Cognitive tests (e.g., MMSE — Mini-Mental State Examination).
e Brain imaging (MRI, CT, PET) to detect brain shrinkage or amyloid deposits.
e Blood tests to rule out other causes of dementia.

Treatment:

There is currently no cure; however, treatments are designed to slow the disease's progression and alleviate
symptoms:

1. Cholinesterase Inhibitors: (Donepezil, Rivastigmine, Galantamine) — enhance acetylcholine levels.
2. NMDA Receptor Antagonist: (Memantine) — modulates glutamate to avert neuronal damage.

3. Supportive Care: Cognitive therapy, physical exercise, a balanced diet, and caregiver assistance.
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1. Donepezil

Class: Reversible acetylcholinesterase inhibitor

Dose: Initiate at 5 mg orally once daily (typically at night)
Maintenance: 10 mg once daily after 4—6 weeks

Indication: Mild, moderate, and severe Alzheimer’s disease

Mechanism of action (MOA): Inhibits the acetylcholinesterase enzyme, leading to increased acetylcholine
levels in the synaptic cleft, thus enhancing cholinergic neurotransmission in the brain.

Adverse drug reactions (ADR): Nausea, vomiting, diarrhea, decreased appetite, insomnia, muscle cramps,
bradycardia, syncope.

2. Rivastigmine

Class: Acetylcholinesterase and butyrylcholinesterase inhibitor

Dose: Oral: Begin with 1.5 mg twice daily — titrate to 6 mg twice daily

Transdermal patch: 4.6 mg/24 h — increase to 9.5-13.3 mg/24 h

Indication: Mild to moderate Alzheimer’s disease; dementia associated with Parkinson’s disease

MOA: Inhibits both acetylcholinesterase and butyrylcholinesterase, raising acetylcholine levels in the cerebral
cortex.

ADR: Nausea, vomiting, diarrhea, weight loss, dizziness, tremor, skin irritation (from the patch).

3. Galantamine

Class: Acetylcholinesterase inhibitor

Dose: Initiate at 4 mg twice daily

Maintenance: 8—12 mg twice daily

Indication: Mild to moderate Alzheimer’s disease

MOA: Reversibly inhibits acetylcholinesterase and boosts nicotinic receptor activity, leading to increased
acetylcholine release.

ADR: Nausea, vomiting, anorexia, dizziness, headache, bradycardia.

4. Memantine

Class: NMDA (N-methyl-D-aspartate) receptor antagonist
Dose: Start at 5 mg once daily

Titrate weekly to a maximum of 20 mg/day (10 mg twice daily)
Indication: Moderate to severe Alzheimer’s disease

MOA: Blocks NMDA receptors and diminishes glutamate-mediated excitotoxicity.

IJCRT2602213 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ b933


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882

5. Combination therapy (Donepezil + Memantine)
Indication: Moderate to severe Alzheimer’s disease

MOA: This therapy synergistically enhances cholinergic transmission through donepezil while
simultaneously mitigating glutamate excitotoxicity via memantine, leading to improved cognitive and
functional results.

ADR: The adverse drug reactions (ADRs) encompass the side effects associated with both medications,
primarily gastrointestinal disturbances and dizziness.

2. Pharmacology & mechanism of action:

e Cholinesterase inhibitors (ChEIs)

e Donepezil, rivastigmine, and galantamine function by inhibiting acetylcholinesterase (and
butyrylcholinesterase to varying extents), which leads to an increase in synaptic acetylcholine and
enhances cholinergic neurotransmission, both of which are crucial for memory and attention. The
clinical dosing differs based on the specific agent and its formulation (for instance, transdermal
rivastigmine).

e Cholinesterase inhibitors, also referred to as anticholinesterases, are medications that obstruct the

action of the enzyme acetylcholinesterase (AChE), which typically degrades acetylcholine (ACh)

within the synaptic cleft.

Step-by-Step Mechanism:

Normal condition (without inhibitor):

Nerve impulses release acetylcholine (ACh) into the synaptic cleft.

ACh attaches to cholinergic receptors (both muscarinic and nicotinic) — resulting in its effects (such

as memory, cognition, and muscle contraction).

e Subsequently, acetylcholinesterase rapidly decomposes ACh into choline and acetate, thereby
terminating the signal.

e When a Cholinesterase Inhibitor is administered:

e The medication binds to the acetylcholinesterase enzyme and inhibits its function.

e This action prevents the degradation of acetylcholine.

e Consequently, the concentration of acetylcholine in the synaptic cleft rises.

e The cholinergic transmission is both prolonged and enhanced.

e Effectin Alzheimer’s disease:

e Inthe case of Alzheimer’s, there exists a deficiency of acetylcholine in the brain.

e Cholinesterase inhibitors (such as Donepezil, Rivastigmine, and Galantamine) assist in elevating ACh
levels, thereby temporarily improving memory and cognitive function.

NMDA-receptor antagonist (memantine)

Memantine is classified as an uncompetitive NMDA receptor antagonist with low to moderate affinity, which
inhibits pathological, tonic NMDA activation (excitotoxicity) while maintaining physiological synaptic
NMDA function — theoretically safeguarding neurons from glutamate-induced damage and alleviating
symptoms associated with excitotoxicity. The pharmacological profile of memantine provides a tolerable
safety margin in comparison to previous NMDA antagonists.
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NMDA receptor: This refers to a specific type of glutamate receptor located in the brain. Glutamate serves
as the primary excitatory neurotransmitter.

Issue in Alzheimer's: An excess of glutamate can lead to the overactivation of NMDA receptors — this results
in excitotoxicity, which ultimately causes neuronal injury and death.

Memantine's mechanism of action:

It inhibits NMDA receptors in a voltage-dependent manner with moderate affinity.It prevents the excessive
influx of calcium into neurons that is triggered by glutamate overactivity. It protects neurons while not entirely
inhibiting normal NMDA receptor function (thus allowing for normal learning and memory processes to
continue).

Mechanism of Action of Memantine

3. Efficacy — summary of clinical evidence:
Cholinesterase inhibitors

Numerous randomized controlled trials and meta-analyses indicate modest enhancements in cognitive
function (MMSE/ADAS-Cog) and certain functional metrics in mild to moderate Alzheimer's disease
compared to placebo; the effect sizes are small to moderate and differ based on the specific drug, dosage, and
outcome assessed. The benefits are typically most pronounced during the initial 6 to 12 months and may
diminish over time. These inhibitors enhance cholinergic neurotransmission, which is often deficient in
patients with mild to moderate Alzheimer's, thereby improving cognitive abilities, memory, and daily
functioning.

Memantine

Memantine has shown efficacy in moderate to severe Alzheimer's disease regarding cognition, overall clinical
status, and behavioral aspects when contrasted with placebo; however, evidence for its effectiveness in mild
Alzheimer's is limited and less consistent. It is frequently reserved for later stages of the disease or when
cholinesterase inhibitors are not well tolerated. Memantine aids in moderate to severe Alzheimer's by
safeguarding neurons, enhancing cognitive function, and alleviating behavioral symptoms.

Combination therapy

Research and aggregated analyses indicate that combination therapy (ChEI plus memantine) may offer
additional advantages over monotherapy in moderate to severe Alzheimer's disease concerning cognitive
function and certain behavioral or functional outcomes; several systematic reviews and meta-analyses report
additive or synergistic effects for specific endpoints. However, evidence regarding mortality or long-term
disease modification remains limited and inconsistent.
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4. Safety and monitoring
ChEls
Common side effects include nausea, vomiting, diarrhea, anorexia, and weight loss.

Important monitoring includes bradycardia, syncope, rare QT prolongation, and exacerbation of asthma or
COPD (exercise caution). Initiate treatment at a low dose and titrate accordingly; consider transdermal
rivastigmine if gastrointestinal intolerance arises.

Memantine

Common side effects consist of dizziness, headache, constipation, and confusion. It is generally well tolerated,
although dose adjustments are necessary in cases of severe renal impairment. Monitor for potential
interactions (e.g., strong NMDA-modulating drugs are infrequently encountered).

5. Guideline recommendations & practical prescribing points:
Major guidelines: such as NICE and updated clinical practice guidelines
6. Pharmacoeconomic & access considerations:

ChEls and memantine are widely available as generics in numerous markets; however, national
reimbursement and access can differ significantly. Economic evaluations frequently consider the modest
symptomatic improvements in relation to costs and the burden on caregivers; it is advisable to refer to local
formulary guidance such as NICE or health-trust pathways.

7. Limitations, gaps & future directions:

* There is no definitive disease-modifying effect: these medications primarily address symptoms and do not
convincingly change the long-term trajectory of the disease, There is a heterogeneous response: there is a lack
of biomarkers or predictive tools to identify potential responders.

* There is a necessity for long-term comparative effectiveness data, including real-world outcomes, rates of
institutionalization, and survival. Recent research is investigating combined multimodal strategies
(pharmacologic interventions alongside lifestyle changes and caregiver support) and their integration with
new anti-amyloid and tau therapies.

8.Results:
1. Cholinesterase Inhibitors (ChEIs)
Examples: Donepezil, Rivastigmine, Galantamine

Mechanism: Inhibition of acetylcholinesterase leads to an increase in acetylcholine within the synaptic cleft,
thereby enhancing cholinergic transmission in the brain.

Clinical Results:

* Cognition: Many patients experience mild to moderate enhancements in cognitive function, as assessed by
MMSE and ADAS-Cog.

* Behavior & Function: There are slight improvements noted in daily living activities and behavioral
symptoms.

* Disease Progression: While there is no cure or reversal of the disease, these medications primarily offer
symptomatic relief and slow the decline in functionality.

* Tolerability: These agents are generally well tolerated, though side effects may include nausea, vomiting,
diarrhea, and bradycardia.
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2. NMDA Receptor Antagonists
Example: Memantine

Mechanism: This drug blocks NMDA receptors, which reduces the pathological excitotoxicity mediated by
glutamate, thus protecting neurons from calcium overload and subsequent cell death.

Clinical Results:

* Moderate to Severe Alzheimer’s: There is an improvement in cognition, behavior, and functional outcomes
for patients in moderate to severe stages of the disease.

» Combination Therapy: When used in conjunction with ChEIs, it can yield additional benefits in cognitive
function and daily activities.

« Safety: Generally well tolerated, with common side effects including dizziness, headache, and constipation.
9.Discussion

Concise Overview: The Function of Cholinesterase Inhibitors and NMDA Antagonists in the Management of
Alzheimer’s Disease Alzheimer’s disease (AD) is a progressive neurodegenerative condition marked by
memory impairment, cognitive deterioration, and behavioral issues. Its underlying mechanisms include
diminished cholinergic transmission and excitotoxic neuronal injury caused by excessive glutamate activity.
Cholinesterase Inhibitors (ChEIs) such as donepezil, rivastigmine, and galantamine operate by inhibiting the
enzyme acetylcholinesterase, which is responsible for breaking down acetylcholine in the synaptic cleft. This
inhibition raises acetylcholine levels and enhances cholinergic neurotransmission, resulting in improved
memory, attention, and cognitive abilities in the mild to moderate stages of AD.

NMDA Receptor Antagonists, primarily memantine, function by modulating glutamatergic activity. In the
context of Alzheimer’s, excessive stimulation of NMDA receptors by glutamate can lead to calcium overload
and neuronal damage. Memantine effectively blocks excessive NMDA receptor activation while preserving
normal neurotransmission, thereby mitigating excitotoxicity and decelerating cognitive decline in moderate
to severe AD. When used together, cholinesterase inhibitors and NMDA antagonists create a synergistic
effect—enhancing cognitive function, daily living activities, and overall quality of life.

10. Conclusion

Cholinesterase inhibitors and memantine continue to serve as essential symptomatic treatments for
Alzheimer’s disease. They provide modest, stage-dependent enhancements in cognition and functionality,
with generally acceptable safety profiles. Combination therapy can be: advantageous for patients with
moderate to severe AD. Clinicians should tailor therapy to individual needs, maintain close monitoring, and
integrate pharmacologic treatment with comprehensive non-pharmacologic care and support for caregivers.
Ongoing research seeks to refine patient stratification, optimize treatment combinations, and align
symptomatic management with strategies aimed at modifying the disease.

In summary, Cholinesterase Inhibitors (such as donepezil, rivastigmine, and galantamine) and NMDA
antagonists play a crucial role in the management of Alzheimer’s disease.
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