Middle East Research Journal of Medical Sciences
ISSN: 2789-7699 (Print) & ISSN: 2958-2024 (Online)
Frequency: Bi-Monthly

DOI: https://doi.org/10.36348/merjms.2025.v05i02.006

ﬂK UWAIT
SCHOLARS PUBLISHER

Website: http://www.kspublisher.com/

Email: office@kspublisher.com

Insights into the Promising Prospect of Medicinal Plants for the
Therapeutic Approaches of Alzheimer's Disease
Sheikh Shohag?!, Shomaya Akhter?, Al Amin?, Mirza Jaman?, Eftakharul Haque®, Md. Mehedi Hasan?,

Mohammad Aslam?, Dr. Mohammad Nazir Hossain'™

!Department of Genetic Engineering and Marine Biotechnology, Faculty of Earth and Ocean Science, Bangladesh Maritime

University, Mirpur 12, Dhaka 1216, Bangladesh

2Department of Biochemistry and Molecular Biology, Faculty of Life Science, Gopalganj Science and Technology University,

Gopalganj-8100, Bangladesh

3Department of Biochemistry and Molecular Biology, Faculty of Agriculture, Bangladesh Agricultural University, Mymensingh-2202,

Bangladesh

Abstract: Dementia and cognitive decline are associated with Alzheimer's disease
(AD), a chronic, progressive neurological disorder that mostly affects the elderly. AD is
caused by extracellular Amyloid-beta 42 plaques, intracellular hyperphosphorylated Tau
tangles, mitochondrial dysfunction, and genetic anomalies. The brain's cells die from
faulty signal transduction caused by amyloid and tau tangles. This creates cognitive,
behavioral, and mental issues. Shrinking central nervous system direct treatment exists for
AD. Researchers have been screening a library of micro-inhibitor compounds or bioactive
components to prevent or delay AD. The development of natural products has grown more
essential due to their medicinal effects, safety profile, and bioavailability. Diverse animal
model systems are being employed to examine a wide range of natural chemicals as
therapeutic targets for AD and to determine if they can reverse AD. The study focuses on
several pathways, including excessive tau protein digestion, f-amyloid, inflammatory
reaction, and cholinergic and free radical damage, to develop effective therapies that can
slow or stop AD progression. Because of its neuroprotective, anti-inflammatory,
antioxidant, anti-amyloidogenic, anti-cholinesterase, and easy availability, diverse natural
products (NPs) played an essential part in clinical studies to minimize AD symptoms and
progression. In this study, medicinal plant-derived bioactive chemicals with different
properties are thought to promote cognitive function and prevent AD. Therefore, this
review focused on potential medicinal plant-based treatment techniques to stop or reduce
AD pathogenesis and guide future research.
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1. INTRODUCTION

AD, first identified in 1906 by Dr. Alois
Alzheimer [1], is among the most common
neurodegenerative illnesses, affecting 6 million
Americans and 50 million globally [2].AD is a prevalent
neurodegenerative illness that is linked to a high
incidence of dementia (60-80%). Changes in the Central
Nervous System (CNS) that have serious both
psychological and  physiological ~ ramifications
characterize degenerative disorders of the central
nervous system. Epithelial senile plaques, also known as
amyloid plaques, and intraneuronal neurofibrillary
tangles (NFT) are two features of AD that can be seen
under a microscope. Typical tau protein deposition and

hyperphosphorylation cause NFTs to form, whereas
systemic A-peptide accumulation in the brain causes
mature lesions to form [3]. AD is a neurological illness
that affects memory, cognition, and everyday
functioning, requiring full-time care. The disease is the
fastest in individuals over 65, although it can afflict
younger people [4]. The most important risk factor for
AD is age. This disease affects around 3% of adults aged
65 to 74, 17% of those aged 75 to 84, and 32% of people
aged 85 and up [5,6]. With the aging population growing,
it is predicted that by 2050, one new AD case will be
diagnosed every 33 seconds, bringing the entire number
of cases to 16 million in the United States alone [2]. AD
is the most common cause of dementia in older people
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and the sixth leading cause of mortality in the United
States. It may be ranked third in important causes of
death for older people, behind heart disease and cancer

[7]1.

Over the past three decades, a considerable sum
of money has been invested in the investigation and
creation of AD treatments. There are currently no
medications for the illness that have been approved by
the Food and Drug Administration (FDA). So yet, the
FDA has only authorized clinical drugs to treat AD [8].
Tacrine, donepezil, rivastigmine, and galantamine are
only a few of the acetylcholinesterase inhibitors [8] that
have been identified. Although the curative potential of
the medications had been shown, it was impossible to
ignore their unpleasant side effects, which included
nausea, vomiting, diarrhea, insomnia, and slowing heart
rate. Another drug that works by inhibiting the glutamate
neurotransmitter in the brain is called memantine.
Although it is unlikely that these treatments will be able
to completely restore memory loss in AD patients, they
may be able to reduce the rate of the condition. As a
result, AD is a very difficult disorder that cannot be
effectively treated by focusing only on one therapy
goal.[9].

Although the particular genetic origin of AD in
most individuals is unclear, the disease's characteristics
include aberrant deposition of amorphous-amyloid
peptide (AB) and buildup of neurofibrillary tangles
(NFTs) of oxidized tau protein in synaptic cytoplasm,
leading to degeneration and cell death [10].

Neurogenesis, deficiency or inadequate
synthesis of neurotransmitters, oxidative stress, calcium
stability failure, and abnormal signal transduction are
related to neurodegenerative alterations [11]. In turn,
brain neuronal and synapses are damaged, impairing
learning and other mental functions. Except for
metformin, which prevents N-methyl-D-aspartate
(NMDA) receptors on the brain's surface from sensory
overload, all Alzheimer's medications increase the
brain's levels of neurotransmitters to potentially
ameliorate deficits. The effectiveness of these
medications varies a lot from person to person and is only
temporary. Other techniques have been tried, such as
targeting AP plaques [12] and tau NFTs aggregations,
lowering oxidative stress [13] and neuroinflammation
[14], and so on, with several new therapeutic candidates
undergoing laboratory & clinical experiments [15].

Diverse bioactive compounds with novel
therapeutic features are abundant in plants, animals,
microbes, and the aquatic environment [16]. In hopes of
generating more efficient Alzheimer's treatments, natural
products, and their ingredients have been studied
extensively [17]. In reality, galantamine, a cholinesterase

inhibitor, is a natural chemical [18], while rivastigmine
is a semi-synthetic accumulation of physostigmine, a
natural product [1]. Because they contain numerous
simultaneous target techniques, combinations or extracts
of natural products may have benefits over specific
natural compounds, which might be a unique therapeutic
method for AD provided its extensive pathophysiology
[19]. Herbs or herbal preparations combined with
another natural origin may help Alzheimer's patients'
cognition[17,20]. As a result, numerous natural sources
and their extracts are widely used in animal models and
individuals with Alzheimer's disease [6,9,21].

This is because combinations or extraction of
natural goods include organic bioactive compounds that
may be used as a therapeutic approach to treat or prevent
AD [22]. Additionally, numerous extracts and plant
products are frequently employed in clinical trials and
animal models of AD [23-25].

This review emphasises the therapeutic
capacity of plant-based natural products that may have
neuroprotective effects for the prevention and treatment
of AD through a variety of mechanisms, according to the
previous discussion, and due to the broad range of
preventive and therapeutic options available for natural
products of naturally derived.

Until February 2021, a systematic literature
search was undertaken using Scopus, ScienceDirect,
PubMed, and Google Scholar. as online databases, with
key phrases including neuroprotective natural
compounds and Alzheimer's disease. We concentrated
on natural product extracts and mixes among all the
publications that met our requirements.

2. Causes of Alzheimer’s Disease

Alzheimer's disease is hypothesized to occur
when excessive concentrations of amyloid-beta (Ap)
form up in the brain as amyloid plaques, tau proteins
[26], or neurofibrillary tangles, impairing synaptic
activity and connection and resulting in significant
cognitive function reduction (Figure 1) [27]. Since their
various peptides (AB-40, AB-42) aggregate as a result of
certain mutations or situations that favor intra- or
extracellular growth, amyloid beta plaque is produced.
They are the root causes of various illnesses, both
neurological and systemic, and are structurally rich in
intermolecular B-sheets [28]. However the fundamental
pathogenesis of AD clinical features (AB, NFTs, and
synaptic loss) remains uncertain [29]. Various
hypothesis was postulated as causes of AD, but two are
essential, Cholinergic dysfunction is a trigger for some,
whereas amyloid alterations are for others. The key
initiating factor is protein synthesis and processing
[30,31]. There is yet no recognized pathogenesis of AD
[32].
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Figure 1: A cartoon depicting the causes of Alzheimer's disease. Alzheimer's disease, a neurodegenerative
condition, can be caused by: (i) Extra-cellular accumulation of amyloid-beta 42 (Ap42) plaques; (ii) intracellular
production of hyper-phosphorylated Tau NFT (iii) mitochondrial reactive oxygen species (ROS) formation; (iv)

genetic basis of apolipoprotein E (ApoE4)

2.1. Cholinergic Hypothesis

The cholinergic hypothesis seems to be a
popular theory for explaining how AD develops.
According to this theory, a drop in neurotransmitter
levels causes AD. Ach is a kind of choline that occurs
naturally in the body. There are a lot of medications that
are utilized in treatment. The cholinergic theory is used
to explain AD [33,34]. Choline acetyltransferase
(ChAT), the enzyme liable to acetylcholine generation,
was connected to the neocortex and presynaptic
cholinergic deficiencies in the 1970s (ACh). Due to
ACh's importance in cognition, a cholinergic explanation
of AD was proposed. Acetylcholine and acetyl-
coenzyme A are converted into ACh in the cytosol of
cholinergic neurons. ChAT enzyme and vesicular
acetylcholine transporter transfer acetylcholine to
synaptic vesicle ACh and play a role in many
physiological actions in the brain, including memory,
learning, and memory consolidation. Other key functions
include concentration, visual receptors, memorization,
and others. Alzheimer's involves acetylcholine nerve
degradation, affecting brain activity and memory lapses.
B-amyloid affects sympathetic nervous system activity
and reduces brain receptors, ACh release, and choline
absorption. According to studies, cholinergic synaptic
atrophy and amyloidosis fibril production are connected
to AP oligomers and peptides. The opening of calcium
channels and the movement of Ca2+ through channels in
the presynaptic membrane occur as a result of

depolarization of the axonal membrane, which causes the
fusion of the brain with the epithelial membrane and the
start release of acetylcholine into the synaptic cleft [35].
The receptor goes through a conformational change
when two acetylcholine molecules attach to their binding
sites, which causes the membrane-spanning sections to
shift relative to each other and the channel to open. When
activated, the ACh receptor opens to allow passage of
tiny cations (Na*, K*, and some Ca?*) [36]. Additional
factors, such as a decrease in nicotinic acid, play a role
in the course of AD. With the deficit in muscarinic (M2)
Ach receptors, which are found on presynaptic
cholinergic synapses, glutamate, and D-aspartate
concentrations in excitatory amino acid (EAA) synaptic
transmission. In AD brains, uptake is severely
diminished in numerous cortical regions. This is on top
of the fact that antagonizes of cholinergic receptors, such
as scopolamine, have been discovered to cause amnesia.
This is an example of an erect, that can be reversed by
employing chemicals that promote the synthesis of
acetylcholine [between AChE and ACh] [34,37-39]. As
an outcome, the cholinergic hypothesis is dependent on
three principles: reduced afferent cholinergic markers in
the neocortex, acute atrophy of the nucleus basalis of
Meynert (NBM), and the participation of acetylcholine
transmitters. Memory declines when antagonists are used
instead of agonists, which have the reverse effect
(Figure 2) [40].
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Figure 2: Pathway for acetylcholine production and transfer between nerve terminals in cholinergic hypothesis

2.2. Amyloid Hypothesis

After finding a relationship between abnormal -
sheet accumulation in the CNS and dementia, the
amyloid hypothesis was generated. When cells age,
amyloid plaques (AP) develop in healthy brains. This
raises the issue of whether AP accumulation is
accountable for AD. In current history, other theories for
non-inherited AD (NIAID) have been proposed,
although the amyloid hypothesis remains the most
commonly accepted pathological factor underpinning
genetic disorders. [38,41]. A great deal of research
emphasises that oligomers are primarily responsible for
AD and neurological dysfunction [42]. In AD, there are
lower levels of AP 42 in cerebrospinal fluid (CSF) [43].
One of the main factors contributing to AD is
amphipathic amyloid- B peptide (AB) [44]. AD condition
is defined pathologically by amyloid B (AB) buildup in
the brain. The B 42-residue AB42 and the (3 40-residue A
40 are the 2 key isoforms of Ap. Ap42 and AB40 simply
vary in just that AB42 has two additional residues at the
C-terminus. Even though AB40 concentration is several
times higher than A 42 concentrations, amyloid plaques
in AD neurons primarily contain AP42 and certain
plaques solely consist of AB42[45]. The damaging
protein AB42 is the primary factor in AD progression. It
was discovered that a greater amount of A, primarily in
the shape of AB 42, in the blood of AD patients than in
cursor keys. Circulation in the periphery AB42 is mostly

produced from platelets, and its synthesis is comparable
to that of neurons [43]. With the carefully balanced type
of AP-lipid interactions against the release of AP from
neuronal membranes being overcompensated by an Af-
membrane assembly that results in toxic B-structured
aggregates in AD, two different biological bases of
protein  assemblies are engaged in AP0 s
pathophysiology. Aggregate-free AB-40 was present in
quick balance as monomers, dimers, trimers, and
tetramers. On the contrary, AP42 pentamer/hexamer
subunits  (paranuclei) selectively, which further
combined to form embellished infrastructures
resembling embryonic protofibrils [46,47]. According to
the amyloid hypothesis, age or pathological changes
reduce the disruption of AP, which is generated from
amyloid precursor protein (APP) by —and y -secretase,
resulting in the peptides (Ap 40 and A 42) accumulating
effect of AP [48]. Enhancing AP 42/ApB 40 causes AP
amyloid fibril development, neurotoxicity, tau
pathology, neural cell death, and neurodegeneration. AD
risk factors include APP, Presenilin (PSEN1) variations,
and PSEN2 catabolise and anabolise causing a fast
buildup of neurodegeneration and AB [49,50]

3. To treat Alzheimer's disease with medicinal
plants

A wide range of therapeutic options is available

in natural medicine for the therapy of AD. Drugs made
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from medicinal plants are becoming increasingly
popular, both for their scientific value and their potential
for commercial success. Drug finding campaigns and
advancement methods can benefit from the use of
Ayurvedic ingredients and formulations[51], which can
provide unique applicable leads for AD and several age-
related neurodegenerative illnesses. The Ayurvedic
medical system has grown in popularity in recent years
because of its emphasis on nutrition and treatment
choices. Without a clear understanding of the mechanism
of action, early Ayurvedic herbal supplements were
developed only based on anecdotal or epidemiological
evidence [52,53].

3.1. Bacopa monnieri

In India, Ayurveda was refined more than three
thousand years ago and is the planet’s oldest medicine
system. In India, the herb Bacopa monnieri is known as
Brahmi or Jalanimba. As a memory booster and mood
lifter, Brahmi is well-recognized. Brahmi's main
ingredient, saponins, is responsible for enhancing the
transmission of nerve impulses. Medicinal and
functional characteristics have been extensively studied
and verified for many years now. Those foods that go
above and beyond the scope of typical dietary
requirements are referred to as functional ingredients.
Unlike other herbs, Brahmi has a distinct herbal flavour
and a harsh aftertaste. There is a growing need for food
products that are both nutritious and useful as a result of
changing lifestyles and a greater awareness of health
[54]. Age, AD is a neuron-related disease that progresses
at a slow rate over time. Because of the significant rise
in its prevalence, more medications have had to be
developed. Ayurvedic herbal medicines are increasingly
being studied because of their biosafety profile and
cognitive benefits [55]. The effects that Brahmi (Bacopa
monnieri) extracts have on the nervous system have been
the subject of a significant amount of research. Several
chemicals in Brahmi, including Saponins and related
bacosides, are responsible for enhancing nerve impulse
transmission [56]. This substance helps to heal injured
neurons by increasing the activity of enzymes that help
to synthesize new neurons and synapses [54]. For
additional protection against the effects of B-amyloid,
B.monnieri extracts were utilized. It has been suggested
that Bacopa monnieri extract reduces internal oxidative
pressure by decreasing ROS levels in neuronal cells.
Polyherbal production comprising B. monnieri essence
elevated cognitive tasks and lowered inflammation and
oxidative stress in people with AD, according to a
clinical investigation. To fully analyze B. monnieri's
possible neuroprotective effects against AD, more
research is required [33]. Dendrites, a type of new nerve
ending, have been shown to grow in response to the herb
Bacopa monnieri. Neuronal communication relies on
dendrites, which are present at the terminals of the
neuron's axons. AD is characterized by a buildup of -
amyloid plaque in the cerebrum. Using mice, Bacopa
was found to diminish these plaques by 60 percent.
BDNF deficiency has been connected to AD, also bacopa

has been shown to raise BDNF levels. Antioxidants in
Bacopa help to remove free radicals from the brain's
circuits. The brain's cells are damaged by oxidative stress
caused by these free radicals.

3.2. Centella asiatica

Since prehistoric times, Centella asiatica has
been employed as a medicinal plant. In South East Asia
and India, this herbal treatment has been used for
millennia to treat a variety of ailments. As a result, the
plant is still utilized in traditional medicine as an
effective treatment. When it comes to traditional and
modern medicine, Centella asiatica falls somewhere in
the middle [33]. Cognitive and memory functions are
said to be improved [57]. Deterioration of memory and
learning skills are two of the trademarks of neurological
disease, as are indeed neurofibrillary tangles (NFTSs),
amyloid (AP) plaque buildup, and synaptic dysfunction
in the brain. It has been found that d galactose-induced
aging in animals is characterized by pathological
alterations that closely mimic those seen in clinically
diagnosed Alzheimer's patients. Chronic administration
of the neurotoxic aluminium (Al) to rats results in
oxidative damage, cholinergic dysfunction, and
cognitive impairment, all of which have been related to
the etiology of AD [57]. Co-stimulated by the herb's
other active chemicals, which work in concert with AP
to produce an enhanced impact. Refreshing C. asiatica
extract from the leaf greatly enhances neuronal dendritic
arborization in the hippocampus, as demonstrated by Rao
et al. Because of its reputation as a nerve tonic, C.
asiatica may offer therapeutic benefits for the nervous
system in general [58]. In vitro studies have
demonstrated that these substances can reduce H2 02
caused destructive consequences on cells, reduce free
radical levels, and block beta amyloid cell damage. In the
brains of AD-model mice, C. asiatica echoes lowered
beta-amyloid malignancy and the oxidative stress
response. C. asiatica ethanol extracts have been shown
to defend the neurons against A f 1-40- provoked
neurotoxicity.  Catalase, glutathione  peroxidase,
glutathione reductase, glutathione, and glutathione
disulphide levels, as well as ROS production, can be
reduced by C. asiatica. C. asiatica would play a
significant function in the prevention and treatment of
AD [33].

3.3. Convolvulus pluricaulis

One of nature's greatest gifts to mankind, the
twining perennial herb Convolvulus pluricaulis is
revered. In Ayurveda (an ancient Indian medical
system), it is referred to as a Rasayana [59], a stimulant
and memory booster for the brain. The plant resembles a
morning glory, with blue blooms arranged in a pattern
similar to that of the morning glory. In India, the state of
Bihar is the most likely place to find it [60]. All of the
plant's parts are medicinally valuable and have a positive
impact on health. It's regarded as the only herb capable
of enhancing all parts of brain power, such as memory,
learning, and recall [61], for its ability to protect neurons
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in both in vitro and in vivo settings. In male Wistar rats,
it exhibits the protective effects of aluminum on
neurotoxicity caused by aluminum plus scopolamine.
neuroprotective effects of C. pluricaulis methanolic
extract on human IMR32 neuroblastoma cell line's
exposure to hydrogen peroxide under oxidative stress.
The literature on C. pluricaulis' antioxidant status,
macromolecule damage prevention, and neuroprotective
efficacy is sparse, and there is no evidence of oxidative
stress-mediated apoptosis [62]. C. pluricaulis has been
shown to have antioxidant properties, protect
macromolecules from damage, and have neuroprotective
action when exposed to H202-induced neuronal cell
injury. By using Gas chromatography—mass
spectrometry (GC-MS) and Fourier-transform infrared
spectroscopy (FTIR), we also studied C. pluricaulis's
chemical composition and functional groups [63]. Stress
hormones, adrenaline, and cortisol levels may be
regulated by C. pluricaulis, resulting in a handy impact
on the nervous system.C. pluricaulis cures several
disorders in conventional healers of the nervous system,
such as mental fatigue, distress, and panic, also
sleeplessness. Extraction of ethanol of C. pluricaulis
with its water and ethyl acetate ingredients was spotted
to considerably improve rats' ability to learn and
remember. It was also found that the dosing by the mouth
of C. pluricaulis reduced the toxic effects of scopolamine
levels by lowering the dose mMRNA and protein levels of
tau and APP. Sadly, there is no clinical evidence to
support the use of C. pluricaulis in the good treatment of
AD [64].

3.4. Zingiber officinalis.

The Zingiberaceae family includes ginger. Up
to 24 genera and about 300 species are included in this
family. Zingiber is a genus with roughly 20 species. The
roots of the ginger plant, whether tuberous or
rhizomatous, are perennial. All over India, Bangladesh,
Taiwan, Jamaica, and Nigeria, the plant is grown. Warm
climates are the ideal growing conditions for this
perennial [65]. Ginger is widely used in cooking, as a
condiment, and as a medicinal herb throughout the
world. As a digestive aid, anti-nausea, and anti-bleeding
treatment for rheumatism and baldness, ginger has been
utilized in the Chinese medicine cabinet for at least 2500
years. TCM uses ginger as a spicy, dry, and warming
yang herb to treat diseases brought on by cold, damp
weather. Ayurveda, India's traditional medicine, uses
ginger extensively to prevent blood clots (heart disease),
lower cholesterol, and combat arthritis. Ginger soup is
given to new moms in Malaysia and Indonesia for 30
days following delivery as a way to keep them warm
while also allowing them to sweat off any impurities. An
aphrodisiac in Arabian medicine is ginger. The belief
among certain Africans is that eating ginger daily will
keep mosquitoes away [66]. As an extract or as a
component of ginger tea, Z. officinalis is frequently
utilized in dietary supplements. Officinaleis has been
identified as a source of key chemicals, including
gingerols, shagoloids, Bisabolene and zingiberene, as

well as monoterpenes. Z. officinaleis has been reported
to suppress AChE activity in vitro. ACh levels in
synapses are raised, cholinergic pathways are activated,
and cognitive abilities in Alzheimer's patients are
improved when the AChE enzyme is inhibited. As an
added benefit, Z. officinaleis has been shown to prevent
lipid peroxidation, which is a hazard factor for AD. Rats
fed Z. officinaleis extract had lower levels of lipid
peroxidation, according to an in vivo test. By reducing
the Over-activation of NMDA receptors and preventing
the production of free radicals, Z. officinaleis extract may
explain the mechanism of action [33,67]. The
"cholinergic theory,” which contends that an
acetylcholine deficiency is crucial in the development of
AD symptoms, has been inspired by the selective
deficiency of Ach in AD.

Because of this, enhancing the brain's
cholinergic function is a primary method of treating AD.
Tacrine, donepezil, rivastigmine, and galantamine are all
examples of acetylcholinesterase inhibitors. Other
hypotheses contend that AD is primarily caused by
inflammation [67].

3.5. Allium sativum

Allium sativum of fibrillar AP protein.
Clinically, preventing or dissolving fibrillar AP has a
significant impact. The anti-amyloidogenic activities of
garlic extract were studied in vitro in this study [68]. The
lily family includes Allium sativum L. and Allium
ursinum L., both of which have yet to be determined as
to how their botanical names came to be. More than 400
species of Allium may be found in this genus. Garlic and
wild garlic are the most significant Allium species,
followed by A. PO drum (leek), A. schoenoprasum
(chives), and A. ascalonicum (scallion).

In addition to the pharaohs, it was employed by
pyramid builders. Other Greek thinkers, including
Avristotle, Hippocrates, and Aristophanes, advocated the
medicinal properties of garlic. Naturalist Pliny the Elder
and Dioscorides, the Roman army's senior physician,
prescribed garlic for a variety of ailments [67].
The blood-brain Barriers (BBBs) and those that do, may
further aggravate AD pathogenesis by attracting
macrophages and microglia. Natural medicines that
lower fat lack of causing any Effects on the body would
be even more crucial in clinical practice. Cholesterol
levels are reduced by members of the Allium genus.
Allium sativum (garlic) has the best cholesterol-lowering
potential of any plant in the Allium genus. For thousands
of years, Ayurvedic medicine has used garlic to treat
arthritis and heart disease, and since then, researchers
have studied the herb extensively. Garlic, a naturally
occurring  HMGCoA-Reductase inhibitor, lowers
cholesterol without causing any adverse effects on the
user. Aside from one study showing that aged garlic can
improve learning deficits in SAM mice, there is little or
no evidence to support the utilization of Allium sativum
as a treatment for neurological disease-related pathology
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or cognitive deficiencies, despite its long history of
hypocholesterolemic benefits [69]. A genetically
engineered mouse design of AD that human amyloid
precursor protein is overproduced 695 carrying the
Double mutation (K670N/M670L) in Sweden was used
in this study to test the Viability of ingesting garlic on the
reduction of amyloid strain because high cholesterol
levels have been associated to the advancement of AD
(Tg2576) [67]. AD patients have plaques in their central
nervous system that are mostly made of amyloid.

4. Pathogenic Effects and Mechanisms of Bioactive
Compound Against AD

The natural products may target proteins or
signalling pathway members affected by the disease. In
the past, medication was derived from natural
components. Several bioactive dyes are being studied in
animal model systems to determine if they can treat AD
or other neurodegenerative diseases. Most are in clinical
studies with encouraging outcomes. As a result, Diverse
natural products (NPs) can reduce indications and
ameliorate the progression of numerous diseases,
including AD, drawing the research community and the
pharmaceuticals sector. NPs such as flavonoids, tannins,
lignans, gingerols, anthocyanins, triterpenes, lunatic,
sterols, and alkaloids have anti-inflammatory,
antioxidant, anti-amyloidogenic, and anti-cholinesterase
effects [70,71].

4.1. Flavonoids

Flavonoids are a huge nutritional family with
about 5000 members. These are phytonutrients found in
practically all photosynthetic organisms and, therefore,
in plant-based foods. This chemical category is notable
for its antioxidant and anti-inflammatory health benefits.
Recent research suggests flavonoids can reverse age-
related decreases in cognitive ability in dementia and
Alzheimer's. This may be due to flavonoids' capacity to
counteract common aspects of AD and other
neurodegenerative disorders, such as oxidative stress,
and/or to their impact on specific molecular mechanisms
at the base of these illnesses' pathogenesis [71,72].
Chemical makeup depends on the structural class,
hydrogenation intensity, alterations or conjugations, and
polymerization degree [73]. They may be categorized
into a few fundamental structures, and their enormous
variety can be attributed to hydroxylation patterns,
methylation, and glycosylation of the hydroxyl groups.
Flavones, dihydroflavonols, flavan-3-ols, flavones,
anthocyanidins, isoflavones, neoflavones, and chalcones
are principal, but not unique [74]. Flavonoids were
thought to stimulate cognitive functioning, learning, and
memory through their antioxidant properties. Growing
data reveals that natural chemicals interact with memory-
related molecular and cellular central nervous system
components [75]. Flavonoids can promote neurogenesis,
stimulate neuronal regeneration, boost neuronal activity,
and prevent neuronal malfunction [76-78]. Several
Flavonoids and their metabolites interact with cortical
signalling pathways to affect neurological functions [79].

The protein tyrosine kinase receptor B (TrkB), nicotinic
cholinergic, y -opioid, type A gamma-aminobutyric acid,
adenosine, testosterone, and estrogen receptors are
biosynthetic pathway sites in brains [80]. Flavonoids
modify these molecular mechanisms, reducing oxidative
stress, mitochondrial dysfunction, insulin resistance, and
memory damage [81-83]. The flavonoids play a role in
autophagy that removes damaged cells to rebuild
healthier ones. Autophagy regulates Ap production and
clearance [84]. Anti-AD medications target brain AP
clearance to minimize synaptic defect and neuronal death
[85-87]. AD neurodegenerative effects include
neuroinflammation, endogenous antioxidant reduction,
glutamatergic  excitotoxicity, and  neurotoxicity.
Flavonoids alleviate neuronal damage and slow AD by
regulating kinase-signalling cascades, such as PI3K/Akt,
PKC, and MAPK (Figure 5 and Table 1) [88-90].
Metabolic processes produce free radicals. Free radicals
disrupt normal physiological processes, including
antioxidant activity, protein breakdown,
DNA fragmentation, and chemokine dysregulation. Free
radicals cause neuroinflammatory damage that leads to
AD. Oxidative stress biomarkers indicate AD
progression [91-94]. Ach is a neurotransmitter that
signals between synapses.AChE and
butyrylcholinesterase breakdown ACh. Cholinesterase
inhibitors are the greatest way to boost ACh levels at
synaptic connections in AD brains, where ACh levels are
low. Flavonoids have been studied as AChE and BChE
inhibitors [37,95,96].

4.2. Tannins

Tannins are polyphenol molecules that have
health benefits. They're found mainly in fruits and
vegetables and are consumed every day, however, rates
vary by region. In India, 1.5-2.5 g/day of tannins are
consumed, and 1 g/day in the US. Their chemistry
depends on their source and molar mass. Their
distribution and composition vary in leaves, roots, seeds,
and fruits. Tannins are white or light-yellow amorphous
powders with astringent taste and odor. Tannins' anti-
oxidative potential has drawn the attention of scientists.
It reduces oxidative damage, a hallmark of practically
every disease [97,98]. Tannins are biologically powerful
molecules that regulate human health [99]. Their many
therapeutic functions can help treat many ailments.
Properties include anti-inflammatory, anti-oxidative,
anti-convulsant, and anticancer [100-102].In a
streptozotocin (STZ)-induced sporadic
Alzheimer model, tannin treatment can prevent memory
and cognition deterioration by reducing oxidative stress
and acetylcholinesterase activity and boosting Na+, K+-
ATPase activation [103]. Tannins have been shown to
facilitate the non-amyloidogenic degradation of APP by
reducing the production of the BACEL protein and
specifically lowering the function of the BACE1 enzyme
[104]. The amyloidogenic C99 fragment, SAPP-, and A
polypeptide levels are decreased as a result of this action
[105]. Additionally, tannins prevent tau from
aggregating by complexation in the R3 peptide's
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hydrophobic cavity, which correlates to the third
repetition unit of tau's axon region [106]. Tannins have
also been noted to have anti-neuroinflammatory actions
on BV2 brain cells generated by lipopolysaccharide
(LPS). The mechanism might be connected to a decrease
in the production of ROS and an inhibition of the
stimulation of the NF-kB cascade [107]

(Figure 5 and Table 1).They are active in the
pathogenesis of NDDs, especially AD and MS [108].
Natural products are a useful source of tannins with
biological sensitivity and various molecular properties,
making them suited for accentuating many signaling
pathways in AD and other clinical diseases [109,110].
The next sections address tannins' protective function in
AD and. Figure 3 shows tannins' health-promoting
effects (Figure 3).

[Anti Apoptotig

Biological
Activities of
Tannins

(Anti Bacterial}

Figure 3: Representation of the Bioactivity of tannins

4.3. Lignans

Polyphenolic lignans are plentiful in flaxseeds,
rye, whole wheat, vegetables, and fruits. Vegetable
protein lignans secoisolariciresinol diglucoside (SDG)
and pinoresinol diglucoside are metabolized by
Ruminococcus species to create (+)-dihydroxyenterodiol
and (+)-enterolactone [111]. This intestinal microbiome
species deglycosylated and de-methylates plant-
dependent lignans to create lignans with a wide
biological response to anti-cancer Enterolactone.
Enterolactone  suppresses  prostate cancer  cell
proliferation via a caspase-dependent mechanism in vitro
and in vivo. Enterolactone and secoisolariciresinol block
carbonic  anhydrase,  acetylcholinesterase,  and
butyrylcholinesterase providing neuroprotection
[112,113].The beta-secretase 1 and the MAPK
biochemical mechanisms were inhibited by the lignans
extracts, which had a preventive role towards amyloid-
betal-42 (AP1-42)-induced memory impairments and
neurodegenerative in mice and primary animal neural
cells [114,115]. Additionally, it improved the level of
malondialdehyde (MDA) in the mouse brain
hippocampus, and cerebellum as well as the functions of
all antioxidants. Moreover, the lignans
showed therapeutic  potential against ~ D-galactose-
induced dementia, significantly inhibited the decline in

membrane potential, and regulated Bcl-2 expression in
AB1-42-induced primary mouse neural cells [116,117]
(Figure 5 and Table 1). At AD, acetylcholine rates in
neural synapses are low, causing cognitive impairment.
Through acetylcholinesterase inhibition, these lignans
give neuroprotection and prevent memory loss in AD
patients, suggesting an alternative therapy option to
donepezil, galantamine, and rivastigmine [118,119].
Those drugs simply provide symptomatic relief, but
lignans may slow AD's progression. Dietary
polyphenolic substances influence the gut bacteria and
the gut-brain axis and can be utilized to treat AD and
other cognitive illnesses. The gut bacterial metabolite
enterolactone, generated by intestinal bacterial digestion
of the lignan 7-hydroxymatairesinol (a component of
Picea abies), attenuates striatal dopaminergic terminal
atrophy in AD. HMR, SDG, and enterolactone may be
neuroprotective in AD via structural changes [120-122].

4.4. Lunasin

In 1987, Japan, isolated lunatic from soybean
(Glycine max) seed while searching for protease
inhibitors. Wheat, barley, rye, amaranth, and triticale
also contain it. Lunasin, a fermentative protein, should
be consumed optimally. Lunasin is anti-inflammatory
and anti-cancer. Lunasin is the 2S albumin subunit.
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Methionine-rich protein, signal peptide, linker peptide,
and Lunasin are encoded by the GM2S-1 gene. It
contains 43 amino acid residues, 5.5 kDa, and eight
negatively charged aspartate residue sequences. Lunasin
contains four motifs: N-terminal, predicted helical,
RGD, and poly-D tai. Lunasin inhibits cytokines like
TNF- and IL-6, according to animal research. Suppress
nitric oxide output. Lunasin might be a potential
treatment for inflammatory diseases. Dysregulation of
the JNK signal transduction pathway is the innovative
neuroprotective mechanism in AD used by the soy
protein  Lunasin.  AP42-mediated dementia s
significantly rescued when the soy protein Lunasin is
misexpressed alongside human AP42 in the growing
Drosophila eye [123]. By inhibiting the Jun-N terminal
kinase (JNK) signal transduction pathway, lunasin

Block

Active
Tumor
Supressoor

Neurodegeneration

restores the AP-42-induced decreased eye morphology
(Figure 5 and Table 1) [70].

Genetic modification flies expressing high
amounts of human AB42 were utilized to explore the
effects of Lunasin on retinal neurons in Drosophila. Fly
retinal neurons expressing Ap42 had hazy eyes and
necrotic  patches, indicating  neurodegenerative
[70,124,125]. This work reveals misexpression of
extracts in growing Drosophila retinal neurons may
repair Ap42-mediated neuropathy. AD's
neuroinflammation is caused by ROS (Figure 4). Lunasin
is a possible AD treatment target, and investigations on
mammalian models will assist determine its medicinal
qualities in mammals (Figure 4) [123,126-128].

Reduce
Inflammation

Decrease
Metastasis

Figure 4: Diagram of Lunasin function. Lunasin activates tumor suppressors, inhibits mitosis, and reduces
metastasis, according to reports. Reduces inflammation. Recent investigations show it prevents neurotoxicity from
amyloid-beta 42 plaques

4.5. Anthocyanins

Anthocyanins (ANTSs) are natural pigments
with medicinal effects. The average advanced daily
consumption of these substances is 180 mgd1.ANTS are
powerful antioxidants that may control the formation of
free radicals of Alzheimer's-causing Ap-amyloids in the
brain (AD) [129]. An emphasis has been made on
indigenous polyphenolic ANT substances. Numerous
berries are abundant in powerful antioxidant phenolic
compound ANTS, which may provide prevention from
AD via several mechanisms [130]. Red raspberries and
green tea, for instance, contain ANTS that are helpful in
preventing AD [131]. In a different investigation,

bilberry-fed transgenic AD mice had a significantly
lower level of solvent AP 40 and AP42 contrasted to
transgenic AD mice administered blackcurrant.
Blackcurrant and bilberry extract decreased APP levels
in the cerebrum of AD mice models, however neither the
transcription nor phosphorylation of tau protein changed
[132,133]. Apoptosis, respiratory malfunction, and
Abeta neurotoxicity caused by OS are all things that
ANTSs can prevent by crossing the blood-brain barrier.
By controlling Bax, Cyto-C, caspase-9, tau proteins, and
BACE-1 in the mitochondrial apoptotic mechanism,
ANTs may be able to suppress AD (Figure 5 and Table
1) [134,135].
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Table 1: Natural products and their bioactive compounds with neuroprotective activities in treating Alzheimer’s
Disease

SI | Natural Model Mechanism of Action References
No | products/chemical
compounds
01 | Flavonoids ICV STZ-induced Decrease CNS AP levels and reverses tau [136,137]
dementia hyper-phosphorylation via downregulating
model of rats/3xTg- GSK-3 in the hippocampus and cortex.
AD mice Reduces the B - amyloid process boosts
mitochondrial function and prevents apoptosis.
02 | Tanins Ethanol tolerance in Increase neuroplasticity and Ach transcriptional | [138,139]
rats regulation, Demonstrate anti-ChE activity,
Lower oxidative stress, Excitotoxic, Ap
formation, and depositing
03 | Lignan Amyloid-B-induced Enterolactone reduces prostate cancer cell [140]
neurodegeneration in | growth in vitro and in vivo,
animals acetylcholinesterase inhibition, Cognitive
function
04 | Lunasin Drosophila reduce Jun-N terminal kinase (JNK) activation | [123]
melanogaster loop, Neuroprotective and cognitive function.
05 | Anthocyanins ALS mouse model (hSOD1)G93A rat illness onset reduced, [141]
with hSOD1G93A lifespan increased, restored hamstrings neural
mutation connections
06 | Alkaloids APPswe/PS1dE9 Decreases AP plaque accumulation, Increases [142]
Alzheimer's mice mitochondrial activity, Inhibits
acetylcholinesterase function
07 | Sterols APP23 transgenic anti-inflammatory promise, induced oxidative [143]
animals neurodegeneration
08 | Quercetin Rats Anti-free radicals, NFB inhibitor [144]
09 | Epigallocatechin-3- Mice EGCG reduces oxidative stress and [145]
gallate neurorescues rats from MPTP-induced
impairments
10 | Resveratrol AbetaPP/PS-1 Decrease A plaque accumulation and stimulates | [146,147]
transgenic mouse/ the brain and cortex astrocytes, Preventing
Cultured inactivating production of nitric oxide, and pro-
hippocampal inflammatory molecules.
neurons
Zebrafish
11 | Berberine TgCRND8 mouse Reducing amyloid plaques and AD [148]
pathogenesis
12 | Huperzine A In vivo Reduces brain amyloid [142]
13 | Luteolin AD flies Lowers oxidative stress, AChE activity, AB42 [149]
peptide deposition, ROS-inhibition
14 | Rosmarinic acid Mice model TNF- inhibits ROS production, NF- k B [150]
activation, and apoptosis, Alzheimer's
prevention
15 | Curcumin APP/PS1 transgenic Removing beta amyloid improves symptoms. [151]
mice
16 | Galantamine Masculine Lowers cholinergic effects. [152]
C57BL/6Hsd Reduces oxidative stress
APPswe/PS1d E9
mice
17 | Rifampicin APPOSK (Ap decreases AP clustering and tau [153]
oligomer), Tg2576 hyperphosphorylation.
(AD), and tau609
(tauopathy) mice
18 | Cinnamaldehyde Non-transgenic AD Improvements in insulin signaling and [154]
rats ameliorating cognitive dysfunction. Increases
p-GSK3p and inhibits AChE activity
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SI | Natural Model Mechanism of Action References
No | products/chemical
compounds
19 | Betaine Caenorhabditis Decrease homocysteine levels and AP toxicity | [155]
elegans AD model
20 | Apigenin APP/PS1 double Improvement in memory and learning and [156]
transgenic AD mouse | reducing the fibrillar amyloid accumulation
21 | Phenol apps/Tg 2576 mice Reduce chronic oxidative stress. Improvement | [157]
in memory and anxiety-related behavioral
disorders
22 | Epicatechin PC12 cells treated Reduces A P -induced neurotoxicity [158]
with A B 25-35
23 | Boswellic acids Rotenone-induced rats | Increased motor functions, Increased striatal [159]
dopamine level
4.6. Alkaloids 4.7. Marine Sterols

This work reveals misexpression of Extracts in
growing Drosophila retinal neurons may repair A p42-
mediated neuropathy. Several alkaloids extracted from
natural resources, such as physostigmine, block acetyl-
and butyrylcholinesterase (BChE). Synthetic alkaloids
from  the  steroidal/triterpenoid, quinolizidine,
isoquinoline, and indole families are important anti-
enzymatic sources [160,161]. Alkaloids are the most
highly promising AD treatments owing to their
sophisticated nitrogen-containing  structures [162].
Polarized nitrogen interacts with one of AChE's binding
sites to enable inhibition by non-alkaloid chemicals,
particularly terpenes, xanthones, and coumarins [163—
165]. AChE inhibitors have been studied as therapeutic
options for AD after it was observed that physostigmine
(eserine), an alkaloid acquired from the cereals of
Physostigma venenosum Balf. (Fabaceae),
conventionally used as a ceremonial poison in Africa,
could restore the disturbance of cognition generated by
scopolamine in animal studies.A powerful selective
negative feedback loop of AChE is huperzine A. With an
IC50 of 0.1 M, which is about 1000 times stronger than
its inhibition of BChE, it inhibits AChE . Both in vitro
and in vivo, it guards against the damaging effects of AP
on mitochondrial functioning. Through the release and
signaling of nerve growth factor, huperzine A also has
neuroprotective benefits. By functioning as an NMDAR
antagonist, it lessens glutamate neurotoxicity. By
controlling the expression of pro-apoptotic genes and
proteins and upregulating the expression of anti-
apoptotic genes and proteins, huperzine can also prevent
neuronal cell death in AD.Huperzine-A is a strong,
transient, specific AChE antagonist with oral
bioavailability and a lengthy half-life [166] (Table 1).
Various alkaloids that inhibit cholinesterase have been
mentioned in different families, including isoquinoline-
type alkaloids from Amaryllidaceae (especially
Narcissus sp, Galanthus sp, Hyppeastrum sp) and
Papaveraceae, steroidal alkaloids from Buxaceae
(genera Buxus and Sarcococca), quinolizidine-type
alkaloids from Lycopodiaceae (genera Huperzia) [167—
171]. Due to their anticholinesterase action, structural
variety, and physicochemical qualities, alkaloids are
potential AD therapy candidates [161].

Marine species offer many useful bioactive
molecules, and anti-medicines Alzheimer's obtained
from marine biodiversity is a viable method for treating
AD pathogenesis. Marine sterols have been studied for
their anti-cancer, anti-obesity, anti-diabetes, anti-aging,
and anti-characteristics. Alzheimer's Marine sterols
engage with proteins and enzymes tumor suppressor,
antioxidant defense, immunological response, and
cholesterol regulation [172]. About 70% of the Planet's
surface is seas, and marine species provide natural
chemicals. Recent findings have focused on marine
natural compounds for treating AD [173,174]. Ocean
sterols, a type of sterol chemicals, are physically and
physiologically equivalent to cholesterol and are
essential to human health and nourishment [175]. Ocean
sterols, particularly fucosterol and saringasterol, target
oxidative stress, inflammation, cholinergic deficiency,
amyloidogenesis, cholesterol regulatory route, and
cerebral surviving signaling systems. Endogenous
antioxidants include catalase (CAT), glutathione
peroxidase (GPx), glutathione peroxidase (SOD) and
non-enzymatic antioxidants like glutathione and
ascorbate help cells fight oxidative stress. Natural
substances' adaptogenic potential may boost the
antioxidative defense system [176]. Naturally occurring
substances may affect signal transduction pathways,
including Nrf2/heme oxygenase-1 (HO-1), to boost IDS
[177]. Ocean sterols' preventive actions versus oxidative
damage imply their efficiency against induced oxidative
neurological diseases, including AD. Marine bioactive
antioxidants,  particularly  phytosterols,  reduce
inflammation AD indicators can be helpful in
administration [178,179]. Marine sterols have anti-
inflammatory promise. Fucosterol therapy of LPS- or A-
stimulated oligodendrocytes reduced IL-1, IL-6, TNF-,
NO, and PGE2. Fucosterol suppressed COX-2, iNOS,
and NF-B activation in LPS-stimulated RAW 264.7
macrophages. Fucosterol suppresses LPS-mediated
inflammation by activating alveolar macrophages. Anti-
inflammatory sea sterols may prevent AD inflammatory
diseases (Table 1) [180,181]. AD pathogenesis causes
cholinergic deficiency. Ace inhibitors reduce cholinergic
neurotransmission and ameliorate AD. Marine sterols
have now been known to decrease cholinesterase.
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Fucosterol inhibited AChE and BChE dose-dependently.
Fucosterol inhibits AChE non-competitively, according
to dynamics and physical studies (Figure 5) [181,182].
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Figure 5: Schematic illustrating how natural products stop Alzheimer's

Natural products can prevent
neurodegeneration by eliminating oxidative stress,
prohibiting the formation of neurofibrillary tangles
(NFTs), or amyloid-beta 42 (AB42) plaque derivative
and thereby block AB42 mediated neurodegeneration.

5. Neurological effects of some Natural Products for
Potential Treatment of Alzheimer’s disease (AD)
5.1. Honey

Honey is a sweet, viscous biological food
product made by honeybees (Apis mellifera; Family:
Apidae) from the nectar of flowering plants [183]. In
addition, honey is a great source of polyphenols, which
are substances that have a positive effect on the body's
physiology. It contains around 80% carbohydrates ( 40%
fructose, 35 % glucose, and 5% sucrose) and 20% water,
and natural honey has more than 200 different substances
including protein (amino acids and enzymes), minerals,
vitamins (vitamin B6, riboflavin, niacin, and thiamine),
phenolic compounds (flavonoids and phenolic acids),
and volatile substance [184,185]. It must be extensively
used as a dietary supplement and in herbal medicine
causes, it has containing antioxidants such as
polyphenols and flavonoids. In addition, honey is used
not only as a nutritional product but also in the treatment
of Neurological disorders namely AD, Parkinson’s
disease (PD), Huntington’s disease(HD), multiple

sclerosis (MS), stroke and so on [186].The ingredients of
honey are including antioxidant, anticancer, anti-
inflammatory, Anti-metastatic, Antidiabetic,
antimicrobial, and antiproliferative effects [187]. Honey
may help prevent and cure a wide range of diseases
including diabetes mellitus, cancer, asthma, and even
cardiovascular, neurological, and gastrointestinal
conditions, according to numerous pieces of evidence
[188]. The dysfunction or death of brain cells causes AD.
This is caused by an increase in oxidative stress due to a
depletion of anti-oxidants, neuro-inflammation, prions,
protein, and mitochondrial dysfunction, glutamatergic
excitotoxicity, and genetic changes [189].

5.2. Propolis

Propolis also called "bee glue" is another
product made by bees. It is a mixture of resinous,
gummy, and balsamic substances that bees get from the
buds of some of these trees, such as poplars, palms,
pines, and conifers [190,191]. In propolis, researchers
have found over 300 different components, including
phenolics and aromatic acids as well as essential oils,
waxes, and amino acids [191]. Neurological problems
such as cerebral ischemia, neuroinflammation, shock and
memory loss, and other mental illnesses like anxiety and
depression, are treated with propolis [187,192].
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5.3. Withania somnifera

Withania somnifera (WS), also known as
ashwagandha, Indian ginseng, and winter cherry, is an
important medicinal plant that has been an essential
therapeutic herb in Ayurvedic and traditional medicine
over the last 3,000 years [193]. It is a perennial herb
covered with hairs and belongs to family Solanaceae
[194]. It possesses a wide variety of pharmacological

effects, including anti-inflammatory,  antitumor,
anticarcinogenic, anxiety, neurodegenerative,
antibacterial, hypolipidemic, and CVS-associated

activities, as well as many other pharmacological
qualities[195]. In an animal model of neurological
disease, Withania somnifera root extract improved mice
behaviour reduced oxidative stress and mitochondrial
dysfunction, reduced glutathione (GSH) level, lipid
peroxidation, enhancing human immediate and general
memory [196-198].

5.4. Ginseng

Ginseng is an Araliaceae perennial plant. It has
been used as a medicinal plant for thousands of years in
East Asian countries, such as Japan, China, and Korea
[199]. It has also been formed as the treatment of
neurological diseases like AD, PD, HD, traumatic brain
injury, and so on. In addition to having great therapeutic
effects against various conditions, such as immune

dyspepsia, nervous system diseases, and another aspect
[200-203]. Although each ginsenoside has a unique
chemical composition, they are all acquainted with the
four-ring hydrophobic structure [204]. Rb2, Rbl, Re,
Rg1, and Rc are the primary ginsenosides found in fresh
ginseng, accounting for 70-80 percent of the total
ginsenosides [205]. Rgl is a type of monomer found in
ginseng .Recent pharmacological investigations have
demonstrated that Rgl can act on the nervous system
treatment [206].

5.5. Uncaria rhynchophylla

Uncaria rhynchophylla, which belongs to the
family Rubiaceae, is a medicinal herb used in traditional
Chinese medicine [207]. In Asia, Africa, and South
America, it has been included in traditional medicine. In
traditional Chinese medicine, U. rhynchophylla is mostly
used to treat diseases of the heart and central nervous
system, like neurodegenerative diseases,
lightheadedness, dizziness, seizures, numbness, and high
blood pressure [208-210]. The alkaloids are the active
components that can be detected in the extract of the
Uncaria rhynchophylla plant [211]. Not only alkaloids
but also  rhynchophylline,  isorhynchophylline,
corynoxeine, isocorynoxeine, and hirsutine are found in
Uncaria rhynchophylla. Uncaria rhynchophylla extract
reduced lipid peroxidation in a rat model of kainic acid-

regulation,
antioxidation,

antitumor,
depression,

antifatigue,
diabetes,

antiaging,

inflammation,

induced excitotoxicity (Table 2) [212,213].

Table 2: List of some medicinal plants and their extract that have shown neuroprotective activity

SI | Plant Name plant Extract Method/Models Neuroprotective activity Ref
No parts used
1 Allium Sativum Fruits Ethanol Y-maze, Passive Both LDH leakage and [214]
avoidance test ROS levels were
suppressed
2 Abrus Leaves Methanol Elevated plus maze, | Catalase and superoxide [215]
precatorius Active avoidance dismutase enzyme activity
paradigm was elevated by PCA
3 Bacopa monnieri | Aerial Ethanol Morris water maze | By increasing the cell [216]
parts survival (Akt) pathway,
BM extract conserved
cellular redox equilibrium
and mitochondrial activity
4 Centella asiatica | Leaves Ethanol Invitro models ROS generation, GSH [217]
(inhibition of AchE | reduction, caspase3
or BchE activity) activation, and Bcl-2
down-regulation were
inhibited by PCA
5 Convolvulus Whole Chloroform | Invitro Inhibited IkappaB-alpha [218]
Pluricaulis plant models(inhibition degradation and NF-
of AchE or BchE kappaB activation in BV-2
activity) cells in a dosdependentnt
manner.
6 Curcuma longa Rhizome Aqueous Morris water maze, | Antioxidant, anti- [219]
Step-through inflammatory, and anti-
passive avoidance apoptotic activities
test
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Sl | Plant Name plant Extract Method/Models Neuroprotective activity Ref
No parts used
7 Enhydra Stemsand | Chloroform | Invitro AP lowered ROS [220]
fluctuations Leaves models(inhibition generation, prevented the
of AchE or BchE enhanced rate of apoptosis,
activity and decrease the Bax/Bc12
ratio
8 Ferula Gum Agueous Elevated plus maze, | SAC increased CuZn- [221]
asafoetida Two compartments | superoxide dismutase
passive action as well as decreased
avoidance test the generation of
superoxide radicals.
9 Ginseng Root Ethanol Elevated plus maze, | Ginsenosides decreased the | [222]
Hebb William maze | Bax/Bcl-2 ratio and
inhibited the formation of
ROS
10 | Glycyrrhiza Root Aqueous Elevated plus maze, | Through the p38 [223]
glabra Hebb-William MAPK/Nrf2 pathway,
maze, Morris glycyrrhizin increased the
Water maze production of heme
oxygenase-1(HO-1) in
neuron cells
11 | Huperiza serrata | Whole Ethanol Y-maze, Passive Huperzine A (HupA), [224,225]
plant avoidance test reduced the elevation of
ROS levels, and decrease
the Bax/Bcl-2 ratio and
PARP proteolysis.
12 | Morus alba root bark, Methanol Invitro Decreasing ROS and [226]
leaves, models(inhibition enhancing cellular anti-
branches, of AchE or BchE oxidative capability (SOD)
and fruits activity and GR).
13 | Marine Whole Ethanol Hebb William Increasing expression of [227]
macroalgae plant maze, Passive PGC-1 alpha and anti-
avoidance test apoptosis.
14 | Nigella sativa Seeds Methanol Morris water maze | Thymoquinone (TM) [228]
controlled the redox
balance by inducing
Thioredoxin-1 and
inhibited apoptosis
signaling.
15 | Ocimum sanctum | Leaves Ethanol Open field test, Tyrosine hydroxylase [229]
Elevated plus maze, | expression has been
Porsolt’s swim restored.
Test
16 | Apium Leaves Ethanol Y-maze, Passive NBP decreased [230]
graveolens Linn avoidance test mitochondrial permeability
while increasing cellular
GSH concentration.
17 | Uncaria Leaves and | Ethanol Two compartments | Rhynchophylline increased | [231]
rhynchophylla fruits passive avoidance DA levels and expression
test of the growth of factors
18 | Valeriana Rhizome Ethanol Elevated plus maze | Blocking the active [232]
wallichii caspase-3 fragment
(17kDa) and proteolytic
poly (ADP-ribose)
polymerase (PARP
19 | Chrysanthemum | Leaves Methanol Elevated plus maze, | The Cl extract suppressed [233]
indicum Linn Hebb William maze | ROS generation, decreased
(ChH the Bax/Bcl-2 ratio, and
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Sl | Plant Name plant Extract Method/Models Neuroprotective activity Ref
No parts used
repressed prostaglandin E-
2 synthesis and
cyclooxygenase type-2
expression(cox-2).
20 | Cruciferous Leaves Dimethyl Morris water maze | It raised the levels of [234]
vegetables sulfoxide depleted GSH and induced
mRNA synthesis of the
gamma-glutamylcysteine
ligase catalytic subunits
(GCLC), nGR, and NQOL1.
21 | Valeriana Leaves Methanol Elevated plus maze, | The mechanism of their [235]
jatamansi Hebb William maze | neuroprotective action is
still to be investigated.
22 | Selaginella Root Water Elevated plus maze | Induced reduction of TH [236]
lepidophylla and DAT in the SN
23 | Turbinaria Rhizome Water Y-maze, Turbinaria decurrens raised | [237]
decurrens the number of TH proteins
and DA in striatal neurons.
24 | Withania Root Ethanol Y-maze, Morris Induced autophagosomes [238]
somnifera water maze and increased the
expression of LC3-II.

6. Medicinal plant ingredients for AD

AD is a slowly progressing neurological
disease. 60-70 percent of dementia cases can be
attributed to it. Most people first notice that they have
trouble recalling recent events. Disorientation, mood
changes, lack of motivation, and self-neglect can all be
signs of the condition as it progresses. Behavioral
disorders are also possible. The more ill a person
becomes, the more he or she tends to isolate himself or
herself from friends and society. As biological processes
decline, they eventually lead to a person's death. This
disease has a median overall survival time of three to
nine years, although individual cases can proceed at
different rates. This disease is crucial for patients so
medical ingredient is super prominent for alleviating AD.
Many disorders, including AD, would be helped via
using natural products. There are other natural chemical
structures, Flavonoids, polyphenolic compounds, sterols,
triterpenoids, and naturally occurring substances are
painkillers and anti-inflammatory  chemicals,anti-
amyloidogenic, and anticholinesterase properties [33].
About 75% to 81% of people all over the world rely on
herbal medicine for basic body care, primarily in the
poorer nations, due to cultural tolerance, being more
suited for the human body, and less adverse effects. But
in recent years, their use in the developed world has
increased significantly. According to preliminary
clinical data, several herbal medications can enhance
cognitive duty in mild to intense AD patients. The
therapeutic benefits of these herbs are not confined to the
suppression of cholinesterase inhibitors, beside include
the modulation of AP processing, defense against
apoptosis and anxiety from combustion, and anti-
inflammatory properties [64]. About 3.5 percent of the
population in the United States aged 65 to 74 is believed
to be at least in the early stages of AD. Nearly three-

quarters of patients with end-stage renal disease are 85
years old or older. AD is more common in women than
in men. Neuropathologically, amyloid (AB) deposition is
a key feature of AD and a possible source of neuronal
damage. Medicines for AD are currently absent a "magic
bullet" that can stop, slow, or even reverse the illness's
progression. These can be split into three categories
based on whether they prevent the disease from forming
or slow its advancement after it has. New research
suggests new approaches to treating AD.
Neurotransmitter system disruption appears to be the
most practical option at the present [64].

6.1. Quercetin

Flavonoid Quercetin has prominent
pharmacological action as well as offers therapeutic
properties. It can be found in a wide variety of foods,
including fruits and vegetables, but it is most commonly
found in the plant kingdom. Quercetin has been shown
to protect neurons in vitro. Studies have shown that it
both protects synapses from cellular damage and shrinks
lipid peroxidation. Furthermore, being an antioxidant, it
stops amyloid beta proteins from clumping together into
fibrils. preventing organelle lysis and mechanisms in the
inflammation response [239]. Scavenging reactive
oxygen species (ROS) is a one-way quercetin exerts its
potent antioxidant properties. furthermore, it has a
variety of useful characteristics, features like being anti-
viral, anti-inflammatory, anti-cancer, and anti-
amyloidogenic. The compound concentration of
10uM has been displayed to have anti-amyloidogenic
properties by reducing the buildup of beta-amyloids. The
apoptosis-inducing effects of AB- were also reduced by
quercetin. Nevertheless, at higher concentrations
(40uM), quercetin induces cytotoxicity. Quercetin nano
encapsulated in zein nanomaterials drastically enhanced
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intellect also remembrance impairments in senescence-
accelerated P8 rats, according to a recent study. The
decreased GFAP expression in the hippocampal
astrocytes may be a factor in the mechanism [33]. These
potentially damaging effects can be neutralized by
quercetin's presence. If quercetin can be used to
counteract cell and molecular signals in the regulation of
normal physiological functions, then ROS could be a key
factor in AD progression. Data on quercetin's cellular
mechanisms, on the other hand, are sparse. The
neuroprotective consequences of quercetin are primarily
caused by the Possible cytokine up- and down-regulation
through Nrf2, Paraoxonase-2, c-Jun N-terminal kinase
(JNK), Kinases, Mitogen-activated protein kinase
(MAPK) signaling cascades, and PI3K/Akt systems.
[68].

6.2. Epigallocatechin-3-gallate

One of the flavonoid-type catechins that can be
Camellia sinensis is a source of it. It is called
epigallocatechin-3-gallate (EGCG). Epigallocatechin-3-
gallate possesses powerful action as an anti-oxidant, with
numerous research have looked at the impact of
epigallocatechin-3-gallate on a variety of cancer and
other  debilitating  diseases cardiovascular and
neurological salvo [33]. It's a catechin and a combination
of epigallocatechin and gallic acid. Various dietary
supplements contain EGCG. Because the compound is a
plenty potent polyphenol present whereas in herbal tea,
is linked to green tea's cancer-fighting properties [240].
The reduction of neuroinflammatory cytokines generated
from astrocytes by EGCG inhibits memory loss and
amyloidogenesis, suggesting that EGCG might have
been an effective treatment for neuroinflammation-
associated AD [241].

As a result, green tea may help lessen the risk
of developing the neurological disease by reducing the
number of reactive oxygen species (ROS) in our bodies.
The anti-inflammatory function of EGCG has also been
researched and is deemed a strong anti-inflammatory
agent by numerous groups and cell types. There is no
evidence that EGCG modulates the cytokine secretion
from astrocytes induced by the pathological development
of AD [242]. EGCg's multi-target exact mechanism of
action and synergistic effect on protein misfolding,
oxidative stress, and neuroinflammation make it an ideal
treatment for a variety of conditions. EGCG's actions that
have anti-apoptotic,anti-amyloidogenic, and anti-
inflammatory properties have been identified as
contributing to its function in the treatment of
neurodegenerative disease (ND). The formation of
misfolded protein aggregates in the brain is a common
pathogenic feature of many NDs. It appears that targeting
protein misfolding may be a potential way to avoid NDs.
Protein misfolding and aggregation are two of the
primary causes of neurodegeneration, which makes them
a viable target for ND prophylaxis.

More and more, protein misfolding and the
subsequent self-association into potentially toxic
oligomers and amyloid deposits are being recognized as
critical etiological factors in various neurodegenerative
diseases, such as Alzheimer's and Parkinson's. And the
rarer prion diseases that result from it. In the molecular
process, in the end, the protein was formed misfolding as
well as collection appear to be identical even though each
ND is linked to defects in protein folding. These findings
suggest that a common treatment for NDs may be
achievable based on these findings. The protein
misfolding proteins AP, tau, o -synuclein (a-Syn),
transthyretin (TTR), and going on a hunt can all interact
along EGCG, according to research [243].

6.3. Resveratrol

As an antioxidant, resveratrol comes from a
plant. Red wine, grapes, some berries, and peanuts are
among the most nutritious foods available. In 1940,
resveratrol was isolated [244]. Scavenging ROS,
boosting glutathione levels, and enhancing the body's
antioxidants are just a few ways resveratrol works as a
powerful antioxidant. Cleavage of APP that is not
amyloidogenic and increased the value of amyloid are
two additional ways that resveratrol can reduce -amyloid
levels. AChE activity in neuronal cells was also
decreased by resveratrol (15, 45, and 135 mg/kg).
Resveratrol was found to be safe, well-tolerated, and
capable of reducing, CSF and serum levels of Ap40 in a
randomized clinical trial AD drug trial utilizing a dual,
placebo-controlled design. Resveratrol has been shown
to keep the cell from being too phosphorylate to d
facilitate, the inactivation of tau protein according to
recent research. To make matters worse, researchers
found that resveratrol relieved cholinergic channels in a
rat model of AD and lowered cell damage, both of which
boosted memory function. The activation of SIRT1 by
resveratrol has also been shown to influence
neuroinflammation and generate adaptive immunity
[33]. The three hydroxyl groups in the structure of
resveratrol may be responsible for its great effectiveness.
As a result, the usage of resveratrol as a dietary
supplement is on the rise in the existing economy [245].

In both Vivo and in vitro studies, several
flavonoids were revealed to exhibit neuroprotective
characteristics. Due to  their  neuroprotective
characteristics, resveratrol and its derivatives have taken
precedence over all other polyphenols in this group.

Resveratrol  monohydroxylated compound
piceatannol, which has an additional hydroxyl group at
the 3rd benzene position, is called piceatannol. It has
been found to have antidepressant properties against f3-
amyloid-induced neuronal cell damage via preventing
AB-driven ROS buildup in neurons. There is evidence
that Pterostilbene can improve cognition and cellular
oxidative stress, which are hallmarks of AD. Monomers
aren't the only ones that have been developed. Scirpus A
and the glucose of e-vinifera, stilbene dimers besides a

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 162 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

portion of glucose and extra hydroxyl group, both
showed a strong reduction of the aggregation of fibrils
and utilized in this way as effective Prevention of AD
with fibril blockers [246].

6.4. Berberine

In traditional Chinese medicine, Plants' roots,
rhizomes, and branch barks all contain the yellow plant
isoquinoline alkaloid berberine (BBR), which glows
yellow when exposed to UV light, including Berberis,
Hydrastis canadensis, and Coptidis rhizome. Some of the
bioactivities associated with BBR include anti-
inflammatory properties as well as cardiovascular
protection as well as anticancer, antimalarial, and
antioxidative properties [247]. This plant metabolite,
which belongs to the isoquinoline alkaloids, has
significant biological and pharmacological effects [248].
In the therapy of neurodegenerative disease, it is utilized
Many neurological diseases, including AD, may benefit
from its use as a phytoconstituent. Neurofibrillary
tangles and extracellular amyloid plaques are reduced.
As a result, it can be utilized as a preventative agent for
atherosclerosis and AD [249]. Oxidative stress is the
primary mechanism by which Berberine is beneficial in
the treatment of different neurologic and other
inflammatory conditions. Different inflammatory factors
are controlled by it, including the up-and down-
regulation of GPx and CuZn-superoxide dismutase, the
elevation of potential, and inhibition of RhoA/ROCK
signaling activation [249]. Statements of neuroprotection
or neurotrophic ensure that the cells remain healthy even
under disease-specific pathological conditions. This
category can include interventions aimed at reducing
inflammation or other AD pathobiology-related
indicators. The mechanisms of decrease of AD
progression are not yet apparent, although the
cholesterol-lowering and anti-inflammatory qualities
have been demonstrated to be useful in treating AD. The
decrease of AP by these drugs has been reported earlier.
Non-steroidal  anti-inflammatory  drugs (NSAID)
research with randomization and placebo control, on the
other hand, has come up empty. There have been mixed
results with statins as well. AD patients should not use
statins, according to the research on religious orders and
cardiovascular health. On the other side, the lower
burden of NFT in individuals utilizing statin has been
documented. A prospective clinical trial of donepezil
with atorvastatin was completed but no significant drug-
placebo variation could be demonstrated [249].
Berberine treatment of BV2 microglial cells prevented
the -amyloid-induced expressions of IL-6, COX-2, and
iNOS from occurring. The PI3K/PKB and MAPK
pathways were likewise severely inhibited by Berberine,
which lowered the expression of NF-kB. Furthermore,
BBR dramatically improved spatial memory deficits in
an AD rat model, even though it elevated the production
of 2 provocative things markers, inflammatory cytokine-
1b (IL-1b) and | NOS. BBR has been found to lower Ap
levels to protect neurons, according to recent research.
Extracellular AB production is inhibited until a

concentration of around 5 mM at which it is 50%
inhibited. Considering BBR's impact on manufacturing
of the amyloid precursor is neurological toxic, it appears
to get the potential to succeed therapy option for AD.
NGF-potentiating effect of there was even a BBR (10
mg/ml) observed towards promoting NGF-induced
neuronal outgrowth in rat phaeochromocytoma cell
culture, absent cytotoxicity (PC12 cells). Inhibition of
acetylcholinesterase =~ (AChE)  or  acetylcholine
accumulation was not linked to BBR's NGF potentiating
effect [249].

6.5. Huperzine A

Huperzine-A was first derived from the
Huperzia serrata (Thunb. ex Murray) Trev. herb, a
traditional Chinese medicine known as Qiang Ceng Ta.,
has drawn great because it comes the public's remarkable
anticholinesterase Mechanisms detected by Chinese
researchers. A range of illnesses was managed using
Huperzia and Phlegmariurus species in Chinese
medicine, including concussions, pathogens,
inflammations, dementia, muscular dystrophy, and
pesticide  poisoning are all symptoms of
organophosphate  toxicity. As an  anti-disease
Alzheimer's pharmaceutical, Hup-A was already
introduced in China and its derivative ZT-1 has been
explored in both China and Europe [250]. Researchers in
China found Huperzine-A, an ingredient isolated from
Huperzia serrata, a Chinese botanical, as a strong,
reversible, and specific inhibitor of the enzyme
acetylcholinesterase (AChE) in the 1980s [251].

Huperzine-A, like donepezil, serves as
protection from glutamate poisoning. Glutamate-
encouraged calcium mobilization and cytotoxicity in rat
primary neuron cells were decreased by pretreatment
with huperzine- A. N-methyl-D-aspartate (NMDA)
receptor antagonism appear to be the mechanism behind
this action. Central cholinergic neurons benefit from
NGF's ability to support their survival and proliferation.
Nerve growth Factor (NGF) expression and secretion
were found to be boosted by Huperzine -A. Huperzine-
A may increase, Neuronal longevity, and performance is
boosted by NGF. which may aid in the recovery of
damaged neurons in neurodegenerative illness. This
outcome suggests. Oxidative stress in the form of
hydrogen peroxide can also be prevented by Huperzine-
A. Antioxidants, as evidenced by studies that show a
decline in the progression of AD neurodegeneration, may
help treat this disease by reducing oxidative stress.
Huperzine- A has been shown to reduce oxidative stress
markers in the blood, including plasma and erythrocyte
lipoperoxides, in a clinical trial in China. Huperzine- A
was reported to have a neuroprotective effect in C6 rat
glioma cells after oxygen-glucose deprivation caused
damage. Huperzine-A prevents the long-term
potentiation of rat hippocampus slices from being
suppressed by B -amyloid peptides. Huperzine- A
restored the cholinergic and monoaminergic dysfunction
in rats caused by B -amyloid peptide injection into the
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nucleus basalis [252]. Distinctive chemical composition,
AChEI activity, recollection properties proved in animal
and clinical testing, and low toxicity of Hup-A have all
attracted considerable interest from all around the world
Hup-A [253]. Amyloid precursor protein processing is
regulated by Huperzine-A via the PKC and mitogen-
activated protein  kinase (MAPK) activation,
respectively, according to research.

Together, these findings indicate that
huperzine-A may have favorable disease-modifying
activity in AD, in addition to the symptomatic, cognitive-
enhancing benefit of cholinesterase inhibition. Apoptosis
and oxidative stress caused by beta-amyloid are
protected, as is the metabolism of beta-amyloid precursor
proteins, which are regulated by these non-cholinergic
actions [252].

6.6. Luteolin

As a flavonoid, luteolin occurs naturally across
a wide range of plants, including vegetables, herbs, and
fruits [254]. Constituent of the amyloid plaques
expression with the development of beta-amyloids could
be decreased by luteolin. Apoptosis can also be
prevented by reducing ROS generation, enhancing the
brown natural defense systems, for instance increasing
Involving SOD, CAT, and GPx; as well as getting NRF2
into action. Chronic hypoperfusion-induced cognitive
dysfunction has been relieved by the ability of Luteolin,
mini to mize lipid peroxidation by strengthening the
antioxidant enzyme activities a controlling role
inflammatory reactions in brain cells of rats. A rat model
of AD produced by streptozotocin showed enhanced
cognition and memory after treatment with the
antioxidant luteolin. Despite these findings, more clinical
trials are required to verify that luteolin protects against
AD [33]. Luteolin does its job via using many paths
Another treatment that has been demonstrated to be
neuroprotective for stroke patients in neurorehabilitation
is the administration of an ultrafine-ground mixture of
luteolin and palmitoylethanolamide (140 mg/day for 60
days). As an added benefit, luteolin can pass the blood-
brain barrier. These studies indicate that luteolin may be
useful in the treatment of neurodegenerative illnesses,
such as AD [255].

Mast cell suppression is one of the luteolin's
known actions, and it's thought to be the basis for its
ability to prevent the activation of other glial cells. There
is evidence that Coronavirus-induced inflammatory
response can be prevented by mast cells, It suggests a
function against which luteolin acts the neurological
diseases covariant with the current coronavirus pandemic
of 2019. There are around 10% to 15% that is only found
in the brain. Microglial cells are substantially more
prevalent in areas of the brain affected by brain cells
made up of cells of the immune system, which are
affected by AD AP plaques than in healthy brains. As an
alternative, binding of A to The NOD and the CD36-
TLR4-TLR6 sensor combination, LRR and an

inflammasome complex including pyrin domain protein-
3 (NRLP3) can activate microglial cells. AB. Microglial
cells release inflammatory cytokines, viz TNF-a, IL-1a,
and IL-12 within the response to the stimuli provided by
AB. In the brain, astrocytes fulfill a variety of activities,
including water and ion balance, blood-brain barrier
maintenance, and synaptogenesis regulation. They are
not specifically immune cells. According to the sort of
stimuli that led to their activation, activated astrocytes
can have distinct characteristics. Al phenotype, which is
associated with neurodegenerative disorders, can be
induced by immune signals, such as TNF a -1, IL- al,
and C1qg from microglia cells. In experimental animals,
luteolin has been shown to reduce insulin resistance in
the brain and hence protect against the onset of
Alzheimer's-like illness. BBB-crossing luteolin serves as
an inhibitor of A-secretase and f3-secretase to reduce the
amount of A that accumulates in the brain and becomes
neurotoxic [255].

6.7. Rosmarinic Acid

Rosmarinic acid is a caffeic acid ester derived
from 3,4-dihydroxy phenyl lactic acid. In species of
Boraginaceae and the Lamiaceae family, the
Nepetoideae, it is prevalent. Some kinds of fern and
hornwort, as well as those from other higher plant
families, have been shown to contain it. For example,
rosmarinic acid is an antiviral and antibacterial agent as
well as an antioxidant. In herbal ingredients, spices, and
traditional medicinal, the presence of rosmarinic acid is
useful and healthy [256]. It has also been shown that
rosmarinic acid can reduce the activity of the nervous
system, as well as cognitive recollection and short-term
visual recall changes in AD-related brain tissue in the rat
mode [33]. PC12 Cells Protected an antidote to the
neurotoxic effects of amyloid B-peptides by rosmarinic
Acid, an Active Ingredient [257]. Rosmarinic acid has
been shown to greatly reduce the effects of amyloid on
memory, which may be due to its ability to decrease NF-
B and TNF- expressions. It has also been found that
rosmarinic acid protects neuronal PC12 cells from f -
amyloid-induced cell damage, as well. In addition, it may
reduce the protein's hyperphosphorylation. Rosmarinic
acid's ability to prevent ROS production and caspase-3
activation may explain why it inhibits apoptosis [33].
Neuritic plaques with amyloid-peptide (A B) cores, tau
protein NFTs, and neurotransmitter deficits are all
hallmarks of AD. Presenilin mutations have been linked
to familial AD, which is amyloid-bearing tissue deposits
and knots of neurofibrillary even though amyloid
plaques are the key clinical markers of Alzheimer's.
Neuronal death and hyperphosphorylation of tau protein
are the primary events caused by RA when it is applied
to cultured neurons [257]. In vitro animal research has
been conducted. indicated the potential of AD
medication with RA. sing docking simulations with
direct binding investigations, Taguchi et al., studied the
structural characteristics of RA that allowed it to directly
engage with A B1-42. This study demonstrates the
significance of the functional group of catechol on the
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side of caffeic acid for binding. On the other hand,
favorable chain-length substituents might be used to
replace the on the danshensu side, an ester thatch could
break down in vivo. As a result, they've discovered two

chemicals that are both adequately antioxidant (as
measured by DPPH radical scavenging and xanthine
oxidase) and prevent AB1-42 aggregations (Figure 6)
[258].

Berberine

Huperzine A

Luteolin

OH
o OH

Ho:©/\)to OH

HO

Rosmarinic acid

Figure 6: Chemical structure of the compounds containing activity of Alzheimer’s disease

7. CONCLUSION AND FUTURE DIRECTION

AD is a progressive neurological illness that
currently lacks effective treatment. Currently approved
pharmacological treatments are exclusively focused on
reducing symptoms and slowing the progression of the
disease. Potential therapeutic interventions for AD can
be provided by natural bioactive components having
pharmacological properties. These organic compounds
could lower ROS or stop the development of the harmful
AB-42 plaque. Alternately, these substances may
function after the development of Ap42 plaques and
regulate the altered signaling events brought on by Ap42
aggregates in AD. Animal model studies clearly show
that several of these natural remedies can reduce the risk
of developing and try and stop AD (figure 5 and table 1).
Targeting numerous disease-causing factors is important
for managing or curing AD. Potential treatment targets
could be found by performing in vivo trials on animal
model systems to understand the disease's molecular
process. Numerous animal models are being employed to
investigate the molecular basis of these compounds'
actions. The natural compounds appear to be intriguing
and possible therapeutic targets for neurodegenerative
ilinesses like AD. Though having the strength of the
usage of natural compound liese in their bioavailability.
In contrast, it has been observed that changes in lifestyle,

altered eating patterns, excessive stress brought on by the
workplace, and environmental factors have contributed
to the rise in the prevalence of neurodegenerative
diseases like AD. Thus, there is a good chance of
discovering treatments for AD if one adheres to a strict
diet plan and places a focus on natural goods with
potential medicinal capabilities. Due to their
effectiveness and lack of adverse effects, natural
products have recently become highly popular as
supplements or alternative medicines. Therefore,
additional study is required to discover the natural
bioactive compounds of medicinal plants and understand
the effects or mechanism that may potentially treat
Alzheimer's.

Abbreviations

Alzheimer's disease (AD), natural products
(NP), Central Nervous System (CNS), neurofibrillary
tangles (NFT), Food and Drug Administration (FDA), N-
methyl-D-aspartate (NMDA), Choline acetyltransferase
(ChAT), Acetyl choline (Ach), excitatory amino acid
(EAA), nucleus basalis of Meynert (NBM), amyloid
plaques (AP), non-inherited AD (NIAID), cerebrospinal
fluid (CSF), amyloid- B peptide (AB), amyloid precursor
protein (APP), Gas chromatography—mass spectrometry
(GC-MS), Fourier-transform infrared spectroscopy
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(FTIR), blood-brain Barriers (BBBs), protein tyrosine
kinase receptor B (TrkB), streptozotocin (STZ),
lipopolysaccharide (LPS), secoisolariciresinol
diglucoside (SDG), malondialdehyde (MDA), Jun-N
terminal  kinase (JNK), Anthocyanins (ANTS),
Parkinson’s disease (PD), Huntington’s disease(HD),
multiple sclerosis (MS), reactive oxygen species (ROS),
epigallocatechin-3-gallate (EGCG), berberine (BBR),
Non-steroidal anti-inflammatory drugs (NSAID), N-
methyl-D-aspartate (NMDA), Nerve growth Factor
(NGF), mitogen-activated protein kinase (MAPK), pyrin
domain protein-3 (NRLP3).

REFERENCES

1. Hippius H, Neundoérfer G. The discovery of
Alzheimer’s disease. Dialogues Clin Neurosci
2003;5:101-8.
https://doi.org/10.31887/dcns.2003.5.1/hhippius.

2. 2020 Alzheimer’s disease facts and figures.
Alzheimer’s Dement 2020;16:391-460.
https://doi.org/10.1002/alz.12068.

3. Brooks LRK, Mias GI. Data-driven analysis of age,
sex, and tissue effects on gene expression variability
in Alzheimer’s disease. Front Neurosci 2019;13.
https://doi.org/10.3389/fnins.2019.00392.

4. Kawas C, Corrada M. Alzheimers and Dementia in
the Oldest-Old: A Century of Challenges. Curr
Alzheimer Res 2006;3:411-9.
https://doi.org/10.2174/156720506779025233.

5. Farrer LA, Cupples LA, Myers RH, van Duijn CM,
Mayeux R, Haines JL, et al. Effects of Age and
Ethnicity on the Link Between APOE €4 and
Alzheimer Disease—Reply . Jama 1998;279:581.
https://doi.org/10.1001/jama.279.8.581a.

6. Hebert LE, Weuve J, Scherr PA, Evans DA.
Alzheimer disease in the United States (2010-2050)
estimated using the 2010 census. Neurology
2013;80:1778-83.
https://doi.org/10.1212/WNL.0b013e31828726f5.

7. James BD, Leurgans SE, Hebert LE, Scherr PA,
Yaffe K, Bennett DA. Contribution of Alzheimer
disease to mortality in the United States. Neurology
2014;82:1045-50.
https://doi.org/10.1212/WNL.0000000000000240.

8. Atri A. Current and Future Treatments in
Alzheimer’s Disease. Semin Neurol 2019;39:227—
40. https://doi.org/10.1055/s-0039-1678581.

9. Long JM, Holtzman DM. Alzheimer Disease: An
Update on Pathobiology and Treatment Strategies.
Cell 2019;179:312-39.
https://doi.org/10.1016/j.cell.2019.09.001.

10. Silva MVF, Loures CDMG, Alves LCV, De Souza
LC, Borges KBG, Carvalho MDG. Alzheimer’s
disease: Risk factors and potentially protective
measures. J Biomed Sci  2019;26:1-11.
https://doi.org/10.1186/s12929-019-0524-y.

11. Shal B, Ding W, Ali H, Kim YS, Khan S. Anti-
neuroinflammatory potential of natural products in
attenuation of Alzheimer’s disease. Front Pharmacol
2018;9. https://doi.org/10.3389/fphar.2018.00548.

12. Schenk D, Basi GS, Pangalos MN. b -Protein 2012.

13. Thapa A, Carroll NJ. Dietary modulation of
oxidative stress in Alzheimer’s disease. Int J Mol Sci
2017;18:14-6.
https://doi.org/10.3390/ijms18071583.

14. Zhang B, Gaiteri C, Bodea LG, Wang Z, McElwee
J, Podtelezhnikov AA, et al. Integrated systems
approach identifies genetic nodes and networks in
late-onset Alzheimer’s disease. Cell 2013;153:707—
20. https://doi.org/10.1016/j.cell.2013.03.030.

15. Jang MH, Piao XL, Kim JM, Kwon SW, Park JH.
Inhibition of cholinesterase and amyloid-&bgr;
aggregation by resveratrol oligomers from Vitis
amurensis.  Phyther Res  2008;22:544-549.
https://doi.org/10.1002/ptr.

16. Yuan H, Ma Q, Ye L, Piao G. The traditional
medicine and modern medicine from natural
products. Molecules 2016;21.
https://doi.org/10.3390/molecules21050559.

17. Kennedy DO, Wightman EL. Herbal extracts and
phytochemicals: Plant secondary metabolites and
the enhancement of human brain function. Adv Nutr
2011;2:32-50.
https://doi.org/10.3945/an.110.000117.

18. Scott LJ, Goa KL, Giacobini E, Medical G,
Mcdowell FH, Masterton W, et al. A Review of its
Use in Alzheimer > s Disease. Adis Drug Eval
2000;60:1095-122.

19. Ruiz-ramos J, Chay-canul AJ, Ku-vera JC, Magafa-
monforte JG, Cruz-hernandez A, Gonzélez-gardufio
R, et al. Et Al Et Al Et Al Et Al Et Et Al. Water
2016;3:21-31.

20. Sharma R, Kuca K, Nepovimova E, Kabra A, Rao
MM, Prajapati PK. Traditional Ayurvedic and
herbal remedies for Alzheimer’s disease: from
bench to bedside. Expert Rev Neurother
2019;19:359-74.
https://doi.org/10.1080/14737175.2019.1596803.

21. Akram M, Nawaz A. Effects of medicinal plants on
alzheimer’s disease and memory deficits. Neural
Regen Res 2017;12:660-70.
https://doi.org/10.4103/1673-5374.205108.

22. Rahman MM, Islam F, Parvez A, Azad MAK,
Ashraf GM, Ullah MF, et al. Citrus limon L. (lemon)
seed extract shows neuro-modulatory activity in an
in vivo thiopental-sodium sleep model by reducing
the sleep onset and enhancing the sleep duration. J
Integr Neurosci 2022;21.
https://doi.org/10.31083/j.jin2101042.

23. de Andrade RCLC, Araljo NK de, Torres-Régo M,
Furtado AA, Daniele-Silva A, Paiva W de S, et al.
Production and characterization of
chitooligosaccharides: Evaluation of acute toxicity,
healing, and anti-inflammatory actions. IntJ Mol Sci
2021;22. https://doi.org/10.3390/ijms221910631.

24. Rahman MM, Rahaman MS, Islam MR, Rahman F,
Mithi FM, Algahtani T, et al. Role of phenolic
compounds in human disease: Current knowledge
and future prospects. Molecules 2022;27.
https://doi.org/10.3390/molecules27010233.

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 166 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sharma R, Kakodkar P, Kabra A, Prajapati PK.
Golden Ager Chyawanprash with Meager Evidential
Base from Human Clinical Trials. Evidence-Based
Complement  Altern  Med  2022;2022:1-6.
https://doi.org/10.1155/2022/9106415.

Seidler PM, Murray KA, Boyer DR, Ge P, Sawaya
MR, Hu CJ, et al. Structure-based discovery of small
molecules that disaggregate Alzheimer’s disease
tissue derived tau fibrils in vitro. Nat Commun
2022;13. https://doi.org/10.1038/s41467-022-
32951-4.

Tackenberg C, Kulic L, Nitsch RM. Familial
Alzheimer’s disease mutations at position 22 of the
amyloid B-peptide sequence differentially affect
synaptic loss, tau phosphorylation and neuronal cell
death in an ex vivo system. PLoS One 2020;15.
https://doi.org/10.1371/journal.pone.0239584.
Giorgetti S, Greco C, Tortora P, Aprile FA.
Targeting amyloid aggregation: An overview of
strategies and mechanisms. Int J Mol Sci 2018;19.
https://doi.org/10.3390/ijms19092677.

Hane FT, Robinson M, Lee BY, Bai O, Leonenko Z,
Albert MS. Recent Progress in Alzheimer’s Disease
Research, Part 3: Diagnosis and Treatment. J
Alzheimer’s Dis 2017;57:645-65.
https://doi.org/10.3233/JAD-160907.
Habtemariam S. Natural products in Alzheimer’s
disease therapy: Would old therapeutic approaches
fix the broken promise of modern medicines?
Molecules 2019;24.
https://doi.org/10.3390/molecules24081519.
Sharma K. Cholinesterase inhibitors as Alzheimer’s
therapeutics  (Review). Mol Med Rep
2019;20:1479-87.
https://doi.org/10.3892/mmr.2019.10374.

Zhang H, Zheng Y. B Amyloid Hypothesis in
Alzheimer’s Disease:Pathogenesis,Prevention,and
Management. Zhongguo Yi Xue Ke Xue Yuan Xue
Bao 2019;41:702-8.
https://doi.org/10.3881/j.issn.1000-503X.10875.
Bui TT, Nguyen TH. Natural product for the
treatment of Alzheimer’s disease. J Basic Clin
Physiol Pharmacol 2017;28:413-23.
https://doi.org/10.1515/jbcpp-2016-0147.

Babic T, Francis PT, Palmer AM, Snape M, Wilcock
GK. The cholinergic hypothesis of Alzheimer’s
disease: A review of progress (multiple letters) [11].
J Neurol Neurosurg Psychiatry 1999;67:558.
https://doi.org/10.1136/jnnp.67.4.558.

Tobias JD. Neuromuscular Blocking Agents. Fourth
Edi. Elsevier; 2011. https://doi.org/10.1016/B978-
0-323-07307-3.10122-3.

Suszkiw JB. Synaptic Transmission. Cell Physiol
Source B Essentials Membr Biophys 2011:563-78.
https://doi.org/10.1016/B978-0-12-387738-
3.00032-9.

H. Ferreira-Vieira T, M. Guimaraes I, R. Silva F, M.
Ribeiro F. Alzheimer’s disease: Targeting the
Cholinergic  System.  Curr  Neuropharmacol
2016;14:101-15.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

https://doi.org/10.2174/1570159x13666150716165
726.

Anwal L. a Comprehensive Review on Alzheimer’S
Disease. World J Pharm Pharm Sci 2021;10:1170.
https://doi.org/10.20959/wjpps20217-19427.
Weller J, Budson A. Current understanding of
Alzheimer’s disease diagnosis and treatment.
F1000Research 2018;7.
https://doi.org/10.12688/f1000research.14506.1.
Hampel H, Mesulam MM, Cuello AC, Farlow MR,
Giacobini E, Grossberg GT, et al. The cholinergic
system in the pathophysiology and treatment of
Alzheimer’s disease. Brain 2018;141:1917-33.
https://doi.org/10.1093/brain/awy132.

Paroni G, Bisceglia P, Seripa D. Understanding the
Amyloid Hypothesis in Alzheimer’s Disease. J
Alzheimer’s Dis 2019;68:493-510.
https://doi.org/10.3233/JAD-180802.
Sadigh-Eteghad S, Sabermarouf B, Majdi A, Talebi
M, Farhoudi M, Mahmoudi J. Amyloid-beta: A
crucial factor in Alzheimer’s disease. Med Princ
Pract 2015;24:1-10.
https://doi.org/10.1159/000369101.

Watts A, Bokvist M, Lindstro F, Gro G. Two Types
of Alzheimer * s b -Amyloid ( 1 — 40 ) Peptide
Membrane Interactions: Aggregation Preventing
Transmembrane Anchoring Versus Accelerated
Surface Fibril Formation 2004:1039-49.
https://doi.org/10.1016/j.jmb.2003.11.046.
Stallings NR, O’Neal MA, Hu J, Kavalali ET,
Bezprozvanny I, Malter JS. Pinl mediates AB42-
induced dendritic spine loss. Sci Signal 2018;11.
https://doi.org/10.1126/scisignal.aap8734.

Gu L, Guo Z. Alzheimer’s AP42 and AB40 peptides
form interlaced amyloid fibrils. J Neurochem
2013;126:305-11.
https://doi.org/10.1111/jnc.12202.

Bitan G, Kirkitadze MD, Lomakin A, Vollers SS,
Benedek GB, Teplow DB. Amyloid-beta protein (
Abeta ) assembly: Abeta 40 and Abeta 42
oligomerize through distinct pathways. Proc Natl
Acad Sci U S A 2003;100:330-5.

Chen W, Gamache E, Rosenman DJ, Xie J, Lopez
MM, Li YM, et al. Familial Alzheimer’s mutations
within APPTM increase AP42 production by
enhancing accessibility of e-cleavage site. Nat
Commun 2014;5.
https://doi.org/10.1038/ncomms4037.

Hardy JA, Higgins GA. Alzheimer’s disease: The
amyloid cascade hypothesis. Science (80- )
1992;256:184-5.
https://doi.org/10.1126/science.1566067.

Kametani F, Hasegawa M. Reconsideration of
amyloid hypothesis and tau hypothesis in
Alzheimer’s disease. Front Neurosci 2018;12.
https://doi.org/10.3389/fnins.2018.00025.
Ricciarelli R, Fedele E. The Amyloid Cascade
Hypothesis in Alzheimer’s Disease: It’s Time to
Change Our Mind. Curr Neuropharmacol 2017;15.
https://doi.org/10.2174/1570159x15666170116143

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 167 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

Sl

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

743.

Howes MJR, Houghton PJ. Plants used in Chinese
and Indian traditional medicine for improvement of
memory and cognitive function. Pharmacol
Biochem Behav 2003;75:513-27.
https://doi.org/10.1016/S0091-3057(03)00128- X.
Rao R V., Descamps O, John V, Bredesen DE.
Ayurvedic medicinal plants for Alzheimer’s disease:
A review. Alzheimer’s Res Ther 2012;4:1-9.
https://doi.org/10.1186/alzrt125.

Sharma R, Kabra A, Rao MM, Prajapati PK. Herbal
and Holistic Solutions for Neurodegenerative and
Depressive Disorders: Leads from Ayurveda. Curr
Pharm Des 2018;24:2597-608.
https://doi.org/10.2174/1381612824666180821165
741.

Saurabh Shankar Scholar P, Preeti Scholar B,
Santanu Associate Professor B, Gajanan Scholar D,
Rupesh Scholar D, Patel Saurabh Shankar Scholar
C, et al. Brahmi (Bacopa monnieri) as functional
food ingredient in food processing industry. ~ 189 ~
J Pharmacogn Phytochem 2018;7:189-94.
Chaudhari KS, Tiwari NR, Tiwari RR, Sharma RS.
Neurocognitive effect of nootropic drug Brahmi
(Bacopa monnieri) in Alzheimer’s disease. Ann
Neurosci 2017;24:111-22.
https://doi.org/10.1159/000475900.

Roodenrys S, Booth D, Bulzomi S, Phipps A,
Micallef C, Smoker J. Chronic effects of Brahmi
(Bacopa  monnieri) on  human  memory.
Neuropsychopharmacology 2002;27:279-81.
https://doi.org/10.1016/S0893-133X(01)00419-5.
Soumyanath A, Zhong YP, Henson E, Wadsworth
T, Bishop J, Gold BG, et al. Centella asiatica extract
improves behavioral deficits in a mouse model of
Alzheimer’s disease: Investigation of a possible
mechanism of action. Int J Alzheimers Dis
2012;2012. https://doi.org/10.1155/2012/381974.
Lokanathan Y, Omar N, Ahmad Puz NN, Saim A,
Hj Idrus R. Recent updates in neuroprotective and
neuroregenerative potential of Centella asiatica.
Malaysian J Med Sci 2016;23:4-14.

Ahmed S, Ding X, Sharma A. Exploring scientific
validation of Triphala Rasayana in ayurveda as a
source of rejuvenation for contemporary healthcare:
An update. J Ethnopharmacol 2021;273:113829.
https://doi.org/10.1016/j.jep.2021.113829.

Sharma R, Martins N. Telomeres, DNA damage and
ageing: Potential leads from ayurvedic rasayana
(anti-ageing) drugs. J Clin Med 2020;9:1-7.
https://doi.org/10.3390/jcm9082544.

Paswan S, Bhowmik D, Sampath Kumar KP,
Srivatava S, Yadav AP, Dutta A. Traditional Indian
Herbs Convolvulus Pluricaulis and Its Medicinal
Importance Related papers Recent Trends in Pot ent
ial Traditional Indian Herbs Emblica Officinalis and
It s Medicinal Impo... Shravan Paswan
FORMULAT ION AND IN VIT RO EVALUAT
ION OF CONVO. J Pharmacogn Phytochem
2012;1.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Sharma R, Singla RK, Banerjee S, Sinha B, Shen B,
Sharma R. Role of Shankhpushpi (Convolvulus
pluricaulis) in neurological disorders: An umbrella
review covering evidence from ethnopharmacology
to clinical studies. Neurosci Biobehav Rev
2022;140:104795.
https://doi.org/10.1016/j.neubiorev.2022.104795.
Rachitha P, Krupashree K, Jayashree G V.,
Kandikattu HK, Amruta N, Gopalan N, et al.
Chemical composition, antioxidant potential,
macromolecule damage and neuroprotective activity
of Convolvulus pluricaulis. J Tradit Complement
Med 2018;8:483-96.
https://doi.org/10.1016/j.jtcme.2017.11.002.

D HRP, D ASP. Herbal Medicine in the Treatment
of Alzheimer ’ s Disease 2012;11:1-7.

Mohammad Sharrif Moghaddasi. Ginger (Zingiber
officinale): A review. J Med Plants Res
2012;6:4255-8.
https://doi.org/10.5897/jmpr011.787.

Low Dog T. Ginger (Zingiber officinale). Encycl
Diet Suppl 2004:241-57. https://doi.org/10.1081/E-
EDS-120024802.

Sakr SA, Mahran HA, Lamfon HA. Protective effect
of ginger (Zingiber officinale) on adriamycin -
induced hepatotoxicity in albino rats. J Med Plants
Res 2011;5:133-40.

Zaplatic E, Bule M, Shah SZA, Uddin MS, Niaz K.
Molecular mechanisms underlying protective role of
quercetin in attenuating Alzheimer’s disease. Life
Sci 2019;224:109-19.
https://doi.org/10.1016/J.LFS.2019.03.055.

Kong X, Yang M, Abbas HMK, Wu J, Li M, Dong
W. Antimicrobial genes from Allium sativum and
Pinellia ternata revealed by a Bacillus subtilis
expression system. Sci Rep 2018;8.
https://doi.org/10.1038/s41598-018-32852-x.

Deshpande P, Gogia N, Singh A. Exploring the
efficacy of natural products in alleviating
Alzheimer’s  disease. Neural Regen Res

2019;14:1321-9.
5374.2535009.
Noori T, Dehpour AR, Sureda A, Sobarzo-Sanchez
E, Shirooie S. Role of natural products for the
treatment of Alzheimer’s disease. Eur J Pharmacol
2021;898.
https://doi.org/10.1016/j.ejphar.2021.173974.
Airoldi C, La Ferla B, D Orazio G, Ciaramelli C,

https://doi.org/10.4103/1673-

Palmioli A. Flavonoids in the Treatment of
Alzheimer’s and  Other  Neurodegenerative
Diseases. Curr Med Chem 2018;25:3228-46.

https://doi.org/10.2174/0929867325666180209132
125.

Bakhtiari M, Panahi Y, Ameli J, Darvishi B.
Protective effects of flavonoids against Alzheimer’s
disease-related neural dysfunctions. Biomed
Pharmacother 2017;93:218-29.
https://doi.org/10.1016/j.biopha.2017.06.010.

Ullah A, Munir S, Badshah SL, Khan N, Ghani L,
Poulson BG, et al. Important flavonoids and their

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 168 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

role as a therapeutic agent. Molecules 2020;25.
https://doi.org/10.3390/molecules25225243.

Wang S, Yang C, Tu H, Zhou J, Liu X, Cheng Y, et
al. Characterization and Metabolic Diversity of
Flavonoids in Citrus Species. Sci Rep 2017;7.
https://doi.org/10.1038/s41598-017-10970-2.
Zhang D, Lv JT, Zhang B, Sa RN, Ma BB, Zhang
XM, et al. Molecular insight into the therapeutic
promise of xuebijing injection against coronavirus
disease 2019. World J Tradit Chinese Med
2020;6:203-15.
https://doi.org/10.4103/wjtcm.wjtcm_22_20.
Spencer JPE. Nutrition society silver medal lecture:
Beyond antioxidants: The cellular and molecular
interactions of flavonoids and how these underpin
their actions on the brain. Proc Nutr Soc
2010;69:244-60.
https://doi.org/10.1017/S0029665110000054.
Spencer JPE. The impact of flavonoids on memory:
Physiological and molecular considerations. Chem
Soc Rev 2009;38:1152-61.
https://doi.org/10.1039/b800422f.

Spencer JPE, Rice-Evans C, Williams RJ.
Modulation of pro-survival Akt/protein kinase B
and ERK1/2 signaling cascades by quercetin and its
in vivo metabolites underlie their action on neuronal
viability. J Biol Chem 2003;278:34783-93.
https://doi.org/10.1074/jbc.M305063200.

Incani A, Deiana M, Corona G, Vafeiadou K,
Vauzour D, Dessi MA, et al. Involvement of ERK,
Akt and JNK signalling in H202-induced cell injury
and protection by hydroxytyrosol and its metabolite
homovanillic alcohol. Mol Nutr Food Res
2010;54:788-96.
https://doi.org/10.1002/mnfr.200900098.

Jang SW, Liu X, Yepes M, Shepherd KR, Miller
GW, Liu Y, et al. A selective TrkB agonist with
potent  neurotrophic  activities by  7,8-
dihydroxyflavone. Proc Natl Acad Sci U S A
2010;107:2687-92.
https://doi.org/10.1073/PNAS.0913572107.
Panneerselvam M, Tsutsumi YM, Bonds JA,
Horikawa YT, Saldana M, Dalton ND, et al. Dark
chocolate receptors: Epicatechin-induced cardiac
protection is dependent on &-opioid receptor
stimulation. Am J Physiol - Hear Circ Physiol
2010;299.
https://doi.org/10.1152/ajpheart.00073.2010.

Han YS, Bastianetto S, Dumont Y, Quirion R.
Specific plasma membrane binding sites for
polyphenols, including resveratrol, in the rat brain. J
Pharmacol Exp Ther 2006;318:238-45.
https://doi.org/10.1124/jpet.106.102319.
Matilla-Cuenca L, Gil C, Cuesta S, Rapun-Araiz B,
Ziemyté M, Mira A, et al. Antibiofilm activity of
flavonoids on staphylococcal biofilms through
targeting BAP amyloids. Sci Rep 2020;10.
https://doi.org/10.1038/s41598-020-75929-2.
Uddin MS, Mamun A Al, Labu ZK, Hidalgo-
Lanussa O, Barreto GE, Ashraf GM. Autophagic

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

dysfunction in Alzheimer’s disease: Cellular and
molecular  mechanistic  approaches to halt
Alzheimer’s  pathogenesis. J Cell Physiol
2019;234:8094-112.
https://doi.org/10.1002/jcp.27588.

Nilsson P, Saido TC. Dual roles for autophagy:
Degradation and secretion of Alzheimer’s disease
AB peptide. BioEssays 2014;36:570-8.
https://doi.org/10.1002/bies.201400002.

Lukiw WJ. Amyloid beta (AB) peptide modulators
and other current treatment strategies for
Alzheimer’s disease (AD). Expert Opin Emerg
Drugs 2012;17:43-60.
https://doi.org/10.1517/14728214.2012.672559.
Spencer JPE. Flavonoids: Modulators of brain
function? Br J Nutr 2008;99.
https://doi.org/10.1017/S0007114508965776.
Mandel S, Youdim MBH. Catechin polyphenols:
Neurodegeneration and  neuroprotection in
neurodegenerative diseases. Free Radic Biol Med
2004;37:304-17.
https://doi.org/10.1016/j.freeradbiomed.2004.04.01
2.

Jellinger KA. Cell death mechanisms in
neurodegeneration. J Cell Mol Med 2001;5:1-17.
https://doi.org/10.1111/j.1582-
4934.2001.tb00134 .x.

Markesber WR, Lovell MA. Damage to lipids,
proteins, DNA, and RNA in mild cognitive
impairment. ~ Arch  Neurol  2007;64:954-6.
https://doi.org/10.1001/archneur.64.7.954.
Solleiro-Villavicencio H, Rivas-Arancibia S. Effect
of chronic oxidative stress on neuroinflammatory
response  mediated by CD4+T cells in
neurodegenerative diseases. Front Cell Neurosci
2018;12. https://doi.org/10.3389/fncel.2018.00114.
Pefia-Bautista C, Baquero M, Vento M, Chafer-
Pericas C. Free radicals in Alzheimer’s disease:
Lipid peroxidation biomarkers. Clin Chim Acta
2019;491:85-90.
https://doi.org/10.1016/j.cca.2019.01.021.

Lovell MA, Markesbery WR. Oxidative damage in
mild cognitive impairment and early Alzheimer’s
disease. J Neurosci Res 2007;85:3036-40.
https://doi.org/10.1002/jnr.21346.

Kabir MT, Uddin MS, Begum MM,
Thangapandiyan S, Rahman MS, Aleya L, et al.
Cholinesterase Inhibitors for Alzheimer’s Disease:
Multitargeting Strategy Based on Anti-Alzheimer’s
Drugs  Repositioning.  Curr  Pharm  Des
2019;25:3519-35.
https://doi.org/10.2174/1381612825666191008103
141.

Ayaz M, Sadiq A, Junaid M, Ullah F, Ovais M,
Ullah I, et al. Flavonoids as prospective
neuroprotectants and their therapeutic propensity in
aging associated neurological disorders. Front
Aging Neurosci 2019;11.
https://doi.org/10.3389/fnagi.2019.00155.

Ookubo N, Michiue H, Kitamatsu M, Kamamura M,

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 169 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

Nishiki T ichi, Ohmori I, et al. The transdermal
inhibition of melanogenesis by a cell-membrane-
permeable peptide delivery system based on poly-
arginine. Biomaterials 2014;35:4508-16.
https://doi.org/10.1016/j.biomaterials.2014.01.052.

98. Hussain G, Huang J, Rasul A, Anwar H, Imran A,
Magbool J, et al. Putative roles of plant-derived
tannins in neurodegenerative and neuropsychiatry
disorders: An updated review. Molecules 2019;24.
https://doi.org/10.3390/molecules24122213.

99. Delimont NM, Haub MD, Lindshield BL. The
impact of tannin consumption on iron bioavailability
and status: A narrative review. Curr Dev Nutr
2017;1:1-12.
https://doi.org/10.3945/cdn.116.000042.

100.Rauf A, Imran M, Abu-Izneid T, lahtisham-Ul-Hagq,
Patel S, Pan X, et al. Proanthocyanidins: A
comprehensive review. Biomed Pharmacother
2019;116.
https://doi.org/10.1016/j.biopha.2019.108999.

101.Sardari S, Amiri M, Rahimi H, Kamalinejad M,
Narenjkar J, Sayyah M. Anticonvulsant effect of
Cicer arietinum seed in animal models of epilepsy:
Introduction of an active molecule with novel
chemical structure. Iran Biomed J 2015;19:45-50.
https://doi.org/10.6091/ibj.1391.2014.

102.Basli A, Soulet S, Chaher N, Mérillon JM, Chibane
M, Monti JP, et al. Wine polyphenols: Potential
agents in neuroprotection. Oxid Med Cell Longev
2012;2012. https://doi.org/10.1155/2012/805762.

103.Jing W, Xiaolan C, Yu C, Feng Q, Haifeng Y.
Pharmacological effects and mechanisms of tannic
acid. Biomed Pharmacother 2022;154.
https://doi.org/10.1016/j.biopha.2022.113561.

104.0lchowik-Grabarek E, Sekowski S, Bitiucki M,
Dobrzynska 1, Shlyonsky V, lonov M, et al.
Inhibition of interaction between Staphylococcus
aureus a-hemolysin and erythrocytes membrane by
hydrolysable tannins: structure-related activity
study. Sci Rep 2020;10.
https://doi.org/10.1038/s41598-020-68030-1.

105.Mori T, Rezai-Zadeh K, Koyama N, Arendash GW,
Yamaguchi H, Kakuda N, et al. Tannic acid is a
natural B-secretase inhibitor that prevents cognitive
impairment and mitigates Alzheimer-like pathology
in transgenic mice. J Biol Chem 2012;287:6912-27.
https://doi.org/10.1074/jbc.M111.294025.

106.Yao0 J, Gao X, Sun W, Yao T, Shi S, Ji L. Molecular
hairpin: A possible model for inhibition of tau
aggregation by tannic acid. Biochemistry
2013;52:1893-902.
https://doi.org/10.1021/bi400240c.

107Wu Y, Zhong L, Yu Z, Qi J Anti-
neuroinflammatory effects of tannic acid against
lipopolysaccharide-induced BV2 microglial cells
via inhibition of NF-xB activation. Drug Dev Res
2019;80:262-8. https://doi.org/10.1002/ddr.21490.

108.Bora KS, Arora S, Shri R. Role of Ocimum
basilicum L. in prevention of ischemia and
reperfusion-induced cerebral damage, and motor

dysfunctions in mice brain. J Ethnopharmacol
2011;137:1360-5.
https://doi.org/10.1016/j.jep.2011.07.066.
109.Rasul A, Di J, Millimouno FM, Malhi M, Tsuji I, Ali
M, et al. Reactive oxygen species mediate
isoalantolactone-induced apoptosis in  human
prostate cancer cells. Molecules 2013;18:9382-96.
https://doi.org/10.3390/molecules18089382.
110.Sarfraz I, Rasul A, Jabeen F, Younis T, Zahoor MK,
Arshad M, et al. Fraxinus: A Plant with Versatile
Pharmacological and Biological Activities.
Evidence-Based = Complement  Altern  Med
2017;2017. https://doi.org/10.1155/2017/4269868.
111.Jin JS, Hattori M. Further studies on a human
intestinal bacterium Ruminococcus sp. END-1 for
transformation of plant lignans to mammalian
lignans. J Agric Food Chem 2009;57:7537-42.
https://doi.org/10.1021/jf900902p.
112.Chen LH, Fang J, Li H, Demark-Wahnefried W, Lin
X. Enterolactone induces apoptosis in human
prostate  carcinoma LNCaP cells via a
mitochondrial-mediated, caspase-dependent
pathway. Mol Cancer Ther 2007;6:2581-90.
https://doi.org/10.1158/1535-7163.MCT-07-0220.
113.Kdése LP, Gulcin I. Inhibition effects of some lignans
on carbonic anhydrase, acetylcholinesterase and
butyrylcholinesterase enzymes. Rec Nat Prod
2017;11:558-61.
https://doi.org/10.25135/rnp.71.17.04.074.
114.Sparzak-Stefanowska B, Krauze-Baranowska M.
Phyllanthus amarus shoot cultures as a source of
biologically active lignans: the influence of selected
plant growth regulators. Sci Rep 2022;12.
https://doi.org/10.1038/s41598-022-15309-0.
115.Sowndhararajan K, Deepa P, Kim M, Park SJ, Kim
S. An overview of neuroprotective and cognitive
enhancement properties of lignans from Schisandra
chinensis. Biomed Pharmacother 2018;97:958-68.
https://doi.org/10.1016/j.biopha.2017.10.145.
116.Zhao X, Liu C, Xu M, Li X, Bi K, Jia Y. Total
lignans of schisandra chinensis ameliorates Ap1-42-
Induced  neurodegeneration  with  cognitive
impairment in mice and primary mouse neuronal
cells. PLoS One 2016;11:e0152772.
https://doi.org/10.1371/journal.pone.0152772.
117.an T, Shang L, Wang M, Zhang C, Zhao X, Bi K, et
al. Lignans from Schisandra chinensis ameliorate
cognition deficits and attenuate brain oxidative
damage induced by D-galactose in rats. Metab Brain
Dis 2016;31:653-61.
https://doi.org/10.1007/s11011-016-9804-3.
118.Tan L. Efficacy and safety of donepezil,
galantamine, rivastigmine, and memantine for the
treatment of Alzheimer’s disease: a systematic
review and meta-analysis. J Alzheimers Dis
2014;41:615-31. https://doi.org/10.3233/JAD-
132690.
119.Amici S, Lanari A, Romani R, Antognelli C, Gallai
V, Parnetti L. Cerebrospinal fluid
acetylcholinesterase  activity after long-term

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 170 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

treatment with donepezil and rivastigmina. Mech
Ageing Dev 2001;122:2057-62.
https://doi.org/10.1016/S0047-6374(01)00314-1.

120.Jiang C, Li G, Huang P, Liu Z, Zhao B. The Gut
Microbiota and Alzheimer’s Disease. J Alzheimer’s
Dis 2017;58:1-15. https://doi.org/10.3233/JAD-
161141.

121.Qi M, Tan B, Wang J, Liao S, Deng Y, Ji P, et al.
The microbiota—gut—brain axis: A novel nutritional
therapeutic target for growth retardation. Crit Rev
Food Sci Nutr 2021.
https://doi.org/10.1080/10408398.2021.1879004.

122.Giuliano C, Siani F, Mus L, Ghezzi C, Cerri S,
Pacchetti B, et al. Neuroprotective effects of lignan
7-hydroxymatairesinol (HMR/lignan) in a rodent
model of Parkinson’s disease. Nutrition 2020;69.
https://doi.org/10.1016/j.nut.2019.04.006.

123.Sarkar A, Gogia N, Glenn N, Singh A, Jones G,
Powers N, et al. A soy protein Lunasin can
ameliorate amyloid-beta 42 mediated
neurodegeneration in Drosophila eye. Sci Rep
2018;8. https://doi.org/10.1038/s41598-018-31787-
7.

124.Beg T, Jyoti S, Naz F, Rahul, Ali F, Ali SK, et al.
Protective Effect of Kaempferol on the Transgenic
Drosophila Model of Alzheimer’s Disease. CNS
Neurol Disord - Drug Targets 2018;17:421-9.
https://doi.org/10.2174/1871527317666180508123
050.

125.Cutler T, Sarkar A, Moran M, Steffensmeier A, Puli
OR, Mancini G, et al. Drosophila eye model to study
neuroprotective role of CREB binding protein
(CBP) in Alzheimer’s disease. PLoS One 2015;10.
https://doi.org/10.1371/journal.pone.0137691.

126.Jones G, Srivastava A. Understanding Lunasin’s
biology and potential as a cancer therapeutic by
utilizing Drosophila genetics. Exp Biol Med
2014;239:519-28.
https://doi.org/10.1177/1535370214522180.

127.Pabona JMP, Dave B, Su Y, Montales MTE, De
Lumen BO, De Mejia EG, et al. The soybean peptide
lunasin promotes apoptosis of mammary epithelial
cells via induction of tumor suppressor PTEN:
Similarities and distinct actions from soy isoflavone
genistein. Genes Nutr 2013;8:79-90.
https://doi.org/10.1007/s12263-012-0307-5.

128.Liu J, Jia SH, Kirberger M, Chen N. Lunasin as a
promising health-beneficial peptide. Eur Rev Med
Pharmacol Sci 2014;18:2070-5.

129.Afzal M, Redha A, AlHasan R. Anthocyanins
potentially  contribute to defense  against
Alzheimer’s  disease. Molecules  2019;24.
https://doi.org/10.3390/molecules24234255.

130.Miguel MG. Anthocyanins: Antioxidant and/or anti-
inflammatory activities. J Appl Pharm Sci 2011;1:7—
15.

131.Fernando WMADB, Somaratne G, Goozee KG,
Williams S, Singh H, Martins RN. Diabetes and
Alzheimer’s Disease: Can Tea Phytochemicals Play
a Role in Prevention? J Alzheimer’s Dis

2017;59:481-501.
161200.
132.Burton-Freeman BM, Sandhu AK, Edirisinghe 1.
Red raspberries and their bioactive polyphenols:
Cardiometabolic and neuronal health links. Adv
Nutr 2016;7:44-65.
https://doi.org/10.3945/an.115.009639.
133.Vitaglione P, Donnarumma G, Napolitano A,
Galvano F, Gallo A, Scalfi L, et al. Protocatechuic
acid is the major human metabolite of cyanidin-
glucosides. J Nutr 2007;137:2043-8.
https://doi.org/10.1093/jn/137.9.2043.
134.Badshah H, Kim TH, Kim MO. Protective effects of
Anthocyanins against Amyloid beta-induced
neurotoxicity in vivo and in vitro. Neurochem Int
2015;80:51-9.
https://doi.org/10.1016/j.neuint.2014.10.0009.
135.Wu Y, Chen M, Jiang J. Mitochondrial dysfunction
in neurodegenerative diseases and drug targets via
apoptotic signaling. Mitochondrion 2019;49:35-45.
https://doi.org/10.1016/j.mit0.2019.07.003.
136.Yang W, Ma J, Liu Z, Lu Y, Hu B, Yu H. Effect of
naringenin on brain insulin signaling and cognitive
functions in ICV-STZ induced dementia model of
rats. Neurol Sci 2014;35:741-51.
https://doi.org/10.1007/s10072-013-1594-3.
137.Huang DS, Yu YC, Wu CH, Lin JY. Protective
Effects of Wogonin against Alzheimer’s Disease by
Inhibition of Amyloidogenic Pathway. Evidence-
Based Complement Altern Med 2017;2017.
https://doi.org/10.1155/2017/3545169.
138.Kujawski R, Kujawska M, Ozarowski M, Baraniak
J, Laskowska H, Nowocien T, et al. Perspectives for
gallotannins neuroprotective potential - current
experimental evidences. J Med Sci 2016;85:317-22.
https://doi.org/10.20883/jms.2016.172.
139.Braidy N, Jugder B-E, Poljak A, Jayasena T, Nabavi
SM, Sachdev P, et al. Molecular Targets of Tannic
Acid in Alzheimer’s Disease. Curr Alzheimer Res
2017;14.
https://doi.org/10.2174/1567205014666170206163
158.
140.Jeong EJ, Lee HK, Lee KY, Jeon BJ, Kim DH, Park
JH, et al. The effects of lignan-riched extract of
Shisandra chinensis on amyloid-B-induced cognitive
impairment and neurotoxicity in the cortex and
hippocampus of mouse. J Ethnopharmacol
2013;146:347-54.
https://doi.org/10.1016/j.jep.2013.01.003.
141.Winter AN, Ross EK, Wilkins HM, Stankiewicz TR,
Wallace T, Miller K, et al. An anthocyanin-enriched
extract from strawberries delays disease onset and
extends survival in the hSOD1G93A mouse model
of amyotrophic lateral sclerosis. Nutr Neurosci
2018;21:414-26.
https://doi.org/10.1080/1028415X.2017.1297023.
142.Chetia P, Mazumder MK, Mahanta S, De B, Dutta
Choudhury M. A novel phytochemical from Dipteris
wallichii inhibits human B-secretase 1: Implications
for the treatment of Alzheimer’s disease. Med

https://doi.org/10.3233/JAD-

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 171 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

Hypotheses 2020;143.
https://doi.org/10.1016/j.mehy.2020.109839.

143.Heverin M, Bogdanovic N, Liitjohann D, Bayer T,
Pikuleva I, Bretillon L, et al. Changes in the levels
of cerebral and extracerebral sterols in the brain of
patients with Alzheimer’s disease. J Lipid Res
2004;45:186-93.
https://doi.org/10.1194/jlr.M300320-JLR200.

144.Pany S, Pal A, Sahu PK. Neuroprotective effect of
quercetin in neurotoxicity induced rats: Role of
neuroinflammation in neurodegeneration. Asian J
Pharm Clin Res 2014;7:152-6.

145.Xu Q, Langley M, Kanthasamy AG, Reddy MB.
Epigallocatechin Gallate has a neurorescue effect in
a mouse model of Parkinson disease. J Nutr
2017;147:1926-31.
https://doi.org/10.3945/jn.117.255034.

146.Ahmed T, Javed S, Javed S, Tariq A, Samec D,
Tejada S, et al. Resveratrol and Alzheimer’s
Disease: Mechanistic Insights. Mol Neurobiol
2017;54:2622-35. https://doi.org/10.1007/s12035-
016-9839-9.

147.Song J, Cheon SY, Jung W, Lee WT, Lee JE.
Resveratrol induces the expression of interleukin-10
and brain-derived neurotrophic factor in BV2
microglia under hypoxia. Int J Mol Sci
2014;15:15512-29.
https://doi.org/10.3390/ijms150915512.

148.Durairajan SSK, Liu LF, Lu JH, Chen LL, Yuan Q,
Chung SK, et al. Berberine ameliorates f-amyloid
pathology, gliosis, and cognitive impairment in an
Alzheimer’s disease transgenic mouse model.
Neurobiol Aging 2012;33:2903-19.
https://doi.org/10.1016/j.neurobiolaging.2012.02.0
16.

149.Ali F, Rahul, Jyoti S, Naz F, Ashafaq M, Shahid M,
et al. Therapeutic potential of luteolin in transgenic
Drosophila model of Alzheimer’s disease. Neurosci
Lett 2019;692:90-9.
https://doi.org/10.1016/j.neulet.2018.10.053.

150.Bulgakov VP, Inyushkina Y V., Fedoreyev SA.
Rosmarinic acid and its derivatives: Biotechnology
and applications. Crit Rev Biotechnol 2012;32:203—
17. https://doi.org/10.3109/07388551.2011.596804.

151.Malvajerd SS, lzadi Z, Azadi A, Kurd M,
Derakhshankhah H, Zadeh MS, et al
Neuroprotective Potential of Curcumin-Loaded
Nanostructured Lipid Carrier in an Animal Model of
Alzheimer’s Disease: Behavioral and Biochemical
Evidence. J Alzheimer’s Dis 2019;69:671-86.
https://doi.org/10.3233/JAD-190083.

152.Li DD, Zhang YH, Zhang W, Zhao P. Meta-analysis
of randomized controlled trials on the efficacy and
safety of donepezil, galantamine, rivastigmine, and
memantine for the treatment of Alzheimer’s disease.
Front Neurosci 2019;13.
https://doi.org/10.3389/fnins.2019.00472.

153.Umeda T, Ono K, Sakai A, Yamashita M,
Mizuguchi M, Klein WL, et al. Rifampicin is a
candidate preventive medicine against amyloid-p

and tau oligomers. Brain 2016;139:1568-86.
https://doi.org/10.1093/brain/aww042.

154.Madhavadas S, Subramanian S. Cognition
enhancing effect of the aqueous extract of
Cinnamomum  zeylanicum on non-transgenic
Alzheimer’s disease rat model: Biochemical,
histological, and behavioural studies. Nutr Neurosci
2017;20:526-37.
https://doi.org/10.1080/1028415X.2016.1194593.

155. Leiteritz A, Dilberger B, Wenzel U, Fitzenberger E.
Betaine reduces PB-amyloid-induced paralysis
through activation of cystathionine-p-synthase in an
Alzheimer model of Caenorhabditis elegans. Genes
Nutr 2018;13. https://doi.org/10.1186/s12263-018-
0611-9.

156.Balez R, Steiner N, Engel M, Mufoz SS, Lum JS,
Wu Y, et al. Neuroprotective effects of apigenin
against inflammation, neuronal excitability and
apoptosis in an induced pluripotent stem cell model
of Alzheimer’s disease. Sci Rep 2016;6.
https://doi.org/10.1038/srep31450.

157.Blautzik J, Keeser D, Paolini M, Kirsch V, Berman
A, Coates U, et al. Functional connectivity increase
in the default-mode network of patients with
Alzheimer’s disease after long-term treatment with
Galantamine. Eur Neuropsychopharmacol
2016;26:602-13.
https://doi.org/10.1016/j.euroneuro.2015.12.006.

158.Jin Heo H, Lee CY. Epicatechin and catechin in
cocoa inhibit amyloid B protein induced apoptosis. J
Agric Food Chem 2005;53:1445-8.
https://doi.org/10.1021/jf048989m.

159.Ameen AM, Elkazaz AY, Mohammad HMF,
Barakat BM. Anti-inflammatory and
neuroprotective activity of boswellic acids in
rotenone parkinsonian rats. Can J Physiol Pharmacol
2017;95:819-29. https://doi.org/10.1139/cjpp-
2016-0158.

160.Huang JP, Fang C, Ma X, Wang L, Yang J, Luo J,
et al. Tropane alkaloids biosynthesis involves an
unusual type Il polyketide synthase and non-
enzymatic condensation. Nat Commun 2019;10.
https://doi.org/10.1038/s41467-019-11987-z.

161.Konrath EL, Passos CDS, Klein-Junior LC,
Henriques AT. Alkaloids as a source of potential
anticholinesterase inhibitors for the treatment of
Alzheimer’s disease. J Pharm  Pharmacol
2013;65:1701-25.
https://doi.org/10.1111/jphp.12090.

162.Pereira DM, Ferreres F, Oliveira JMA, Gaspar L,
Faria J, Valentdo P, et al. Pharmacological effects of
Catharanthus ~ roseus  root  alkaloids in
acetylcholinesterase inhibition and cholinergic
neurotransmission. Phytomedicine 2010;17:646-52.
https://doi.org/10.1016/j.phymed.2009.10.008.

163.Schuster D, Kern L, Hristozov D, Terfloth L,
Bienfait B, Laggner C, et al. Applications of
Integrated Data Mining Methods to Exploring
Natural Product Space for Acetylcholinesterase
Inhibitors. Comb Chem High Throughput Screen

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 172 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

2009;13:54-66.
https://doi.org/10.2174/138620710790218212.
164.Houghton  PJ, Ren Y, Howes  MJ.
Acetylcholinesterase inhibitors from plants and
fungii, Nat Prod Rep 2006;23:181-99.
https://doi.org/10.1039/b508966m.
165.Bruhlmann C, Marston A, Hostettmann K, Carrupt
PA, Testa B. Screening of non-alkaloidal natural
compounds as acetylcholinesterase inhibitors. Chem
Biodivers 2004;1:819-29.
https://doi.org/10.1002/cbdv.200490064.
166.Zhang HY, Tang XC. Neuroprotective effects of
huperzine A: new therapeutic targets for
neurodegenerative disease. Trends Pharmacol Sci
2006;27:619-25.
https://doi.org/10.1016/j.tips.2006.10.004.
167.L6pez S, Bastida J, Viladomat F, Codina C.
Acetylcholinesterase inhibitory activity of some
Amaryllidaceae alkaloids and Narcissus extracts.
Life Sci 2002;71:2521-9.
https://doi.org/10.1016/S0024-3205(02)02034-9.
168.Pagliosa LB, Monteiro SC, Silva KB, de Andrade
JP, Dutilh J, Bastida J, et al. Effect of isoquinoline
alkaloids from two Hippeastrum species on in vitro
acetylcholinesterase  activity.  Phytomedicine
2010;17:698-701.
https://doi.org/10.1016/j.phymed.2009.10.003.
169.Kim DK, Lee KT, Baek NI, Kim SH, Park HW, Lim
JP, et al. Acetylcholinesterase inhibitors from the
aerial parts of Corydalis speciosa. Arch Pharm Res
2004;27:1127-31.
https://doi.org/10.1007/BF02975117.
170.Konrath EL, Neves BM, Lunardi PS, Passos CDS,
Simd@es-Pires A, Ortega MG, et al. Investigation of
the in vitro and ex vivo acetylcholinesterase and
antioxidant  activities of traditionally used
Lycopodium species from South America on
alkaloid extracts. J Ethnopharmacol 2012;139:58-
67. https://doi.org/10.1016/j.jep.2011.10.042.
171.Konrath EL, Ortega MG, De Loreto Bordignhon S,
Apel MA, Henriques AT, Cabrera JL. Alkaloid
profiling and anticholinesterase activity of South
American Lycopodiaceae species. J Enzyme Inhib
Med Chem 2013;28:218-22.
https://doi.org/10.3109/14756366.2011.633908.
172.Rahman MA, Dash R, Sohag AAM, Alam M, Rhim
H, Ha H, et al. Prospects of Marine Sterols against

Pathobiology of Alzheimer’s Disease:
Pharmacological Insights and Technological
Advances. Mar Drugs 2021;19.

https://doi.org/10.3390/md19030167.

173.Wang L, Wang X, Wu H, Liu R. Overview on
biological activities and molecular characteristics of
sulfated polysaccharides from marine green algae in
recent years. Mar Drugs 2014;12:4984-5020.
https://doi.org/10.3390/md12094984.

174.Rathnayake AU, Abuine R, Kim Y-J, Byun H-G.
Anti-Alzheimer’s Materials Isolated from Marine
Bio-resources: A Review. Curr Alzheimer Res
2019;16:895-906.

https://doi.org/10.2174/1567205016666191024144
044.

175.Hannan MA, Dash R, Haque MN, Mohibbullah M,
Sohag AAM, Rahman MA, et al. Neuroprotective
Potentials of Marine Algae and Their Bioactive
Metabolites:  Pharmacological  Insights and
Therapeutic Advances. Mar Drugs 2020;18.
https://doi.org/10.3390/md18070347.

176.Lee J, Jo DG, Park D, Chung HY, Mattson MP.
Adaptive cellular stress pathways as therapeutic
targets of dietary phytochemicals: Focus on the
nervous system. Pharmacol Rev 2014;66:815-68.
https://doi.org/10.1124/pr.113.007757.

177.Tavakkoli A, lIranshahi M, Hasheminezhad SH,
Hayes AW, Karimi G. The neuroprotective
activities of natural products through the Nrf2
upregulation. Phyther Res 2019;33:2256-73.
https://doi.org/10.1002/ptr.6427.

178.Dash R, Mitra S, Ali MC, Oktaviani DF, Hannan
MA, Choi SM, et al. Phytosterols: Targeting
Neuroinflammation in Neurodegeneration. Curr
Pharm Des 2020;27:383-401.
https://doi.org/10.2174/1381612826666200628022
812.

179.Wang T, Xiang Z, Wang Y, Li X, Fang C, Song S,
et al. (-)-Epigallocatechin gallate targets notch to
attenuate the inflammatory response in the
immediate early stage in human macrophages. Front
Immunol 2017;8.
https://doi.org/10.3389/fimmu.2017.00433.

180.Li VY, Li X, Liu G, Sun R, Wang L, Wang J, et al.
Fucosterol attenuates lipopolysaccharide-induced
acute lung injury in mice. J Surg Res 2015;195:515-
21. https://doi.org/10.1016/j.jss.2014.12.054.

181.Sun Z, Mohamed MAA, Park SY, Yi TH. Fucosterol
protects cobalt chloride induced inflammation by
the inhibition of hypoxia-inducible factor through
PI3K/Akt  pathway. Int  Immunopharmacol
2015;29:642-7.
https://doi.org/10.1016/j.intimp.2015.09.016.

182.Castro-Silva ES, Bello M, Hernandez-Rodriguez M,
Correa-Basurto J, Murillo-Alvarez JI, Rosales-
Hernandez MC, et al. In vitro and in silico
evaluation of fucosterol from Sargassum horridum
as potential human acetylcholinesterase inhibitor. J
Biomol Struct Dyn 2019;37:3259-68.
https://doi.org/10.1080/07391102.2018.1505551.

183.Mijanur Rahman M, Gan SH, Khalil MI.
Neurological effects of honey: Current and future
prospects. Evidence-Based Complement Altern
Med 2014;2014.
https://doi.org/10.1155/2014/958721.

184.Nordin A, Idrus RBH, Saim A Bin. Honey
ameliorate negative effects in neurodegenerative
diseases: An evidence-based review. Sains
Malaysiana 2021;50:791-801.
https://doi.org/10.17576/jsm-2021-5003-20.

185.Ball DW. The chemical composition of honey. J
Chem Educ 2007;84:1643-6.
https://doi.org/10.1021/ed084p1643.

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 173 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

186.Samarghandian S, Farkhondeh T, Samini F. Honey
and health: A review of recent clinical research.
Pharmacognosy Res 2017;9:121-7.
https://doi.org/10.4103/0974-8490.204647.

187.Ruoff K, Devant JM, Hansman G. Natural extracts,
honey, and propolis as human norovirus inhibitors.
Sci Rep 2022;12. https://doi.org/10.1038/s41598-
022-11643-5.

188.Johnston M, McBride M, Dahiya D, Owusu-
Apenten R, Singh Nigam P. Antibacterial activity of
Manuka honey and its components: An overview.
AIMS Microbiol 2018;4:655-64.
https://doi.org/10.3934/microbiol.2018.4.655.

189.Hossen MS, Ali MY, Jahurul MHA, Abdel-Daim
MM, Gan SH, Khalil MI. Beneficial roles of honey
polyphenols against some human degenerative
diseases: A  review. Pharmacol Reports
2017;69:1194-205.
https://doi.org/10.1016/j.pharep.2017.07.002.

190.Wagh VD. Propolis: A wonder bees product and its
pharmacological potentials. Adv Pharmacol Sci
2013;2013. https://doi.org/10.1155/2013/308249.

191.Huang S, Zhang CP, Wang K, Li GQ, Hu FL. Recent
advances in the chemical composition of propolis.
Molecules 2014;19:19610-32.
https://doi.org/10.3390/molecules191219610.

192.Menezes da Silveira CCS, Luz DA, da Silva CCS,
Prediger RDS, Martins MD, Martins MAT, et al.
Propolis: A useful agent on psychiatric and
neurological disorders? A focus on CAPE and
pinocembrin  components. Med Res Rev
2021;41:1195-215.
https://doi.org/10.1002/med.21757.

193.Mirjalili MH, Moyano E, Bonfill M, Cusido RM,
Palazon J. Steroidal lactones from withania
somnifera, an ancient plant for novel medicine.
Molecules 2009;14:2373-93.
https://doi.org/10.3390/molecules14072373.

194.Mohd Sairazi NS, Sirajudeen KNS. Natural
Products and Their Bioactive Compounds:
Neuroprotective Potentials against
Neurodegenerative  Diseases.  Evidence-Based
Complement Altern Med 2020;2020.
https://doi.org/10.1155/2020/6565396.

195.Birla H, Keswani C, Rai SN, Singh S Sen, Zahra W,
Dilnashin H, et al. Neuroprotective effects of
Withania somnifera in BPA induced-cognitive
dysfunction and oxidative stress in mice. Behav
Brain Funct 2019;15.
https://doi.org/10.1186/s12993-019-0160-4.

196.Ahmad M, Saleem S, Ahmad AS, Ansari MA,
Yousuf S, Hoda MN, et al. Neuroprotective effects
of Withania somnifera on 6-hydroxydopamine
induced Parkinsonism in rats. Hum Exp Toxicol
2005;24:137-47.
https://doi.org/10.1191/0960327105ht5090a.

197.Sankar SR, Manivasagam T, Krishnamurti A,
Ramanathan M. The neuroprotective effect of
Withania somnifera root extract in MPTP-
intoxicated mice: An analysis of behavioral and

biochemical varibles. Cell Mol Biol Lett
2007;12:473-81.  https://doi.org/10.2478/s11658-
007-0015-0.

198.Jayawanth Manjunath M, Muralidhara. Effect of
Withania somnifera Supplementation on Rotenone-
Induced Oxidative Damage in Cerebellum and
Striatum of the Male Mice Brain. Cent Nerv Syst
Agents Med Chem 2013;13:43-56.
https://doi.org/10.2174/1871524911313010007.

199.Hong BN, Ji MG, Kang TH. The efficacy of red
ginseng in type 1 and type 2 diabetes in animals.
Evidence-Based = Complement  Altern  Med
2013;2013. https://doi.org/10.1155/2013/593181.

200.Choon SJ. Effect of butanol fraction of Panax
ginseng head on gastric lesion and ulcer. Arch
Pharm Res 2002;25:61-6.
https://doi.org/10.1007/bf02975263.

201.Sievenpiper JL, Arnason JT, Leiter LA, Vuksan V.
Variable effects of American ginseng: A batch of
American ginseng (Panax quinquefolius L.) with a
depressed ginsenoside profile does not affect
postprandial glycemia. Eur J Clin  Nutr
2003;57:243-8.
https://doi.org/10.1038/sj.ejcn.1601550.

202.Liu X, Wang L, Wen A, Yang J, Yan Y, Song Y, et
al. Ginsenoside-Rd improves outcome of acute
ischaemic stroke - a randomized, double-blind,
placebo-controlled, multicenter trial. Eur J Neurol
2012;19:855-63.  https://doi.org/10.1111/j.1468-
1331.2011.03634.x.

203.Attele AS, Wu JA, Yuan CS. Ginseng
pharmacology: Multiple constituents and multiple
actions. Biochem Pharmacol 1999;58:1685-93.
https://doi.org/10.1016/S0006-2952(99)00212-9.

204.Kim JS, Kim Y, Han SH, Jeon JY, Hwang M, Im
YJ, et al. Development and validation of an LC-
MS/MS method for determination of compound K
in human plasma and clinical application. J Ginseng
Res 2013;37:135-41.
https://doi.org/10.5142/jgr.2013.37.135.

205.Sun Y, Liu Y, Chen K. Roles and mechanisms of
ginsenoside in cardiovascular diseases: progress and
perspectives. Sci China Life Sci 2016;59:292-8.
https://doi.org/10.1007/s11427-016-5007-8.

206.Huang X, Li N, Pu Y, Zhang T, Wang B.
Neuroprotective effects of ginseng phytochemicals:
Recent  perspectives.  Molecules  2019;24.
https://doi.org/10.3390/molecules24162939.

207.Ndagijimana A, Wang X, Pan G, Zhang F, Feng H,
Olaleye O. A review on indole alkaloids isolated
from  Uncaria  rhynchophylla and  their
pharmacological studies. Fitoterapia 2013;86:35-
47. https://doi.org/10.1016/j.fitote.2013.01.018.

208.Zzhou J, Zhou S. Antihypertensive and
neuroprotective activities of rhynchophylline: The
role of rhynchophylline in neurotransmission and
ion channel activity. J  Ethnopharmacol
2010;132:15-27.
https://doi.org/10.1016/j.jep.2010.08.041.

209.Hsieh CL, Chen MF, Li TC, Li SC, Tang NY, Hsieh

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 174 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

CT, et al. Anticonvulsant effect of uncaria
rhynchophylla (miq) Jack, in rats with kainic acid-
induced epileptic seizure. Am J Chin Med
1999;27:257-64.
https://doi.org/10.1142/S0192415X9900029X.

210.Hsieh CL, Tang NY, Chiang SY, Hsieh CT, Jaung-
Geng L. Anticonvulsive and free radical scavenging
actions of two herbs, Uncaria rhynchophylla (Miq)
Jack and Gastrodia elata Bl., in kainic acid-treated
rats. Life Sci 1999;65:2071-82.
https://doi.org/10.1016/S0024-3205(99)00473-7.

211.Xian YF, Lin ZX, Mao QQ, Hu Z, Zhao M, Che CT,
et al. Bioassay-guided isolation of neuroprotective
compounds from uncaria rhynchophylla against
beta-amyloid-induced  neurotoxicity. Evidence-
Based Complement Altern Med 2012;2012.
https://doi.org/10.1155/2012/802625.

212.Yuan D, Ma B, Yang J yu, Xie Y yuan, Wang L,
Zhang L jia, et al. Anti-inflammatory effects of
rhynchophylline and isorhynchophylline in mouse
N9 microglial cells and the molecular mechanism.
Int Immunopharmacol 2009;9:1549-54.
https://doi.org/10.1016/j.intimp.2009.09.010.

213.Zheng M, Chen M, Liu C, Fan Y, Shi D. Alkaloids
extracted from Uncaria rhynchophylla demonstrate
neuroprotective  effects in  MPTP-induced
experimental parkinsonism by regulating the
PI3K/Akt/mTOR signaling pathway. J
Ethnopharmacol 2021;266.
https://doi.org/10.1016/j.jep.2020.113451.

214.Jeong JH, Jeong HR, Jo YN, Kim HJ, Shin JH, Heo
HJ. Ameliorating effects of aged garlic extracts
against Ap-induced neurotoxicity and cognitive
impairment. BMC Complement Altern Med
2013;13.  https://doi.org/10.1186/1472-6882-13-
268.

215.Lalita, Chauhan ; Shalini G. Journal of drug delivery
and therapeutics (jddt). J Drug Deliv Ther
2020;9:661-8.

216.Uabundit N, Wattanathorn J, Mucimapura S,
Ingkaninan K. Cognitive enhancement and
neuroprotective effects of Bacopa monnieri in
Alzheimer’s disease model. J Ethnopharmacol
2010;127:26-31.
https://doi.org/10.1016/J.JEP.2009.09.056.

217.Hassan M, Kumari P. Phytochemical screening,
Antioxidant, Anti-Alzheimer and Anti-diabetic
activities of Centella asiatica Related papers A
review on medicinal propert ies of Cent ella asiat ica
2012.

218.Bihagi SW, Sharma M, Singh AP, Tiwari M.
Neuroprotective role of Convolvulus pluricaulis on
aluminium induced neurotoxicity in rat brain. J
Ethnopharmacol 2009;124:409-15.
https://doi.org/10.1016/j.jep.2009.05.038.

219.Lohit K, Anthony N, Pandit A, George J, Jose M,
Rao M, et al. Assessment of Curcuma longa linn. on
learning and memory in rats. Int J Basic Clin
Pharmacol 2015:1086-90.
https://doi.org/10.18203/2319-

2003.ijbcp20151336.

220.Lopa SS, Al-Amin MY, Hasan MK, Ahammed MS,
Islam KM, Alam AHMK, et al. Phytochemical
Analysis and Cholinesterase Inhibitory and
Antioxidant Activities of Enhydra fluctuans
Relevant in the Management of Alzheimer’s
Disease. Int J Food Sci  2021;2021.
https://doi.org/10.1155/2021/8862025.

221.Vijayalakshmi, Adiga S, Bhat P, Chaturvedi A,
Bairy KL, Kamath S. Evaluation of the effect of
Ferula asafoetida Linn. gum extract on learning and
memory in Wistar rats. Indian J Pharmacol
2012;44:82-7. https://doi.org/10.4103/0253-
7613.91873.

222.Lee ST, Chu K, Sim JY, Heo JH, Kim M. Panax
ginseng enhances cognitive performance in
Alzheimer disease. Alzheimer Dis Assoc Disord
2008;22:222-6.
https://doi.org/10.1097/WAD.0b013e31816¢92¢6.

223.Chakravarthi KK, Avadhani R. Beneficial effect of
aqueous root extract of Glycyrrhiza glabra on
learning and memory using different behavioral
models: An experimental study. J Nat Sci Biol Med
2013;4:420-5. https://doi.org/10.4103/0976-
9668.117025.

224.0hba T, Yoshino Y, Ishisaka M, Abe N, Tsuruma
K, Shimazawa M, et al. Japanese Huperzia serrata
extract and the constituent, huperzine A, ameliorate
the scopolamine-induced cognitive impairment in
mice. Biosci Biotechnol Biochem 2015;79:1838-
44,
https://doi.org/10.1080/09168451.2015.1052773.

225.Friedli MJ, Inestrosa NC. Huperzine a and its
neuroprotective molecular signaling in alzheimer’s
disease. Molecules 2021;26.
https://doi.org/10.3390/molecules26216531.

226.Kuk EB, Jo AR, Oh SI, Sohn HS, Seong SH, Roy A,
et al. Anti-Alzheimer’s disease activity of
compounds from the root bark of Morus alba L.
Arch Pharm Res 2017;40:338-49.
https://doi.org/10.1007/s12272-017-0891-4.

227.Mehdinia A, Fumani NS, Kayyal TB,
Ghaderiardakani F. Homotaurine of marine
macroalgae of the Persian Gulf as a potential
treatment agent for Alzheimer 2018;9:1-8.

228.Hosseini M, Mohammadpour T, Karami R, Rajaei
Z, Reza Sadeghnia H, Soukhtanloo M. Effects of the
hydro-alcoholic extract of Nigella sativa on
scopolamine-induced spatial memory impairment in
rats and its possible mechanism. Chin J Integr Med
2015;21:438-44.  https://doi.org/10.1007/s11655-
014-1742-5.

229.Raghavendra M, Maiti R, Kumar S, Acharya SB.
Role of Ocimum sanctum in the experimental model
of Alzheimer’s disease in rats. Int J Green Pharm
2009;3:6-15. https://doi.org/10.4103/0973-
8258.49368.

230.Persaud N, Davidson M, Maniscalco B, Mobbs D,
Passingham RE, Cowey A, et al., Awareness-related
activity in prefrontal and parietal cortices in

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 175 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

blindsight reflects more than superior visual
performance. Neuroimage 2011;58:605-11.
https://doi.org/10.1016/j.neurocimage.2011.06.081.

231.Fujiwara H, lwasaki K, Furukawa K, Seki T, He M,
Maruyama M, et al. Uncaria rhynchophylla, a
Chinese medicinal herb, has potent antiaggregation
effects on Alzheimer’s B-amyloid proteins. J
Neurosci Res 2006;84:427-33.
https://doi.org/10.1002/jnr.20891.

232.Pathan A, Alshahrani A. Neuroprotective effects of
Valeriana wallichii on scopolamine induced
learning and memory impairment in rats.
Pharmacogn J 2018;10:538-41.
https://doi.org/10.5530/pj.2018.6s.7.

233.Kim IS, Ko HM, Koppula S, Kim BW, Choi DK.
Protective effect of Chrysanthemum indicum Linne
against  1-methyl-4-phenylpridinium ion and
lipopolysaccharide-induced cytotoxicity in cellular
model of Parkinson’s disease. Food Chem Toxicol
2011;49:963-73.
https://doi.org/10.1016/j.fct.2011.01.002.

234.Jia Z, Zhu H, Li Y, Misra HP. Cruciferous
nutraceutical  3H-1,2-dithiole-3-thione  protects
human primary astrocytes against neurocytotoxicity
elicited by MPTP, MPP+, 6-OHDA, HNE and
acrolein.  Neurochem Res 2009;34:1924-34.
https://doi.org/10.1007/s11064-009-9978-8.

235.XuJ, Li Y, Guo Y, Guo P, Yamakuni T, Ohizumi Y.
Isolation, structural elucidation, and neuroprotective
effects of iridoids from Valeriana jatamansi. Biosci
Biotechnol Biochem 2012;76:1401-3.
https://doi.org/10.1271/bbb.120097.

236.Sarkar S, Chigurupati S, Raymick J, Mann D,
Bowyer JF, Schmitt T, et al., Neuroprotective effect
of the chemical chaperone, trehalose in a chronic
MPTP-induced Parkinson’s disease mouse model.
Neurotoxicology 2014;44:250-62.
https://doi.org/10.1016/j.neuro.2014.07.006.

237.Meenakshi S, Umayaparvathi S, Saravanan R,
Manivasagam T, Balasubramanian T.
Neuroprotective effect of fucoidan from Turbinaria
decurrens in MPTP intoxicated Parkinsonic mice.
Int J Biol Macromol 2016;86:425-33.
https://doi.org/10.1016/j.ijbiomac.2015.12.025.

238.PRAJWAL S, Medical MK-AJ of A in, 2022
undefined. the Neuroprotective Effects of Medicinal
Plants on Alzheimers Disease: a Review.
MbimphCom 2022;4:5-16.

239.Khan H, Ullah H, Aschner M, Cheang WS, Akkol
EK. Neuroprotective effects of quercetin in
alzheimer’s disease. Biomolecules 2020;10.
https://doi.org/10.3390/biom10010059.

240.Srinivasan M, Rajabi M, Mousa SA.
Nanobiomaterials in cancer therapy.
Nanobiomaterials Cancer Ther Appl
Nanobiomaterials 2016:57-89.
https://doi.org/10.1016/B978-0-323-42863-
7.00003-7.

241.Lee YJ, Choi DY, Yun YP, Han SB, Oh KW, Hong
JT. Epigallocatechin-3-gallate prevents systemic

inflammation-induced memory deficiency and
amyloidogenesis via its anti-neuroinflammatory
properties. J Nutr Biochem 2013;24:298-310.
https://doi.org/10.1016/J.JNUTBI0.2012.06.011.
242.Kim SJ, Jeong HJ, Lee KM, Myung NY, An NH,
Mo Yang W, et al., Epigallocatechin-3-gallate
suppresses NF-«B activation and phosphorylation of
p38 MAPK and JNK in human astrocytoma
U373MG cells. J Nutr Biochem 2007;18:587-96.
https://doi.org/10.1016/j.jnutbio.2006.11.001.
243.Gongalves PB, Sodero ACR, Cordeiro Y. Green tea
epigallocatechin-3-gallate (Egcg) targeting protein
misfolding in drug discovery for neurodegenerative
diseases. Biomolecules 2021;11.
https://doi.org/10.3390/biom11050767.

244.Li F, Gong Q, Dong H, Shi J. Resveratrol, A
Neuroprotective  Supplement for Alzheimer’s
Disease. Curr Pharm Des 2012;18:27-33.
https://doi.org/10.2174/138161212798919075.

245.Rauf A, Imran M, Sulera HAR, Ahmad B, Peters
DG, Mubarak MS. A comprehensive review of the
health perspectives of resveratrol. Food Funct
2017;8:4284-305.
https://doi.org/10.1039/c7fo01300Kk.

246.Rege SD, Geetha T, Griffin GD, Broderick TL,
Babu JR. Neuroprotective effects of resveratrol in
Alzheimer disease pathology. Front Aging Neurosci
2014;6:1-27.
https://doi.org/10.3389/fnagi.2014.00218.

247.Ye M, Fu S, Pi R, He F. Neuropharmacological and
pharmacokinetic properties of berberine: a review of
recent research. J Pharm Pharmacol 2009;61:831-7.
https://doi.org/10.1211/jpp/61.07.0001.

248.0ch A, Podgoérski R, Nowak R. Biological Activity
of Berberine-A Summary Update. Toxins (Basel)
2020;12:1-26.
https://doi.org/10.3390/toxins12110713.

249.Singh AK, Singh SK, Nandi MK, Mishra G, Maurya
A, Rai A, et al., Berberine: A Plant-derived Alkaloid
with Therapeutic Potential to Combat Alzheimer’s
disease. Cent Nerv Syst Agents Med Chem
2019;19:154-70.
https://doi.org/10.2174/1871524919666190820160
053.

250.Ma X, Tan C, Zhu D, Gang DR, Xiao P. Huperzine
A from Huperzia species—An ethnopharmacolgical
review. J Ethnopharmacol 2007;113:15-34.
https://doi.org/10.1016/J.JEP.2007.05.030.

251.Yang G, Wang Y, Tian J, Liu JP. Huperzine A for
Alzheimer’s Disease: A Systematic Review and
Meta-Analysis of Randomized Clinical Trials. PLoS
One 2013;8.
https://doi.org/10.1371/journal.pone.0074916.

252.Little JT, Walsh S, Aisen PS. An update on
huperzine A as a treatment for Alzheimer’s disease.
Expert Opin Investig Drugs 2008;17:209-15.
https://doi.org/10.1517/13543784.17.2.209.

253.Ma X, Gang DR. In vitro production of huperzine A,
a promising drug candidate for Alzheimer’s disease.
Phytochemistry 2008;69:2022-8.

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait | 176 |




Sheikh Shohag et al.; Middle East Res J. Med. Sci., Mar-Apr, 2025; 5(2): 147-177

https://doi.org/10.1016/j.phytochem.2008.04.017.
254.Imran M, Rauf A, Abu-lzneid T, Nadeem M,
Shariati MA, Khan IA, et al., Luteolin, a flavonoid,
as an anticancer agent: A review. Biomed
Pharmacother 2019;112:108612.
https://doi.org/10.1016/J.BIOPHA.2019.108612.
255.Kwon Y. Luteolin as a potential preventive and
therapeutic candidate for Alzheimer’s disease. Exp
Gerontol 2017;95:39-43.
https://doi.org/10.1016/J.EXGER.2017.05.014.
256.Petersen M, Simmonds MSJ. Rosmarinic acid.
Phytochemistry 2003;62:121-5.

https://doi.org/10.1016/S0031-9422(02)00513-7.

257.1uvone T, De Filippis D, Esposito G, D’Amico A,
I1zzo AA. The spice sage and its active ingredient
rosmarinic acid protect PC12 cells from amyloid-p
peptide-induced neurotoxicity. J Pharmacol Exp
Ther 2006;317:1143-9.
https://doi.org/10.1124/jpet.105.099317.

258.Habtemariam S. Molecular Pharmacology of
Rosmarinic and Salvianolic Acids : Potential Seeds
for Alzheimer ° s and Vascular Dementia Drugs
2018. https://doi.org/10.3390/ijms19020458.

| © 2025 Middle East Research Journal of Medical Sciences | Published by Kuwait Scholars Publisher, Kuwait 177




