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Abstract

Amyloid-beta (A) AD aggregation, neuroinflammation, and a number of other processes are altered
in cells as a result of Alzheimer's disease (AD), a prevalent neurodegenerative brain condition. The
most common type of dementia, AD, continues to impact a large number of people worldwide. It's
unclear what exactly caused the disease. As of right now, there are no effective drugs to slow down,
stop, or cure AD. Numerous natural substances are extracted from various sources and studied in
preclinical and clinical settings for their neuroprotective effects in the prevention and treatment of
AD. Additionally, the treatment and prevention of AD have shown promise for natural compounds
and their derivatives. Natural bioactive substances actively modulate the pathogenic molecular
processes that lead to the development of AD.This review focuses on plant-based natural compounds
and their derivatives that have shown neuroprotective properties and may show promise in the
treatment and prevention of AD. The literature on using natural items as AD therapy agents is also
summarized in this article. Most bioactive compounds have limitations in treating AD, including
rapid metabolism, nonspecific targeting, low solubility, lack of BBB permeability, and limited
bioavailability. We can employ nanotechnology and Nano carriers based on several strategies.
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CHAPTER ONE

INTRODUCTION
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1. Introduction

Alzheimer’s disease (AD) is a neurological circumstance that worsens with age and impairs reminiscence and
cognitive function. It is the 5th best motive of demise and money owed for 60—80% of all times of dementia
[4]. Alzheimer's disease (AD) is a neurodegenerative illness (NDD) that step by step and completely impairs
reminiscence, cognition, and in the end the potential for ordinary duties, making full-time employment vital
care. Although it is able to harm more youthful humans as well, the circumstance is extra not unusualplace in
humans over 65. Age is one of the maximum vital hazard elements for AD. According to studies, the
superiority of Alzheimer's dementia rises sharply with age, with 3% of these elderly sixty five to 74, 17% of
these elderly seventy five to 84, and 32% of these elderly eighty five or older having the disease. The
pathophysiology of Both environmental and genetic variables have an effect on AD[7]. This is due to the fact
extracellular amyloid and lipid deposits NFTs (intracellular neurofibrillary tangles) are of the maximum
extraordinary pathologic traits of AD [8]. Clinical dementia is added on with the aid of using amyloid
buildup, which additionally reasons cognitive deterioration [9]. Amyloid- beta (A) peptide synthesis and
neuronal dying are each suffering from mutations withinside the amyloid precursor protein (APP) and
presenilin, which might be each worried withinside the improvement of AD [10, 11]. Unexpectedly, clean
studies discovered that neuro irritation is a critical pathogenic aspect of Alzheimer's disease [12]. In
assessment to intracellular neurofibrillary tangles (NFTs), which can be as a result of tau protein hyper
phosphorylation in neurons, extracellular protein a aggregates for the duration of the improvement of AD.
These neurons, which reason neuronal mobileular death, are typically gift withinside the cerebral cortex and
hippocampus of the brain [13]. Inflammation and oxidative strain are introduced on with the aid of using the
deposition of aggregated A protein withinside the synapses of Alzheimer's patients (OS). Depletion of
cholinergic neurotransmission and immoderate glutamatergic neurotransmission are in addition functions of
AD [14]. The incapacity to remember recollections is the maximum widely wide-spread and early signal of
AD dementia [15]. Short-time period reminiscence impairment is usually the preliminary medical
manifestation, however instant reminiscence impairment is generally gift as well. Later, remote reminiscence
is likewise affected. Memory, on the alternative hand, processing that doesn't require the systems of the

hippocampus lobe is not able to characteristic in AD [16, 17]. Severe dementia in its overdue degrees AD

generally consequences in folks dropping their cappotential to stroll and speaking really consequences in
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intense reminiscence loss further to dropping their experience of location and time. In this example Patients
want greater attention. In the following 50 years, it's far believed that healing motion can put off the start or
improvement of AD might be Significantly decreased there were 18 cases. The improvement of medication
for the remedy of AD has correctly and promisingly used herbal merchandise and their bioactive compounds
as potential healing leads [19, 20]. This is due to the fact combos or extracts of herbal items encompass
natural bioactive compounds that can be used as a healing technique to deal with or save you AD [21-23].
Additionally, loads of extracts and herbal reassets are extensively utilized in scientific trials and animal
fashions of AD [24, 25]. This assessment emphasizes the healing cappotential of plant-primarily based totally
herbal merchandise which can have neuroprotective residences for the manipulate and remedy of AD thru
loads of mechanisms, primarily based totally at the preceding dialogue and because of the huge variety of

preventive and healing alternatives to be had for herbal merchandise of plant origin.
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CHAPTER TWO
THE OBJECTIVE OF MY STUDYES

©Daffodil International University



2. The objective of my studies given below:

» Concentrated on the pathogenesis & characteristic of Alzheimer’s disease (AD).

» How using natural products could be crucial for managing and treating AD.

» The interaction between natural products and endoplasmic reticulum stress in the prevention of
neuroinflammation and oxidation.

» Nanotechnology derived from natural sources could be a promising alternative for the treatment
of AD.
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CHAPTER THREE

METHOLOGY
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3. Methodology

After doing a literature search, we were able to find current, pertinent references in a variety of databases,

including Scopus, Science Direct, Elsevier, PubMed, and Web of Science. The terms "medicinal plant,”

"neuroprotection,” "Alzheimer's illness,” "antioxidant,” and “inflammation” were used in our search.

Research reports, reviews, and original research papers published in English up until October 2021 were

chosen and assessed.

4. Pathology of AD

The pathological symptoms and symptoms and signs of AD are amyloid plaques and NFTs. In addition, AD
additionally reveals cerebral amyloid antipathy, neuropil threads, dystrophic neurites, related astrogliosis,
and microglial activation [28]. These pathologic procedures reason neurodegeneration, such as synaptic
and neuronal loss, which leads to macroscopic atrophy. The neurodegenerative dementia called combined
pathology, which incorporates vascular sickness and Lewy bodies, is every other not unusualplace type in
older adults [29]. In fact, familial AD and Lewy frame sickness regularly overlap, at the same time as the
precise mechanism is uncertain [30]. Additionally, TDP- forty three pathology is an increasing number of
diagnosed as a pathology [31]. Amyloid plaques, by-merchandise of APP metabolism, are extracellular
clumps in most cases composed of misfolded A proteins with forty or forty two amino acids (A40 and A42).
A-forty two is greater commonplace in plaques than A-forty because of its better price of insolubility and
fibrillation. Although the formation of amyloid deposition won't usually observe a predictable pattern, it
usually begins offevolved withinside the cortex and handiest impacts subcortical areas later. Amyloid
plagues, in comparison to NFTs, have a negligible impact at the entorhinal cortex and hippocampal
formations. On the alternative hand, the bulk of NFTs are composed of hyper phosphorylated tau paired
helical filaments (PHFs). The fundamental sensory, motor, and visible domain names are in large part freed
from tau illness, which frequently starts offevolved withinside the medial temporal lobes (entorhinal cortex
and hippocampus) after which progresses to the associative is cortex. The pathogenesis of NFT is higher
connected to the medical developments and severity of AD due to the fact neuronal and synaptic loss
often happens on the identical time as tangle growth [32]. On the alternative hand, early withinside the
disease’s medical phase, A pathology reaches a plateau [33].

5. Etiology and Pathophysiology of AD

Despite the reality that Aloise Alzheimer, a German physician, first recognized AD extra than a century ago,
the primary mechanisms at the back of its improvement are nevertheless unknown [34]. Anomic aphasia,

©Daffodil International University



acalculia, and apathy are not unusualplace signs of AD, as are dementia, reminiscence loss, mobility issues,
depression, delusion, impairment of spatial awareness, and hallucinations. Additionally, people who are in
the direction of the give up of the disease’s path are not able to talk verbally, have misplaced their
independence, and are not able to carry out easy every day duties [35, 36]. These aberrant behavioral
behaviors related to AD are symptoms and symptoms of underlying CNS techniques. The etiopathogenesis
of this contamination remains now no longer absolutely known, in spite of non-stop research. However, on
the mobile and tissue levels, sure one of a kind pathways had been discovered. In this situation, the
buildup of A is an ordinary signal of AD. Senile plaque APP is created with the aid of using synthesizing a
brief peptide referred to as A from certainly taking place APP. Additionally, A controls synaptic plasticity,
participates in axonal increase, and modifies axonal increase in physiological conditions. [36, 37].
Development is often followed with the aid of using in addition pathogenic abnormalities that harm the
shape of pyramidal neurons. These techniques result in the introduction of tau tangles and are precipitated
with the aid of using multiplied phosphorylation of tau proteins (Figure 2).Tau proteins even have a
position withinside the physiological stabilization of microtubules and, consequently, the cytoskeleton
shape. In this regard, microtubules function mobile proteins and enzyme transporters, making sure
accurate neuron hobby and synaptic signaling. Tau proteins and tubulins connect with shape the sensitive
systems referred to as microtubules, that are depending on those interactions for stability. Inducing
microtubule breakdown and growing the improvement of tau tangles, that are indicative of AD, multiplied
tau phosphorylation causes. Similarly, cyclin-established kinase five has been related to this technique due
to the increased Ca2+ ion attention this is at once delivered on with the aid of using the aggregation of a
internal nerve cells.

Thus, the cytoskeleton deforms, intracellular shipping is disturbed, microtubules depolymerize, and the
neuron’s common characteristic is diminished. Microglia are activated with the aid of using poisonous
aggregates determined in tau tangles, which bring about mobileular death, neuronal damage, and
inflammation. While numerous theories were positioned out to provide an explanation for the
pathophysiology of AD, the best mechanism continues to be doubtful and complex [39]. Some of the
hypotheses which have been positioned out consist of the following:

(4.1) Cholinergic Hypothesis. Cholinergic neurotransmission impacts intellectual state, mind adaptation, sleep-
wake cycle management, cerebral blood go with the drift control, and neuronal characteristic. Studies display
that the cholinergic gadget is likewise essential for cognitive characteristic. As a result, reminiscence loss will be
delivered on with the aid of using impairment [40, 41]. Acetylcholine (ACh) is launched at synapses at some
stage in cholinergic neurotransmission. ACh is hydrolyzed with the aid of using acetylcholinesterase (AChE)
and butyrylcholinesterase, which terminates the signal (BuChE). In this situation, numerous AD sufferers
displayed unchanged or accelerated BUuChE activity. Ache and BUChE inhibition is a promising approach for
treating AD on account that it's miles cautioned that Ache-prompted A aggregation contributes to the
improvement of AD and the manufacturing of neurotoxic A fibrils [42].

(4.2) Hypothesis of Amyloid. A precursor protein (APP) is a kind | transmembrane sialo glycoprotein this is
encoded with the aid of using a unmarried gene on chromosome 21's 19 exons. APP is available in 3 one of a
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kind forms: APP751, APP770, and APP695. The APP regulates synaptic plasticity, mobileular adhesion,
intracellular calcium degree stabilization, neurite outgrowth, and mobileular adhesion. The crucial occasion is
the -secretase enzyme cleaving Lys16 of the APP, liberating an A-soluble peptide and C-terminal fragment. On the
alternative hand, the C- terminal place is break up with the aid of using -secretase to create the nonamyloidogenic
peptidep3.
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Figure 1: The Alzheimer's disease amyloid cascade (AD). Amyloid-beta, neurofibrillary tangle, amyloid precursor protein,
reactive oxygen species, nitric oxide, and tumor necrosis factor-alpha are all abbreviations for the endoplasmic reticulum (ER)
[38].

In contrast, APP is damaged down through -secretase into soluble A peptides and a C-terminal fragment.
Additionally,-secretase breaks down APP in numerous places, generating an A monomer with amino acids
among 38 and 43. After that, a monomers self-collect into neurotoxic oligomers, which in flip set off fibrillary
aggregates to form, which in the long run bring about neuronal disorder and dementia [44]. Additionally, the
formation of senile plaques, a function of AD, is induced through aggregated oligomers. The A-forty two
peptide is found in Alzheimer’s sufferers at fantastically more tiers than usual. Additionally, APOE, PSENL, and
PSENZ2 have an effect on a etiology, consistent with genetic studies [45].

4.3 Hypothesis of Tau. An instance of a phosphoprotein is tau. There are six isoforms with lengths starting from
352 to 441 amino acids and 38 phosphorylation sites. In this way, the microtubule interactions and amino acid
make-up of the tau domain names are used to outline them. The amino-terminal element on this example is
called a "projection area" because it does now no longer connect to microtubules however rather extends beyond
them. Additionally, the projection area is split into an amino-terminal and proline-wealthy, acidic residue-
wealthy sections. The tubulin-binding phase and the acidic carboxy-terminal part of the microtubule-binding
area also are divided [39]. By interacting with tubulin, phosphorylated tau protein contributes to intracellular
trafficking and stabilizes axonal microtubule assembly [46]. Normal tau is transferred to NFTs and matched
helical filament tau because of aberrant tau phosphorylation (PHF-tau). Microtubules are made volatile with the
aid of using hyper phosphorylated tau, which kills nerve cells. According to research, hyper phosphorylated tau
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is 3 to 4 instances greater ordinary withinside the brains of AD sufferers than it's miles in healthful individuals
[47].

4.4 Neuro inflammation. By liberating proinflammatory cytokines which include interferon, interleukin 1, and
tumor necrosis factor (TNF), that have been detected in AD sufferers and feature an effect at the brain, expanded
ranges of microglia and astrocytes produce continual neuro inflammation. This is because -secretase, which
cleaves APP to supply an A peptide, works higher while reactive oxygen species (ROS) are present [46]. As a
result, novel chemical substances that may be applied to deal with and save you AD were created the usage of
anti- inflammatory approaches [48].

4.5 Biometal Dyshomeostasis. Biochemical tactics like protein structural stability, metabolism, catalytic activity,
and cell sign transmission all rely on metals like copper, iron, and zinc [49]. The Fenton reaction, that's
generally pushed through redox energetic Fe2+ and Cu2+, can generate extra unfastened radicals, that could
growth the manufacturing of DNA, proteins, and lipids. Therefore, dysregulation of bio metals in
neurodegenerative sicknesses like AD reasons an growth in oxidative stress, that's why metallic chelators might
also additionally have a function in inhibiting AD progression [50, 51].

4.6 Oxidative Stress (OS). ROS consisting of the hydroxyl radical, superoxide anion radical, peroxide, and
hydrogen peroxide are produced via way of means of oxygen intake and mobile signaling. In usual
circumstances, the intrinsic antioxidant device controls the stability of ROS [52]. However, in pathological
conditions, there may be a disparity among ROS era and clearance, ensuing in multiplied ROS levels [53]. Brain
OS can be a precursor of AD and can affect the direction of the disease, in keeping with research [54, 55]. The
chance of ROS publicity is better withinside the mind as it makes use of the maximum energy, consumes the
maximum oxygen in comparison to different organs, and plays mitochondrial respiration. On the opposite hand,
A formation and deposition in AD are stimulated via way of means of lipid peroxidation and protein oxidation
[56, 57].

4.7 Insulin-Degrading Enzyme. Type 2 diabetes and insulin resistance withinside the mind are related to AD.
Studies hyperlink tau hyper phosphorylation and A deposition to the insulin-degrading enzyme (IDE). IDE is
visible via way of means of insulin and A as a rival substrate that contributes to the pathogenesis of AD.
Additionally, IDE is hooked up to the clearance of A withinside the mind. IDE activators can consequently be
applied to deal with AD.

4.8 Homocysteine. Homocysteine (HCy), a nonproteinogenic homolog of cysteine, is produced after
methionine is demethylated. Inducing glutamate excitotoxicity, which leads to neurotoxicity and in the long
run results in neuronal death, is what occurs whilst HCy attaches to glutamate NMDA receptors. High degrees
of HCy are related to oxidative damage, apoptosis, A aggregation, and tau protein hyper phosphorylation [58,
59].

4.9 Phosphodiesterase. Cyclic guanosine monophosphate (cGMP) and cyclic adenosine monophosphate are
damaged down through the enzymes called phosphodiesterase (PDEs) (CAMP). They additionally take part
withinside the law of intracellular signaling cascades and synaptic plasticity. Particularly PDE4, PDE7, and
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PDES8 expression adjustments were linked to AD [60]. Additionally, rodents just like the new global beaver,
fungi like ergot, and amphibians just like the poison dart frog produce alkaloids. It’s thrilling to notice that the
2 AChElIs accredited through the Food and Drug Administration (FDA) withinside the United States,
rivastigmine and galantamine, are alkaloids [64, 66].

5.1.1 Galantamine. Galanthus caucasicus, Galanthus sworonowii, and Leucojum aestivum are all
Amaryllidaceous flora that produce the isoquinoline alkaloid galantamine of their plants and bulbs
[67]. Nicotinic acetylcholine receptors (NAChRs) are modulated allosterically via way of means of
galantamine [68, 69]. By affixing linkers of various lengths and substances to meantime, many
glutamine derivatives have been created. These materials have been evaluated for his or her capacity
to inhibit AChE and their selectivity for NMDAR binders and NMDAR subunit 2B. (NR2B). Some
artificial compounds tested outstanding inhibition of AChE with IC50 values of nanomolar and micro
molar affinity for NMDAR. Some derivatives tested a micro molar affinity for the NMDAR with the
2B subunit (NR2B) whilst examined for selectivity. Finally, a cell-primarily based totally assay
become used to assess the neuroprotective hobby of a subset of drugs. The IC50 cost of one of the
synthesized compounds become 0.28 nM, even as 3 of the acquired compounds had notable
neuroprotective effects, lowering NMDA-brought about neurotoxicity at subnanomolar concentrations
[70]. In addition, rhAChE become docked with a brand-new hybrid twin-web website online binding
compound made from galantamine and indole. Three of the synthesized compounds confirmed AChE
inhibitory hobby with I C50 values of 0.011 M, 0.012 M, and 0.half M. Galantamine-indole
compounds that characteristic as twin web website online binders to the rhAChE enzyme are produced
due to interactions among the galantamine moiety and the CAS and the indole aspect and the fragrant
residues withinside the peripheral anionic web website online [71].

6. Natural Products

Scientists commenced searching into the characteristic of plant bioactive compounds whilst studies
consequences confirmed that unique nutritional additives decreased the prevalence of AD [61]. "Secondary
metabolites” of flora are taken into consideration to be evidently taking place bioactive compounds. In this
regard, a lot of compounds remoted from diverse plant parts, including roots, rhizomes, leaves, and seeds,
were proven to restriction the boom of negative plaque and to sell cholinergic signaling [62, 63].(Figure 3).
Foods excessive in antioxidants lessen mind oxidative stress. Since of this, scientists are interested by the
use of plant-derived chemical substances to create compounds that may deal with a lot of illnesses due to
the fact they have got a extensive variety of pharmacological effects [64, 65]. Results indicated that a few
evidently taking place bioactive materials are enough for coping with AD. Below are specifics on those
materials (Figure 4).

5.1 Alkaloids. Alkaloids are a collection of nitrogenous chemical substances which might be extensively
disbursed in recognized households of flowering plants. While a few species handiest produce some
alkaloids, others, like the ones withinside the Ranunculaceae, Solanaceae, Papaveraceae, and
Amaryllidaceae households, have many alkaloids [62, 66].

5.1.2 Huperzines. Two lycopodium alkaloids referred to as hopper zines A and B are recognized from the
Chinese medicinal plant hopperzia serrata (membership moss), that's used to therapy situations like
edema, disorientation, schizophrenia, fever, and strain. With IC50 values of 0.eighty two and 74.forty
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three nM, respectively, huperzine A inhibits AChE and BuChE in a particular, efficient, and reversible
manner [72, 73]. The reversible drug huperzine B is similar. AChE inhibitor having an IC50 fee of
14.three M [74]. As a result, huperzines A and B are extensively used as herbal moieties to create
AChEls which might be extra potent.

Additionally, novel AChE inhibitors primarily based totally at the carbobicyclo and 4-aminoquinoline
substructures of huperzine A with AChE substitutes had been proposed in lots of forms. impeders [75]. In
addition, different heterodimers with donepezil dimethoxyindanone and huperzine A pyridone related
through a distinct methylene linker had been concept to be AChE inhibitors with ability usefulness in
treating AD [76]. It's thrilling to notice that novel huperzine A and imine derivatives with a further small
substituted fragrant ring show off effectiveness as hACh withinside the nanomolar range. As hACh.
inhibitors, novel huperzine A and imine derivatives with a further small substituted fragrant ring show off
effectiveness withinside the nanomolar range [77], in which the fragrant earrings of the huperzine
derivatives display a - stacking with AChE amino acid residues.

lantamin i i
Galantamine, Aging, mutation,
Huperzines, 28 environmental factors
Berberine

l

Oxidative /
stress Oligomers
T m — g - ig _— 98 ___, Neurodegenerative
Mitochonqrial i m ! 1 1t plagues
dysfunction Neurofibrillary m i Apdd
Tabgles (NFTs) i} L3
/ Neﬂl:gn

Resveratrol,
Catechin

Figure 3: A diagram of the mechanisms by which natural remedies prevent Alzheimer's disease (AD).

Aporphine,

Curcumin,
Coumarin

In addition, smart use of recent huperzine B compounds developed. A tether chain connects the huperzine B
moiety to the terminal fragrant ring, facilitating interplay with the PAS, or peripheral anionic web website
online. Rhein’s hydroxyanthraquinone device has been connected to a thing of heparin Y to provide precise

multitarget rhein-huprin hybrids using a number of linkers. Involvement of Huprin Y with an energetic while the
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fragrant earrings in their make stacking interactions with the PAS of AChE, growing a dualsite inhibitor, on the
catalytic web website online (CAS).

5.1.3. Berberine. A benzylisoquinoline alkaloid recognized as "berberine™ has been determined in Berberis
species and Phellodendron amurense's rhizomes, stems, roots, and bark. Strong anti-inflammatory, anticancer,
antibacterial, aerobic protective, and neuroprotective homes are present [80—82]. Additionally, berberine inhibits
each BUChE and AChE, whilst AChE is extra particularly targeted. Additionally, berberine suppresses the
voltage-based potassium cutting-edge and has an adversarial effect at the NMDA receptor, mainly NR1, which
allows to shield the worried device. So, via way of means of growing cholinergic activation, berberine reduces
cognitive impairment in AD [83, 84]. Additionally, novel triazole and berberine dual-web website online
binding compounds have been docked with Torpedo California acetylcholinesterase (TCAChE) [85]. By
substituting a sulfur atom for an oxygen or NH organization withinside the berberine derivatives, the antioxidant
abilities of the ensuing berberine-thiophenyl hybrids have been accelerated. Additionally, those hybrids had
antioxidant homes and decreased A aggregation [86].

5.1.4. Aporphine. Menispermum dauricum yields aporphine alkaloids, which belong to the isoquinoline elegance
of alkaloids and feature a tetrahydroisoquinoline substructure [87, 88]. Oxoisoaporphine and oxoaporphine are
examples of opioid alkaloids which have a lot of organic effects, such as the capacity to inhibit telomerase,
cholinesterase, and A aggregation in addition to antioxidant action [87, 89]. In this respect, artificial
oxoaporphine derivatives are to a few instances much less powerful as AChE inhibitors than their
oxoisoaporphine analogs. According to molecular modeling studies, the Trp279 residue of the PAS of AChE
should bind to the azabenzanthrone moiety of the oxoisoaporphine alkaloids through a stacking contact. . The
oxoisoaporphine alkaloid's selectivity in the direction of AChE and water solubility have been drastically
accelerated via way of means of the usage of amines or ammonium companies as spacers [87]. A brand-new
series of oxoisoaporphine-tacrine hybrids changed into joined via way of means of an amino alkyl tether. These
new materials had antiaggregating homes; at concentrations of 10 M, they have been robust inhibitors of self-
brought about A aggregation (35.5-85.8%) [89]. Eight nuciferine derivatives have been additionally produced
via way of means of the techniques of dealkylation and ring aromatization. Products containing 1,2-
dihydroxyaporphine and dehydronuciferine have been determined to consist of AChE inhibitors with 1C50
values of 28 and 25 g/mL [90]

5.1.5 Flavonoids and Other Polyphenols. Polyphenols known as flavonoids are found in culmination and
vegetables. These are good sized withinside the plant companies Polygonaceae, Rutaceae, and Leguminosae [47,
64]. Because in their polyphenolic makeup, flavonoids have neuroprotective homes due to the fact they
scavenge loose radicals like superoxide and hydrogen peroxide. In polyphenols, the variety and place of
hydroxyl companies have an effect on how properly they could scavenge loose radicals. A novel line of
flavonoid derivatives changed into created due to their antioxidant homes [65, 66]. Different subgroups of
flavonoids are shaped relying on the location of the B ring, the extent of.
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Figure 4. shows the chemical composition of certain substances that are useful at preventing Alzheimer's disease (AD)

The 3-phenylchromen4-one structure of isoflavones results from the B ring's attachment to position 3 of the
C ring. In neoflavonoids, however, the B ring is connected to position 4 of the C ring, resulting in a 4-
phenylcoumarine structure. The B ring is related to position 2 of the C ring in the following subgroups:
flavones, flavone's, flavanones, flavan-3-ol or flavanols or catechins, and chalcones, with the exception of
the C ring's structural characteristics [91]. Also frequently used are flavonoids, a group of phytochemicals
with a range of therapeutic properties. Due to their major repressive function against proinflammatory
mediators, flavonoids are crucial in reducing brain inflammation in Alzheimer's disease.
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factors in transcription [92]. The anti-inflammatory and antioxidant transcription factors are also activated
by this class of substances. Despite the fact that flavonoids have the potential to be a natural treatment in
preclinical AD models, the average bioavailability of the parent flavonoid is often low. Flavonoids are
incredibly polarized, which allows them to pass through the blood-brain barrier (BBB) [12].

5.1.6 Flavones, which have a range of health benefits, are present in numerous medicinal plants. Flavones
and their derivatives, which also have biological characteristics like antioxidant, anti-inflammatory, and
neuroprotective activities, block advanced glycation products (AGES). These substances may also be useful
for treating and preventing AD [92-100].

5.1.7 Isoflavones. Leguminous plants, including soybeans, and microorganisms can both be used to obtainis
flavonoids. They serve as the building blocks for the production of phytoalexin during interactions between
plants and microbes. AChE and MAO-B are inhibited by these substances [101].

5.1.8 Flavanones. Hesperidin belongs to the flavanones subclass of flavonoids, which is a significant one.
Flavanones are found in abundance in citrus fruits like oranges, grapefruit, tangerines, lemons, and
limes. Fruits like citrus are able to scavenge free radicals, lessen inflammation, and lower blood lipid
levels thanks to certain qualities. Flavanones are presently being utilized more commonly in the
creation of multitarget directed ligands (MTDL) [97, 98]

5.1.9 Chalcones Chalcones are another significant subgroup of open chain flavonoids since ring C is
lacking from the fundamental flavonoid skeleton structure. Chalcones are found in variable levels in a
wide variety of foods, such as ladies' fingers and tomatoes. Chalcones and their derivatives have
drawn interest from researchers as potential anti-drugs for Alzheimer's because of their wide range of
biological actions [97, 98, 102-105].

5.1.10 Neoflavonoids. Neoflavonoids are organic substances that are part of the polyphenolic compound
family. Neoflavonoids have the 4-phenylchromen backbone with no substitution of the hydroxyl
group at position 2, whereas flavonoids have the 2-phenylchromen-4-one backbone. In this regard,
coumarin, a neoflavanoid present in many plants, serves a variety of therapeutic purposes. It interacts
with the peripheralanionic site (PAS) of AChE and functions as a powerful inhibitor of AChE,
inhibiting A aggregation, according to molecular modeling studies [97, 98]. A derivative was created
by joining both scaffolds together using a piperazine-based alkyl spacer to create a brand-new
tacrine-coumarin hybrid. The product had significant inhibitory activity against EEAChE (0.092 M)
and moderate activity against EQBUChE (0.234 M) due to its amide linkage, in addition to having
antiaggregation properties [106]. In coumarin- based MTDL derivatives, the 6 and 7 positions of
coumarin are connected to alkyl spacers of varying lengths with a terminal diethylamino group,
inhibiting human AChE at nanomolar concentrations. Additionally, these substances have a
remarkable 60% inhibition of A42 selfaggregation, which has a neuroprotective impact and makes
them potential disease modifiers [107].
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5.2

5.3

5.4

Curcumin. For centuries, people have employed a natural compound called curcumin to cure a variety of
diseases [108]. Curcumin functions well as a neuroprotective drug to treat a range of neurological
diseases because of its anti-inflammatory and antioxidant properties. The long A's 40-42 amino acids.

Endoproteolytic breakdown of APP results in the production of peptide. The combination of A and
curcumin appears to reduce oxidative stress, inflammation, and cognitive deficits in rats treated with A
[109, 110]. Curcumin's capacity to prevent A aggregation and fibril formation has been demonstrated in
both in vitro and in vivo studies.Along these lines, factors that lead to the formation of amyloid
plaques include metal chelation, low cholesterol, lipid peroxidation, facilitated transcription, and
decreased -secretase enzyme production [111, 112]. Curcumin affected extracellular amyloid
accumulation through these signaling pathways. Curcumin also inhibits the formation of heat
shock protein (HSP), which is an additional route, which prevents protein aggregation. In this way,
HSP functions as molecular chaperones to stop protein aggregation. In experimental settings both
in vivo and in vitro, curcumin boosted the production of HSP. Additionally, it prevented the
development of dangerous amyloid aggregates and cytokines that promote inflammation in the
brain [111]. On the other hand, the buildup of the tau protein within neurons is a significant
contributor to AD. Aggregation is brought on by the -sheet in tau protein, which is inhibited by
medications like curcumin. Additionally, curcumin is a pleiotropic and affordable treatment for
neuronal dysfunction due to its multiple systemic activities [3]. Additionally, curcumin prevented
A from building up in PC12 cells and human umbilical vein endothelial cells. In a Tg2576 animal
model of AD, curcumin also demonstrated antioxidant and anti-inflammatory effects [113].
Similar to this, curcumin protected primary neuronal cell cultures from the neurotoxicity caused
by quinolone acid. Results demonstrated that pretreatment with curcumin caused a significant drop
in neuronal nitric oxide synthase. [3]

Terpenes Terpenoids, also known chemically as 2-methyl-1 or 3-butadiene, are a group of compounds
produced biosynthetically from a combination of two or more isoprene units [108]. Parthenolide, a
physiologically active sesquiterpene lactone found in Tanacetum parthenium, improves cognitive
function while reducing TNF- and IL-6 levels in the cortex and rat hippocampus [114]. It has recently
been demonstrated that neuroinflammation in intracerebral hemorrhage, which promotes brain injury in
rats, canbe controlled by TLR4/NF-B-mediated reduction in the levels of TNF-, IL-6, and IL-17 in the
ipsilateral hemispheres of the brain [12]. The various NF-B inhibitory actions of parthenolide appear to
be responsible for its inhibitory effects in a variety of neuropathologies including inflammation. The
neuroprotective properties of this sesquiterpene lactone need to be confirmed in clinical research on
AD, nevertheless.

Similar to how artemisinin, a sesquiterpene lactone found in the Asteraceae family plant Artemisia
annua, was initially used to treat malaria that was resistant to multiple drugs. Due to this molecule's and
some of itssynthetic analogues' anti-inflammatory capabilities, researchers have recently discovered that
they show promising neuroprotective action in AD [115]. It has been demonstrated that artemisinin and
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its artificial derivatives penetrate the BBB because of their lipophilicity [116]. Both the carnosic acid
and the carnosol found in Rosmarinus officinalis are naturally occurring diterpenes that have significant
neuroprotective action [117]. No evidence from clinical trials suggests that ginkgolides are helpful in
the treatment of AD. Ginkgo biloba extracts have been used in clinical trials with varying degrees of
success. According to the findings of a randomized controlled study (RCT), they improved cognitive
function, neuropsychiatric symptoms, and functional capacities in patients with mild to moderate AD or

vascular dementia [12
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Another experiment examined the effectiveness of long-term usage of Ginkgo biloba extract (120 mg),
compared to placebo, for reducing the occurrence of AD in elderly people with memory complaints;
nevertheless, the results revealed that the extract does not slow the course of AD [118, 119].

5.5 Resveratrol. The essential nonflavonoid resveratrol can be found in red wine, almonds, and grapes

[120]. Resveratrol has a wide range of pharmacological activities, such as anti-inflammatory,
antioxidant, anti-carcinogenic, and anti-mutagenic effects [121]. Neuroprotective benefits were also
seen in AD in vitro and in vivo models. Resveratrol appears to have anti-inflammatory and antioxidant
properties in addition to promoting nonamyloidogenic APP division and aiding in the removal of
neurotoxic A peptides, all of which are critical for preventing and delaying the pathogenesis of AD
[122]. Resveratrol also decreases the loss of neuronal cells via a number of mechanisms, including the
activity of NAD+-dependent histone deacetylase enzymes known as sirtuins [123]. Resveratrol also acts
as an antioxidant by decreasing the generation of ROS, increasing the amounts of GSH and intracellular
Ca21 in neurons, and altering the action of cCAMP and nitric oxide, which are second messengers [124].
Furthermore, it binds to A plaques, removing the A peptide and stopping the activity of AChE in in
vitro cells [125].

6.Neuroprotective Mechanisms of Natural Products for AD

6.1Ant oxidative Neuroprotective Activity of Natural Products for AD. Both radical and nonradical oxidants
are included in the extremely reactive molecules known as reactive nitrogen species (RNS) and reactive
oxygen species (ROS). For procedures including cell cycle modulation, enzyme and receptor activation,
inflammatory monitoring, phagocytosis, gene expression, and signal transmission, it is important to set up a
controlled percentage of these oxidizing agents in the human body [126-129]. The nuclear factor E2-related
factor 2 (Nrf2) pathway is one of the most widely used strategies for regulating these reactive species. In
response to OS, the transcription factor Nrf2 increases the production of antioxidant genes. The antioxidant
response element (ARE) actively lowers OS, inflammation, and many harmful residues [130]. Due to higher
metabolic activity and cellular regeneration that is limited in the brain, OS has a stronger impact on the brain
than other body organs [131]. Consequently, OS is widely acknowledged as a crucial component in the
gradual degeneration of neuronal structure and decline in neuronal activity, one of the primary causes of
NDDs, including AD [127]. Antioxidant treatments have been developed as AD neuroprotective drugs with
much effort [132]. According to studies that have been published, OS plays a significant role in the
development of AD, and antioxidants work to mitigate OS's detrimental effects [133]. Natural and synthetic
antioxidants are divided into two categories based on the natural prevalence of each type, with antioxidant
molecules derived from natural sources predominating. The most well-known natural antioxidants include
carotenoids, flavonoids, and the vitamins A, C, and E. They all operate to stop an organism from decaying as
a result of ROS. Many naturally occurring antioxidants come from plants, such as carotenoids and antioxidant
vitamins, and have phenolic and polyphenolic chemical structures, including hydroxyl groups on their
aromatic rings (s). Both as hydrogen atom donors and free radical scavengers, these chemical compounds
demonstrated potent antioxidant activity [134]. Additionally, these phenolic and polyphenolic substances have
an anti-oxidative due to their structural characteristics, especially the hydroxyl groups [135]. Flavonoids are
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the most frequent polyphenolic compounds and exhibit a variety of antioxidant properties [136]. Dietary
polyphenols also reduce neuronal degeneration and death by reducing ROS levels [137]. Phenolic
compounds, which are substances that occur naturally, reduce chronic NDDs, such as AD. Polyphenolic
compounds and their derivatives have recently received interest due to their abilities as neuroprotective agents
for enhanced management of AD [132].
6.2 Antineuroinflammatory and Neuroprotective Activity of Natural Products for AD. A number of
theories, including the A, tau, cholinergic, and inflammatory hypotheses, have been put out to explain
this complex illness, even though the actual pathophysiological process underlying AD is still
unknown [138]. The accumulation of A in the brain, a crucial component in the pathogenesis of AD,
has been linked to neuro inflammatory in line with this [139]. Elevated levels of ROS, which also
encourage microglial activation, nuclear factor kappa B (NF-B), and cytokine release, are a hallmark of
the neuro inflammatory process in AD [140]. Proinflammatory cytokines including IFN-, IL-1, and
TNF are also released when immune cells are activated, and these substances in turn encourage
surrounding astrocytes to produce A-42 oligomers [141]. The cerebrospinal fluid, serum, and brains of
AD patients have all revealed high concentrations of these proinflammatory cytokines [142]. In this
regard, research has linked elevated cytokine levels over the whole course of the disease to memory
loss in AD [143]. In particular in neurological diseases like AD, it is linked to brain function as well
[144, 145]. It has been found in the brains of Alzheimer's patients [147], and it has been suggested that
A-initiated neurotoxicity is associated with its activation [146]. Natural therapies help stop AD
neurodegeneration and have fewer adverse effects than synthetic ones. Additionally, as a
pharmaceutical intervention to lessen the early signs of AD, natural compounds with anti-
inflammatory effects may be employed [148]. Numerous targets and signaling pathways are involved
in the anti-inflammatory effects of these chemical substances. Natural products can also enhance the
effects of ant amyloid as a sound output in the therapy of AD due to their ability to reduce neuro
inflammatory [149]. It is important to investigate the multimarket anti-inflammatory effects of natural
chemicals or combinations of natural goods as prospective therapeutic solutions for treating AD [150].
Table 1 provides a list of several plant-based natural extracts, chemicals, and mixtures that have
neuroprotective properties.

6.2 Amyloid-g (4p) and Its Related Enzymes. The proteolytic processing of APP by - and -secretases results
in the production of amyloid beta peptide (A) [226]. Published studies have shown that immunization
against A reduces memory impairments in transgenic mice and has a neuroprotective impact without
lowering the A plaque load [227, 228]. These results demonstrate that various forms of A in AD brains
significantly contribute to neurotoxicity and that A in plaques may not directly cause synapse loss
[229]. Consequently, a number of treatment trials involving passive and active vaccines against A were
carried out [230] in light of the discovery that A plays a substantial role in the origin of AD. and
vaccination campaigns against A were ongoing [230]. However, neither approach was effective enough
to be used in clinical studies because of negative side effects like encephalitis and a lack of adequate
therapy. A peptide builds up, which is involved in The actions of -secretase and site APPcleaving
enzyme 1 (BACE1) on APP are crucial to the pathogenesis of AD. Prior to its detection, BACEL
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activity has been found in cells and tissues [231]. The synthesis of APP regions that have been cleaved
by A and BACEL1 is, however, accelerated by overexpressing BACEL [232]. This is due to the fact that
BACEL1 splits APP carrying the Swedish familial AD-causing mutation between ten and one hundred
times more effectively than wild-type APP [231]. Additionally, antidrug testing has been done on a few
BACEL1 inhibitors [233]. Currently, early onset AD is primarily caused by gene mutations [234].
Presenilins are the aspartyl protease complexes that are membrane-implanted and create the carboxyl
terminus of A from APP. Later research revealed that they are multipass membrane proteins that
function as -secretase catalytic components [235]. The -secretase activity is the therapeutic target of
medications that lower the amyloid plaque, whose buildup is thought to induce Alzheimer's disease
(AD). In the interim, secretase, a crucial target for developing an AD therapy, is connected to notch
signaling. To this end, numerous medicines that change A synthesis by -secretase without affecting
Notch proteolysis and signaling are currently being investigated as potential treatments. It is significant
to remember that the secretase modulator flurbiprofen was the first drug to go through a clinical trial. It
was a failure, though, because the treatment proved ineffective. One such potent Notch sparing inhibitor
that has just been identified and evaluated in several clinical trial phases is GSI1-953 from Wyeth [236].

Glycogen Synthase Kinase 3 (GSK3) and Tau Protein. Tau is the primary protein interacting with
microtubules in mature neurons (MAP). The pathophysiology of AD and other related illnesses known as
tauopathies are significantly influenced by tau, which is accumulated in the affected brain regions [238]. In
the AD brain, tau is three to four times more hyperphosphorylated than it is in the average adult brain.
Alzheimer's disease (AD) pathologic tau is improperly cleaved and hyperphosphorylated [239]. In order to
treat AD and other tauopathies, it may be beneficial to prevent aberrant tau hyperphosphorylation [228].
Recent studies have linked early structural changes in soluble tau proteins, notably their phosphorylation, to
neurodegeneration [240, 241]. GSK3 may be a kinase that regulates tau aggregation in this situation by
Additionally, research revealed that A increases tau phosphorylation and GSK3 activation in AD [243].
Several GSK3 inhibitors are presently being investigated for their potential as a treatment for AD.
Additionally, studies showed that the GSK3 inhibitor AZD1080, which is potent and selective, can suppress
tau phosphorylation in intact rat brain as well as in cells that express human tau [244].

7.1. Acetylcholine-Related Molecules. Cholinergic insufficiency brought on by basal forebrain atrophy was
discovered in AD, in addition to the complicated clinical and metabolic abnormalities implicated in the
neuronal symptoms of AD, such as the production of NFT and A aggregation [17]. Furthermore, the
preferential loss of neurons expressing NAChRs causes a large decline in cerebral nAChR levels in AD
[245]. Additionally, nicotinic ligands can protect neurons by stimulating nAChRs, which is important for
the interaction of acetylcholine and nicotinic ligands with nAChRs [246].New substances have been
created as a result to boost acetylcholine levels, directly stimulate nAChRs, and correct mental
deficiencies while protecting neurons from A neurotoxicity [247]. As a result, specific NAChR agonis
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acetylcholinesterase (AChE) inhibitors that restrict acetylcholine hydrolysis have been found [248]. AChE has
emerged as a crucial therapy target for achieving clinical development in AD because cholinergic deficitis a
permanent and early consequence of disease development [249].

Galantamine, rivastigmine, and donepezil are three of the four medications for treating AD that are now available on the
market. Galantamine, a substance derived from common snowdrop and other Amaryllidaceous bulbs, has received
approval from a number of countries to treat the signs of AD-associated senile dementia [250].
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©Daffodil International University

24



Discussion

The most typical NDD is AD, which poses serious societal and economic problems. Because there are
insufficient effective diagnostic and therapeutic methods, AD is having trouble overcoming treatment-
related obstacles. In this article, a variety of bioactive substances and natural extracts are used to
address the treatment and prevention of AD. Animal and marine sources have yielded a relatively
limited number of molecules, making plants the main source of the vast majority of natural chemicals
investigated up to this point. Given the complexity of AD, these chemical substances were linked to a
variety of therapy modalities. But the neuroprotectiveness of natural chemicals depends on their ability

to traverse the BBB.

Table 1. Neuroprotective status of some plant-based natural products, extracts, and mixtures.

Plant

Panax ginseng

Ginkgo biloba

Pistacia vera

Neuroprotective
Outcomes

Reduced AP
formation and
aggregation,
inhibited AChE,

Extract

restored In vitro, in vivo

Root extracts synaptophysin
and ChAT
activity, and
decreased A
formation and

aggregation

scavenged free
radicals, averted
the
mitochondrial
malfunction,
activated the
JNK and ERK
pathways, and
blocked neuronal
death

Leaf extract In vivo

Improved
cognitive and _
Kernel motor deficits In vivo
caused by
inhibited

Study Model

Reference

[153-159]

[160-162]

[163]
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Phyllanthus
emblica

Hibiscus
sabdariffa

Spirulina
maxima

Ishige foliacea

Juglans regia

Ethanol extract

Anthocyanin-
enriched

extracts

Ethanol extract

Phlorotannin-
rich

fraction

Defatted protein

cisplatin or
vincristine

Improved
learning,
memory, and
antioxidant
potential.
Inhibited AChE
activity

Reduced
memory
impairment by
decreasing STZ-
induced
neuroinflammati
on and
amyloidogenesis

Reduced
hippocampus
AP1-42, APP,
and BACE1
expression
levels, which
reduced AChE
activity, lowered
hippocampal OS,
and elevated
BDNF levels

Lowered brain
AChE activity,
reduced OS, and

activated the

ERK-BDNF-
CREB signaling

pathway

Lowered pro-
inflammatory
cytokine
expression and
AChE levels,
extensively
restored
antioxidant
enzyme levels,
and reduced NF-
kB expression

In vivo

In vitro, In vivo

In vivo

In vivo

In vivo
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Almond
(Prunus dulcis)

Hazelnut

(Corylus
avellana)

Vitis vinifera

Oryza sativa

Zingiber
officinale

Benincasa
hispida

Reduced AChE
activity, lowered
cholesterol and
triglyceride
levels, increased
brain tryptophan
Paste monoamine In vivo
levels and
serotonergic
turnover, and
improved
learning and
memory

Improved
memory,
reduced anxiety,
and lowered
neuroinflammati
on and apoptosis

Exhibited
antioxidant, anti-
neuroinflammato

ry, and anti-
polyphenolic amnesic
extract properties, and
inhibited AB
aggregation

Reduced
hippocampal
Dietary AChE activity
supplement and lipid
peroxidation
products

Acted as AChE
inhibitor,
suppressed lipid
peroxidation,
caused NMDA
receptor
overstimulation
and inhibited the
generation of
free radicals

Kernel In vivo

Juice,
In vivo

In vivo

Root extract In vivo

Prevented

Aqueous extract  substance P (SP) In vivo
formation, as
were antioxidant

[175-178]

[175, 179, 180]

[181-186]

[187]

[188, 189]

[190]
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Fuzhisan

Bojungikgi-
tang

Pistacia
integerrima

Phyllanthus
acidus

Hedera
nepalensis

scavenging
effects

Exhibited anti-
apoptosis and
anti-Ap buildup
activity,
increased ACh In vivo
concentrations
and provided
neurotrophic
benefits

Herbal complex

Prevented the
accumulation
and AP peptides
expression,
NeuN, and
BDNF in the

hippocampus by In vitro, In vivo

inhibiting the

aggregation of

AP, enhanced

BACE activity in
vivo, and
increased
antioxidant
action

Exhibited
cholinesterase
inhibitory and

free radical
scavenging
activity

Herbal formula

Gall extracts In vitro

Increased brain
antioxidant
enzymes,
improved In vitro
cognitive
functioning, and
reduced OS.

Methanol
extract

Increased
catalase (CAT)
and superoxide ]
dismutase (SOD) Invivo
levels, and
decreased
glutathione

Crude extract
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Thalassospira

profundimaris

Eisenia bicycles

Curcuma longa

Allium sativum

Momordica
charanti

Bacopa
monnieri

Crude extract

Methanol
extract

Ethanol extract

Aged garlic
extract

Dried and
ground fruit

Extract

(GSH) levels

Preserved the
synaptic
structure and
prevented cell
cycle-related
neuron death

Attenuated OS
and reduced
neuronal cell

death

Reduced CeClI3-
induced OS,
increased
antioxidant
enzyme activity,
and inhibited
AChE activity

Reduced
microglial
activation and
IL-1 levels and
the inflammatory
response, and
reduced
psychological
stress via
modulating
stress hormones
and the OS
response in the
brain.

Reduced gliosis,
oligomeric AP
levels, tau
hyperphosphoryl
ation, and
neuronal death.
Increased
synaptic-related
protein and pS9-
GSK3b
expression levels

Reduced
cholinergic
degeneration,

In vitro, in vivo

In vitro

In vitro, in vivo

In vivo

In vitro, In vivo

In vivo

[199]

[200]

[110, 201-207]

[208-211]

[190, 212]

[213-218]
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Viscum album

Pistacia
Atlantica

Nardostachys
jatamansi

Phyllanthus
amarus,

Cynodon
dactylon

Salvia
miltiorrhiza

Extract

Ethyl acetate
and
agueous extracts

Ethanol extract

Methanol
extract

Root extract

improved
cognition, and

suppressed
AChE activity

Significantly
raised serum
BDNF levels and
reduced AICI3-
induced
neurotoxicity

In vitro, In vivo

Inhibitory action

of AChE In vitro

Inhibited cell
death caused by
AP

In vitro, in vivo

Increased
superoxide
dismutase,

catalase, and
NADH
dehydrogenase
levels

Inhibited OS and
the
mitochondria-
dependent
apoptotic
pathway,
inhibited
production of
NO and iINOS
expression,
induced neuron
cell development
in rat
mesenchymal
stem cells, and
enhanced the
differentiation
ability of iPSCs
and the survival
and neuronal
maturation of
iPSC-derived
neurons

In vivo

In vitro, In vivo
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transplanted.

Molecules found in marine and animal sources. These organic compounds were connected to a variety of
therapy options because AD is a complicated illness. The ability of natural compounds to cross the BBB,
however, determines how neuroprotective those molecules are. The difficulty of bridging the BBB and drug
bioavailability are significant obstacles to the development of new therapies. Experimental and
observational studies both demonstrate that bioactive compounds improve cognitive functioning in AD
patients. Their different mechanisms of action result in a variety of positive outcomes, but the most
important ones are the following: a decrease in A levels and tau phosphorylation rate, a reduction in A and
tau aggregation, protection against OS, anti-inflammatory activity, preservation of cellular structures, and a
reduction in neuronal apoptosis. The creation of potent and specific bioactive plant derivative natural
compounds with favorable ADMET (absorption, distribution, metabolism, excretion, and toxicity)
properties, particularly higher metabolic stability and lower toxicity, continues to be a difficult task for
medicinal chemists despite recent significant discoveries. Thus, even if no novel natural molecule has been
advanced to the stage of a clinical trial in several decades, bioactive compounds will probably remain on
stage for a while. Clinical investigations should look into substances that have been found to have
neuroprotective qualities in vivo.

7. Therapeutic Targets for AD

10.1 Amyloid-p (Ap) and It’s related Enzymes

The proteolytic processing of APP by - and -secretases results in the formation of amyloid beta
peptide (A) [228]. According to published studies, immunization against A reduces memory deficits
in transgenic mice without affecting the load of A plaques [229, 230]. These results demonstrate that
alternative forms of A play a key role in neurotoxicity in AD brains and that A in plagues may not
promote synapse degeneration [231]. In keeping with this, and in light of the evidence suggesting
that A is a key contributor to the pathogenesis of AD, a number of treatment studies utilizing passive
and active immunization against A were carried out [232]. However, due to adverse effects including
encephalitis and insufficient treatment efficacy, neither strategy proved successful in clinical
research.. The accumulation of A peptide, which plays a role in the pathophysiology of AD, depends
on the action of -secretase and -site APP-cleaving enzyme 1 (BACEL) on APP. The BACEL activity
was already known to exist in cells and tissues [233]. On the other hand, overexpressing BACE1
promotes the synthesis of APP fragments that have been cleaved by A and BACE1 [234]. This is

because, compared to wild-type APP, BACEL1L splits APP
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carrying the Swedish familial AD-causing mutation about ten to one hundred times more efficiently
[233].

Additionally, certain BACEL inhibitors have undergone antidrug testing [235]. Presenilin
gene mutations are the root cause of AD with early onset [236]. Presenilins are multipass membrane
proteins that were later identified as being catalytic elements of -secretase; these membrane-
implanted aspartyl protease complexes produce the carboxyl terminus of A from APP [237]. Drugs
that reduce amyloid plaque, whose buildup is considered to cause AD, have as their therapeutic
target the activity of -secretase. In the meantime, the notch signaling is linked to -secretase, which is
the main focus for creating an AD treatment. In this regard, a variety of drugs are currently being
developed as potential therapeutics that modify A production by -secretase without altering Notch
proteolysis and signaling. It is important to note that the first medication to undergo a clinical
investigation was the -secretase modulator flurbiprofen. However, due to a lack of therapeutic
effectiveness, it was a failure. GSI-953 from Wyeth is one example of the many strong Notch-

sparing inhibitors that have recently been discovered

10.2 Tau Protein and Glycogen Synthase Kinase 3 (GSK3)

Tau is a mature neuron’s primary microtubule related protein (MAP). Tau is deposited withinside
the diseased mind regions, and this performs a considerable position withinside the improvement
of AD and different comparable disorders, which can be called tauopathies [240]. Tau is 3 to 4
instances greater hyperphosphorylated in AD mind than in healthful person mind. Pathologic tau
in AD is abnormally cleaved and hyperphosphorylated [241]. Thus, stopping aberrant tau
hyperphosphorylation is a probable healing goal for treating AD and different tauopathies [230].
Recent studies has linked neurodegeneration to early changes withinside the architectures of
soluble tau proteins, specially their phosphorylation [242, 243]. In this context, GSK3 is a
capability kinase that controls tau aggregation with the aid of using phosphorylating tau protein
and controlling tau binding to microtubules, tau breakdown, and tau aggregation [244].
Additionally, studies found out that A will increase tau phosphorylation and GSK3 activation in
AD [245]. Several GSK3 inhibitors are currently being investigated for his or her capability as a
remedy for AD. Additionally, research have proven that the effective and unique GSK3 inhibitor
AZD1080 can save you tau phosphorylation in each intact rat mind and cells that explicit human
tau [246].

10.3 Molecules Related to Acetylcholine

In addition to the complicated scientific and metabolic troubles implicated withinside the
neuronal signs and symptoms of AD, together with the formation of NFT and A aggregation,
cholinergic insufficiency as a result of basal forebrain atrophy became discovered in AD [17].
Furthermore, cerebral nAChR tiers drastically lower in AD [247] due to the desired lack of
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neurons expressing NAChRs. Additionally, acetylcholine and nicotinic ligands have interaction
with nAChRs withinside the brain, and nicotinic ligand stimulation of nAChRs also can guard
neurons [248]. In an attempt to opposite intellectual deficiencies and guard neurons from A
neurotoxicity, new compounds were created to enhance acetylcholine tiers and immediately
stimulate NAChRs [249]. As a result, precise NAChR agonists and acetylcholinesterase (AChE)
inhibitors that limition acetylcholine hydrolysis were discovered [250]. AChE has emerged as a
critical remedy goal for accomplishing scientific improvement in AD due to the fact cholinergic
deficit is a continual and early . In this regard, 3 of the 4 capsules now available in the
marketplace for the remedy of AD are galantamine, rivastigmine, and donepezil. A quantity of
countries have authorized using galantamine, a compound crafted from the bulbs of not
unusualplace snowdrops and unique Amaryllidaceae, to deal with the signs and symptoms of
senile dementia related to AD [252].

8.Future Perspective

In conclusion, AD is a dreadful neurological ailment that has been plaguing human beings for an extended time.
No drug or plant extract should successfully opposite the symptoms and symptoms of the disease, regardless of
the truth that there are presently few prescribed drugs to be had for the remedy of AD and that many plant life
and their extracts were applied substantially in animal research and AD patients [251-254]. AD is a
multifactorial contamination with severa underlying causes. The modern treatments provide a few symptomatic
alleviation, however they haven't any effect at the morbidity or mortality of the disease. They are primarily
based totally on AChE inhibition or NMDA receptor antagonism. Because of those flaws, greater enormous
studies is wanted to recognize the traits of NDDs, their ancient context, and proposed healing approaches.
Combining herbal product chemistry, medicinal chemistry, pharmacology, biology, and different associated
fields can be the simplest manner to discover new tablets and growth the probability that herbal merchandise and
merchandise derived from herbal reassets can be advanced into prescribed drugs which might be therapeutically
applicable for the remedy and prevention of AD. The use of nanotechnology and Nano carrier-primarily based
totally transport strategies for herbal merchandise and their man or woman additives might also additionally
enhance and growth the efficacy and effectiveness of healing reactions. The bioavailability of herbal
merchandise and their additives may be progressed via way of means of using nanoparticles withinside the

transport.
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CHAPTER FIVE
CONCULATION
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9.Conclusion

Decreased best of existence diet, and aging, must be taken into consideration in coping with AD. instances
given the variety and complexity of the genetic and epigenetic elements underlying AD. Additionally,
greater thorough and realistic best manipulate necessities protect the safety and effectiveness of those
neuroprotective drugs. Additionally, novel strategies and techniques to boom CNS direct publicity to those
neuroprotective compounds, inclusive of using nanotechnology to the switch of herbal products, can also
additionally play a essential element in slowing the development of dementia. In conclusion, this evaluate
has established how nature can each save you and deal with AD. In this respect, fruits, spices, nuts, and
herbs incorporate essential bioactive chemical compounds that may assist save you and deal with diverse
ailments, along with AD, without critical destructive aspect effects.
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