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ABSTRACT

Alzheimer’s disease (AD) remains insurmountable despite a long history of research and clinical development. It is
projected to rise in the coming decades of public health due to the aging population worldwide. Understanding the basic
tenets of the disease and targeting key steps remains a time-tested approach even for AD. Apart from the currently
available treatment options namely NMDA blockers, and acetylcholinesterase inhibitors, recently monoclonal
antibodies that target Ap amyloid protein are approved. This review highlights the key features of currently approved
drugs along with promising drugs in clinical development.
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INTRODUCTION

Alzheimer’s disease (AD) is one of the most common
forms of dementia affecting an estimated 24.3 million
people worldwide, with 40% of that population living in
less developed countries.! The prevalence of dementia in
Western Europe is around 4.5 million, and its total annual
costs amount of 55 billion euros in treatment and
developmental research.?

It is characterized as a chronic degenerative disease of the
central nervous system, with characteristics of cognitive
dysfunction, and behavioural disability. The pathological
differences include the formation of senile plaques-
containing beta-amyloid (Ap), neurofibrillary tangles
(NFTs), loss of neurons, and synapses. So far, the
pathogenesis of AD is still not well studied.! AD is
classified into two regardless of the family history, familial
AD and sporadic AD. Familial AD is usually caused by a
mutation in the autosomal dominant gene that codes for
amyloid precursor protein (APP), presenilin 1 and 2.
Furthermore, amyloid precursor protein (APP) and
presenilin (PS) are the definitive virulence genes that are

mainly responsible for this disease occurring in the first
place. A recent study conducted concluded that patients
who had been diagnosed with down syndrome or any other
aneuploidy had a consequently higher risk of developing
AD as they had an extra pair of amyloid precursor protein
(APP) in that chromosome that in turn lead to an increase
in the beta-amyloid (AB) peptide in the brain that
significantly increases the risk of having AD. The other
pathological abnormalities contributing towards the
neurodegeneration in AD are gliosis which is characterised
by reactive astrocytes and activated microglia, chronic
inflammation, excitotoxic damage accompanied by altered
ion homeostasis, altered energy metabolism, oxidative
stress and altered antioxidant defence systems. Early sign
of AD is brain atrophy of hippocampus specifically located
inside the presubiculum, this indicates that there is an early
accumulation of AB.2

Diagnosing AD in patients usually involves analysing mild
cognitive impairment in the patient which usually starts off
with a detailed history from the patient to obtain and rule
out other pathologies like substance dependence and etc.
The next step in reaching to a final conclusion on the
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diagnosis can be sparked by carrying out a complete neuro
physical examination to identify any acute or chronic
ongoing illnesses and focality. A mini-mental state
examination (MMSE) used to be used in the past but due
to its low specificity for MCI and early AD it has now been
replaced by montreal cognitive assessment (MoCA) which
has been proven to be more effective in reaching the
diagnosis for moderate to severe dementia.* Both the
scores usually are done on a scale of 30 with <26 hinting
towards cognitive impairment. The following step usually
involves obtaining an MRI, a brain CT and a PET scan to
rule out other pathologies that can hint the diagnosis of
Alzheimer’s if negative for all.® Lastly, invasive procedure
of extracting the cerebrospinal fluid is used and tested
further to check the levels of amyloid B-protein (AP)
usually decreased in this condition and phosphorylated tau
and total tau which is usually increased in this condition.®

The treatment for this disease is usually palliative and
drugs are given to treat the symptoms more than the cure,
only 4 drugs were FDA-approved for the treatment which
include, AChEls donepezil, galantamine, rivastigmine,
and the NMDA antagonist memantine.” Some new drugs
have also surfaced in the field of treatment of the AD that
are discussed in this article.

CURRENT MANAGEMENT OF AD

The current treatment plan usually endorsed for patients
with Alzheimer’s usually consists of a multifactorial
approach that includes physician-patient communication,
behavioural  approach, caregiver  support and
pharmacological intervention. Physician-patient
communication consists of a good relationship between
the physician and the patient to successfully conveying the
symptoms and the feelings. Secondly, behavioural therapy
comprises of simplifying the environment of the patient,
establishing a simple yet effective routine for the patient to
follow, and initiating behavioural and exercise therapy for
the patients physical and mental wellbeing. Thirdly,
caregiver’s support including small sessions of rest for the
caregiver in charge, psychoeducation that consists of
mentally preparing the patient for the after effect of
dementia and symptoms.® The pharmacological
intervention consists of medications for improvement of
symptoms.

Acetylcholinesterase inhibitors

These class of drugs usually work by inhibiting the enzyme
acetylcholinesterase which is responsible for breaking
down Acetylcholine which gets saturated in the neural
synapse. This group of drugs exhibit a dose-dependent
enhancement of treating the symptoms caused by AD. the
most commonly used acetylcholinesterase inhibitor are
donepezil and galantine, and the use of a drug with dual
action  of  butyrylcholinesterase  inhibitor  and
acetylcholinesterase inhibitor called rivastigmine.t A
previously used drug named tacrine has recently stopped
being prescribed for AD due to its steep probability in

developing hepatotoxicity when used under the therapeutic
dose.® Although all these drugs do have similar mode of
action on the human body they all differ in their
pharmacokinetics drastically. The main mode of
neurotransmission is by the use of acetylcholine which is
usually released from the presynaptic neuron which can
either formulate and lead to action with nicotinic or
muscarinic receptors. Once the transmission is conveyed
forward this acetylcholine is usually hydrolyzed by the
help of either acetylcholine esterase which is located
centrally in the synaptic cleft or butyrylcholinesterase
which is predominantly associated and present in the glial
cells of the body.’% A recent research conducted has
concluded with the help of sensitive histochemical
techniques that the enzymes that are responsible for the
hydrolysis of acetylcholine is now of high importance due
to its role in the activity.'? A study also conferred that in
AD as the disease follows through its course and worsens
the activity of the hydrolyzing enzyme acetylcholine
esterase reduces to about 45% and the activity of the other
hydrolyzing enzyme butyrylcholinesterase increases to
about 40% to 90%.1213

Donepezil

Donepezil is prescribed for the symptomatic management
of mild to moderate AD. Acting as a specific and reversible
inhibitor of acetylcholinesterase (AChE), it effectively
slows down the hydrolysis of acetylcholine. This
mechanism aims to sustain acetylcholine levels,
potentially compensating for the decline in functioning
cholinergic neurons observed in AD.* Among the
available acetylcholinesterase inhibitors (AChEIs), only
tacrine has been in circulation longer than donepezil;
tacrine received approval in 1993 but is infrequently
prescribed nowadays due to associated risks of liver
damage. Donepezil gained approval in 1996/1997,
followed by rivastigmine in 2000 and galantamine in
2001.% Considering side effects, donepezil primarily
induces gastrointestinal discomfort including nausea,
diarrhea, and alterations in appetite. Additionally, it may
trigger insomnia, headaches, and muscle cramps. Severe
adverse reactions attributed to donepezil are infrequent.®

Galantamine

Galantamine functions as both an acetylcholinesterase
inhibitor and an allosteric modulator of nicotinic
receptors.’ Its consistent efficacy in improving cognition,
overall functioning, and performance in daily activities
among individuals with mild to moderate AD has been
well-documented with neuroprotective properties with the
use of galantamine. These effects seem to operate
independently of its cholinesterase inhibition function and
may involve mechanisms related to alpha-7 nicotinic
receptors and the phosphatidylinositide 3-kinase—Akt
pathway. Given that previous research has indicated an
increased risk of AD progression and higher rates of brain
and hippocampal atrophy in individuals with mild
cognitive impairment (MCI) who carry the apolipoprotein
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E (APOE) e4 allele, any evaluation of galantamine's
impact on atrophy in MCI should consider the APOE
genotype.'® Regardless of Galantamine importance and
effectiveness when combined in the treatment of
Alzheimer disease, it does cause some real side effects in
gastrointestinal disturbances such as nausea, vomiting,
diarrhoea, and abdominal pain also loss of appetite or
weight loss. Galantamine cannot be given in combination
with any heart rate control drug, like beta blockers, and
non-dihydropyridine CCBs, calcium channel blockers, for
its risk of causing cardiovascular events by slowing the
rate and leading to syncope.'®?°

Rivastigmine

Rivastigmine, a cholinesterase inhibitor, functions through
the inhibition of both acetylcholinesterase (AChE) and
butyrylcholinesterase (BuChE), enzymes responsible for
the breakdown of acetylcholine (ACh). By impeding the
degradation of ACh, rivastigmine elevates the levels of
this neurotransmitter in the synaptic cleft, thereby
enhancing  cholinergic ~ neurotransmission.  This
augmentation of cholinergic activity is particularly
beneficial in the treatment of mild to moderate stage of
Alzheimer disease.?! Rivastigmine also should efficacy in
patients complaining of Parkinson's disease.?? The
predominant adverse reactions linked with rivastigmine
administration  typically =~ manifest  within  the
gastrointestinal system. Predominantly, individuals may
experience symptoms such as nausea and vomiting as the
primary indicators of these side effects.?® Rare adverse
reactions may be extrapyramidal symptoms, disruptions in
sleep patterns, muscular cramping, and diminished
strength.?

Memantine

Memantine serves as a valuable pharmaceutical agent
across various neurological conditions, prominently severe
form AD. Its primary mode of action entails the inhibition
of current flow within the channels of N-methyl-D-
aspartate  (NMDA) receptor, a low-affinity voltage-
dependent uncompetitive antagonist, a subset of glutamate
receptors involved in brain functionality.? Intriguingly,
while other substances targeting NMDA receptor
channels, such as ketamine, manifest severe adverse
effects.® In clinical settings, memantine administration
has been associated with a spectrum of potential side
effects. These effects may vary in severity and occurrence
among individuals. Common adverse reactions reported
include dizziness, headache, confusion, and fatigue.
Gastrointestinal disturbances such as constipation and
vomiting have also been documented. Additionally, some
patients may experience hallucinations, agitation, or mood
changes. Less frequently, memantine use has been linked
to cardiovascular effects such as hypertension or
hypotension. Rare but serious side effects may include
seizures, urinary retention, or allergic reactions presenting
as rash or swelling.

NEWER AGENTS WITH THE POTENTIAL FOR
USE IN AD

Tideglusib

This drug is a GSK-3 inhibitor, it exhibited promising
results in preclinical studies by mitigating neuronal loss,
gliosis, tau protein phosphorylation, and ameliorating
spatial memory deficits in transgenic mice models of AD.
Human trials, including a placebo-controlled phase lla
escalating dose trial conducted on 30 AD patients over a
5-month period, demonstrated overall positive cognitive
trends with tideglusib treatment, affirming its safety
profile.2”-%0 The clinical trials were halted due to lack of
efficacy.

Saracatinib

Another kinase gaining attention as a potential therapeutic
target is Fyn tyrosine kinase, which phosphorylates tau
protein at the N-terminal domain and influences the
amyloid signalling pathway.®! Saracatinib, a Fyn inhibitor,
has shown memory improvement in transgenic mice and
demonstrated safety and tolerability in a phase | clinical
trial. Currently, a multicenter phase lla study involving
159 AD patients treated with Saracatinib is underway,
aiming to further explore its therapeutic potential 3236
Saracatinib elicited gastrointestinal adverse effects,
notably diarrhea, prompting premature cessation of
treatment in a quarter of enrolled subjects prior to trial
completion. These findings were documented in a peer-
reviewed scientific publication.®

Aducanumab

This drug is a complete human immunoglobulin gamma 1
(1gG1) monoclonal antibody that ultimately combines to
the AP fibrils N-terminal blocking the collection of
amyloid protein.® It is usually administered to patients
suffering from mild to moderate AD. In the month of
August of 2015, two researches were initiated in the phase
2 clinical trial named EMERGE and ENGAGE. This
research aimed to find out the influence between the
dementia rate and different infusion doses of aducanumab
which was assessed using the clinical dementia rating
(CDR). The research revealed that when the analysis was
done the subgroup that was initiated with a high dose of
Aducanumab showed a slow progression decline in
cognitive function. This research prompted the speedy
approval of FDA in the month of June of the year 2021.%°
A research conducted in 2022 revealed that the most
evident side effect seen in 30% of them when
administering high doses aducanumab on AD patients was
ARIA (Amyloid-related imaging abnormalities)-edema.*°

Lecanemab
Lecanemab, a humanized IgG1 monoclonal antibody that

targets soluble aggregated AP species (protofibrils) that
was approved by the FDA at 61" of January 2023. A clinical
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trial was conducted for 18 months with 1795 patients from
the ages of (50-70 years) 898 assigned to receive
lecanemab and 897 to receive placebo. The results show
that lecanemab showed promising outcomes in reducing
early AD symptoms by lowering markers of amyloid. Over
18 months, it led to somewhat slower decline in cognitive
and functional abilities compared to placebo. However,
there were also some negative side effects reported.**

Donanemab

Donanemab is a humanized IgG1 monoclonal antibody
has been developed from the mouse mE8-IgG2a. This
biologic medication specifically targets Ap (p3-42), which
is a pyroglutamate form of AP found aggregated within
amyloid plaques. A randomized clinical trial was
conducted on 1736 randomized participants with a mean
age of 73, participants were randomly assigned in equal
numbers to receive either donanemab (n=860) or a placebo
(n=876) via intravenous administration every 4 weeks for
72 weeks. If participants in the donanemab group met dose
completion criteria they were switched to receive the
placebo in a blinded manner the results were among
participants with early symptomatic AD and amyloid
pathology donanemab significantly slowed clinical

progression at 76 week.* The drug was approved by the
FDA in the 11™ of March 2024 (Table 1).

Cyclo-oxygenase 2 inhibitors

Research into AD has provided more understanding into
its underlying pathological mechanisms.*® Evidence of
inflammation is apparent through the presence of
inflammatory markers, such as the complement attack
complex, which is found at levels akin to those observed
in ischaemic heart disease.** This understanding,
combined with the observation that individuals with
rheumatoid arthritis exhibit a lower incidence of AD, has
prompted investigations into the potential of anti-
inflammatory drugs for treatment.*® While trials involving
prednisolone have yielded unsuccessful results, ongoing
research  involving  cyclo-oxygenase inhibitors,
specifically Cox-2, in both animal and human clinical
trials may offer promising results. However, caution is
warranted due to the long-term side effects associated with
these medications, leading to the current practice of
refraining from routine recommendation of their use.
Moreover, there's speculation that this intervention could
extend benefits to other forms of dementia and
neurodegenerative conditions, 647

Table 1: The summary of recently approved drugs for AD.

| Medication MOA Indications
(1gG1) Used in patients with
Aducanumab  monoclonal mild cognitive
antibody impairment.
(1gG1) Used in patients with
Lecanemab monoclonal early signs of
antibody dementia
(1gG1) Used in patients with
Donanemab monoclonal mild cognitive
antibody impairment.

OTHER TREATMENT MODALITIES FOR AD
Hormone replacement therapy

Furthermore, an observational study has indicated a
decreased risk of AD among women taking hormone
replacement  therapy  (HRT). The  documented
neuroprotective effects of oestrogen on the nervous system
and vasculature have prompted clinical trials to evaluate
the efficacy of oestrogen therapy, particularly with 17a-
oestradiol. However, initial results from early treatment
studies have not been promising. Consequently, in the
absence of positive published studies, HRT cannot be
prescribed for AD treatment until now. Nonetheless, its
utilisation appears to be rising in AD prevention,
particularly in the United States. Neuroendocrine
investigations indicate the pivotal role of the cholinergic
system in memory and learning processes, notably within
the septo-hippocampal cholinergic pathway. In AD, there
is a decline in the cholinergic system, characterised by

Side effects

Blurred or changes in vision confusion,
confusion as to time, place, or person
dizziness.

Dizziness. headache visual changes
worsening confusion swelling or
bleeding in the brain brain shrinkage
rarely, death

nausea, urinary tract infection, diarrhea,
cerebral microhemorrhage, infusion-
related reaction, vomiting, and anxiety.

FDA approval

Approved in the
year 2021

Approved in the
year 2023

Approved in the
year 2024

reduced acetylcholine levels and choline-acetyltransferase
activity. Long-term trials of oestrogen therapy (ET) in
postmenopausal women have shown improvements in
cholinergic function. Additionally, these trials have
observed heightened responsiveness to dopaminergic and
serotonergic neurotransmitters. Nonetheless, these studies
possess inherent limitations, as they do not directly assess
oestrogen's impact on receptor response within the
hypothalamic-pituitary ~ axis and are  primarily
observational and cross-sectional in nature.*

Antioxidants

Antioxidants have demonstrated efficacy in various
aspects of chronic health conditions, including AD, as
evidenced by a study investigating the impact of selegiline
and vitamin E on disease progression. The findings
revealed a favourable positive impact on the rate of
dependency escalation and postponed institutionalisation.
However, replication of these results is still pending.
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Notably, vitamin E, being cost-effective and relatively
safe, was administered at a high dosage (2000 1U) during
the trial. Given the substantial costs associated with
institutionalisation, there exists potential for considerable
returns from this treatment, albeit without rigorous
confirmation. Consequently, many medical facilities are
now recommending the use of vitamin E, typically at a
dosage of around 1000 IU, for patients with AD.*°

Oxidative stress (OS) is a significant contributor to the
pathology of AD, characterised by an imbalance between
reactive oxygen/nitrogen species and antioxidant defence
mechanisms. This imbalance can lead to the accumulation
of oxidatively damaged molecules. Despite this
understanding, there remains a paucity of scientific
literature identifying specific OS markers for early
detection of AD. The primary objective of this review is to
delineate potential OS markers in brain tissue,
cerebrospinal fluid (CSF), blood, and/or urine that may
facilitate early diagnosis of AD in humans. The rationale
behind investigating OS markers lies in the ineffectiveness
of antioxidant therapies when initiated at later stages of
AD progression. Secondly, we aim to assess the efficacy
of natural antioxidants in preventing or mitigating AD
symptoms. Our evaluation, based on human studies,
underscores lipid peroxidation as a promising non-
invasive OS marker for detecting mild cognitive
impairment (MCI) and early-stage AD with heightened
specificity and sensitivity. However, a comprehensive
diagnostic approach integrating OS markers, familial
history, and biochemical assays is imperative for early AD
detection. Additionally, we highlight the potential benefits
of long-term supplementation with vitamins (such as
vitamin E found in almonds) and consumption of
polyphenol-rich foods (e.g., curcumin from turmeric,
ginkgo biloba, and epigallocatechin-3-gallate from green
tea) in ameliorating AD symptoms. Further human studies
are warranted to substantiate the therapeutic potential of
natural antioxidants in AD management.

The close association between tau protein phosphorylation
and its impact on the progression of pathological processes
has spurred the quest for tau protein kinase inhibitors as
promising therapeutic interventions in AD. Among these,
the forefront approach to kinase inhibition in clinical
settings presently targets glycogen synthase kinase-3
(GSK-3). Initial investigations focused on the clinical
effects of lithium in AD patients, aiming to inhibit GSK-3;
however, the outcomes were inconsistent, possibly due to
limited sample size, low susceptibility, and the narrow
therapeutic window of lithium.%°

CONCLUSION

In conclusion, this degenerative condition, characterised
by cognitive impairment and behavioural disabilities,
requires a comprehensive approach to management and
treatment. Diagnosis involves a multifaceted process,
including cognitive assessment, neuroimaging, and
cerebrospinal fluid analysis. While no cure exists, current

pharmacological interventions primarily focus on
symptom management, with FDA-approved drugs such as
acetylcholinesterase inhibitors and the NMDA antagonist
memantine.

Multifactorial approach to managing Alzheimer's
encompasses effective physician-patient communication,
behavioural  strategies, caregiver  support, and
pharmacological interventions.  Acetylcholinesterase
inhibitors, including donepezil, galantamine, and
rivastigmine, aim to alleviate symptoms by modulating
acetylcholine levels. Additionally, NMDA antagonist
memantine serves as a valuable option in managing severe
Alzheimer's symptoms.

Emerging research indicates potential new avenues for
Alzheimer's treatment, such as cyclo-oxygenase 2
inhibitors, nootropic drugs, hormone replacement therapy,
and antioxidants, although definitive recommendations are
pending clinical validation. Furthermore, promising
advancements in drug development, particularly targeting
tau protein and amyloid plaques, including aducanumab,
lecanemab, and donanemab, have garnered attention and
offer potential therapeutic benefits.

Efforts to advance Alzheimer's research and treatment will
require ongoing collaboration among healthcare
professionals, researchers, pharmaceutical companies, and
policymakers. With growing understanding of disease's
underlying mechanisms, potential for personalised,
targeted interventions offers hope for improved outcomes
for individuals affected by Alzheimer's and their families.
Concerted, multidisciplinary approach is essential in
addressing the complex challenges posed by this pervasive
neurodegenerative condition.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1. Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni
L, Ganguli M, et al. Global prevalence of dementia: a
Delphi consensus study. Lancet. 2005;366:2112-7.

2. Andlin-Sobocki P, Jonsson B, Wittchen HU, Olesen
J. Cost of disorders of the brain in Europe. Eur J
Neurol. 2005;12:1-27.

3. Yiannopoulou KG, Papageorgiou SG. Current and
Future Treatments in Alzheimer Disease: An Update.
J Cent Nerv Syst Dis. 2020;12:1179573520907397.

4. Dautzenberg G, Lijmer J, Beekman A. Diagnostic
accuracy of the Montreal Cognitive Assessment
(MoCA) for cognitive screening in old age psychiatry:
Determining cutoff scores in clinical practice.
Avoiding spectrum bias caused by healthy controls.
Int J Geriatr Psychiatr. 2020;35(3):261-9.

5. Weller J, Budson A. Current understanding of
Alzheimer's disease diagnosis and treatment.
F1000Res. 2018;7:F1000Faculty Rev-1161.

International Journal of Basic & Clinical Pharmacology | November-December 2024 | Vol 13 | Issue 6 Page 919



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Syed AR et al. Int J Basic Clin Pharmacol. 2024 Nov;13(6):915-921

Zou K, Abdullah M, Michikawa M. Current
Biomarkers for Alzheimer's Disease: From CSF to
Blood. J Pers Med. 2020;10(3):85.

Yiannopoulou KG, Papageorgiou SG. Current and
Future Treatments in Alzheimer Disease: An Update.
J Cent Nerv Syst Dis. 2020;12:1179573520907397.
Nordberg A, Svensson AL. Cholinesterase inhibitors
in the treatment of Alzheimer's disease: A comparison
of tolerability and pharmacology. Drug Saf.
1998;19(6):465-80.

Blackard WG Jr, Sood GK, Crowe DR, Fallon MB.
Tacrine. A cause of fatal hepatotoxicity? J Clin
Gastroenterol. 1998;26(1):57-9.

Giacobini E. Selective inhibitors of
butyrylcholinesterase: A valid alternative for therapy
of  Alzheimer's disease? Drugs  Aging.
2001;18(12):891-8.

Schegg KM, Harrington LS, Neilsen S. Soluble and
membrane-bound forms of brain acetylcholinesterase
in  Alzheimer's disease.  Neurobiol  Aging.
1992;13(6):697-704.

Mesulam M, Guillozet A, Shaw P, Quinn B. Widely
spread butyryl cholinesterase can hydrolyze
acetylcholine in the normal and Alzheimer brain.
Neurobiol Dis. 2002;9(1):88-93.

Perry EK, Perry RH, Blessed G, Tomlinson BE.
Changes in brain cholinesterases in senile dementia of
Alzheimer type. Neuropathol Appl Neurobiol.
1978;4(4):273-7.

Froelich L, Gertz H-J, Heun R, Heuser I, Jendroska K,
Kornhuber J, et al. Donepezil for Alzheimer’s disease
in clinical practice-the DONALD study. Dement
Geriatr Cogn Disord. 2004;18(1):37-43.

Fillit HM, Gutterman EM, Brooks RL. Impact of
donepezil on caregiving burden for patients with
Alzheimer’s discase. Int Psychogeriatr.
2000;12(3):389-401.

Gauthier S, Feldman H, Hecker J, Bruno V, David A,
Ponni S, et al. Donepezil MSAD Study Investigators
Group Efficacy of donepezil on behavioral symptoms
in patients with moderate to severe Alzheimer’s
disease. Int Psychogeriatr. 2002;14(4):389-404.
Albuguerque EX, Alkondon M, Pereira EFR, Castro
NG, Schrattenholz A, Barbosa CTF, et al. Properties
of neuronal nicotinic acetylcholine receptors:
pharmacological characterization and modulation of
synaptic  function. J Pharmacol Exp Ther.
1997;280(3):1117-36.

Arias E, Gallego-Sandin S, Villarroya M, Garcia AG,
Lopez MG. Unequal neuroprotection afforded by the
acetylcholinesterase inhibitors galantamine,
donepezil, and rivastigmine in  SH-SY5Y
neuroblastoma cells: role of nicotinic receptors. J
Pharmacol Exp Ther. 2005;315(3):1346-53.
Mayoclinic.org. 2024. Galantamine (Oral Route) Side
Effects-Mayo Clinic. Available at:
https://www.mayoclinic.org/drugs-
supplements/galantamine-oral-route/side-effects/drg-
20067458?p=1#:~:text=Galantamine%20may%20ca

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

use%20stomach%20or,get%20emergency%20help%
20at%?20once. Accessed on 12 August 2024.

Burn S. Galantamine Oral: Uses, Side Effects,
Interactions, Pictures, Warnings and Dosing.
WebMD. 2024. Available at:
https://www.webmd.com/drugs/2/drug-20737-
6218/galantamine-oral/galantamine-oral/details.
Accessed on 12 August 2024.

Henderson EJ, Lord SR, Brodie MA, Gaunt DM,
Lawrence AD, Close JC, et al. Rivastigmine for gait
stability in patients with Parkinson's disease
(ReSPonD): a randomised, double-blind, placebo-
controlled, phase 2 trial. Lancet Neurol.
2016;15(3):249-58.

Kandiah N, Pai MC, Senanarong V, Looi I, Ampil E,
Park KW, et al. Rivastigmine: the advantages of dual
inhibition of acetylcholinesterase and
butyrylcholinesterase and its role in subcortical
vascular dementia and Parkinson's disease dementia.
Clin Interv Aging. 2017;12:697-707.

Hansen RA, Gartlehner G, Webb AP, Morgan LC,
Moore CG, Jonas DE. Efficacy and safety of
donepezil, galantamine, and rivastigmine for the
treatment of Alzheimer's disease: a systematic review
and meta-analysis. Clin Interv Aging. 2008;3(2):211-
25.

Inglis F. The tolerability and safety of cholinesterase
inhibitors in the treatment of dementia. Int J Clin Pract
Suppl. 2002;(127):45-63.

Chneider LS, Mangialasche F, Andreasen N, Feldman
H, Giacobini E, Jones R, et al. Clinical trials and late-
stage drug development for Alzheimer’s disease: An
appraisal from 1984 to 2014. J Intern Med.
2014;275(3):251-83.

Allgaier M, Allgaier C. An update on drug treatment
options of Alzheimer’s disease. Front Biosci
(Landmark Ed.). 2014;19(8):1345-54.

Beurel E, Jope RS. Glycogen synthase kinase-3
regulates inflammatory tolerance in astrocytes.
Neuroscience. 2010;169(3):1063-70.

Wang X, She H, Mao Z. Phosphorylation of neuronal
survival factor MEF2D by glycogen synthase kinase
3beta in neuronal apoptosis. J Biol Chem.
2009;284(47):32619-26.

Grimes CA, Jope RS. CREB DNA binding activity is
inhibited by glycogen synthase kinase-3 beta and
facilitated by lithium. J Neurochem. 2001;78(6):1219-
32.

Yoshimura T, Kawano Y, Arimura N, Kawabata S,
Kikuchi A, Kaibuchi K. GSK-3beta regulates
phosphorylation of CRMP-2 and neuronal polarity.
Cell. 2005;120(1):137-49.

Walsh DM, Selkoe DJ. Amyloid B-protein and
beyond: The path forward in Alzheimer’s disease.
Curr Opin Neurobiol. 2020;61:116-24.

Alzheimer's Association. 2012 Alzheimer's disease
facts and figures.  Alzheimer's  Dementia.
2012;8(2):131-68.

International Journal of Basic & Clinical Pharmacology | November-December 2024 | Vol 13 | Issue 6 Page 920



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Syed AR et al. Int J Basic Clin Pharmacol. 2024 Nov;13(6):915-921

Hardy J, Selkoe DJ. The amyloid hypothesis of
Alzheimer's disease: progress and problems on the
road to therapeutics. Science. 2002;297(5580):353-6.
Tanzi RE, Bertram L. Twenty years of the
Alzheimer's disease amyloid hypothesis: a genetic
perspective. Cell. 2005;120(4):545-55.

Holtzman DM, Morris JC, Goate AM. Alzheimer's
disease: the challenge of the second century. Sci
Translat Med. 2011;3(77):77sr1.

Lu YM, Jia Z, Janus C, Henderson JT, Gerlai R,
Wojtowicz JM, et al. Mice lacking metabotropic
glutamate receptor 5 show impaired learning and
reduced CAl long-term potentiation (LTP) but
normal CA3 LTP. J Neurosci. 1997;17(13):5196-205.
Van Dyck CH, Nygaard HB, Chen K, Donohue MC,
Raman R, Rissman RA, et al. Effect of AZD0530 on
Cerebral Metabolic Decline in Alzheimer Disease: A
Randomized Clinical Trial. JAMA  Neurol.
2019;76(10):1219-29.

Arndt JW, Qian F, Smith BA, Quan C, Kilambi KP,
Bush MW, et al. Structural and kinetic basis for the
selectivity of aducanumab for aggregated forms of
amyloid-B. Sci Rep. 2018;8(1):6412.

Huang LK, Kuan YC, Lin HW, Hu CJ. Clinical trials
of new drugs for Alzheimer disease: a 2020-2023
update. J Biomed Sci. 2023;30(1):83.

Salloway S, Chalkias S, Barkhof F, Burkett P,
Barakos J, Purcell D, et al. Amyloid-Related Imaging
Abnormalities in 2 Phase 3 Studies Evaluating
Aducanumab in Patients with Early Alzheimer
Disease. JAMA Neurol. 2022;79(1):13-21.

Van Dyck CH, Swanson CJ, Aisen P, Bateman RJ,
Chen C, Gee M, et al. Lecanemab in Early
Alzheimer's Disease. N Engl J Med. 2023;388(1):9-
21.

Sims JR, Zimmer JA, Evans CD, Ming L, Paul A,
JonDavid S, et al. Donanemab in Early Symptomatic
Alzheimer Disease: The TRAILBLAZER-ALZ 2
Randomized Clinical Trial. JAMA. 2023;330(6):512-
217.

43

44,

45,

46.

47.

48.

49.

50.

. Ho L, Pieroni C, Winger D, Purohit DP, Aisen PS,

Pasinetti GM. Regional distribution  of
cyclooxygenase-2 in the hippocampal formation in
Alzheimer’s disease. J Neurosci Res. 1999;57(3):295-
303.

Ho L, Purohit D, Haroutunian V, Luterman JD, Willis
F, Naslund J, et al. Neuronal cyclooxygenase 2
expression in the hippocampal formation as a function
of the clinical progression of Alzheimer disease. Arch
Neurol. 2001;58:487-92.

Lim GP, Yang F, Chu T, Chen P, Beech W, Teter B,
et al. Ibuprofen suppresses plaque pathology and
inflammation in a mouse model for Alzheimer’s
disease. J Neurosci. 2000;20:5709-14.

McGeer PL, McGeer EG. Mechanisms of cell death
in Alzheimer's disease-immunopathology. J Neuronal
Transmission. 1998;54:159-66.

Stewart WF, Kawas C, Corrada M, Metter EJ. Risk of
Alzheimer's disease and duration of NSAID use.
Neurol. 1997;48(3):626-32.

Ali N, Sohail R, Jaffer SR, Siddique S, Kaya B,
Atowoju |, et al. The Role of Estrogen Therapy as a
Protective Factor for Alzheimer's Disease and
Dementia in  Postmenopausal Women: A
Comprehensive Review of the Literature. Cureus.
2023;15(8):e43053.

Sano M, Ernesto C, Thomas RG, Klauber MR,
Schafer K, Grundman M, et al. A Controlled Trial of
Selegiline, Alpha-Tocopherol, or Both as Treatment
for Alzheimer’s Disease. N Eng J Med.
1997;336(17):1216-22.

Lauretti E, Ozlem D, Domenico P. Glycogen synthase
kinase-3 signaling in Alzheimer’s disease. Biochem
Biophys Molecular Cell Res. 2020;1867(5):118664.

Cite this article as: Syed AR, Agha AAA,
Mohamed IMS, Srinivasamurthy SK. Alzheimer’s
disease: newer modalities in treatment. Int J Basic
Clin Pharmacol 2024;13:915-21.

International Journal of Basic & Clinical Pharmacology | November-December 2024 | Vol 13 | Issue 6 Page 921




