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ABSTRACT

Alzheimer's disease (AD) is a multifactorial neurodegenerative disorder characterized by progressive cognitive impairment, am-
yloid-g deposition, tau pathology, oxidative stress, neuroinflammation, and dysfunction of synapses. Current therapeutic options
are largely symptomatic and lack disease-modifying efficacy. Target binding, pharmacokinetics, and therapeutic efficacy in AD
are all significantly impacted by the stereochemistry of many bioactive natural scaffolds, which are enantiomerically defined
molecules. Due to the complexity of their stereochemical structures and their multiple-target pharmacological attributes, natural
chiral scaffolds have received significant attention as lead compounds to treat AD. The chirality has a critical impact on target
selectivity, receptor binding, blood-brain barrier permeability, and pharmacokinetic behavior. By combining stereochemistry
with pharmacological and clinical data, it is possible to expedite the discovery of safer and more effective disease-modifying

therapies, thus making chiral natural products attractive for AD drug discovery in the future.

1| Introduction

Memory loss, cognitive decline, and ultimately, difficulty with
everyday life tasks are the hallmarks of Alzheimer's disease
(AD), a progressive neurological illness that primarily affects
the elderly [1]. The number of people with AD and other de-
mentias worldwide has more than doubled, from 21.8 million
in 1990 to 56.9 million in 2021, as a result of both demographic
shifts and higher risk per person [2]. The cause of AD could in-
clude long-term oxidative damage, which causes neurons’ mi-
tochondria to malfunction, thereby increasing the formation of
reactive oxygen species (ROS) that harm proteins, lipids, and
DNA. This exacerbates tau pathology and amyloid buildup.
Hyperphosphorylated tau creates neurofibrillary tangles, and
aberrant amyloid-beta (AB) accumulation generates plaques,
impairing neuronal transmission and leading to progressive
neurodegeneration [3].

Current FDA-approved treatments, such as cholinesterase inhib-
itors (donepezil, rivastigmine, and galantamine) and N-methyl-
D-aspartate (NMDA) receptor antagonists (memantine), merely
reduce symptoms [4]. A wealth of bioactive chemicals with a
variety of chemical structures and pharmacological charac-
teristics can be found in natural products, which are obtained
from plants, marine organisms, microorganisms, and other
sources [5]. For multifactorial diseases like AD, which involve
a network of pathological processes such as Af accumulation,
tau hyperphosphorylation, oxidative stress (OS), neuroinflam-
mation, mitochondrial dysfunction, and impaired autophagy,
their multitarget potential makes them especially attractive
[6]. In fact, a number of natural substances have demonstrated
encouraging preclinical efficacy. Certain flavonoids, alkaloids,
terpenoids, and polyphenols, for instance, have been shown to
limit aberrant tau protein expression, modify cholinergic neu-
rotransmission, decrease oxidative damage, and interfere with
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A formation or aggregation [7]. A sophisticated approach to
Alzheimer's pathology is provided by the deliberate integration
of multitarget-directed ligands (MTDLs) with particular chiral
linkages. According to recent research, the key to the effec-
tiveness of chalcone-based scaffolds, flavonoid derivatives, and
sulfonylhydrazones is their stereoselective binding, which al-
lows for precise interactions within the 20 A-deep AChE/BChE
gorges to inhibit targets like carbonic anhydrase and BACE-1.
Although these chiral leads exhibit favorable CAS/PAS binding
and submicromolar potency, their clinical transition depends on
maximizing blood-brain barrier (BBB) penetration using cut-
ting-edge nanocarrier formulation techniques [8-10]. Ginkgo
biloba (GB) is one of the natural extracts that has advanced into
clinical trials and demonstrated mild yet noteworthy impacts
on AD patients’ cognitive function [1]. However, problems like
bioavailability, BBB penetration, toxicity, extract composition
variability, and inadequate clinical validation make it difficult to
turn natural product leads into approved anti-AD medications
[4]. Additionally, many natural anti-Alzheimer compounds are
chiral molecules whose stereochemistry strongly influences
their pharmacological activity. Therefore, chiral chromatogra-
phy becomes essential for identifying active enantiomers, en-
suring quality control, and understanding structure-activity
relationships (SARs) in herbal therapeutics.

This review is aimed at critically assessing the preclinical and
clinical efficacy of important natural products in the context of
AD pathogenesis, systematically examining their multitarget
mechanisms, and discussing the main pharmacokinetic issues
and future tactics needed for their successful clinical translation.

2| About AD
2.1 | Epidemiology

Estimates suggest that in 2019, about 51.6 million people all
over the world had AD and other dementias. This equals around
683 cases for every 100,000 people. Between 1990 and 2019, the
global rate grew by a moderate 5.7%. However, regional and
national changes differed significantly: China (4+29.2%) and
Japan (+22.3%) showed the largest national increases, whereas
East Asia and the high-income Asia Pacific region saw the larg-
est gains, rising by 28.3% and 19%, respectively. In contrast,
Western Sub-Saharan Africa showed a decrease of 2.4%. The
most substantial national declines were seen in high-income na-
tions such as Spain (13%) and Luxembourg (10.7%) [11].

2.2 | Pathogenesis

The onset of Alzheimer's is linked to the incorrect cleavage of
amyloid precursor protein (APP) by - and y-secretases, which
results in the production of Af peptides. Accumulation of cer-
tain AB forms, notably AB42, begins many years before the
emergence of any clinical symptoms [12]. AS peptides can pro-
duce hazardous soluble oligomers that can pose risks by disturb-
ing neuron communication, impacting synaptic plasticity, and
causing dendritic spine loss [13]. At the same time, the micro-
tubule protein tau gets phosphorylated incorrectly. It separates
from microtubules and clumps together to form paired helical

filaments and neurofibrillary tangles. The amount and spread
of tau pathology are linked to cognitive decline [14]. Tau and A
interact in feed-forward loops, where pathogenic tau increases
synaptic dysfunction and neuronal death while AB oligomers
drive tau phosphorylation and mislocalization [15]. These pro-
tein changes cause brain immune cells (microglia and astro-
cytes) to become persistently activated, releasing inflammatory
mediators that worsen neuronal damage and prune synapses.
Neuroinflammation results from this, aggravating Af/tau pa-
thology [16]. Simultaneously, neurons suffer from increased OS
and mitochondrial dysfunction: energy production declines and
ROS deteriorate proteins, lipids, and DNA, accelerating synap-
tic failure and cell death [17]. Vascular changes and a break-
down of the BBB can reduce waste removal (including Af) and
change how nutrients and oxygen are delivered, which can lead
to poorer brain health [18]. AD arises from several combined
mechanisms. These mechanisms involve Af oligomers, tau pro-
tein aggregates, long-term brain inflammation, OS coupled with
mitochondrial problems, poor waste removal, and blood vessel
issues. These problems can cause a gradual loss of synapses, dis-
rupted brain networks, and nerve cell death, leading to memory
loss and loss of function [19]. All these molecular pathways are
summarized as given below (Figure 1)

2.2.1 | Amyloid Cascade

The amyloid cascade hypothesis suggests that the buildup of
amyloid-2 (A2) peptides, derived from APP, represents the ini-
tial disease-causing step in AD [20]. APP undergoes unusual
processing through - and y-secretase pathways, which leads
to the production of longer Af variants, especially A42, that
are prone to aggregation [21]. The subsequent formation of ex-
tracellular amyloid plaques starts a series of events. This leads
to tau hyperphosphorylation, neurofibrillary tangles, synaptic
dysfunction, nerve cell death, and eventually, dementia [20].
Plaque buildup leads to microglial activation, which causes
the synthesis of proinflammatory cytokines and neuroinflam-
mation through complement activity. These processes hasten
the decline of neuronal networks [22]. Research indicates that
mutations in the APP or PSEN1/2 genes cause the production
of AB, which is associated with early-onset familial AD [23].
These mutations usually increase the A342/A 40 ratio, which
raises aggregation and causes early and severe disease [24].
Ap oligomers are thought to be the most harmful form of AS.
They disrupt calcium balance, hurt mitochondrial function,
cause OS and inflammation, and lead to synaptic loss. These
harmful activities add to nerve damage and cognitive decline
in AD [25].

2.2.2 | Tau Protein

Tau, a protein linked to microtubules, helps keep neuronal mi-
crotubules stable. It exists in neurons where it stabilizes and
crosslinks axonal microtubules to make bundles. Problems
with tau regulation cause Alzheimer's and other neurodegen-
erative diseases called tauopathies [26]. In Alzheimer's, un-
usual changes after protein production, especially excessive
phosphorylation, make tau separate from microtubules and
build up as neurofibrillary tangles, leading to nerve damage
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FIGURE1 | Pathology of Alzheimer's disease.

[27]. Tau hyperphosphorylation encourages microtubule
instability and neuronal problems. It is linked to the neuro-
pathological signs of AD, like extracellular deposits and intra-
cellular neuronal clumps. Several kinases, like CDK5, GSK34,
and ERK2, have been related to strange tau phosphorylation.
These kinases are important in how 3-APP is processed, as
well as the neurotoxicity it causes [28]. Tau clusters disturb
microtubule construction, hinder axonal material movement,
impair mitochondria, and cause synapse and neuron loss.
These disturbances lead to neurodegeneration in tau diseases
[29]. Animal studies show that too many human Tau proteins
harm cognitive ability, trigger inflammasome activation and
microglia activation, and promote disease progression in mice
[30]. Tau pathology shows a greater correlation with cognitive
decline and neurodegeneration compared to amyloid plaque
burden. This suggests a key part it plays in how the disease
develops [31].

2.2.3108

Animbalance between ROS and the cell's antioxidant defenses
is known as OS [32]. The brain's high oxygen consumption
and high polyunsaturated fatty acid content make it especially
susceptible to ROS/RNS damage [33]. According to certain re-
search, OS is an early event in pathogenesis since OS occurs
before tau hyperphosphorylation and Af plaque development
[34]. OS directly leads to the pathogenesis of AD by chemically
altering A2, such as the oxidation of methionine-35, which
increases its dimerization and oligomerization, and thus, its
neurotoxicity [35]. Additionally, it alters the redox balance
in neurons, resulting in the downregulation of phosphatases
like PP2A and the upregulation of tau-phosphorylating ki-
nases like GSK-38. This leads to tau hyperphosphorylation
and the development of neurofibrillary tangles [36]. OS also
damages mitochondria, which leads to decreased energy pro-
duction and an excess of ROS, which in turn speeds up neuro-
nal damage in a vicious cycle [37]. Furthermore, OS produces
AGESs that attach to RAGE receptors, initiating inflammatory

Tau hyperphosphorylation
occurs

ey

Microtubule instability develops

K

Tau aggregates form tangles

Excess reactive
oxygen species

| |
@

Mitochondrial
dysfunction increases

| |
e

Neuronal damage
accumulates

Alzheimer disease 4—|

pathways that involve TNF-a and IL-1, thereby accelerating
tau and A pathology and stimulating chronic neuroinflam-
mation. When combined, these processes not only contribute
to the fundamental disease process but also greatly quicken
AD's development [38].

3 | Conventional Treatment for AD

Currently, no treatment can totally stop or reverse AD. The
main goals of conventional treatment are to improve quality of
life, decrease the course of the disease, and relieve symptoms.
The majority of approved medications work by either blocking
pathological processes like amyloid buildup or altering neu-
rotransmitter networks.

3.1 | Cholinesterase Inhibitors
(Acetylcholinesterases [AChEIs])

Acetylcholine (ACh) is the brain's primary chemical transmitter
for cognitive function. A decrease in ACh levels has been iden-
tified as a common cause of AD. AChE enzymes are responsible
for hydrolyzing ACh neurotransmitters [39, 40]. Thus, one pos-
sible treatment approach is to raise the brain's cholinergic levels
by blocking AChE's biological activity. As a result, AChE inhib-
itors are utilized to prevent AChE from degrading. By raising
the concentration of ACh, AChE inhibitors can improve brain
cell activity [41].

Cholinesterase inhibitors (AChEs) represent a frequently pre-
scribed class of medications for managing cognitive symptoms
tied to AD. They function by addressing a core neurochemical
issue: reduced levels of ACh, a neurotransmitter. In AD, the
breakdown of cholinergic neurons within the basal forebrain
and hippocampus leads to a noticeable drop in ACh. This,
in turn, impacts synaptic transmission, which is important
for memory, learning, and attention [42]. AChEIs work by
stopping the AChE enzyme from breaking down ACh in the
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synaptic cleft. This boosts ACh's effects and betters choliner-
gic neurotransmission [43]. By inhibiting this enzyme, these
medications help maintain larger amounts of ACh at neuronal
synapses, somewhat compensating for cholinergic neuron loss
reported in Alzheimer's patients [44].

Among the FDA-approved AChEIs, donepezil, rivastigmine,
and galantamine are the most extensively used medicines, each
differing in pharmacological profile, metabolism, and side effect
spectrum [45].

Donepezil, a drug that selectively stops an enzyme in the brain
from breaking down a key neurotransmitter, can help people
with AD think more clearly and manage daily life better. It
works for those with mild to severe forms of the illness [46].
Studies suggest that donepezil can help people with AD (mild,
moderate, or severe) if they take it for 12-24 weeks. People
who took donepezil showed some improvement in thinking,
daily activities, and general condition. A dose of 10mg/day
worked a bit better than 5mg/day. But a dose of 23 mg/day did
not work any better and caused more side effects, so it is not a
good option [47].

Rivastigmine, a pseudo-irreversible agonist of both butyr-
ylcholinesterase (BChE) and AChE, blocks these enzymes
in two ways. Studies suggest it can enhance thinking and
behavior in patients, especially those suffering from demen-
tia related to Parkinson's disease [48]. Rivastigmine, a cho-
linesterase inhibitor, is useful in treating AD, with stronger
doses leading to better results. The 9.5-mg/24-h skin patch
slowly releases the drug, avoiding blood level changes that
could cause problems for the patient. Rivastigmine's balance
of water solubility, fat solubility, and small molecular size
(C,,H,,N,0,) makes it suited for skin patches. This small
patch (3.5cm diameter, 10cm? area) causes nausea and vom-
iting less often (three times less), but it still works as well as
the highest capsule doses. Because it sticks well, is tolerated
by patients and provides easy, high-dose treatment, it is a step
forward in Alzheimer's care [49].

Galantamine improves cholinergic signals in ways outside just
blocking enzymes. It acts as an allosteric modulator on nicotinic
ACh receptors and also works as a reversible competitive inhib-
itor of AChE [50].

Clinical data from 10 randomized, double-blind, place-
bo-controlled studies conducted across 6 months show that
donepezil, galantamine, and rivastigmine resulted in a small
cognitive boost (average ADAS-Cog —2.37 points; p < 0.00001)
for patients with mild to severe Alzheimer's. Some benefits
were noted in behavior, daily activities, and general condition.
However, cholinesterase inhibitors caused more side effects,
mainly nausea, vomiting, and diarrhea, which led to more
patients stopping treatment (29% compared with 18% with
placebo). Two studies hinted that similar positive changes oc-
curred even in severe dementia. Donepezil had fewer negative
impacts, but a 2-year study comparing it with rivastigmine
showed no changes in cognitive ability or how well patients
could function. In general, AChEIs give short-term relief from
symptoms but do not stop the illness from getting worse or
prevent nerve damage [51].

3.2 | NMDA Receptor

NMDA receptor antagonists represent a key class of drugs for
the treatment of moderate-to-severe Alzheimer's. They mainly
work by protecting brain cells from problems with glutamate
signaling [52]. In AD, too much activity of NMDA receptors
leads to a large amount of calcium influx into neurons. This
causes cell damage and neuron death, which leads to cognitive
problems [53]. Memantine is the only NMDA receptor antago-
nist approved for treating Alzheimer's [54]. It works by block-
ing NMDA receptors that are abnormally active, and it binds
only when they are overstimulated [55]. This targeted blocking
helps steady glutamate activity in the brain, preventing extra
neuron damage but still allowing normal brain signals to pass
through [56].

Memantine is often prescribed at 20mg a day (10mg twice a
day) or as a 28-mg extended-release tablet taken once a day [57].
Studies show memantine helps with thinking, everyday tasks,
and general well-being, especially for those with moderate-to-se-
vere AD [54, 58]. One study lasting 24 weeks with about 400 par-
ticipants found that memantine led to better results in cognitive
and functional tests when compared with a placebo [59].

Memantine, although not curing the underlying neurodegener-
ation, can help manage symptoms and slow functional decline
in later stage Alzheimer's. This often improves the quality of life
for both patients and their caregivers [54].

3.3 | AB Targeting Monoclonal Antibodies

Current progress has turned attention to treatments that change
the course of the disease by focusing on A plaques, a key feature
of Alzheimer's. Two drugs approved by the FDA, aducanumab
and lecanemab, represent the first treatments created to change
the basic disease process, instead of just easing symptoms. [60].

Aducanumab is a human monoclonal antibody that selectively
binds aggregated A, promoting its clearance from the brain via
microglial phagocytosis. It was granted accelerated FDA approval
in 2021 for early-stage AD [61]. Aducanumab went through two
big studies, EMERGE and ENGAGE. EMERGE (with 1638 pa-
tients) showed that a high dose slowed down the disease by about
22% and lowered amyloid levels in the brain, as seen on PET scans.
ENGAGE (with 1647 patients) did not find much clinical improve-
ment, but it did show amyloid reduction, probably as a result of not
enough people getting the highest dose for long enough. EMERGE
suggests aducanumab might slow Alzheimer's, whereas ENGAGE
shows it can clear amyloid without a clear clinical benefit. This
leads to ongoing debate about how well it works [62, 63].

Lecanemab (Legembi) is an anti-AS monoclonal antibody that
targets soluble Ag protofibrils to reduce amyloid buildup and
prevent cognitive deterioration. It got full FDA approval in 2023
based on the CLARITY-AD Phase III trial, which involved 1795
people with early Alzheimer's [60]. Lecanemab, after 18 months
of treatment, slowed clinical decline by 27% versus placebo, as
measured by the CDR-SB scale. PET scans showed a measur-
able decrease in amyloid buildup. Patients getting treatment also
had better scores on the ADAS-Cogl4 and ADCS-MCI-ADL
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scales, suggesting cognitive and functional improvements [60].
Monoclonal antibodies can cause amyloid-related imaging ab-
normalities, like edema or microhemorrhages. Because of this,
MRI monitoring is needed during treatment. [64].

4 | Herbal Therapeutics in AD

AD is a neurodegenerative disease that causes memory loss and
cognitive decline due to tau hyperphosphorylation, OS, Af ac-
cumulation, and neuroinflammation [65]. Only symptomatic
relief is provided by currently approved drugs like donepezil,
rivastigmine, galantamine, and memantine, which have limited
effectiveness and obvious side effects like nausea, bradycardia,
and dizziness [66].

Due to their multitarget mechanisms, which include anti-inflam-
matory, antiamyloid, and antioxidant effects, herbal remedies
have recently become intriguing options for the treatment of AD.
In mild-to-moderate dementia, Ginkgo biloba extracts (GBEs)
(EGb 761) have shown moderate but significant improvements in
cognition and everyday functioning when compared with a pla-
cebo; in certain trials, the results have been comparable with those
of low-dose donepezil [67]. Similar to this, huperzine A (HupA), an
alkaloid derived from Huperzia serrata, acts as a reversible AChE
inhibitor and NMDA receptor antagonist, demonstrating notable
cognitive benefits in several randomized controlled trials [68].
Research suggests saffron may work as well as donepezil and me-
mantine to improve behavior and thinking, and it seems to cause
fewer side effects. [69]. Curcumin, a compound in Curcuma longa,
shows protective qualities for the brain, reduces amyloid plaques,
and lessens inflammation in lab tests. Current studies with hu-
mans suggest that specially made versions of curcumin that the
body can use may help improve memory and focus in people with-
out dementia [70]. Traditional Chinese medicine makes use of
multiherb formulas. These appear to offer extra help for thinking
and behavior, mostly when used with standard treatments [71].

Herbal remedies, when contrasted with traditional drugs, offer
multitarget regulation of AD development. They show fewer
cholinergic side effects, better tolerance, and possible extra
benefits [72]. Herbs and herbal medicines have been used tradi-
tionally for a long time and seem safe and work well, but more
research is needed [73]. Herbal treatments, such as GB, HupA,
saffron, and curcumin, can be helpful additions to Alzheimer's
patient care. When doctors oversee their usage, these supple-
ments might lead to better thinking skills and a better quality
of life [74].

4.1 | Role of Chirality in Treatment of AD

AChE and BChE are serine hydrolases. They control cholinergic
neurotransmission by breaking down ACh. They have a ~20 A
active-site gorge with a catalytic/acylation site (A-site) at the bot-
tom and a peripheral site (P-site) near the opening. In AChE,
the A-site has the catalytic triad Ser-His-Glu and a choline- and
acyl-binding pocket made up of Trp86, Tyr337, Phe295, Phe297,
and Trp236. The P-site is full of aromatic residues (Tyr70, Tyr121,
Trp279/Trp286, Tyrl24, Tyr72, Tyr341, Tyr334, and Asp72) that
direct ligand placement near the catalytic center. On the other

hand, BChE has fewer aromatic residues in its gorge. It only
keeps Tyr332 in the P-site and Trp82, Phe329, and Trp231 in the
A-site, with Asp70 and Trp82 in the cysteine Q-loop connect-
ing the two regions. Such structural variations change the gorge
shape and ligand interactions, leading to different substrate
and inhibitor binding in AChE and BChE. This allows chiral li-
gands to take on different positions and interactions within each
enzyme. This leads to activity and selectivity that depends on
stereochemistry [75, 76]. In AD, the cholinergic enzymes AChE
and BChE function as pathological chaperones that speed up
the creation of harmful protein clusters. AChE speeds up ear-
ly-stage Af oligomerization through its Peripheral Anionic Site
(PAS). At the PAS, the hydrophobic channel interacts with AfS
peptides, creating very toxic insoluble fibrils. As the disease pro-
gresses and AChE activity decreases, BChE aids the malignant
maturation of these structures. This change occurs at BChE's
activation site (Residues A277-Y282) near the opening of its cat-
alytic gorge and through its carboxy terminus, which steadies
soluble Af into complex plaques. The importance of these sites
is supported by 5XFAD/BChE-KO mouse models, where the
lack of the BChE gene causes a large drop in plaque density,
and by data showing that normal levels of BChE greatly accel-
erate fibrillization when compared to cognitively normal sam-
ples [77, 78]. Galantamine inhibits AChE (IC, = 4.0 uM) about
twice as much as it inhibits BChE. Its shape lets it fit into the
AChE active site, interacting with specific amino acids (Phe288,
Phe290, and Trp84). Key interactions include hydrogen bonds
with Glu199, Asp72 (or Y337), and Ser200. It also affects nico-
tinic acetylcholine receptors (nAChRs) and binds to AS(1-40),
which stops oligomers from forming [79].

Naturally sourced chiral compounds are still very helpful in
treating AD because they have different structures and ste-
reochemical traits that make them more biologically active
(Figure 2). Galantamine and HupA, which are used in clin-
ics, show how natural chiral alkaloids can change cholinergic
function in AD. Also, some natural polyphenols and other chi-
ral bioactives, like epigallocatechin gallate (EGCG), querce-
tin, and resveratrol, are being studied in clinical trials to see if
they can protect the brain and improve thinking. Almost 100
natural molecules have been tested in preclinical and clini-
cal research, and many have stereochemistry-related ways
of working that fight nerve damage and help improve brain
function. These results suggest that chiral natural products
could be useful for treating AD. Further clinical research is
needed to completely understand how these products can help
in making AD drugs [80]. Ginkgolides and bilobalide, which
are terpenoids from GB and possess chirality, may help im-
prove cerebral blood flow, lower OS, and stop Af aggregation.
The primary active element was found to be () galantamine,
which impacts the cholinergic system through a dual mech-
anism [72] [81]. EGCG, a catechin from green tea that is chi-
ral, shows antioxidant and anti-amyloid traits. Its natural (=)
enantiomer seems more biologically active than its mirror
image [82, 83]. Stereochemistry is very important in the drug
industry because it changes how well drugs work. Sorting chi-
ral molecules is key to understanding how chiral drugs act.
Usually, one form of the molecule aids, while the other is inef-
fective or causes problems. Therefore, being able to tell chiral
molecules apart is especially vital when making good drugs
for Alzheimer's [84].
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FIGURE2 | Chirality-dependent modulation of AChE and BChe in Alzheimer's disease.

4.2 | Natural Product With Chiral Phytoconstituents
for AD

Natural products rich in chiral phytoconstituents have be-
come promising therapeutic candidates in the management of
AD because of their structural and stereoselective biological
activities. Chirality plays a crucial role in determining phar-
macodynamics and pharmacokinetics, whereby enantiomers
often show a significant difference in target binding, efficacy,
and safety. The receptor selectivity and BBB permeability are
stereochemical effects of these phytoconstituents, which in-
crease therapeutic precision. Their bioavailability and clini-
cal potential have also been enhanced by the developments
in chiral separation, stereochemical characterization and a
nanocarrier-based delivery system. Overall, chiral phytocon-
stituent of natural products is a highly promising yet unex-
ploited source of safer, multitargeted intervention against AD
(Table 1).

4.2.1 | Ginkgolides

GBEs may help treat AD. GB, a gymnosperm from Japan,
China, and Korea, is part of the Ginkgoaceae family and
Ginkgoopsida class. It has many bioactive substances, like
terpenoids (Ginkgolides A, B, and C), polyphenols, organic
acids, and flavonoids (quercetin, kaempferol, and isorhamne-
tin). These substances have anti-inflammatory, antioxidant,
and antiapoptotic properties, making GB a popular traditional
medicine for various health issues for many years [109]. GBE
(EGB 761) is a well-known supplement that older adults take
to improve memory and slow down thinking decline. These
properties may make it a viable treatment for AD [110].

GBE contains 6% terpenoids (3.1% Ginkgolides A, B, C, and
J, and 2.9% bilobalide), as well as 24% flavonoid glycosides
(which include quercetin). Its composition also features kae-
mpferol, isorhamnetin, and 5%-10% organic acids. It is be-
lieved that flavonoids and terpenoids make up the active parts

of GBE [111]. GBE, which includes active ingredients such
as flavonoids and terpene lactones (found in antidementia
drugs like EGb761 and GBES0), protects nerves. It does this
by working as an antioxidant and preventing cell death. GBE
gets rid of free radicals and stops cell death caused by issues
with mitochondria. This treatment addresses important parts
of AD by lowering OS from mitochondrial ROS, preventing
AP clumping, fixing mitochondrial function, and improving
blood flow in the brain [112].

Recent work suggests that GBE may protect nerve cells from
damage caused by A by interfering with glucose absorption,
reducing ROS accumulation, blocking AKT activation, im-
proving mitochondrial health, and suppressing JNK and ERK
1/2 signaling, as well as programmed cell death [113]. GBE
can decrease A creation in the brain. It does this by reducing
free cholesterol levels, which may influence APP processing
and amyloid formation [114].

4.2.2 | HupA

HupA is a sesquiterpene alkaloid extracted from the Chinese
clubmoss H. serrata. The naturally occurring alkaloid HupA,
which is derived from the Chinese clubmoss plant H. serrata,
has drawn attention because it has several neuroprotective
properties and can inhibit cholinesterase. HupA has a chi-
ral center and exists as two forms: the natural levorotatory
(—)-HupA and the synthetic dextrorotatory (+)-HupA. The re-
search on HupA analogues suggests that the levorotatory forms
are better at blocking AChE compared with the dextrorotatory
forms. For this reason, (—)-HupA is often chosen for treating
AD [87]. Strong AChE inhibitory activity is one of the many
pharmacological actions of HupA and its derivatives. HupA
has neuroprotective properties that protect neurons from ex-
citotoxicity and OS, potentially helping to preserve cognitive
function [86]. The neuroprotective effects of HupA treatment
originate from cholinergic signaling, which increases neuro-
trophic factor expression, inhibits the N-methyl-D-aspartate
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receptor (NMDAR), regulates ROS, and promotes neuronal
survival [115]. HupA is a potent, reversible, and selective in-
hibitor of AChE. After HupA is administered, ACh will start to
accumulate since HupA inhibits AChE. ACh signaling mainly
uses a7nAChRs and a432n AChRs to produce an anti-inflam-
matory response [116]. According to a Phase II trial, HupA
(200 ug twice daily) is not effective in treating AD. Further
research on the maximum tolerated dose and long-term ef-
fects is necessary because secondary analysis indicates that a
higher dose (400 ug twice daily) may improve cognition [117].
In individuals with AD, HupA appears to have some positive
effects on daily living activities, cognitive function, and over-
all clinical evaluation [118].

4.2.3 | Galantamine

Galantamine, an alkaloid found naturally, comes from the
Amaryllidaceae family. In the 1950s, researchers in the Soviet
Union first separated it from the Caucasian snowdrop and
later from various Amaryllidaceae plants’ bulbs [119]. In na-
ture, this compound appears as the (—)-enantiomer, which is
the form with pharmacological activity employed in clinical
practice [81].

Galantamine acts in two ways. It inhibits AChE and also mod-
ulates nAChRs, the only AD treatment drug known to do both.
This second action on nAChRs is key because the reduction
of nAChRs contributes to diminished cholinergic neurotrans-
mission in AD patients. Four randomized, double-blind, place-
bo-controlled studies were conducted. These studies lasted up
to 6 months and showed that 16 and 24 mg/day of galantamine
improved cognitive and global function. It also helped with daily
living activities and behavior for up to 6 months when compared
with placebo and at the start of the study. In 2001, following 50
years of study, the FDA approved (—)-galantamine hydrobro-
mide, sold as Razadyne, for treating mild-to-moderate dementia
from AD. A review of studies on galantamine showed that it im-
proved thinking, behavior, and overall condition in Alzheimer's
patients [120].

Natural chiral compounds Chiral interaction
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4.2.4| Crocin

Research indicates that crocin, a yellow carotenoid and the main
component of Crocus sativus L. extract, may have anti-inflam-
matory, antidepressant, memory improvement, and antiapop-
totic action [121]. Crocin is mostly found in the all-trans form,
but cis-isomers are also present. Crocins can be grouped by
how many and where 5-D-glucopyranoside groups are on the
crocetin structure, for example, trans-crocin 4 and other similar
compounds [122]. Crocin acts on important pathways like PI3K/
AKT. It also lowers OS and controls proteins linked to apopto-
sis. Crocin can also help mitochondria work better and improve
synaptic plasticity [107]. In 17 in vitro and in vivo preclinical
studies, saffron has been demonstrated to alleviate cognitive
impairment in AD animal models. Crocin seems to control glu-
tamate levels, lower OS, and modify the aggregation of tau and
AP proteins. Saffron has a better safety profile and comparable
effects on cognitive impairment to donepezil and memantine,
according to just four clinical studies [69].

4.2.5 | Emerging Chiral Scaffolds

Recent studies support the information about chalcone deriva-
tives as adaptable scaffolds for multitarget anti-AD design, their
micromolar AChE/BChE inhibitory activity, improved mul-
titarget profiles when linked to pharmacophores like rivastig-
mine and morpholine, and molecular docking/SAR analyses
rationalizing binding in enzyme gorge subsites (Figure 3) [127].
In addition to molecular docking that explains binding modes
and stability in active sites, studies show that halogenated chal-
cone derivatives with Ki values in the low nanomolar range
significantly inhibit AChE and BChE. Furthermore, chalcone
hybrids that combine pharmacophores like rivastigmine exhibit
increased potency and selectivity against AChE and BChE; mo-
lecular docking confirms important interactions, and SAR stud-
ies highlight substitution effects on activity. Nevertheless, the
majority of active chalcones are still in the preclinical stage and
face difficulties such as exposure to the central nervous system
(CNS) [8, 124].

e B
Therapeutic outcomes
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b (i) Improved cholinergic
signaling
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FIGURE 3 | Chirality-driven multitarget mechanisms of natural compounds in Alzheimer's disease.
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TABLE 3 | Key clinical findings and results of Huperzia serrata.

Extract/ Main Quantitative
Name Population dose Duration findings results Safety profile Ref.
Phase II trial Mild-to- Huperzine A, 16 weeks Demonstrated Change in Demonstrated  [117]
of huperzine moderate 200ug BID safety and ADAS-Cog safety and
A in mild-to- Alzheimer's tolerability; at 16 weeks: tolerability.
moderate AD disease no statistically 1.92-point
patients significant improvement
cognitive (huperzine A)
benefit at vs. 0.34-point
200ug BID improvement
compared (placebo);
to placebo. p =0.07.
Systematic 1823 Huperzine A 6-16 weeks Beneficial MMSE Reported as [118]
review and participants (varied) effects on improved tolerated in
meta-analysis cognitive significantly included trials.
(20 RCTs) function and at 8,12, and
daily living 16 weeks;
activities; ADL favored
interpretation  huperzine A at
limited due 6,12, and 16
to high risk weeks (effect
of bias. sizes varied).
Meta-analysis ~ Alzheimer's Huperzine A Variable; Significant Significant Side effects [137]
(8 AD trials disease and longer improvements MMSE mild-to-
and 2VD vascular duration in MMSE and and ADL moderate.
trials) dementia showed ADL scores improvements;
patients better in AD and memory
efficacy VD patients. quotient
improved.

Sulfonylhydrazone and similar hydrazone derivatives can
act as ligands that inhibit cholinesterases (AChE and BChE)
and other enzymes relevant to AD, like human carbonic an-
hydrases, which relate to OS and mitochondrial problems.
Several new sulfonylhydrazone structures show good AChE
inhibition and dock well at catalytic and peripheral anionic
locations (CAS/PAS), supporting a multitarget drug design
approach. The hydrazone part allows quick SAR study, and
chirality is important for their biological action. Chiral hy-
drazide-hydrazone derivatives display different conforma-
tional isomers (E/Z), with the E-E conformer being the most
stable, which affects enzyme inhibition strength and bind-
ing. However, these compounds do not yet have in vivo CNS
pharmacokinetic and safety information, which limits their
progress toward clinical use. Molecular docking studies show
consistent, strong binding between these chiral sulfonyl-
hydrazones and AChE and carbonic anhydrase active sites,
suggesting they could be good starting points for more work
[9, 125, 126].

Since 2020, computer docking research has found that flavo-
noids like ginkgetin, kolaflavanone, epicatechin/epigallocate-
chin derivatives, luteolin, and similar flavones can strongly stop
AChE, BChE, and other Alzheimer's targets such as BACE-1.
These studies show good hydrogen bonding, 7- stacking, and
hydrophobic actions with important parts of the enzyme ac-
tive sites. They predict binding strengths from micromolar to

submicromolar, which match experimental blockage data. The
stereochemistry of flavonoid structures, involving chiral gly-
cosides and conformationally biased flavonoids, greatly affects
predicted binding shapes and strengths. This suggests that en-
antiomeric or atropisomeric forms should be tested to see how
their biological actions differ. Even with good computer and
lab results, flavonoids have problems with how well they are
absorbed and how easily they cross the BBB. Current work is
fixing these problems with better formulations and nanocarrier
methods. In general, thinking about chirality when designing
flavonoids with docking helps people understand how well they
can block cholinesterases and AD-related enzymes on different
targets. [10, 127, 128]

Several problems exist in these scaffolds include limited expo-
sure in the living CNS, not enough biological evaluation that
is specific to enantiomers, and not enough data on long-term
safety. To move these leads toward clinical use, it is a good idea
to routinely separate and characterize the enantiomers of lead
compounds because chirality greatly changes how they move
through the body and their toxicity. Early use of BBB penetra-
tion tests and pharmacokinetic studies in living organisms is
needed to measure CNS exposure. Using multitarget biochem-
ical and cell-based profiling, along with biochemical tests, like
AChE, BChE, and antiaggregation assays, can give detailed
activity data. Also, formulation methods like prodrugs or lipid/
nanocarrier systems are important to make bioavailability and
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TABLE 4 | Comparative clinical and translational evaluation of major chiral natural compounds in AD.

Highest
clinical Key Disease-
evidence Trial details quantitative modifying Main
Compound (since 2020) (Phase, n) outcome evidence limitation Reference
(-)-Galantamine FDA-approved, Most common Mean No evidence GI side effects; [138] [139]
supported trial duration ADAS-Cog of disease no plaque
by multiple is 24 weeks (6 improvement modification; reduction
RCTs and months), with about -2.86 purely evidence
high-certainty some studies points vs symptomatic
meta-analyses up to 2 years. placebo at therapy without
involving 6 months, effect on
~11,000 clinically amyloid or tau.
patients. meaningful.
Huperzine Evidence Phase II trial of ADAS-Cog ADAS-Cog Limited large- [140] [86]
A (natural mainly from 16 weeks with change 1.92 vs improvement scale, long-
2R,9R,10R,11R) small RCTsand  200ug BID dose; 0.34 (placebo), trend (1.92 vs term trials;
some Phase IT higher doses p=0.07 0.34 placebo) at inconsistent
trials; meta- showed possible (NS); higher 16 weeks, but dose responses
analyses show cognitive dose trend not statistically =~ reported across
mixed results. effects. significant studies.
(p=0.07).
Ginkgo biloba Large RCT (N =2854, Prevention No prevention Heterogeneous [141] [67]
(EGb 761) RCT + multiple 5 years) trial showed effect extract
meta-analyses no significant composition
risk reduction
(HR=0.84,
p=0.306);
cognitive tests
showed modest
improvement
with
standardized
mean
differences
around -0.7 to
-0.9 for doses
>120mg/day.
Saffron (Crocin) Small RCTs Four clinical Saffron No biomarker Small sample [142] [69]
+2021 review trials showed similar evidence sizes
cognitive
improvement to
donepezil and
memantine in
short-term trials
(16-52 weeks).
(-)-EGCG Strong Early trials; EGCG reduces Mechanistic Poor [143]
preclinical no large RCT amyloid-beta potential only bioavailability
evidence and aggregation and
early-phase oxidative stress
human studies in preclinical
exist; no large models; human
phase III RCTs cognitive data
in Alzheimer's are limited and
disease. inconclusive.
Trans-Resveratrol Small double- 12-month RCT Biomarker No plaque Rapid [144] [145]
blind trial modulation; regression metabolism
limited
cognitive
improvement
Ginsenosides Early clinical Small trials Cognitive No disease Lack of Phase [146] [147]
(Rg1/Rbl) + strong improvement modification III trials
preclinical trends
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BBB penetration better. Current reviews of methods stress how
important enantioselective techniques are for correctly tracking
how drugs move through the body and talk about improvements
in chiral separation methods that are critical for these transla-
tional steps [129-132].

5| Clinical Aspects of Natural Products in the
Treatment of AD

The various aspects of clinical study for natural products in the
treatment of AD. Some clinical studies and key findings for GB
and H. serrata were summarized in Tables 2 and 3. Although
EGb 761 demonstrated modest cognitive improvement (SMD
approximately —0.71 at 240 mg/day), long-term prevention trials
such as Guid Age failed to show a significant reduction in AD in-
cidence (HR 0.84, p = 0.306), suggesting primarily symptomatic
rather than disease-modifying benefits [110].

A unique type of alkaloid called HupA may be useful in the
treatment of AD. For those with the illness, it appears to improve
cognitive abilities and simplify everyday tasks. It is generally
safe and well-tolerated, according to studies. When numerous
studies are combined, there have been improvements in men-
tal health and daily functioning, particularly when treatment is
prolonged. These findings imply that its structure plays a cru-
cial role in altering memory-related brain activity and managing
Alzheimer's symptoms [117].

5.1 | Comparative Clinical Evaluation
of Major Chiral Natural Compounds in AD

Comparative analysis shows that the only chiral natural product
with strong regulatory approval and reliable symptomatic effi-
cacy is (—)-galantamine. In large trials, GBE (EGb761) shows a
moderate cognitive benefit but no preventive or disease-modi-
fying effect. Although Phase II data show dose-dependent in-
consistency, HupA exhibits promising stereoselective AChE
inhibition. In small cohorts, saffron extracts show similar short-
term cognitive efficacy to conventional AChE inhibitors. On the
other hand, ginsenosides, resveratrol, and EGCG show strong
preclinical and mechanistic support but lack adequate large-
scale clinical validation. Overall, rather than having been shown
to have disease-modifying properties, the majority of chiral nat-
ural compounds currently offer symptomatic relief (Table 4).

6 | Conclusion

AD results from complicated pathological processes such as AS
aggregation, tau hyperphosphorylation, OS, and neuroinflam-
mation. Present treatments mostly ease symptoms but do not stop
the disease from getting worse. Natural products that have chiral
phytoconstituents are attractive options since their stereochem-
istry affects how they interact with different biological targets.
Chemicals such as (—)-galantamine, HupA, EGCG, ginkgolides,
crocin, and ginsenosides act on several targets, such as by inhibit-
ing AChE/BChE, working against amyloid, acting as antioxidants,
and protecting nerves. Of these, (—)-galantamine is still the only
chiral natural compound that is approved for clinical use, whereas

the others have favorable preclinical and early clinical results.
Structures such as chalcones, sulfonylhydrazones, and flavonoid
derivatives also show how stereochemistry is important when cre-
ating multitarget anti-Alzheimer agents. Still, there are problems
like limited bioavailability, BBB penetration, and not enough large
clinical studies. Future studies that focus on enantioselective char-
acterization, better delivery methods, and well-planned clinical
trials will be needed to turn natural chiral structures into treat-
ments that change the course of AD.

Author Contributions

A.S.: conceptualization and drafting of the original manuscript; S.K.S.:
manuscript writing and visualization; A.K.S.: reviewing and editing of
the manuscript.

Acknowledgments

The authors have nothing to report.

Funding

No funding was received for this manuscript.

Ethics Statement

The authors have nothing to report.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

No new dataset has been generated in this manuscript.

References

1. S. Andrade, M. J. Ramalho, J. A. Loureiro, and M. D. Pereira,
“Natural Compounds for Alzheimer's Disease Therapy: A Systematic
Review of Preclinical and Clinical Studies,” International Journal
of Molecular Sciences 20, no. 9 (2019): 2313, https://doi.org/10.3390/
ijms20092313.

2.R. Wang, “Global Burden of Alzheimer's Disease and Other Dementias
During 1990-2021: A Global Burden of Disease and Risk Factors Study
2021-Based Study,” Neuroepidemiology 60, no. 1 (2026): 16-27, https://
doi.org/10.1159/000543578.

3. M. Verri, O. Pastoris, M. Dossena, et al., “Mitochondrial Alterations,
Oxidative Stress and Neuroinflammation in Alzheimer's Disease,”
International Journal of Immunopathology and Pharmacology 25, no. 2
(2012): 345-353, https://doi.org/10.1177/039463201202500204.

4. J. Y. Liu, H. Y. Guo, Z. S. Quan, Q. K. Shen, H. Cui, and X. Li,
“Research Progress of Natural Products and Their Derivatives Against
Alzheimer's Disease,” Journal of Enzyme Inhibition and Medicinal
Chemistry 38, no. 1 (2023): 2171026, https://doi.org/10.1080/14756366.
2023.2171026.

5.Z.Yang,D.D. Zhou, S. Y. Huang, A. P. Fang, H. Bin Li, and H. L. Zhu,
“Effects and Mechanisms of Natural Products on Alzheimer's Disease,”
Critical Reviews in Food Science and Nutritio 63, no. 18 (2023): 3168—
3188, https://doi.org/10.1080/10408398.2021.1985428.

14 of 19

BioMed Research International, 2026


https://doi.org/10.3390/ijms20092313
https://doi.org/10.3390/ijms20092313
https://doi.org/10.1159/000543578
https://doi.org/10.1159/000543578
https://doi.org/10.1177/039463201202500204
https://doi.org/10.1080/14756366.2023.2171026
https://doi.org/10.1080/14756366.2023.2171026
https://doi.org/10.1080/10408398.2021.1985428

6. J. Liu, T. Li, G. Zhong, et al., “Exploring the Therapeutic Potential
of Natural Compounds for Alzheimer's Disease: Mechanisms of Action
and Pharmacological Properties,” Biomedicine & Pharmacotherapy 166
(2023): 115406, https://doi.org/10.1016/j.biopha.2023.115406.

7. S. S. Panda, and N. Jhanji, “Natural Products as Potential Anti-
Alzheimer Agents,” Current Medicinal Chemistry 27, no. 35 (2020):
5887-5917, https://doi.org/10.2174/0929867326666190618113613.

8. C. Oztiirk, S. Bayrak, S. Gerni, U. Atmaca, C. Bayrak, and H. Kiziltas,
“Chalcone-Based Bioactive Scaffolds: Comparative Antioxidant,
Antibacterial, and Anti-Alzheimer Activities Supported by Docking
Analysis,” Journal of the Indian Chemical Society 103, no. 2 (2026):
102435, https://doi.org/10.1016/j.jics.2026.102435.

9. C. Oztiirk, N. Balci, O. N. Aslan, and E. Kalay, “Novel
Sulfonylhydrazones With Sulfonate Ester Framework: Promising Dual
Inhibitors of AChE and hCAs,” Biotechnology and Applied Biochemistry
72, no. 6 (2025): 1752-1762, https://doi.org/10.1002/bab.2780.

10. S. Bayrak, S. Gerni, C. Ozturk, B. Bakan, S. Elmas, and A. Aliyeva,
“In Vitro Evaluation of Flavonoids for Enzyme Inhibition, Antioxidant,
Antimicrobial and Anticancer Properties With Molecular Docking
Insights,” Food Biophysics 20, no. 4 (2025): 148, https://doi.org/10.1007/
$11483-025-10034-3.

11. S. Safiri, A. Gha, and A. Fazlollahi, “Alzheimer's Disease: A
Comprehensive Review of Epidemiology, Risk Factors , Symptoms
Diagnosis, Management, Caregiving, Advanced Treatments and
Associated Challenges,” Frontiers in Medicine 11 (2024): 1474043,
https://doi.org/10.3389/fmed.2024.1474043.

12. G. F. Chen, T. H. Xu, Y. Yan, et al.,, “Amyloid Beta: Structure,
Biology and Structure-Based Therapeutic Development,” Acta
Pharmacologica Sinica 38, no. 9 (2017): 1205-1235, https://doi.
org/10.1038/aps.2017.28.

13. S. Tu, S. I. Okamoto, S. A. Lipton, and H. Xu, “Oligomeric
AB-Induced Synaptic Dysfunction in Alzheimer's Disease,”
Molecular Neurodegeneration 9, no. 1 (2014): 48, https://doi.
0rg/10.1186/1750-1326-9-48.

14. P. Rawat, U. Sehar, J. Bisht, A. Selman, J. Culberson, and P. H. Reddy,
“Phosphorylated Tau in Alzheimer's Disease and Other Tauopathies,”
International Journal of Molecular Sciences 23, no. 21 (2022): 12841,
https://doi.org/10.3390/ijms232112841.

15. H. Zhang, W. Wei, M. Zhao, et al., “Interaction Between af and Tau
in the Pathogenesis of Alzheimer's Disease,” International Journal of
Biological Sciences 17, no. 9 (2021): 2181-2192, https://doi.org/10.7150/
ijbs.57078.

16. M. Ameli Mojarad, and M. Ameli Mojarad, “The Neuroinflammatory
Role of Microglia in Alzheimer's Disease and Their Associated
Therapeutic Targets,” CNS Neuroscience & Therapeutics 30, no. 7 (2024):
€14856, https://doi.org/10.1111/cns.14856.

17. H. Zhang, X. Jiang, L. Ma, et al., “Role of Af in Alzheimer's-Related
Synaptic Dysfunction,” Frontiers in Cell and Developmental Biology 10
(2022): 964075, https://doi.org/10.3389/fcell.2022.964075.

18. E. N. Simoées-Pires, D. Torrente, P. Singh, S. Strickland, and E.
H. Norris, “Synergistic Effects Of The AS/Fibrinogen Complex On
Synaptotoxicity, Neuroinflammation, And Blood-Brain Barrier
Damage In Alzheimer's Disease Models,” Alzheimer's & Dementia 21,
no. 5(2025): 70119, https://doi.org/10.1002/alz.70119.

19. M. Sciaccaluga, A. Megaro, G. Bellomo, et al., “An Unbalanced
Synaptic Transmission: Cause or Consequence of the Amyloid
Oligomers Neurotoxicity?,” International Journal of Molecular Sciences
22, no. 11 (2021): 5991, https://doi.org/10.3390/I1JMS22115991.

20. R. Ricciarelli, and E. Fedele, “The Amyloid Cascade Hypothesis
in Alzheimer's Disease: It's Time to Change Our Mind,” Current
Neuropharmacology 15, no. 6 (2017): 926-935, https://doi.org/10.2174/
1570159x15666170116143743.

21. J. Y. Hur, “y-Secretase in Alzheimer's Disease,” Experimental &
Molecular Medicine 54, no. 4 (2022): 433-446, https://doi.org/10.1038/
§12276-022-00754-8.

22. R. Ebrahimi, S. Shahrokhi Nejad, M. Falah Tafti, et al., “Microglial
Activation as a Hallmark of Neuroinflammation in Alzheimer's
Disease,” Metabolic Brain Disease 40, no. 5 (2025): 207, https://doi.
0rg/10.1007/S11011-025-01631-9.

23. C. Reitz, “Alzheimer’s Disease and the Amyloid Cascade Hypothesis:
A Critical Review,” International Journal of Alzheimer’s Disease 2012,
no. 1 (2012): 369808, https://doi.org/10.1155/2012/369808.

24. D. Petit, S. G. Fernandez, K. M. Zoltowska, et al., “Af3 Profiles
Generated by Alzheimer's Disease Causing PSEN1 Variants Determine
the Pathogenicity of the Mutation and Predict Age at Disease
Onset,” Molecular Psychiatry 27, no. 6 (2022): 2821-2832, https://doi.
0rg/10.1038/541380-022-01518-6.

25. A.Roda, G. Serra-Mir, L. Montoliu-Gaya, L. Tiessler, and S. Villegas,
“Amyloid-Beta Peptide and Tau Protein Crosstalk in Alzheimer's
Disease,” Neural Regeneration Research 17, no. 8 (2022): 1666-1674,
https://doi.org/10.4103/1673-5374.332127.

26. A. R. Chaudhary, F. Berger, C. L. Berger, and A. G. Hendricks, “Tau
Directs Intracellular Trafficking by Regulating the Forces Exerted by
Kinesin and Dynein Teams,” Traffic 19, no. 2 (2018): 111-121, https://
doi.org/10.1111/tra.12537.

27.X. Hong, L. Huang, F. Lei, et al., “The Role and Pathogenesis of Tau
Protein in Alzheimer's Disease,” Biomolecules 15, no. 6 (2025): 1-23,
https://doi.org/10.3390/biom15060824.

28. M. P. Mazanetz, and P. M. Fischer, “Untangling Tau
Hyperphosphorylation in Drug Design for Neurodegenerative
Diseases,” Nature Reviews Drug Discovery 6, no. 6 (2007): 464-479,
https://doi.org/10.1038/nrd2111.

29. Y. Cheng, and F. Bai, “The Association of Tau With Mitochondrial
Dysfunction in Alzheimer's Disease,” Frontiers in Neuroscience 12
(2018): 163, https://doi.org/10.3389/fnins.2018.00163.

30. L. Zhang, Y. Gai, Y. Liu, et al, “Tau Induces Inflammasome
Activation and Microgliosis Through Acetylating NLRP3,” Clinical and
Translational Medicine 14, no. 3 (2024): €1623, https://doi.org/10.1002/
ctm2.1623.

31. A. V. Ivanova, A. D. Kutuzova, I. A. Kuzmichev, and M. A.
Abakumov, “Alzheimer's Disease: From Molecular Mechanisms to
Promising Therapeutic Strategies,” International Journal of Molecular
Sciences 26, no. 19 (2025): 9444, https://doi.org/10.3390/ijms26199444.

32. E. Engelhardt, E. D. Resende, and K. B. Gomes, “Physiopathological
Mechanisms Underlying Alzheimer's Disease: A Narrative Review,”
Dementia & Neuropsychologia 18 (2024): e2024VRO1, https://doi.
0rg/10.1590/1980-5764-DN-2024-VRO1.

33. B. Twarowski, and M. Herbet, “Inflammatory Processes in
Alzheimer's Disease—Pathomechanism, Diagnosis and Treatment: A
Review,” International Journal of Molecular Sciences 24, no. 7 (2023):
6518, https://doi.org/10.3390/ijms24076518.

34.R. G. Roy, P. K. Mandal, and J. C. Maroon, “Oxidative Stress Occurs
Prior to Amyloid Af Plaque Formation and Tau Phosphorylation
in Alzheimer's Disease: Role of Glutathione and Metal Ions,” ACS
Chemical Neuroscience 14, no. 17 (2023): 2944-2954, https://doi.
0rg/10.1021/ACSCHEMNEURO.3C00486.

35. M. Friedemann, E. Helk, A. Tiiman, K. Zovo, P. Palumaa, and V.
Tougu, “Effect of Methionine-35 Oxidation on the Aggregation of
Amyloid-f Peptide,” Biochemistry and Biophysics Reports 3 (2015): 94—
99, https://doi.org/10.1016/j.bbrep.2015.07.017.

36. R. Dhapola, S. K. Beura, P. Sharma, S. K. Singh, and D.
HariKrishnaReddy, “Oxidative Stress in Alzheimer's Disease:
Current Knowledge of Signaling Pathways and Therapeutics,”

150f 19


https://doi.org/10.1016/j.biopha.2023.115406
https://doi.org/10.2174/0929867326666190618113613
https://doi.org/10.1016/j.jics.2026.102435
https://doi.org/10.1002/bab.2780
https://doi.org/10.1007/s11483-025-10034-3
https://doi.org/10.1007/s11483-025-10034-3
https://doi.org/10.3389/fmed.2024.1474043
https://doi.org/10.1038/aps.2017.28
https://doi.org/10.1038/aps.2017.28
https://doi.org/10.1186/1750-1326-9-48
https://doi.org/10.1186/1750-1326-9-48
https://doi.org/10.3390/ijms232112841
https://doi.org/10.7150/ijbs.57078
https://doi.org/10.7150/ijbs.57078
https://doi.org/10.1111/cns.14856
https://doi.org/10.3389/fcell.2022.964075
https://doi.org/10.1002/alz.70119
https://doi.org/10.3390/IJMS22115991
https://doi.org/10.2174/1570159x15666170116143743
https://doi.org/10.2174/1570159x15666170116143743
https://doi.org/10.1038/s12276-022-00754-8
https://doi.org/10.1038/s12276-022-00754-8
https://doi.org/10.1007/S11011-025-01631-9
https://doi.org/10.1007/S11011-025-01631-9
https://doi.org/10.1155/2012/369808
https://doi.org/10.1038/s41380-022-01518-6
https://doi.org/10.1038/s41380-022-01518-6
https://doi.org/10.4103/1673-5374.332127
https://doi.org/10.1111/tra.12537
https://doi.org/10.1111/tra.12537
https://doi.org/10.3390/biom15060824
https://doi.org/10.1038/nrd2111
https://doi.org/10.3389/fnins.2018.00163
https://doi.org/10.1002/ctm2.1623
https://doi.org/10.1002/ctm2.1623
https://doi.org/10.3390/ijms26199444
https://doi.org/10.1590/1980-5764-DN-2024-VR01
https://doi.org/10.1590/1980-5764-DN-2024-VR01
https://doi.org/10.3390/ijms24076518
https://doi.org/10.1021/ACSCHEMNEURO.3C00486
https://doi.org/10.1021/ACSCHEMNEURO.3C00486
https://doi.org/10.1016/j.bbrep.2015.07.017

Molecular Biology Reports 51, no. 1 (2024): 48, https://doi.org/10.1007/
S$11033-023-09021-Z.

37. A. Misrani, S. Tabassum, and L. Yang, “Mitochondrial Dysfunction
and Oxidative Stress in Alzheimer's Disease,” Frontiers in Aging
Neuroscience 13 (2021): , https://doi.org/10.3389/FNAGI.2021.617588.

38. V. Boccardi, F. Mancinetti, and P. Mecocci, “Oxidative Stress,
Advanced Glycation End Products (AGEs), and Neurodegeneration in
Alzheimer's Disease: A Metabolic Perspective,” Antioxidants 14, no. 9
(2025): 1044, https://doi.org/10.3390/antiox14091044.

39. R. T. Bartus, R. L. Dean, B. Beer, and A. S. Lippa, “The Cholinergic
Hypothesis of Geriatric Memory Dysfunction,” Science 217, no. 4558
(1982): 408-414, https://doi.org/10.1126/SCIENCE.7046051.

40. H. Cavdar, M. Senturk, M. Guney, et al., “Inhibition of
Acetylcholinesterase and  Butyrylcholinesterase =~ With ~ Uracil
Derivatives: Kinetic and Computational Studies,” Journal of Enzyme
Inhibition and Medicinal Chemistry 34, no. 1 (2019): 429-437, https://
doi.org/10.1080/14756366.2018.1543288.

41. K. Sharma, “Cholinesterase Inhibitors as Alzheimer's Therapeutics
(Review),” Molecular Medicine Reports 20, no. 2 (2019): 1479-1487,
https://doi.org/10.3892/mmr.2019.10374.

42. R. Schliebs, and T. Arendt, “The Cholinergic System in Aging and
Neuronal Degeneration,” Behavioural Brain Research 221, no. 2 (2011):
555-563, https://doi.org/10.1016/J.BBR.2010.11.058.

43. A. Trang, and P. B. Khandhar, “Physiology, Acetylcholinesterase,”
(Stat Pearls Publishing, 2023)Accessed: Nov. 06, 2025. [Online].
Available: http: //http://europepmc.org/books/NBK539735.

44. Z. R. Chen, J. B. Huang, S. L. Yang, and F. F. Hong, “Role of
Cholinergic Signaling in Alzheimer's Disease,” Molecules 27, no. 6
(2022): 1816, https://doi.org/10.3390/molecules27061816.

45. D. D. Li, Y. H. Zhang, W. Zhang, and P. Zhao, “Meta-Analysis of
Randomized Controlled Trials on the Efficacy and Safety of Donepezil,
Galantamine, Rivastigmine, and Memantine for the Treatment of
Alzheimer's Disease,” Frontiers in Neuroscience 13 (2019): 472, https://
doi.org/10.3389/fnins.2019.00472.

46. M. Alsaffar, Synthesis and Cholinesterase Activity of Fluorinated
Donepezil Derivatives (Newcastle University, 2022).

47. J. S. Birks, and R. J. Harvey, “Donepezil for Dementia due to
Alzheimer's Disease,” Cochrane Database of Systematic Reviews 6 (2018):
https://doi.org/10.1002/14651858.CD001190.pub3.

48. N. Kandiah, M. C. Pai, V. Senanarong, et al., “Rivastigmine:
The Advantages of Dual Inhibition of Acetylcholinesterase and
Butyrylcholinesterase and Its Role in Subcortical Vascular Dementia
and Parkinson's Disease Dementia,” Clinical Interventions in Aging 12
(2017): 697-707, https://doi.org/10.2147/CIA.S129145.

49. B. Winblad, and J. C. Machado, “Use of Rivastigmine
Transdermal Patch in the Treatment of Alzheimer's Disease,” Expert
Opinion on Drug Delivery 5, no. 12 (2008): 1377-1386, https://doi.
org/10.1517/17425240802542690.

50. D. E. Moss, and R. G. Perez, “Anti-Neurodegenerative Benefits
of Acetylcholinesterase Inhibitors in Alzheimer's Disease: Nexus of
Cholinergic and Nerve Growth Factor Dysfunction,” Current Alzheimer
Research 18, no. 13 (2021): 1010-1022, https://doi.org/10.2174/1567205
018666211215150547.

51. J. S. Birks, and Cochrane Dementia and Cognitive Improvement
Group, “Cholinesterase Inhibitors for Alzheimer's Disease,”
Cochrane Database of Systematic Reviews 2016 (2006): https://doi.
org/10.1002/14651858.CD005593.

52. C. G. Parsons, W. Danysz, A. Dekundy, and I. Pulte, “Memantine
and Cholinesterase Inhibitors: Complementary Mechanisms in the
Treatment of Alzheimer's Disease,” Neurotoxicity Research 24, no. 3
(2013): 358-369, https://doi.org/10.1007/S12640-013-9398-Z.

53. E. J. Kodis, S. Choi, E. Swanson, G. Ferreira, and G. S. Bloom,
“N-methyl-D-Aspartate Receptor-Mediated Calcium Influx Connects
Amyloid-8 Oligomers to Ectopic Neuronal Cell Cycle Reentry in
Alzheimer's Disease,” Alzheimer's & Dementia 14, no. 10 (2018): 1302-
1312, https://doi.org/10.1016/j.jalz.2018.05.017.

54. B. C. Tang, Y. T. Wang, and J. Ren, “Basic Information About
Memantine and Its Treatment of Alzheimer's Disease and Other Clinical
Applications,” Ibrain 9, no. 3 (2023): 340-348, https://doi.org/10.1002/
ibra.12098.

55. D. Olivares, V. K. Deshpande, Y. Shi, et al., “N-Methyl D-Aspartate
(NMDA) Receptor Antagonists and Memantine Treatment for
Alzheimer's Disease, Vascular Dementia and Parkinson's Disease,”
Current Alzheimer Research 9, no. 6 (2012): 746-758, https://doi.
0rg/10.2174/156720512801322564.

56. B. Dabrowska-Bouta, L. Struzynska, M. Sidoryk-Wegrzynowicz,
and G. Sulkowski, “Memantine Improves the Disturbed Glutamine and
y-Amino Butyric Acid Homeostasis in the Brain of Rats Subjected to
Experimental Autoimmune Encephalomyelitis,” International Journal
of Molecular Sciences 24, no. 17 (2023): 13149, https://doi.org/10.3390/
1JMS241713149.

57. G. L. Plosker, “Memantine Extended Release (28 mg Once Daily): A
Review of Its Use in Alzheimer's Disease,” Drugs 75, no. 8 (2015): 887-
897, https://doi.org/10.1007/S40265-015-0400-3.

58.1.Xu Lou, J. Chen, K. Ali, A. L. Shaikh, and Q. Chen, “Mapping New
Pharmacological Interventions for Cognitive Function in Alzheimer's
Disease: A Systematic Review of Randomized Clinical Trials,”
Frontiers in Pharmacology 14 (2023): 1190604, https://doi.org/10.3389/
fphar.2023.1190604.

59.E. R. Peskind, S. G. Potkin, N. Pomara, et al., “Memantine Treatment
in Mild to Moderate Alzheimer Disease: A 24-Week Randomized,
Controlled Trial,” American Journal of Geriatric Psychiatry 14, no. 8
(2006): 704-715, https://doi.org/10.1097/01.JGP.0000224350.82719.83.

60. J. Cummings, A. M. L. Osse, D. Cammann, J. Powell, and J. Chen,
“Anti-Amyloid Monoclonal Antibodies for the Treatment of Alzheimer's
Disease,” BioDrugs 38, no. 1 (2024): 5-22, https://doi.org/10.1007/
S40259-023-00633-2.

61. A. Rahman, M. A. Hossen, M. F. I. Chowdhury, et al., “Aducanumab
for the Treatment of Alzheimer's Disease: A Systematic Review,”
Psychogeriatrics 23, no. 3 (2023): 512-522, https://doi.org/10.1111/
psyg.12944.

62.S. Budd Haeberlein, P. S. Aisen, F. Barkhof, et al., “Two Randomized
Phase 3 Studies of Aducanumab in Early Alzheimer's Disease,” Journal
of Prevention of Alzheimer's Disease 9, no. 2 (2022): 197-210, https://doi.
org/10.14283/JPAD.2022.30.

63. L. K. Huang, Y. C. Kuan, H. W. Lin, and C. J. Hu, “Clinical Trials
of New Drugs for Alzheimer Disease: A 2020-2023 Update,” Journal
of Biomedical Science 30, no. 1 (2023): 83, https://doi.org/10.1186/
S$12929-023-00976-6.

64. S. Y. Jeong, C. H. Suh, S. J. Kim, C. A. Lemere, J. S. Lim, and J.
H. Lee, “Amyloid-Related Imaging Abnormalities in the Era of Anti-
Amyloid Beta Monoclonal Antibodies for Alzheimer's Disease: Recent
Updates on Clinical and Imaging Features and MRI Monitoring,”
Korean Journal of Radiology 25, no. 8 (2024): 726-741, https://doi.
org/10.3348/kjr.2024.0105.

65. National Institute on Aging, Alzheimer’s Disease Fact Sheet 21
(2025):  (National Institute on Aging) [Online]. Available: https:
//http://www.nia.nih.gov/health/alzheimers-and-dementia/
alzheimers-disease-fact-sheet.

66. L. Tan,J. T. Yu, H. F. Wang, et al., “Efficacy and Safety of Donepezil,
Galantamine, Rivastigmine, and Memantine for the Treatment of
Alzheimer's Disease: A Systematic Review and Meta-Analysis,” Journal
of Alzheimer’s Disease 41, no. 2 (2014): 615-631, https://doi.org/10.3233/
JAD-132690.

16 of 19

BioMed Research International, 2026


https://doi.org/10.1007/S11033-023-09021-Z
https://doi.org/10.1007/S11033-023-09021-Z
https://doi.org/10.3389/FNAGI.2021.617588
https://doi.org/10.3390/antiox14091044
https://doi.org/10.1126/SCIENCE.7046051
https://doi.org/10.1080/14756366.2018.1543288
https://doi.org/10.1080/14756366.2018.1543288
https://doi.org/10.3892/mmr.2019.10374
https://doi.org/10.1016/J.BBR.2010.11.058
http://europepmc.org/books/NBK539735
https://doi.org/10.3390/molecules27061816
https://doi.org/10.3389/fnins.2019.00472
https://doi.org/10.3389/fnins.2019.00472
https://doi.org/10.1002/14651858.CD001190.pub3
https://doi.org/10.2147/CIA.S129145
https://doi.org/10.1517/17425240802542690
https://doi.org/10.1517/17425240802542690
https://doi.org/10.2174/1567205018666211215150547
https://doi.org/10.2174/1567205018666211215150547
https://doi.org/10.1002/14651858.CD005593
https://doi.org/10.1002/14651858.CD005593
https://doi.org/10.1007/S12640-013-9398-Z
https://doi.org/10.1016/j.jalz.2018.05.017
https://doi.org/10.1002/ibra.12098
https://doi.org/10.1002/ibra.12098
https://doi.org/10.2174/156720512801322564
https://doi.org/10.2174/156720512801322564
https://doi.org/10.3390/IJMS241713149
https://doi.org/10.3390/IJMS241713149
https://doi.org/10.1007/S40265-015-0400-3
https://doi.org/10.3389/fphar.2023.1190604
https://doi.org/10.3389/fphar.2023.1190604
https://doi.org/10.1097/01.JGP.0000224350.82719.83
https://doi.org/10.1007/S40259-023-00633-2
https://doi.org/10.1007/S40259-023-00633-2
https://doi.org/10.1111/psyg.12944
https://doi.org/10.1111/psyg.12944
https://doi.org/10.14283/JPAD.2022.30
https://doi.org/10.14283/JPAD.2022.30
https://doi.org/10.1186/S12929-023-00976-6
https://doi.org/10.1186/S12929-023-00976-6
https://doi.org/10.3348/kjr.2024.0105
https://doi.org/10.3348/kjr.2024.0105
http://www.nia.nih.gov/health/alzheimers-and-dementia/alzheimers-disease-fact-sheet
http://www.nia.nih.gov/health/alzheimers-and-dementia/alzheimers-disease-fact-sheet
https://doi.org/10.3233/JAD-132690
https://doi.org/10.3233/JAD-132690

67. M. Mazza, A. Capuano, P. Bria, and S. Mazza, “Ginkgo biloba
and Donepezil: A Comparison in the Treatment of Alzheimer's
Dementia in a Randomized Placebo-Controlled Double-Blind Study,”
European Journal of Neurology 13, no. 9 (2006): 981-985, https://doi.
0rg/10.1111/j.1468-1331.2006.01409.x.

68. A. Zangara, “The Psychopharmacology of Huperzine A: An Alkaloid
With Cognitive Enhancing and Neuroprotective Properties of Interest
in the Treatment of Alzheimer's Disease,” Pharmacology Biochemistry
and Behavior 75, no. 3 (2003): 675-686, https://doi.org/10.1016/
S0091-3057(03)00111-4.

69. G. D'Onofrio, S. M. Nabavi, D. Sancarlo, A. Greco, and S.
Pieretti, “Crocus Sativus L. (Saffron) in Alzheimer's Disease
Treatment: Bioactive Effects on Cognitive Impairment,” Current
Neuropharmacology 19, no. 9 (2021): 1606-1616, https://doi.org/10.217
4/1570159X19666210113144703.

70. A. Lehoczki, M. Fekete, T. Jarecsny, et al., “The Neuroprotective Role
of Curcumin: From Molecular Pathways to Clinical Translation—A
Narrative Review,” Nutrients 17, no. 17 (2025): 2884, https://doi.
org/10.3390/NU17172884.

71. H. Pei, L. Ma, Y. Cao, et al., “Traditional Chinese Medicine for
Alzheimer's Disease and Other Cognitive Impairment: A Review,”
American journal of Chinese medicine 48, no. 3 (2020): 487-511, https://
doi.org/10.1142/S0192415X20500251.

72.B. A.Bhat, A. Almilaibary, R. A. Mir, et al., “Natural Therapeutics in
Aid of Treating Alzheimer's Disease: A Green Gateway Toward Ending
Quest for Treating Neurological Disorders,” Frontiers in Neuroscience 16
(2022): 884345, https://doi.org/10.3389/fnins.2022.884345.

73. J. Gregory, Y. V. Vengalasetti, D. E. Bredesen, and R. V. Rao,
“Neuroprotective Herbs for the Management of Alzheimer's
Disease,” Biomolecules 11, no. 4 (2021): 543, https://doi.org/10.3390/
biom11040543.

74. Y. R. Menghani, D. M. Bhattad, K. K. Chandak, J. R. Taksande,
and M. J. Umekar, “A Review: Pharmacological and Herbal Remedies
in the Management of Neurodegenerative Disorder (Alzheimer's),”
International Journal of Pharmacognosy and Life Science 2, no. 1 (2021):
18-27, https://doi.org/10.33545/27072827.2021.v2.ila.23.

75.T. L. Rosenberry, X. Brazzolotto, I. R. Macdonald, et al., “Comparison
of the Binding of Reversible Inhibitors to Human Butyrylcholinesterase
and Acetylcholinesterase: A Crystallographic, Kinetic and Calorimetric
Study,” Molecules 22, no. 12 (2017): 2098, https://doi.org/10.3390/
molecules22122098.

76. J. P. B. Lopes, J. da Costa, M. Ceschi, et al., “Chiral Bistacrine
Analogues: Synthesis, Cholinesterase Inhibitory ActivityandaMolecular
Modeling Approach,” Journal of the Brazilian Chemical Society 28, no.
11 (2017): 2218-2228, https://doi.org/10.21577/0103-5053.20170074.

77.N.Subramanian, B. Watson, C. Z. Li, M. Moss, and C. Liu, “Patterning
Amyloid-B Aggregation Under the Effect of Acetylcholinesterase Using
a Biological Nanopore—An In Vitro Study,” Sensors and Actuators
Reports 6 (2023): 100170, https://doi.org/10.1016/j.snr.2023.100170.

78. G. A. Reid, and S. Darvesh, “Interaction of Exogenous
Acetylcholinesterase and Butyrylcholinesterase With Amyloid-3
Plaques in Human Brain Tissue,” Chemico-Biological Interactions 395
(2024): 111012, https://doi.org/10.1016/j.cbi.2024.111012.

79. H. O. Gulcan, I. E. Orhan, and B. Sener, “Chemical and Molecular
Aspects on Interactions of Galanthamine and Its Derivatives With
Cholinesterases,” Current Pharmaceutical Biotechnology 16, no. 3
(2015): 252-258Send Orders for Reprints to reprints@benthamscience.
ae [Online]. Available: http: //pubchem. ncbi. nlm. http://nih.gov/assay/
assay. cgi? cid=9651, https://doi.org/10.2174/138920101566614120
2105105.

80. Z. Li, Z. Zhang, and B. Yu, “Unlocking the Therapeutic Potential
of Natural Products for Alzheimer's Disease,” Journal of Medicinal

Chemistry 68, no. 3 (2025): 2377-2402, https://doi.org/10.1021/ACS.
JMEDCHEM.4C03049.

81. B. Cheng, Q. Wang, Y. An, and F. Chen, “Recent Advances in the
Total Synthesis of Galantamine, a Natural Medicine for Alzheimer's
Disease,” Natural Product Reports 41, no. 7 (2024): 1060-1090, https://
doi.org/10.1039/D4NP00001C.

82. N. Aktary, Y. Jeong, S. Oh, et al., “Unveiling the Therapeutic
Potential of Natural Products in Alzheimer's Disease: Insights From
In Vitro, In Vivo, and Clinical Studies,” Frontiers in Pharmacology 16
(2025): 1601712, https://doi.org/10.3389/fphar.2025.1601712.

83.K. Youn, C. T. Ho, and M. Jun, “Multifaceted Neuroprotective Effects
of (-)-Epigallocatechin-3-Gallate (EGCG) in Alzheimer's Disease: An
Overview of Pre-Clinical Studies Focused on f-Amyloid Peptide,” Food
Science and Human Wellness 11, no. 3 (2022): 483-493, https://doi.
0rg/10.1016/j.fshw.2021.12.006.

84.M.Li, S.E.Howson, K. Dong, etal., “Chiral Metallohelical Complexes
Enantioselectively Target Amyloid 8 for Treating Alzheimer's Disease,”
Journal of the American Chemical Society 136, no. 33 (2014): 11655—
11663, https://doi.org/10.1021/JA502789E.

85. M. Babashpour-Asl, P. S. Kaboudi, and S. R. Barez, “Therapeutic and
Medicinal Effects of Snowdrop (Galanthus spp.) in Alzheimer's Disease:
A Review,” Journal of Education and Health Promotion 12, no. 1 (2023):
128, https://doi.org/10.4103/JEHP.JEHP_451_22.

86. K. Singh, S. M. Hasan, A. Kumar, M. Shahanawaz, and S. Mehdi,
“Huperzine A: A Natural Acetylcholinesterase Inhibitor With
Multifunctional Neuroprotective Effects,” Beni-Suef University Journal
of Basic and Applied Sciences 14, no. 1 (2025): 82, https://doi.org/10.1186/
s43088-025-00675-1.

87. P. Camps, R. el Achab, J. Morral, et al., “New Tacrine—Huperzine A
Hybrids (Huprines): Highly Potent Tight-Binding Acetylcholinesterase
Inhibitors of Interest for the Treatment of Alzheimer's Disease,”
Journal of Medicinal Chemistry 43, no. 24 (2000): 4657-4666, https://
doi.org/10.1021/JM000980Y.

88. F. Lo Cascio, P. Marzullo, R. Kayed, and A. P. Piccionello,
“Curcumin as Scaffold for Drug Discovery against Neurodegenerative
Diseases,” Biomedicines 9, no. 2 (2021): 173, https://doi.org/10.3390/
biomedicines9020173.

89. W. Yang, F. Li, X. Xing, Z. Wang, and X. Yu, “Study in Pesticide
Activities of Polygonum cuspidatum Extracts and Its Active Ingredient
Resveratrol,” Natural Product Communications 14, no. 7 (2019):
1934578X19861022, https://doi.org/10.1177/1934578X19861022.

90. J. Gu, Z. Li, H. Chen, X. Xu, Y. Li, and Y. Gui, “Neuroprotective
Effect of Trans-Resveratrol in Mild to Moderate Alzheimer Disease:
A Randomized, Double-Blind Trial,” Neurology and Therapy 10, no. 2
(2021): 905-917, https://doi.org/10.1007/s40120-021-00271-2.

91. G. Lai, H. Wu, K. Yang, K. Hu, W. Zhao, and X. Chen, “Potential
Applications of Natural Components of Traditional Chinese Medicine
Delivery via Nanoparticle Drug Delivery Systems in the Treatment of
Alzheimer's Disease,” International Journal of Nanomedicine 20 (2025):
7781-7810, https://doi.org/10.2147/1IJN.S525960.

92.R. S. Turner, R. G. Thomas, S. Craft, et al., “A Randomized, Double-
Blind, Placebo-Controlled Trial of Resveratrol for Alzheimer Disease,”
Neurology 85, no. 16 (2015): 1383-1391, https://doi.org/10.1212/
‘WNL.0000000000002035.

93. X. W. Zhang, J. Y. Chen, D. Ouyang, and J. H. Lu, “Quercetin in
Animal Models of Alzheimer's Disease: A Systematic Review of
Preclinical Studies,” International Journal of Molecular Sciences 21, no.
2(2020): 493, https://doi.org/10.3390/ijms21020493.

94. S. Li, Z. Wang, G. Liu, and M. Chen, “Neurodegenerative
Diseases and Catechins: (—)-Epigallocatechin-3-Gallate Is a
Modulator of Chronic Neuroinflammation and Oxidative Stress,”

17 of 19


https://doi.org/10.1111/j.1468-1331.2006.01409.x
https://doi.org/10.1111/j.1468-1331.2006.01409.x
https://doi.org/10.1016/S0091-3057(03)00111-4
https://doi.org/10.1016/S0091-3057(03)00111-4
https://doi.org/10.2174/1570159X19666210113144703
https://doi.org/10.2174/1570159X19666210113144703
https://doi.org/10.3390/NU17172884
https://doi.org/10.3390/NU17172884
https://doi.org/10.1142/S0192415X20500251
https://doi.org/10.1142/S0192415X20500251
https://doi.org/10.3389/fnins.2022.884345
https://doi.org/10.3390/biom11040543
https://doi.org/10.3390/biom11040543
https://doi.org/10.33545/27072827.2021.v2.i1a.23
https://doi.org/10.3390/molecules22122098
https://doi.org/10.3390/molecules22122098
https://doi.org/10.21577/0103-5053.20170074
https://doi.org/10.1016/j.snr.2023.100170
https://doi.org/10.1016/j.cbi.2024.111012
http://nih.gov/assay/assay
http://nih.gov/assay/assay
https://doi.org/10.2174/1389201015666141202105105
https://doi.org/10.2174/1389201015666141202105105
https://doi.org/10.1021/ACS.JMEDCHEM.4C03049
https://doi.org/10.1021/ACS.JMEDCHEM.4C03049
https://doi.org/10.1039/D4NP00001C
https://doi.org/10.1039/D4NP00001C
https://doi.org/10.3389/fphar.2025.1601712
https://doi.org/10.1016/j.fshw.2021.12.006
https://doi.org/10.1016/j.fshw.2021.12.006
https://doi.org/10.1021/JA502789E
https://doi.org/10.4103/JEHP.JEHP_451_22
https://doi.org/10.1186/s43088-025-00675-1
https://doi.org/10.1186/s43088-025-00675-1
https://doi.org/10.1021/JM000980Y
https://doi.org/10.1021/JM000980Y
https://doi.org/10.3390/biomedicines9020173
https://doi.org/10.3390/biomedicines9020173
https://doi.org/10.1177/1934578X19861022
https://doi.org/10.1007/s40120-021-00271-2
https://doi.org/10.2147/IJN.S525960
https://doi.org/10.1212/WNL.0000000000002035
https://doi.org/10.1212/WNL.0000000000002035
https://doi.org/10.3390/ijms21020493

Frontiers in Nutrition 11 (2024): 1425839, https://doi.org/10.3389/
fnut.2024.1425839.

95. Z. Shi, H. Chen, X. Zhou, W. Yang, and Y. Lin, “Pharmacological
Effects of Natural Medicine Ginsenosides Against Alzheimer's
Disease,” Frontiers in Pharmacology 13 (2022): 952332, https://doi.
org/10.3389/fphar.2022.952332.

96. S. He, J. Shi, H. Chai, et al., “Mechanisms With Network
Pharmacology Approach of Ginsenosides in Alzheimer's Disease,”
Heliyon 10, no. 5 (2024): e26642, https://doi.org/10.1016/j.heli-
yon.2024.e26642.

97.J.J. Wu, Y. Yang, Y. Wan, et al., “New Insights Into the Role and
Mechanisms of Ginsenoside Rgl in the Management of Alzheimer's
Disease,” Biomedicine & Pharmacotherapy 152 (2022): 113207, https://
doi.org/10.1016/j.biopha.2022.113207.

98. S. Som, J. Antony, S. Dhanabal, and S. Ponnusankar,
“Neuroprotective Role of Diosgenin, a NGF Stimulator, Against
A (1-42) Induced Neurotoxicity in Animal Model of Alzheimer's
Disease,” Metabolic Brain Disease 37, no. 2 (2022): 359-372, https://
doi.org/10.1007/s11011-021-00880-8.

99. B. Cai, Y. Zhang, Z. Wang, et al., “Therapeutic Potential of
Diosgenin and Its Major Derivatives Against Neurological Diseases:
Recent Advances,” Oxidative Medicine and Cellular Longevity 2020,
no. 1 (2020):, https://doi.org/10.1155/2020/31530823153082.

100. D. Choudhary, S. Bhattacharyya, and S. Bose, “Efficacy and
Safety of Ashwagandha (Withania somnifera(L.)Dunal) Root Extract
in Improving Memory and Cognitive Functions,” Journal of Dietary
Supplements 14, no. 6 (2017): 599-612, https://doi.org/10.1080/19390
211.2017.1284970.

101. P. Sarup, J. Malik, and S. Pahuja, “Exploration of Neuroprotective
Therapy A Comprehensive Insight Into Baicalein and Baicalin:
Neuroprotective Perspectives in Alzheimer's Disease,” Exploration of
Neuroprotective Therapy 5 (2025): 1004121, https://doi.org/10.37349/
ent.2025.1004121.

102. W. Wang, X. Fu, J. Xu, et al., “Baicalein From Scutellaria bai-
calensis Mitigates Oxidative Stress Through the IIS Pathway in a C.
elegans Model of Ulcerative Colitis,” Frontiers in Pharmacology 16
(2025): 1592244, https://doi.org/10.3389/fphar.2025.1592244.

103. D. Wei, J. Tang, W. Bai, Y. Wang, and Z. Zhang, “Ameliorative
Effects of Baicalein on an Amyloid-8 Induced Alzheimer's Disease
Rat Model: A Proteomics Study,” Current Alzheimer Research 11,
no. 9 (2014): 869-881, https://doi.org/10.2174/156720501166614100
1113619.

104. P. Jiang, C. Li, Z. Xiang, and B. Jiao, “Tanshinone IIA Reduces
the Risk of Alzheimer's Disease by Inhibiting iNOS, MMP-2 and NF-
xBp65 Transcription and Translation in the Temporal Lobes of Rat
Models of Alzheimer's Disease,” Molecular Medicine Reports 10, no. 2
(2014): 689-694, https://doi.org/10.3892/MMR.2014.2254.

105. Y. Rong, Q. Li, Y. du, et al., “Preclinical Evidence and Potential
Mechanisms of Tanshinone ITA on Cognitive Function in Animal
Models of Alzheimer's Disease: A Systematic Review and Meta-
Analysis,” Frontiers in Pharmacology 16 (2025): 1603861, https://
doi.org/10.3389/fphar.2025.1603861.

106. W. Wei, J. X. Yao, T. T. Zhang, et al., “Network Pharmacology
Reveals that Berberine May Function Against Alzheimer's Disease
via the AKT Signaling Pathway,” Frontiers in Neuroscience 17 (2023):
1059496, https://doi.org/10.3389/fnins.2023.1059496.

107. W. Su, Y. Wang, S. Shao, and X. Ye, “Crocin Ameliorates
Neuroinflammation and Cognitive Impairment in Mice With
Alzheimer's Disease by Activating PI3K/AKT Pathway,” Brain and
Behavior 14, no. 5 (2024): €3503, https://doi.org/10.1002/brb3.3503.

108. R. Tiribuzi, L. Crispoltoni, V. Chiurchiu, et al., “Trans-Crocetin
Improves Amyloid-§ Degradation in Monocytes From Alzheimer's

Disease Patients,” Journal of the Neurological Sciences 372 (2017):
408-412, https://doi.org/10.1016/J.JNS.2016.11.004.

109. S. M. Barbalho, R. Direito, L. F. Laurindo, et al., “Ginkgo biloba in
the Aging Process: A Narrative Review,” Antioxidants 11, no. 3 (2022):
525, https://doi.org/10.3390/ANTIOX11030525.

110. G. L. Pagotto, L. M. Santos, N. Osman, et al., “Ginkgo biloba: A
Leaf of Hope in the Fight Against Alzheimer's Dementia: Clinical Trial
Systematic Review,” Antioxidants 13, no. 6 (2024): 651, https://doi.
org/10.3390/antiox13060651.

111. S. K. Singh, S. Srivastav, R. J. Castellani, G. Plascencia-Villa, and G.
Perry, “Neuroprotective and Antioxidant Effect of Ginkgo biloba Extract
Against AD and Other Neurological Disorders,” Neurotherapeutics 16,
no. 3 (2019): 666-674, https://doi.org/10.1007/s13311-019-00767-8.

112. C. Xia, M. Zhou, X. Dong, et al., “Ginkgo biloba Extract Inhibits
Hippocampal Neuronal Injury Caused by Mitochondrial Oxidative
Stress in a Rat Model of Alzheimer's Disease,” PLoS One 19, no. 8 (2024):
€0307735, https://doi.org/10.1371/JOURNAL.PONE.0307735.

113. C. Shi, L. Zhao, B. Zhu, et al., “Protective Effects of Ginkgo bi-
loba Extract (EGb761) and Its Constituents Quercetin and Ginkgolide
B Against -Amyloid Peptide-Induced Toxicity in SH-SY5Y cells,”
Chemico-Biological Interactions 181, no. 1 (2009): 115-123, https://doi.
0rg/10.1016/J.CB1.2009.05.010.

114. Z. X. Yao, Z. Han, K. Drieu, and V. Papadopoulos, “Ginkgo biloba
Extract (Egb 761) Inhibits 8-Amyloid Production by Lowering Free
Cholesterol Levels,” Journal of Nutritional Biochemistry 15, no. 12
(2004): 749-756, https://doi.org/10.1016/J.JNUTBIO.2004.06.008.

115. M. J. Friedli, and N. C. Inestrosa, “Huperzine A and Its
Neuroprotective Molecular Signaling in Alzheimer's Disease,” Molecules
26, no. 21 (2021): 6531, https://doi.org/10.3390/molecules26216531.

116. L. Xie, C. Jiang, Z. Wang, et al., “Effect of Huperzine A on AS-
Induced p 65 of Astrocyte In Vitro,” Bioscience, Biotechnology, and
Biochemistry 80, no. 12 (2016): 2334-2337, https://doi.org/10.1080/091
68451.2016.1222265.

117.M.S.Rafii, S. Walsh, J. T. Little, etal., “A Phase I Trial of Huperzine
A in Mild to Moderate Alzheimer Disease,” Neurology 76, no. 16
(2011): 1389-1394, https://doi.org/10.1212/WNL.0b013e318216eb7b.

118.G.Yang, Y. Wang, J. Tian, and J. P. Liu, “Huperzine A for Alzheimer's
Disease: A Systematic Review and Meta-Analysis of Randomized
Clinical Trials,” PLoS One 8, no. 9 (2013): , https://doi.org/10.1371/jour-
nal.pone.0074916.

119. B. Janssen, and B. Schifer, “Galantamine,” ChemTexts 3, no. 2
(2017): 7, https://doi.org/10.1007/S40828-017-0043-Y.

120.D.Jiang, X. Yang, M. Li, Y. Wang, and Y. Wang, “Efficacy and Safety
of Galantamine Treatment for Patients With Alzheimer's Disease: A
Meta-Analysis of Randomized Controlled Trials,” Journal of Neural
Transmission 122, no. 8 (2015): 1157-1166, https://doi.org/10.1007/
S00702-014-1358-0.

121. C. Wang, X. Cai, W. Hu, et al., “Investigation of the Neuroprotective
Effects of Crocin via Antioxidant Activities in HT22 Cells and in Mice
With Alzheimer's Disease,” International Journal of Molecular Medicine
43, no. 2 (2019): 956-966, https://doi.org/10.3892/ijmm.2018.4032.

122. N. S. Koulakiotis, P. Purhonen, E. Gikas, H. Hebert, and A.
Tsarbopoulos, “Crocus-Derived Compounds Alter the Aggregation
Pathway of Alzheimer's Disease: Associated Beta Amyloid Protein,”
Scientific Reports 10, no. 1 (2020): 18150, https://doi.org/10.1038/
$41598-020-74770-x.

123. D. A. Anil, M. F. Polat, R. Saglamtas, et al., “Exploring Enzyme
Inhibition Profiles of Novel Halogenated Chalcone Derivatives on
Some Metabolic Enzymes: Synthesis, Characterization and Molecular
Modeling Studies,” Computational Biology and Chemistry 100 (2022):
107748, https://doi.org/10.1016/j.compbiolchem.2022.107748.

18 of 19

BioMed Research International, 2026


https://doi.org/10.3389/fnut.2024.1425839
https://doi.org/10.3389/fnut.2024.1425839
https://doi.org/10.3389/fphar.2022.952332
https://doi.org/10.3389/fphar.2022.952332
https://doi.org/10.1016/j.heliyon.2024.e26642
https://doi.org/10.1016/j.heliyon.2024.e26642
https://doi.org/10.1016/j.biopha.2022.113207
https://doi.org/10.1016/j.biopha.2022.113207
https://doi.org/10.1007/s11011-021-00880-8
https://doi.org/10.1007/s11011-021-00880-8
https://doi.org/10.1155/2020/3153082
https://doi.org/10.1080/19390211.2017.1284970
https://doi.org/10.1080/19390211.2017.1284970
https://doi.org/10.37349/ent.2025.1004121
https://doi.org/10.37349/ent.2025.1004121
https://doi.org/10.3389/fphar.2025.1592244
https://doi.org/10.2174/1567205011666141001113619
https://doi.org/10.2174/1567205011666141001113619
https://doi.org/10.3892/MMR.2014.2254
https://doi.org/10.3389/fphar.2025.1603861
https://doi.org/10.3389/fphar.2025.1603861
https://doi.org/10.3389/fnins.2023.1059496
https://doi.org/10.1002/brb3.3503
https://doi.org/10.1016/J.JNS.2016.11.004
https://doi.org/10.3390/ANTIOX11030525
https://doi.org/10.3390/antiox13060651
https://doi.org/10.3390/antiox13060651
https://doi.org/10.1007/s13311-019-00767-8
https://doi.org/10.1371/JOURNAL.PONE.0307735
https://doi.org/10.1016/J.CBI.2009.05.010
https://doi.org/10.1016/J.CBI.2009.05.010
https://doi.org/10.1016/J.JNUTBIO.2004.06.008
https://doi.org/10.3390/molecules26216531
https://doi.org/10.1080/09168451.2016.1222265
https://doi.org/10.1080/09168451.2016.1222265
https://doi.org/10.1212/WNL.0b013e318216eb7b
https://doi.org/10.1371/journal.pone.0074916
https://doi.org/10.1371/journal.pone.0074916
https://doi.org/10.1007/S40828-017-0043-Y
https://doi.org/10.1007/S00702-014-1358-0
https://doi.org/10.1007/S00702-014-1358-0
https://doi.org/10.3892/ijmm.2018.4032
https://doi.org/10.1038/s41598-020-74770-x
https://doi.org/10.1038/s41598-020-74770-x
https://doi.org/10.1016/j.compbiolchem.2022.107748

124. S. Prabha, and S. S. Rajput, “Exploring Chalcone Derivatives
Against Alzheimer's Disease: Biological Activity and Structure-
Activity Relationships,” Synlett 37, no. 1 (2026): 67-75, https://doi.
org/10.1055/a-2690-9342.

125. S. Teke Tungel, Y. Sicak, M. O. Ozbek, A. I. Uba, A. Karakiiciik-
iyidogan, and E. E. Oruc¢-Emre, “Synthesis, Conformational Analysis,
Antioxidant and Enzyme Inhibition Activity, Molecular Docking,
and DFT Studies of New Chiral Hydrazide-Hydrazone Derivatives,”
Chirality 37, no. 7 (2025): €70041, https://doi.org/10.1002/chir.70041.

126. E. Bilen, U. Ozdemir Ozmen, S. Cete, S. Alyar, and A.
Yasar, “Bioactive Sulfonyl Hydrazones With Alkyl Derivative:
Characterization, ADME Properties, Molecular Docking Studies
and Investigation of Inhibition on Choline Esterase Enzymes for the
Diagnosis of Alzheimer's Disease,” Chemico-Biological Interactions 360
(2022): 109956, https://doi.org/10.1016/j.cbi.2022.109956.

127. M. Katalini¢, G. Rusak, J. Domacinovi¢ Barovi¢, et al., “Structural
Aspects of Flavonoids as Inhibitors of Human Butyrylcholinesterase,”
European Journal of Medicinal Chemistry 45, no. 1 (2010): 186-192,
https://doi.org/10.1016/j.ejmech.2009.09.041.

128. M. Sadeghi, S. Seyedebrahimi, M. Ghanadian, and M. Miroliaei,
“Identification of Cholinesterases Inhibitors From Flavonoids
Derivatives for Possible Treatment of Alzheimer's Disease: In silico and
In Vitro Approaches,” Current Research in Structural Biology 7 (2024):
100146, https://doi.org/10.1016/j.crstbi.2024.100146.

129. M. M. Coelho, C. Fernandes, F. Remido, and M. E. Tiritan,
“Enantioselectivity in Drug Pharmacokinetics and Toxicity:
Pharmacological Relevance and Analytical Methods,” Molecules 26, no.
11 (2021): 3113, https://doi.org/10.3390/molecules26113113.

130. V. V. S. P. Kumari Rayala, J. S. Kandula, and P. Radhakrishnanand,
“Advances and Challenges in the Pharmacokinetics and Bioanalysis
of Chiral Drugs,” Chirality 34, no. 10 (2022): 1298-1310, https://doi.
0rg/10.1002/chir.23495.

131. M. Gumustas, S. A. Ozkan, and B. Chankvetadze, “Analytical
and Preparative Scale Separation of Enantiomers of Chiral Drugs by
Chromatography and Related Methods,” Current Medicinal Chemistry
25, no. 33 (2018): 4152-4188, https://doi.org/10.2174/092986732566618
0129094955.

132. M. Koémiir, H. T. Kiyan, and A. A. Oztiirk, “Development of
Donepezil Hydrochloride-Loaded PLGA-Based Nanoparticles for
Alzheimer's Disease Treatment,” Scientific Report 15, no. 1 (2025):
13184, https://doi.org/10.1038/s41598-025-95792-3.

133. Z. Liao, L. Cheng, X. Li, M. Zhang, S. Wang, and R. Huo, “Meta-
Analysis of Ginkgo biloba Preparation for the Treatment of Alzheimer's
Disease,” Clinical Neuropharmacology 43, no. 4 (2020): 93-99, https://
doi.org/10.1097/WNF.0000000000000394.

134. M. Hashiguchi, Y. Ohta, M. Shimizu, J. Maruyama, and M.
Mochizuki, “Meta-Analysis of the Efficacy and Safety of Ginkgo biloba
Extract for the Treatment of Dementia,” Journal of Pharmaceutical
Health Care and Sciences 1, no. 1 (2015): 14, https://doi.org/10.1186/
S40780-015-0014-7.

135. G. Yang, Y. Wang, J. Sun, K. Zhang, and J. Liu, “Ginkgo Biloba for
Mild Cognitive Impairment and Alzheimer's Disease: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials,” Current
Topics in Medicinal Chemistry 16, no. 5 (2015): 520-528, https://doi.org/
10.2174/1568026615666150813143520.

136. B. Vellas, N. Coley, P. J. Ousset, et al., “Long-Term Use of
Standardised Ginkgo biloba Extract for the Prevention of Alzheimer's
Disease (GuidAge): A Randomised Placebo-Controlled Trial,”
Lancet Neurology 11, no. 10 (2012): 851-859, https://doi.org/10.1016/
S1474-4422(12)70206-5.

137. S. H. Xing, C. X. Zhu, R. Zhang, and L. An, “Huperzine A in
the Treatment of Alzheimer's Disease and Vascular Dementia: A

Meta-Analysis,” Evidence-Based Complementary and Alternative
Medicine2014,n0.1(2014): 363985, https://doi.org/10.1155/2014/363985.

138. A. W. Lim, L. Schneider, and C. Loy, “Galantamine for Dementia
due to Alzheimer's Disease and Mild Cognitive Impairment,” Cochrane
Database of Systematic Reviews 11, no. 11 (2024): CD001747, https://doi.
0rg/10.1002/14651858.CD001747.pub4.

139. L. J. Scott, and K. L. Goa, “Galantamine: A Review of its Use in
Alzheimer’s Disease,” Drugs 60, no. 5 (2000): 1095-1122, https://doi.
0rg/10.2165/00003495-200060050-00008.

140. Y. P. Yan, J. Y. Chen, and J. H. Lu, “Disease-Modifying Activity
of Huperzine A on Alzheimer's Disease: Evidence From Preclinical
Studies on Rodent Models,” International Journal of Molecular Sciences
23, no. 23 (2022): 15238, https://doi.org/10.3390/ijms232315238.

141.Y. Liu, P. Niu, J. Yan, et al., “Efficacy and Safety of Ginkgo biloba
Extract in the Treatment of Unstable Angina Pectoris: A Systematic
Review and Network Meta-Analysis,” Journal of Ethnopharmacology
331(2024): 118297, https://doi.org/10.1016/j.jep.2024.118297.

142. S. Han, Y. Cao, X. Wu, J. Xu, Z. Nie, and Y. Qiu, “New Horizons for
the Study of Saffron (Crocus sativus L.) and Its Active Ingredients in the
Management of Neurological and Psychiatric Disorders: A Systematic
Review of Clinical Evidence and Mechanisms,” Phytotherapy Research
38, no. 5(2024): 2276-2302, https://doi.org/10.1002/ptr.8110.

143. L. Capasso, L. de Masi, C. Sirignano, et al., “Epigallocatechin
Gallate (EGCG): Pharmacological Properties, Biological Activities
and Therapeutic Potential,” Molecules 30, no. 3 (2025): 654, https://doi.
org/10.3390/molecules30030654.

144. A. P. Singh, R. Singh, S. S. Verma, et al., “Health Benefits of
Resveratrol: Evidence From Clinical Studies,” Medicinal Research
Reviews 39, no. 5 (2019): 1851-1891, https://doi.org/10.1002/med.21565.

145. Z. Q. Ren, S. Y. Zheng, Z. Sun, et al., “Resveratrol: Molecular
Mechanisms, Health Benefits, and Potential Adverse Effects,”
MedComm 6, no. 6 (2025): €70252, https://doi.org/10.1002/mco02.70252.

146. W. Fan, L. Fan, Z. Wang, et al., “Rare Ginsenosides: A Unique
Perspective of Ginseng Research,” Journal of Advanced Research 66
(2024): 303-328, https://doi.org/10.1016/j.jare.2024.01.003.

147. M. Sarhene, J. Y. Ni, E. S. Duncan, et al.,, “Ginsenosides for
Cardiovascular Diseases; Update on Pre-Clinical and Clinical
Evidence, Pharmacological Effects and the Mechanisms of Action,”
Pharmacological Research 166 (2021): 105481, https://doi.org/10.1016/j.
phrs.2021.105481.

19 of 19


https://doi.org/10.1055/a-2690-9342
https://doi.org/10.1055/a-2690-9342
https://doi.org/10.1002/chir.70041
https://doi.org/10.1016/j.cbi.2022.109956
https://doi.org/10.1016/j.ejmech.2009.09.041
https://doi.org/10.1016/j.crstbi.2024.100146
https://doi.org/10.3390/molecules26113113
https://doi.org/10.1002/chir.23495
https://doi.org/10.1002/chir.23495
https://doi.org/10.2174/0929867325666180129094955
https://doi.org/10.2174/0929867325666180129094955
https://doi.org/10.1038/s41598-025-95792-3
https://doi.org/10.1097/WNF.0000000000000394
https://doi.org/10.1097/WNF.0000000000000394
https://doi.org/10.1186/S40780-015-0014-7
https://doi.org/10.1186/S40780-015-0014-7
https://doi.org/10.2174/1568026615666150813143520
https://doi.org/10.2174/1568026615666150813143520
https://doi.org/10.1016/S1474-4422(12)70206-5
https://doi.org/10.1016/S1474-4422(12)70206-5
https://doi.org/10.1155/2014/363985
https://doi.org/10.1002/14651858.CD001747.pub4
https://doi.org/10.1002/14651858.CD001747.pub4
https://doi.org/10.2165/00003495-200060050-00008
https://doi.org/10.2165/00003495-200060050-00008
https://doi.org/10.3390/ijms232315238
https://doi.org/10.1016/j.jep.2024.118297
https://doi.org/10.1002/ptr.8110
https://doi.org/10.3390/molecules30030654
https://doi.org/10.3390/molecules30030654
https://doi.org/10.1002/med.21565
https://doi.org/10.1002/mco2.70252
https://doi.org/10.1016/j.jare.2024.01.003
https://doi.org/10.1016/j.phrs.2021.105481
https://doi.org/10.1016/j.phrs.2021.105481



