IJRASET

International Journal For Research in
Applied Science and Engineering Technology

" INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGQGY

Volume: 9 Issue: Vv Month of publication: May 2021

DOIl: https://doi.org/10.22214/ijraset.2021.34724

www.ijraset.com
Call: (£)08813907089 | E-mail ID: ijraset@gmail.com




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue V May 2021- Available at www.ijraset.com

Role of Phytochemicals, Proteins and Associated
Receptors in Alzheimer’s Disease

Khushboo Rana', Ritika Sharma?®, Tejaswee Anand®, Noopur Khare*, Abhimanyu Kumar Jha®
1.2.3.5pepartment of Biotechnology, Faculty of Life Sciences, Institute of Applied Medicines and Research, Ghaziabad, Uttar
Pradesh, India.

*Institute of Technology and Management, Meerut, Uttar Pradesh, Affiliated to Dr. A.P.J. Abdul Kalam Technical University,
Lucknow, Uttar Pradesh, India.

“Shri Ramswaroop Memorial University, Barabanki, Uttar Pradesh, India.

Abstract: Alzheimer’s disease (AD) is characterized by progressive dementia along with increasing age. Degenerative disease has
60-80% cases in dementia. Alzheimer’s disease (AD) is considered about 3 types according to their genetic change in the brain
such as late-onset type, early-onset type, and familial type. The proteins may build-up up into the brain manifests through two
types: plaques and Tangles. It was noticed that according to age, the brain changes the rest of the body cells by facing difficulties
through losing the brain capacity of remembering and thinking things. Phytochemicals are responsible to mediate their
protection and communication of the plant. These compounds are categories into three types; Alkaloids, Terpenes, and Phenolic.
Phytochemicals plants overlap and appear with a particular function. Ginko biloba leaf extracts may contain several bioactive
components, like diterpenes, ginkgolides A, B, C, J & M, and their sesquiterpene bilobalide with a range of flavonoids. Ginseng
comprises forty or more than forty bioactive Saponins called ginsenosides. Melissa is a type of terpene with a long history of
treating disorders or diseases including their memory and mood enhancer. Sage is come from ancient Greeks where it is used it
as a cognitive enhancer in their history and stretching back to prevent age-related decline wisdom. More than 10,000 compounds
are described as polyphenols and they comprise a larger class in both flavonoid and non-flavonoid forms in AD. Resveratrol is
significantly able to exert its anti-inflammatory effects with directly interact in cell signaling and linked cardiovascular health
respectively. The human apolipoprotein E (apoE) protein has 299 types of amino acid glycoprotein with their variable
posttranslational sialyation levels by threonine 194 residue with O-linked glycosylation. Cathepsin D may also break down the
intracellular protein, which plays an important role in APP processing. Glypican-1 is a protein, which encoded by the GPC1
gene in humans. Chromosome 19 cluster has fifteen located kallikrein-6 subfamily members. Thus, the reduction of drebrin has
not restricted the activity of the hippocampus, which is obtained throughout the cerebral cortex.

Keywords: Phytochemicals, Terpenes, Phenolic, APOE and Cathepsin D.

L. INTRODUCTION

In 1907, Alois Alzheimer was identified on account of a 51-year-old female patient, Auguste D that was suffering from a lot of
jealously towards her husband [1], which increased their memory impairment, hallucinations, disorientation, and loud aggressive
behaviour. After four and half years she suffered from mental illness [3]. She has the combination of progressive presenile dementia
with neurofibrillary tangles and senile plaques in the brain, which was known as Alzheimer’s disease [2]. Nowadays, degenerative
disease has 60-80% cases in dementia [4]. We can say that AD is a major type of normal aging [5]. AD is considered about 3 types
according to their genetic change in the brain such as late-onset type, early-onset type, and familial type. Late-Onset Type is initial
stages, the memory loss is mild, but over time or years in the late stage, AD patients completely lose their aptitude to convey any
message or reply to the surroundings [6]. Symptoms were firstly approved in their mid-60s. Early Onset Type may occur between a
person’s 30s and mid-60s in rare cases. It is the most common cause of dementia among older adults with AD. According to Mayo
Clinic, there are several types of genetic genes are found within chromosome 14 as APP, PSEN 1, or the PSEN2 genes in the early
stage [7].Familial Type is based on an early-onset form in AD. This is based upon genetic fault on chromosomes 1, 14, or 21 with
50% of next-generation offspring [7]. It is difficult to interact with the patient for extremely challenging [8].

Causes occur approximately 70-75% of reasons for Alzheimer’s are genetic [9] and several factors raise their risk for developing
their conditions such as Family history, untreated depression, and lifestyle-related factors, which are linked with cardiovascular
events [10].
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The proteins may build-up up into the brain manifests through two types [11]. Plaques- Different types of proteins are deposited in
“beta-amyloid” which accumulates in their spaces between the nerve cells. Tangles- Proteins can deposit in the form of “tau” which
can accumulate inside their nerve cells. Symptoms has been generally noticed that, according to age, the brain changes the rest of
the body cells by facing difficulties through losing the brain capacity of remembering and thinking things. In advance stages, brain
occurs changes and cause generation of progressively awful symptoms, which including in disorientation, behaviour and mood
changes and baseless doubts about family, friends, and professional caregivers, and deepening skepticism about events, location and
time, and serious loss of their memory and difficulties in everyday jobs like walking, speaking, swallowing, etc. [12]. Several people
have numerous threatening signs and symptoms to a diverse degree:-

Separation from social events or works.

Alteration of personality and mood.

Reduction of judgments skill.

Forgetting things and reducing the capacity to repeat phases.
Difficulty in speaking or writing.

Trouble in visualization and spatial dealings.

Misperception about their place and time.

Trouble in doing routine works at home.

Alteration in her planning or problem-solving ability.
Memory deficit that was interrupts daily life.

C-CIETMUO®>

1. POTENTIAL BENEFITS OF PHYTOCHEMICALS AGAINST ALZHEIMER’S DISEASE
Phytochemicals are responsible to mediate their protection and communication of the plant [13]. These compounds are categorized
into three types: Alkaloids, Terpenes, and Phenolic. Phytochemicals plants overlap and appear with a particular function.

Terpenes have to play an important role in defense and deterrence the function but their provision may attractive their colors and
smells within demonstrates plant and may also attract to facilitate pollination. Finally, the phenolic term is used for safety purposes
and their role occurs for appears to be one of protection and expressed when the plant comes under any kind of stress [13].

Function of phytochemicals with their food sources
Compounds Structure Food source Function (S)
End products of metabolism or waste
OH Coffee seeds, . .
H cocon  seeds products, storage reservoirs of nitrogen,
. N " | protective agents for the plant against
Alkaloids CH. | tea  leaves,
3 attack by predator, growth regulators and
tomatoes and . . .
CH substitutes for minerals in plants such as
3 potatoes . -
potassium and calcium
CH, Mango, bay | Metabolite activity for their growth and
7 J? leaves, development, interaction occur directly in
Terpene “ \] peppermint, central nervous  system (CNS),
P N lemon grass, | antimicrobial properties measures and has
l rosemary and | symbiotic relationship between biotic and
HyC™ ™o . e s
fruit rinds abiotic conditions.
Used for treated sickness, cerebral
vascular insufficiency, cognitive
. . Fish, flax and | disorders, dementia, dizziness/vertigo,
Ginkgo Biloba . . S
nuts intermittent claudication, memory loss
SSRI-induced sexual dysfunction and as a
vasodilator
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Salvia Officinalis

H* ‘:-, 4:::}"

butter sauce

OH :-10
RO=0 Energy drink,
o tea, dried | Stimulating nitric oxide production,
o= —\ . . . . .
no X X herbs, acting an antioxidant, acting on ligand for
Ginseng ;“/—\ capsules, glucocorticoid or androgen receptors,
i_/_J powder and | beneficial  antioxidant ~and  anti-
H 0\> /\/ - . .
U ,1 ., dietary inflammatory properties
HOI\I/LO.,} supplement
HO
Lemon balm, | Involve in beta-amyloid protein called
‘| iranian  folk | amyloid  precursor  protein, having
. L medicine, antioxidant,  anti-inflammator and
Melissa Officinalis ) . y
teas, marinate | immunomodulatory effects, and increase
chicken  or | production of reactive oxygen species by
fish autoxidation.
IHI""VJ
OH
. H,O
. Essential oils, | Natural cleaning agent, pesticide and
Salvia Lavan , L . .
. Hsc_. — HO O sage tea and | spiritual sage burning or smudging,
Dulaffolia and N/
HaC _ flavorful reduced blood sugar levels, support

memory and brain health.

(=}
C

Soya, fruits, | Inhibition of amyloid [-aggregation,
vegetables amyloid precursor proteins, presenilin 1
Phenolic jllike  onions | & presenilin 2, increase the brain
and citrus | aggregation and fibrillation of amyloid-f3
fruits peptide in dementias AD.
OH !
0)3 ‘
Used in supplementation, increased life
expectancy reduced cognitive impairment
by preserving memory and reduced
grapes  and . . .
Resveratrol o Wines amyloid deposition in the hippocampus

and tau protein levels in cortex and
hippocampus activated the AMPK and
SIRT1 pathways.

Table 1 — Function of phytochemicals in Alzheimer’s disease.
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A. Terpene

It is a large group and has more than 30,000 types of different lipid-soluble compounds by exhibit their toxicity from edible types.
They are considered as a wide range of ecological roles, which may have antimicrobial properties to measures a range and also
attract the symbiotic activity for measuring the range of seed dispersal, pollination, and secondary protective roles. These complex
types of communication ability are required to interact directly through their central nervous system (CNS) with insects and
including, hormones and activity of y aminobutyric acid and cholinergic neurotransmitter systems. These interactions will be
translated to the human from CNS in future research and provide results with benefits to AD [13].

B. Ginkgo Biloba

G. biloba has used the part of leaf extracts, which may contain different types of

bioactive components, like diterpenes, ginkgolides A, B, C, J & M [14]. The up-regulation activity is responsible for regulating the
vasorelaxatory neurotransmitter in nitric oxide and has shown their result in the form of enhancing cerebral blood flow [15]. The
downregulation is the enzymatic deamination regulating system through monoaminergic neurotransmitters with their free radicals
scavenging and neuroprotection process, which may reduce by amyloid-p neurotoxicity [16]. This type of interaction is supporting
the medical treatment and helps to prescribe the medicines according to their disorder including AD [17].

There benefit effects can show in vitro and in vivo models of animals in AD, which occur attenuation of cognitive decline in AD
mouse [18]. It often reported the protection against amyloid-p-induced oxidative stress and also controlled for intervention trials in
human subjects, which has positive results [19].

Promising evidence has been reported in 2002, that has the quality to improve the function with associated ginkgo [20], but in 2002,
changes this report to one blighted due to unconvincing or inconsistent results [21]. In 2010, nine studies have worked where 2372
patients are comprised with different dementias, which occur in ginkgo attenuated declines in their cognitive function through all
dementia tested and improving their activity in daily living AD groups [22]. In at same year, the ginkgo result is significantly
improved on ADAS-cog between 6 months of administration [23].

C. Ginseng

In 5000 year-long history, Ginseng comprises forty or more than forty bioactive Saponins called ginsenosides [24], which have the
anti-fungal/bacterial/viral/feeding effects within the plant [25]. It is a derivative of nutritional supplements, which many consider
their efficacy for interacting with various numerous physiological systems.

This may include their acting as stimulating nitric oxide production, acting as an antioxidant and ligand for glucocorticoid or
androgen receptors. They increase the function of the immune system, which enhances the function of CNS and prevents CVD in
animal models [26].

The specific neurotransmitter function and neurocognitive interacts have long-term potential for exerting anti-stress, anxiolytic
effects, and antidepressants to improve fatigue and memory-impaired rodents [27], [28]. In vitro process, the animals have specific
benefits to AD-induced cognitive decline and observed inhibitory effects against an amyloid- protein on cholinergic transmission
by ginsenosides in rats [29].

D. Melissa Officinalis (Lemon Balm)

Melissa is a type of terpene with a long history of treating disorders or diseases including their memory and mood enhancer [30].
These bioactive compounds showed the effects including monoterpenes and sesquiterpenes having 1,8cineole [31]. Additionally, the
CNS-relevant compounds have effects in antioxidant activity [32], up-regulation of y-aminobutyric acid (GABA) ergic neurons [33]
and their cholinergic activity system including choline esterase inhibition [34]-[37].

These interactions considered the benefits for controlling the two trials that suffer from AD and investigated Melissa, which were
observed due to reduced agitation and improving their cognitive (ADAS-cog) and behavioral function by following 16 weeks
administration through alcoholic Melissa tincture mild group [38].

The alcoholic Melissa is initially studying for enhancing the responsibility through effects seen there. It is observed for clinical
benefits to patients, which play an important role in a different response to terpene phytochemicals [39]. The unknown quantity is
observed in subsequent plasma levels needed for bioactive to reach their CNS and compare the study-related materials through
phytochemicals orally.
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E. Salvia Lavan Dulaefolia & Salvia Officinalis (Sage)

Sage is come from ancient Greeks where it is used it as a cognitive enhancer in their history and stretching back to prevent age-
related decline in wisdom [40]. The bioactive monoterpenes are considered through two types of sage-like as 1,8 cineole &
camphor, which are significantly used in monoterpenes through cholinesterase-inhibiting properties [40] with 1,8 cineole [41], [42].
In the healthy aged patient is produced secondary memory, accuracy & attention through CNS effects [43, 44] and obtained
consumption capacity in terpene by S. Officinalis in the form of essential oil, which is found to tolerated their small group (n11) in
AD patients (76-95 years old) [45]. The later study is beneficial for the reflected sample size through significant cognitive sites.
About nineteen patient’s individuals (65-80 years) with mild-moderate AD are considered for consumed an S.officinalis alcoholic
tincture for 16 weeks and observed to control better result on ADAS-cog towards reduced agitation in the S. officinalis group [46].

F. Phenolic

More than 10,000 compounds have been described as polyphenols and they comprise a larger class in both flavonoid and non-
flavonoid forms in AD. It is further classified sub-divided into isoflavones that occur in soya products, flavones found in sweet
pepper, anthocyanins in berries, proanthocyanidins in fruits, flavonols in some fruits and vegetables like onions, flavanones in citrus
fruits, flavanols into flavan-3-ols found in tea [47]. Their consumption occurs between polyphenol-rich diets and polyphenols,
which decrease AD in human populations [48]. The total levels of flavonoids are consuming fruits and vegetables [49], which are
associated against protection or slowed the progression of dementias AD [50].

G. Resveratrol

It is a derivative of non-flavonoid polyphenols, which may found in grapes and wine. Recently, there are many kinds of research,
which responsible for benefits through many diseases including cancer [52], CVD [51] and their life extension range with models of
animals [53]. They target the biological interaction between cyclooxygenase 1 and 2, the sirtuins, and the activity of kinases with
DNA/RNA and lipoproteins respectively. The resveratrol is significantly able to exert their anti-inflammatory effects with directly
interact in cell signaling and linked cardiovascular health respectively [54]. In animal models, resveratrol function may reduce
through markers of pathology like amyloid-p-plaques [55] and their behavioral deficits, e.g., improving the response of learning and
memory in resveratrol.

The investigation occurs in resveratrol by human volunteers with AD. Thus, the therapeutic measures are studied in amyloid-f-
markers reduction by resveratrol significantly in the placebo group and loss of brain volume [56]. They are involved to tolerate the
function of gastrointestinal problems with the loss of their weight by high dose after escalation as their side effects lower than 500
mg doses [57].

/ INHIBITION OF A BETA INHIBITION OF A BETA \

PLAQUES FORMATION PRODUCTION
(A BETA FIBRILLATION T(ALPHA SECRETASE,
A BETA AGGREGATION) |BETA AND GAMMA SECRETASES
REDUCTION OF
PROMOTION OF A BETA = OXIDATIVE STRESS
DEGRADATION & sl — (REACTIVE OXYGEN
CLEARANCE SPECIES)
INHIBITION OF NFTS
REDUCTION OF
FORMATION NEUROINFLAMMATIONS

(HYPERPHOSPHORYLATION,
AND AGGREGRATION

Figure 1- Schematic representation of different mechanisms associated with Alzheimer’s disease.
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1. ROLE OF ASSOCIATED RECEPTORS IN ALZHEIMER’S DISEASE

Human
Associated Receptors Expression Area | Major Role in AD References
in CNS
Myeloid cells 2
(TREM-2) with L . .
tricqered recentor | Located in Involved in inflammatory response, microglial
99 P - . survival, dendritic cell maturation, phagocytosis [58]-[61]
expressed on | Midbrain
. and others
Immunoglobulins
superfamily
GA.BAR . (Gammfa- .| Regulates the function of learning, controls the
Aminobutyric Acid | Present in . .
. glutamate, enhanced memory, cognitive function, [62]-[64]
receptor) and lonotropic | Cerebral cortex L
release and reduces APP toxicity
receptor
G-protein-coupled Pyramidal neurons can migration at corticogenesis,
receptor family and 5 . which regulates the activity of GABA ergic,
Located Basal . . o L
HTR6 (5- ;)r?alfa in Basa glutamatergic, and their cholinergic activity, TOR [65[, [66]
hydroxytryptamine 6 gang signaling activates and Involved in cognition,
receptor) anxiety, memory, and mood.
. . .| Responsible in  CNS  development and
lonotropic receptor and | Position occur in imorovement  which is involved in  svnaotic
NMDAR (N-methyl-D- | Cerebral  cortex p. . . . .y P [67], [68]
plasticity, essential function for learning and
aspartate receptors) and hypothalamus
memory
G-protein-coupled Disrupt the activity of AD and reduce the
receptor family  and | Located in | symptoms, function express in neurodegeneration, [69]-[72]
CNR (Cannabinoid | Cerebral cortex neuroinflammation, and improving the spatial
receptor) memory
Toll-like receptor Present in :::UC;S u%?ei?h:ilrg :zlul:]ogn ES:I\XI\ZI F:]f::(\)liﬁ 22(;
family and TLR4 (Toll- | | yreg Arvival, ne g [73]-[75]
. Hippocampus expression, and neurogenesis in their adult sub
like receptor 4) -
ventricular zone
G-protem-coup!ed . . Increase the activity of neurogenesis, which
receptor family and | Located in Spinal | . . . . L
. inhibits the neuronal apoptosis activity, and [76], [77]
GPR40 (G-protein- | cord rotecting the nerves and decreasing brain damage
coupled receptor 40) P g g g
Chemokine receptor L
iy o o2 (G | resn in o | TS U Mot ey troup |
chemokine receptor | and medulla p. - prag P
position.
type 2)
Lipoprotein receptor
family and LDLR | Present in Pons | Increasing the mediate activity in APOE [79]
(Low-density and medulla expression induced due to APP protein
lipoprotein reeptor)
Regulates the level of inflammation and also
Nuclear receptor family Located in regulate the level of cholesterol homeostasis ain
and LXR (Liver X Cerebral cortex CNS, which found their position in neurogenesis, [80]-[82]
receptor ) APP processing, and microglial phagocytosis
modulation.
IST;;:Jfr;(rfill(;b:::gsR AGE | Present in Involved in neuronal death and inflammation with
(Receptor for advanced | Cerebellum their APP transport activity, cerebral blood flow [83], [84]

glycation end products)

process, and oxidative stress activity.
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Stimulates  the activity of physiological

and RXR (Retinoid X Cerebral cortex mechanisms of APP elimination, decreasing the [85]-[87]
receptor) pathways activity in APP-induced deficits
Toll-like receptor Located in Involved in APP oligomers and fibrils process and
family and TLR5 (Toll- occur in forming complexes that block APP [88]-[90]
- Thalamus L L
like receptor 5) toxicity activity.
Increases the activity of neural plasticity and
Nuclear receptor family | Located in Basal | neurogenesis, which shown effect in cognitive
and ER  (Estrogen | ganglia and | functions and their brain regenerative potential [91]-[93]
receptors) hippocampus activity. Beneficial effects are performing to
enhance the brain inflammatory pathways.
. .| Interacts occur to stimulate with SMAD3 and
Nuclear receptor family | Located ' | regulating the activity of APP transcription through
and VDR (Vitamina D | Cerebral  cortex 9 .g . y P g [94]
receptor) and hibpocamous TGFp signaling. Suppress the APP gene promoter
P PP P activity in AD.
Llp(?proteln receptor .| involved to uptake and internalization their low
family and OLR1 | Present in . - A, .
L - . . density oxidized activity in lipoprotein (oxLDL), [95]
(Oxidized low-density | Midbrain o -
. - which involved in AD.
lipoprotein receptor 1)
Nuclear receptor family Involveq in Iipi.d metabolism pathwa)./s a?tivit.y and
. .| responsible to immune response, which implicated
and Peroxisome | Located in| . . . L
. . in AD etiology. PPARY acts like as transcriptional [96]-[98]
proliferatoractivated y | Amygdala : Lo
receptor (PPARY) regulator activator activities of several genes,
ecepto ¥ which may involve in AD pathogenesis
Acetylcholinesterase, 5-lipoxygenase, and
Chaperone protein and | Present in | monoamine oxidase inhibiting the activity. Protects [99]
Sigma-1 receptor (61R) | Cerebral cortex their neurons activity against oxidative stress and
contributing to neuronal tissues repair.
G-protein-coupled Located in Involved in hippocampal neurons degeneration
receptor family and system. APP enhanced the intracellular calcium
- . Cerebral  cortex - . . S [100]
CaSR (Calcium sensing - during opening calcium-permeable cationic
and hippocampus S
receptor) channels in hippocampal neurons
Nicotinic Receptors Present in
and . AChR Cerebral  cortex Inte.rz.icts involved in APP protein ar?d exert [101], [102]
(Acetylcholine positive effects on their memory and attention.
and cerebellum
receptors)

Calcium channels and
Ryanodine receptor 3

Located in Basal
ganglia

Synaptic transmission and synaptic plasticity play
negative effect, which associated with their

[103]-[105]

(RyR3) memory loss and age-related cognition decline.
Chem okine recep.t | Present in | Maintains the support synaptic system with
family and Chemokine . . . . L
receptor  CX3C 1 Midbrain, pons, | microglial and performs the activity of IL-1p [106]
(CX3CR1) and medulla dependent cognitive functions.
Glucocorticoid receptor
family and | Located in | Responsible to generate the activity of APP protein [107], [108]
Glucocorticoid receptor | Cerebellum in their brain. '
(GCRs)
NOP-Ilke receptor The NLRP3 is stimulating the activation of IL-18
family and NLRP3 . - . s
. Present in Pons | production and also activate the IL-1p activity in
(NOD-like receptor A . . [109]-[112]
- . and medulla their oxidative stress and inflammatory response in
pyrin domain-

containing-3)

AD pathogenesis.

Table 2- Mechanism associated receptor of Alzheimer’s disease in human.
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V. ROLE OF SELECTED PROTEINS IN ALZHEIMER’S DISEASE
A. Apolipoprotein E
The human apoE protein has 299 types of amino acid glycoprotein with their variable posttranslational sialyation levels by threonine
194 residue with O-linked glycosylation [113]. They are expressed in several organs and liver, which occur in highest expression
through by the brain, and also a major type of apoE neuronal cells express apoE in the brain [114], [115]. In the plasma membrane,
the lipoprotein is present and associated with other apolipoproteins, whereas, brain apoE and 2 other apolipoprotein apo J and apo
A-1 are present in high density-like lipoprotein particles [115], [116]. ApoE is containing lipoprotein particles, which released
cholesterol from supporting synaptogenesis and improving synaptic connections in vivo [117]. Other apoE proteins found in the
brain including apoA-I, apoA-Il, apo-1V, apoD, apoE, apoH, and apoJ. While apoA-I and apoJ in A fibrillogenesis were used for
clearance investigation [118]. Both apoA-I and apoJ are found to binding the AP and are involved to prevent the activity
of AP aggregation in vitro [119]-[121].

Figure 2- Chemical structure of Apolipoprotein in Alzheimer’s disease.

B. Cathepsin D

Cathepsin D is s protein, which encoded due to the CTSD gene in humans [122]. It can compose of a protein dimer of disulfide
linked light and heavy chains and also encoded the lysosomal aspartyl protease. Both of them are produced by a single protein
precursor. It is ubiquitously involved to distribute in lysosomes and contains aspartic endo-protease [123], [124]. This can degrade
proteins and active precursors for the synthesis of bioactive proteins during pre-lysosomal compartments [125]. This proteinase is
involved in members of the peptidase Al family, which is similar to narrower than pepsin A.

Cathepsin D may also break down the intracellular protein, which plays an important role in APP processing. They also activate the
function of cleavage and activation due to ADAM30 through APP degradation. This is involved in Alzheimer’s patients and also in
breast cancer by pathogenesis activity.

Figure 3- Chemical structure of Cathepsin D in Alzheimer’s disease.
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C. Galypican-1

Glypican-1 is a protein, which encoded by the GPC1 gene in humans [126]. The glypican-1 has a cell surface of heparin sulfate
proteoglycans in AD. It can compose during membrane-associated protein core, which is substituted by heparin sulfate chains.
There glypican-1 related integral membrane proteoglycan family members (GRIPS), consist of a type of core protein, which
anchored through glycosylphosphatidylinositol linkage (cytoplasmic membrane). They occur to control the function of cell growth
regulation and cell division, which interacts with SLIT2 [127].

Figure 4- Chemical structure of Galypican-1 in Alzheimer’s disease

D. Kallikrein-6

Kallikrein-6 is a type of protein, which encoded by the KLK6 gene in humans [127]-[129]. They have subgroups like serine
proteases, which have diverse physiological functions with dual type-like and chymotrypsin-like substrate specificity. Their
investigation suggests that kallikrein-6 has many implicated carcinogenesis, some novel cancer, and other biomarkers disease in AD
[130]. In chromosome 19 cluster have fifteen located kallikrein-6 subfamily members. They regulate the activity of the enzyme by
steroid hormones and are found to generate the amyloid genic fragments by the amyloid precursor protein in AD [131]. The
different forms of isoform were identified by multiple alternatively spliced transcript genes and variants.

Figure 5- Chemical structure of Kallikrein-6 in Alzheimer’s disease
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E. Drebrin Like Protein

It is like a protein, which plays an important role in actin cytoskeleton organizing protein and formation of cell projections. It may
consider for actin the chemokine receptor CXCR4 to IS and actin polymerization at immunological synapses [IS]. It is involved in
the localization of the dopamine receptor DRD1 to the dendritic spines and also in memory-related synaptic plasticity in the
hippocampus. Drebrin expression may reduce in the hippocampus of AD patients [132], [133]. Thus, the reduction of drebrin has
not restricted the activity of the hippocampus, which is obtained throughout the cerebral cortex [134]. The postsynaptic changes
occur at the drebrin level then they distribute on synaptophysin a presynaptic protein in AD [135]. These changes showed their
result in synaptic dysfunction and cognitive impairment in AD. It is also decreased the Down syndrome in the brain [135], which
can be associated with cognitive defects [136], [137].

V. CONCLUSION
We know that there is a continuous fight against treatment of AD. It is suggested that the pathogenic mechanism will be considered
for a better treatment strategy in clinical therapeutic research with minor or few side effects. Through this suggestion, nuclear
receptors family with G-protein-couple receptors are involved in AD by expressing themselves and improving the function of the
cerebral cortex’s area and small size of the hippocampus, which involved taking a decision making, subjective thinking, perception,
and attention-related memory. These existing molecules have the aim to control the symptoms and prevent AD. Different types of
natural products, molecules, and proteins are used to prevent and treat AD in prospect.

A. Conflict Of Interest Statement
The authors declare that there is no conflict of interest.

VI. ACKNOWLEDGMENTS
The authors acknowledge the help provided by the Department of Biotechnology, Faculty of Life Sciences, Institute of Applied
Medicines and Research, Ghaziabad, Uttar Pradesh, India.

REFERENCES

[1] Alzheimer, A. Uber eine eigenartige Erkankung der Hirnrinde. Allg. Zschr. f Psychiatr. Psychisch-Gerichtl. Mediz. 1907; 64, 146-148.

[2] Simchowicz, T. Histologische Studien uber der senile Demenz. NisslAlzheimer Histologische histopathologische. Arbeiten. 1911; 4/2, 267-444.

[3] Divry, P. Etude histochemique des plaques seniles. J. Neurol. Psychiatry. 1927; 27, 643-657.

[4] Uddin MS, Stachowiak A, Mamun AA, Tzvetkov NT, Takeda S, Atanasov AG, et al. Autophagy and Alzheimer’s disease: From molecular mechanisms to
therapeutic implications. Frontiers in Aging Neuroscience. 2018; 10(4):1-18

[5] Uddin MS, Asaduzzaman M, Mamun AA, Igbal MA, Wahid F, Rony RK. Neuroprotective  activity of Asparagus racemosus Linn. against ethanol-induced
cognitive impairment and oxidative stress in rats brain: Auspicious for controlling the risk of Alzheimer’s disease. Journal of Alzheimers Disease and
Parkinsonism. 2016; 6(4):1-10

[6] Uddin MS. Alzheimer’s disease and you: Can Alzheimer’s abduct consciousness? Journal of Neurological Disorders. 2017; 5(5):1-2.

[71 Navarro V, Martin S, Sarret P, Nielsen MS, Petersen CM, Vincent J, Mazella J. Pharmacological properties of the mouse neurotensin receptor 3.
Maintenance of cell surface receptor during internalization of neurotensin. FEBS Lett, 2001.

[8] Hardy J, Selkoe DJ, The amyloid hypothesis of Alzheimer’s disease: Progress and problems on the road to therapeutics. 2002; Science 297:353-356.

[9] Kabir MT, Al Mamun A, Abdel-Daim MM, Barreto GE, Ashraf GM. APOE and Alzheimer’s disease: Evidence mounts that targeting APOE4 may combat
Alzheimer’s pathogenesis. Molecular Neurobiology. 2018. pp. 1-16. DOI: 10.1007/s12035-018-1237-z

[10] Ballard C, Gauthier S, Corbett A, Brayne C, Aarsland D, Jones E. Alzheimer’s disease.Lancet. 2011; 377(9770):1019-1031.

[11] Uddin MS, Mamun AA, Hossain MS, Ashaduzzaman M, Noor MA, Hossain MS, etal. Neuroprotective effect of Phyllanthus acidus L. on learning and
memory impairment in a scopolamine-induced animal model of dementia and oxidative stress: Natural wonder for regulating the development and progression
of Alzheimer’s disease. Advances in Alzheimer’s disease. 2016; 5(2):53-72

[12] Mamun AA, Uddin MS, Wahid F, Mohammed Al, Rahman MM. Neurodefensive effect of Olea europaea L. in alloxan- induced cognitive dysfunction and
brain tissue oxidative stress in mice: Incredible natural nootropic. Journal of Neurology and Neuroscience. 2016; 7(S3):1-9

[13] Kennedy, D, Wightman, E Herbal extracts and phytochemicals: plant secondary metabolites and the enhancement of human brain function. Adv Nutr: 2011; Int
RevJ 2, 32-50.CrossRefGoogle ScholarPubMed.

[14] Fehske, CJ, Leuner, K, Miiller, WE, Ginkgo biloba extract (EGb761®) influences monoaminergic neurotransmission via inhibition of NE uptake, but not MAO
activity after chronic treatment. 2009; Pharmacol Res 60, 68—73.CrossRefGoogle Scholar

[15] Chan, PC, Xia, QS, Fu, PP, Ginkgo biloba leave extract: biological, medicinal, and toxicological effects. J Environ Sci Health C: 2007; Environ Carcinog
Ecotoxicol Rev 25, 211-244.CrossRefGoogle ScholarPubMed

[16] DeFeudis, FV, Drieu, K “Stress-alleviating” and “vigilance-enhancing” actions of Ginkgo biloba extract (EGb 761).2004; Drug Dev Res62,1-
25.CrossRefGoogle Scholar

[17] Berger, P Ginkgo leaf extract. 2001; Med Herbal. 2, 5-6.Google Scholar

©IJRASET: All Rights are Reserved




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue V May 2021- Available at www.ijraset.com

[18] Stackman, RW, Eckenstein, F, Frei, B et al. Prevention of age-related spatial memory deficits in a transgenic mouse model of Alzheimer's disease by
chronic Ginkgo biloba treatment. 2003; Exp Neurol 184, 510-520.CrossRefGoogle Scholar

[19] Smith,JV, Luo, Y Elevation of oxidative free radicals in Alzheimer's disease models can be attenuated by Ginkgo biloba extract EGb 761. 2003; J Alzheimer's
Dis 5, 287-300.CrossRefGoogle ScholarPubMed

[20] Birks,J, Grimley Evans, J (2002) Ginkgo biloba for cognitive impairment and dementia. The Cochrane Library. Available
at onlinelibrary.wiley.com/doi/10.1002/14651858.CD003120 (Accessed February 2016).Google Scholar

[21] Birks, J, Evans, JG (2009) Ginkgo biloba for cognitive impairment and dementia. Cochrane Database Syst Rev. Available
at onlinelibrary.wiley.com/doi/10.1002/14651858.CD003120.PUB3/FULL (Accessed February 2016).Google Scholar

[22] Weinmann, S, Roll, S, Schwarzbach, Cet al.  (2010) Effects of Ginkgo bilobain  dementia: systematic review and meta-analysis. BMC
Geriatr 10, 1.CrossRefGoogle ScholarPubMed

[23] Wang, B, Wang, H, Song, Y et al. (2010) Effectiveness of standardized ginkgo biloba extract on cognitive symptoms of dementia with a six-month treatment: a
bivariate random effect meta-analysis. Pharmacopsychiatry 43, 86-91.CrossRefGoogle ScholarPubMed

[24] Yun, TK (2001) Brief introduction of Panax ginseng CA Meyer. J Korean Med Sci 16, 3-5.CrossRefGoogle Schola

[25] Osbourn, A (1996) Saponins and plant defence — a soap story. Trends Plant Sci 1, 4-9.CrossRefGoogle Scholar

[26] Sparg, SG, Light, ME, van Staden, J (2004) Biological activities and distribution of plant saponins.J Ethnopharmacol 94, 219-243.CrossRefGoogle
ScholarPubMed

[27] Lu, IM, Yao, QZ, Chen, CY (2009) Ginseng compounds: an update on their molecular mechanisms and medical applications. Curr Vasc Pharmacol 7, 293-
302.CrossRefGoogle ScholarPubMed

[28] Attele, AS, Wu, JA, Yuan, C-S (1999) Ginseng pharmacology: multiple constituents and multiple actions. Biochem Pharmacol 58, 1685-1693.CrossRefGoogle
ScholarPubMed

[29] Reay, JL, Scholey, AB, Kennedy, DO (2010) Panax ginseng (G115) improves aspects of working memory performance and subjective ratings of calmness in
healthy young adults. Human Psychopharmacol: Clin Exp 25, 462-471.CrossRefGoogle ScholarPubMed

[30] Heo, J-H, Lee, S-T, Oh, M-J et al. (2011) Improvement of cognitive deficit in Alzheimer's disease patients by long term treatment with Korean red ginseng. J
Ginseng Res 35, 457-461.CrossRefGoogle ScholarPubMed

[31] Kennedy, D, Scholey, AB (2006) The psychopharmacology of European herbs with cognition-enhancing properties. Curr Pharm Des12, 4613-
4623.CrossRefGoogle ScholarPubMed

[32] Tittel, G, Wagner, H, Bos, R (1982) Chemical-composition of the essential oil from Melissa. Planta Med 46, 91-98.CrossRefGoogle ScholarPubMed

[33] Ferreira, A, Proenca, C, Serralheiro, M et al. (2006) The in vitro screening for acetylcholinesterase inhibition and antioxidant activity of medicinal plants from
Portugal. J Ethnopharmacol 108, 31-37.CrossRefGoogle ScholarPubMed

[34] Pereira, RP, Fachinetto, R, de Souza Prestes, Aet al. (2009) Antioxidant effects of different extracts from Melissa officinalis, Matricaria
recutita and Cymbopogon citratus . Neurochem Res 34, 973-983.CrossRefGoogle ScholarPubMed

[35] Perry, N, Court, G, Bidet, N et al. (1996) European herbs with cholinergic activities: potential in dementia therapy. Int J Geriatr Psychiatry 11, 1063—
1069.3.0.CO;2-1>CrossRefGoogle Scholar

[36] Wake, G (2000) CNS acetylcholine receptor activity in European medicinal plants traditionally used to improve failing memory. J Ethnopharmacol 69, 105-
114.CrossRefGoogle ScholarPubMed

[37] Dastmalchi, K, Ollilainen, V, Lackman, P et al. (2009) Acetylcholinesterase inhibitory guided fractionation of Melissa officinalis L. Bioorg Med
Chem 17, 867-871.CrossRefGoogle ScholarPubMed

[38] Awad, R, Muhammad, A, Durst, T et al. (2009) Bioassay-guided fractionation of Lemon balm (Melissa officinalis L.) using anin Vitro measure of GABA
transaminase activity. Phytother Res 23, 1075-1081.CrossRefGoogle Scholar

[39] Akhondzadeh, S, Noroozian, M, Mohammadi, M et al. (2003) Melissa officinalis extract in the treatment of patients with mild to moderate Alzheimer's disease:
a double blind, randomised, placebo controlled trial. J Neurol Neurosurg Psychiatry 74, 863-866.CrossRefGoogle ScholarPubMed

[40] Ballard, CG, O'Brien, JT, Reichelt, K et al. (2002) Aromatherapy as a safe and effective treatment for the management of agitation in severe dementia: the
results of a double-blind, placebo-controlled trial with Melissa. J Clin Psychiatry 63, 553-558.CrossRefGoogle ScholarPubMed

[41] Savelev, S, Okello, E, Perry, N et al. (2003) Synergistic and antagonistic interactions of anticholinesterase terpenoids in Salvia lavandulaefolia essential
oil. Pharmacol Biochem Behav 75, 661-668.CrossRefGoogle ScholarPubMed

[42] Savelev, S, Okello, E, Perry, E (2004) Butyryl- and acetyl-cholinesterase inhibitory activities in essential oils of Salvia species and their constituents. Phytother
Res 18, 315-324.CrossRefGoogle ScholarPubMed

[43] Perry, N, Houghton, P, Theobald, A et al. (2000) In-vitro inhibition of human erythrocyte acetylcholinesterase by Salvia lavandulaefolia essential oil and
constituent terpenes. J Pharm Pharmacol 52, 895-902.CrossRefGoogle ScholarPubMed

[44] Perry, N, Houghton, P, Jenner, Pet al. (2002) Salvia lavandulaefolia essential oil inhibits cholinesterase in vivo.Phytomed: Int J Phytother
Phytopharmacol 9, 48-51.CrossRefGoogle ScholarPubMed

[45] Scholey, A, Tildesley, N, Ballard, C et al. (2008) An extract of Salvia (sage) with anticholinesterase properties improves memory and attention in healthy older
volunteers. Psychopharmacology 198, 127-139.CrossRefGoogle ScholarPubMed

[46] Perry, N, Bollen, C, Perry, E et al. (2003) Salvia for dementia therapy: review of pharmacological activity and pilot tolerability clinical trial. Pharmacol
Biochem Behav 75, 651-659.CrossRefGoogle ScholarPubMed

[47] Akhondzadeh, S, Noroozian, M, Mohammadi, M et al. (2003) Salvia officinalis extract in the treatment of patients with mild to moderate Alzheimer's disease: a
double blind, randomized and placebo-controlled trial. J Clin Pharm Ther 28, 53-59.CrossRefGoogle ScholarPubMed

[48] Scalbert, A, Williamson, G (2000) Dietary intake and bioavailability of polyphenols. J Nutr 130, 2073S-2085S.CrossRefGoogle ScholarPubMed

[49] Barberger-Gateau, P, Raffaitin, C, Letenneur, L et al. (2007) Dietary patterns and risk of dementia the three-city cohort study. Neurology 69, 1921-
1930.CrossRefGoogle ScholarPubMed

[50] Commenges, D, Scotet, V, Renaud, S et al. (2000) Intake of flavonoids and risk of dementia. Eur J Epidemiol 16, 357-363.CrossRefGoogle Scholar

©IJRASET: All Rights are Reserved 1929




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue V May 2021- Available at www.ijraset.com

[51] Letenneur, L, Proust-Lima, C, Le Gouge, Aet al. (2007) Flavonoid intake and cognitive decline over a 10-year period. Am J Epidemiol 165, 1364—
1371.CrossRefGoogle Scholar

[52] Ng, T, Feng, L, Niti, M et al. (2008) Tea consumption and cognitive impairment and decline in older Chinese adults. Am J Clin Nutr 88, 224—
231.CrossRefGoogle ScholarPubMed

[53] Kuriyama, S, Hozawa, A, Ohmori, K et al. (2006) Green tea consumption and cognitive function: a cross-sectional study from the Tsurugaya Project 1. Am J
Clin Nutr 83, 355.CrossRefGoogle ScholarPubMed

[54] Nurk, E, Refsum, H, Drevon, CA et al. (2009) Intake of flavonoid-rich wine, tea, and chocolate by elderly men and women is associated with better cognitive
test performance. J Nutr 139, 120-127.CrossRefGoogle ScholarPubMed

[55] Zordoky, BN, Robertson, IM, Dyck, JR (2015) Preclinical and clinical evidence for the role of resveratrol in the treatment of cardiovascular diseases. Biochim
Biophys Acta 1852, 1155-1177.CrossRefGoogle ScholarPubMed

[56] Carter, LG, D'Orazio, JA, Pearson, KJ (2014) Resveratrol and cancer: focus onin vivo evidence. Endocr-Relat Cancer 21, R209-R225.CrossRefGoogle

ScholarPubMed
[57] Hector, KL, Lagisz, M, Nakagawa, S (2012) The effect of resveratrol on longevity across species: a meta-analysis. Biol Lett8, 790-793.CrossRefGoogle
ScholarPubMed.

[58] Raha AA, Henderson JW, Stott SR, Vuono R, Foscarin S, Friedland RP, et al. Neuroprotective effect of TREM-2 in aging and Alzheimer’s disease model.
Journal of Alzheimer’s Disease. 2017;55(1):199-217

[59] Gaol,lJiang T, Yao X, Yu L, Yang X, Li Y. TREM2 and the progression of Alzheimer’s disease. Current Neurovascular Research. 2017; 14(2):177-183

[60] Deming Y, Li Z, Benitez BA, Cruchaga C. Triggering receptor expressed on myeloid cells 2 (TREM2): A potential therapeutic target for Alzheimer disease?
Expert Opinion on Therapeutic Targets. 2018;22(7):587-598

[61] Shi Y, Holtzman DM. Interplay between innate immunity and Alzheimer disease: APOE and TREM2 in the spotlight. Nature Reviews Immunology.
2018;18(12):759-772.

[62] Shetty AK, Bates A. Potential of GABA-ergic cell therapy for schizophrenia, neuropathic pain, and Alzheimer’s and Parkinson’s diseases. Brain Research.
2016;1638:74-87.

[63] Sanchez-Mejias E, Nufiez-Diaz C, Sanchez-Varo R, Gomez-Arboledas A, Garcia-Leon JA, FernandezValenzuela JJ, et al. Distinct diseasesensitive GABAergic
neurons in the perirhinal cortex of Alzheimer’s mice and patients. Brain Pathology. 2019;30(2):345-363.

[64] Huang Y, Mucke L. Alzheimer mechanisms and therapeutic strategies. Cell. 2012;148(6):1204-122.

[65] Kan R, Wang B, Zhang C, Yang Z, Ji S, Lu Z, etal. Association of the HTR6 polymorphism C267T with late-onset Alzheimer’s disease in Chinese.
Neuroscience Letters. 2004;372(1-2):27-29

[66] Khoury R, Grysman N, Gold J, Patel K, Grossberg GT. The role of 5 HT6-receptor antagonists in Alzheimer’s disease: An update. Expert Opinion on
Investigational Drugs. 2018;27(6):523-533.

[67] Wang R, Reddy PH. Role of glutamate and NMDA receptors in Alzheimer’s disease. Journal of Alzheimer’s Disease. 2017;57(4):1041-1048

[68] Pinheiro L, Faustino C. Therapeutic strategies targeting amyloid-p in Alzheimer’s disease. Current Alzheimer Research. 2019;16(5):418-452.

[69] Liu CS, Chau SA, Ruthirakuhan M, Lanct6t KL, Herrmann N. Cannabinoids for the treatment of agitation and aggression in Alzheimer’s disease. CNS Drugs.
2015;29(8):615-623

[70] Crunfli F, Vrechi TA, Costa AP, Torrdo AS. Cannabinoid receptor type 1 agonist ACEA improves cognitive deficit on STZ-induced neurotoxicity through
apoptosis pathway and NO modulation. Neurotoxicity Research. 2019;35(3):516-529.

[71] Bahji A, Meyyappan AC, Hawken ER. Cannabinoids for the neuropsychiatric symptoms of dementia: A systematic review and meta-analysis. The Canadian
Journal of Psychiatry. 2019:0706743719892717. DOI: 10.1177/0706743719892717

[72] Cakir M, Tekin S, Doganyigit Z, Erden Y, Soytirk M, Cigremis Y, etal. Cannabinoid type 2 receptor agonist JWH-133, attenuates Okadaic acid induced
spatial memory impairment and neurodegeneration in rats. Life Sciences. 2019;217:25-33.

[73] SuF, Bai F, Zhou H, Zhang Z. Reprint of: Microglial toll-like receptors and Alzheimer’s disease. Brain, Behavior, and Immunity. 2016;55:166-178.

[74] Trotta T, Porro C, Calvello R, Panaro MA. Biological role of toll-like receptor-4 in the brain. Journal of Neuroimmunology. 2014;268(1-2):1-12

[75] Gambuzza ME, Sofo V, Salmeri FM, Soraci L, Marino S, Bramanti P. Tolllike receptors in Alzheimer’s disease: a therapeutic perspective. CNS &
Neurological Disorders-Drug Targets (Formerly Current Drug TargetsCNS & Neurological Disorders). 2014;13(9):1542-1558.

[76] Chen JJ, Gong YH, He L. Role of GPR40 in pathogenesis and treatment of Alzheimer’s disease and type 2 diabetic dementia. Journal of Drug Targeting.
2019;27(4):347-354.

[77] Khan MZ, Zhuang X, He L. GPR40 receptor activation leads to CREB phosphorylation and improves cognitive performance in an Alzheimer’s disease mouse
model. Neurobiology of Learning and Memory. 2016;131:46-55.

[78] Guedes JR, Lao T, Cardoso AL, El Khoury J. Roles of microglial and monocyte chemokines and their receptors in regulating Alzheimer’s disease-associated
amyloid-B and tau pathologies. Frontiers in Neurology. 2018;9:549.

[79] Kong Y, Wu JB, Wang X, Zhao JF, Song H, Yuan LD. Polymorphism of the OLR1 3’UTR potential microRNA binding site and risk of Alzheimer’s disease: A
meta-analysis. Genetics and Molecular Research. 2014;13(4):10162-10172.

[80] Courtney R, Landreth GE. LXR regulation of brain cholesterol: From development to disease. Trends in Endocrinology and Metabolism. 2016;27(6):404-414

[81] Sodhi RK, Singh N. Liver X receptors: Emerging therapeutic targets for Alzheimer’s disease. Pharmacological Research. 2013;72:45-51

[82] Cao G, Bales KR, DeMattos RB, Paul SM. Liver X receptor-mediated gene regulation and cholesterol homeostasis in brain: Relevance to Alzheimer’s disease
therapeutics. Current Alzheimer Research. 2007;4(2):179-184.

[83] Galasko D, Bell J, Mancuso JY, Kupiec JW, Sabbagh MN, van Dyck C, etal. Clinical trial of an inhibitor of RAGE-AB interactions in Alzheimer disease.
Neurology. 2014;82(17):1536-1542

[84] Etchegoyen M, Nobile MH, Baez F, Posesorski B, Gonzalez J, Lago N, etal. Metabolic syndrome and neuroprotection. Frontiers in Neuroscience.
2018;12:196.

[85] Mariani MM, Malm T, Lamb R, Jay TR, Neilson L, Casali B, et al. Neuronally-directed effects of RXR activation in a mouse model of Alzheimer’s disease.
Scientific Reports. 2017;7:42270 .

©IJRASET: All Rights are Reserved 1930




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue V May 2021- Available at www.ijraset.com

[86] Wang W, Nakashima KI, Hirai T, Inoue M. Neuroprotective effect of naturally occurring RXR agonists isolated from Sophora tonkinensis Gagnep. On
amyloid-B-induced cytotoxicity in PC12 cells. Journal of Natural Medicines. 2019;73(1):154-162.

[87] Chakrabarti M, McDonald AJ, Will Reed J, Moss MA, Das BC, Ray SK. Molecular signaling mechanisms of natural and synthetic retinoids for inhibition of
pathogenesis in Alzheimer’s disease. Journal of Alzheimer’s Disease. 2016;50(2):335-352.

[88] SuF, Bai F, Zhou H, Zhang Z. Reprint of: Microglial toll-like receptors and Alzheimer’s disease. Brain, Behavior, and Immunity. 2016;55:166-178.

[89] Chakrabarty P, Li A, Ladd TB, Strickland MR, Koller EJ, Burgess JD, et al. TLR5 decoy receptor as a novel anti-amyloid therapeutic for Alzheimer’s disease.
Journal of Experimental Medicine. 2018;215(9):2247-2264

[90] Wang YL, Tan MS, Yu JT, Zhang W, Hu N, Wang HF, et al. Tolllike receptor 9 promoter polymorphism is associated with decreased risk of Alzheimer’s
disease in Han Chinese. Journal of Neuroinflammation. 2013;10(1):886.

[91] Li KX, Sun Q , Wei LL, Du GH, Huang X, Wang JK. ERa gene promoter methylation in cognitive function and quality of life of patients with Alzheimer
disease. Journal of Geriatric Psychiatry and Neurology. 2019;32(4):221-228

[92] CuiJ, ShenY, Li R. Estrogen synthesis and signaling pathways during aging: From periphery to brain. Trends in Molecular Medicine. 2013;19(3):197-209

[93] Coman L, Paunescu H, Catana R, Coman LI, Voiculescu $, Coman OA. Alzheimer’s DiseAse—estrogens AnD estrogen receptor moDulAtors, frienDs or foes?
Acta Endocrinologica (Bucharest). 2017;13(1):77.

[94] Littlejohns TJ, Henley WE, Lang IA, Annweiler C, Beauchet O, Chaves PH, etal. Vitamin D and the risk of dementia and Alzheimer disease. Neurology.
2014;83(10):920-928.

[95] Kong Y, Wu JB, Wang X, Zhao JF, Song H, Yuan LD. Polymorphism of the OLR1 3’UTR potential microRNA binding site and risk of Alzheimer’s disease: A
meta-analysis. Genetics and Molecular Research. 2014;13(4):10162-10172.

[96] Barrera J, Subramanian S, ChibaFalek O.Probing the role of PPARy in the regulation of late-onset Alzheimer’s disease-associated genes. PLoS One.
2018;13(5):€0196943, 1-12. DOI: 10.1371/journal.pone.0196943

[97] Vallée A, Lecarpentier Y, Guillevin R, Vallée IN. Effects of cannabidiol interactions with Wnt/B-catenin pathway and PPARy on oxidative stress and
neuroinflammation in Alzheimer’s disease. Acta Biochimica et Biophysica Sinica. 2017;49(10):853-866

[98] Zhang M, Qian C, Zheng ZG, Qian F, Wang Y, Thu PM, et al. Jujuboside a promotes AP clearance and ameliorates cognitive deficiency in Alzheimer’s disease
through activating AxI/HSP90/PPARy pathway. Theranostics. 2018;8(15):4262.

[99] Ryskamp D, Wu L, Wu J, Kim D, Rammes G, Geva M, et al. Pridopidine stabilizes mushroom spines in mouse models of Alzheimer’s disease by acting on the
sigma-1 receptor. Neurobiology of Disease. 2019;124:489-504.

[100]Chiarini A, Armato U, Whitfield JF, Pra ID. Targeting human astrocytes’ calcium-sensing receptors for treatment of Alzheimer’s disease. Current
Pharmaceutical Design. 2017;23(33):4990-5000.

[101]Lombardo S, Maskos U. Role of the nicotinic acetylcholine receptor in Alzheimer’s disease pathology and treatment. Neuropharmacology. 2015;96:255-262

[102]Ferreira-Vieira TH, Guimaraes MI, Silva RF, Ribeiro MF. Alzheimer’s disease: Targeting the cholinergic system. Current Neuropharmacology.
2016;14(1):101-115.

[103]Céamara AB, de Souza ID, Dalmolin RJS. Sunlight incidence, vitamin D deficiency, and Alzheimer’s disease. Journal of Medicinal Food. 2018;21(9):841-848

[104]Lacampagne A, Liu X, Reiken S, Bussiere R, Meli AC, Lauritzen I, et al. Post-translational remodeling of ryanodine receptor induces calcium leak leading to
Alzheimer’s disease-like pathologies and cognitive deficits. Acta Neuropathologica. 2017;134(5):749-767

[105]Hugon J, Paquet C. Could ryanodine receptor dysfunction be linked to PKR brain accumulations in Alzheimer’s disease? Medical Hypotheses. 2018;113:45-45.

[106]Guedes JR, Lao T, Cardoso AL, EI Khoury J. Roles of microglial and monocyte chemokines and their receptors in regulating Alzheimer’s disease-associated
amyloid-B and tau pathologies. Frontiers in Neurology. 2018;9:549.

[107]Pedrazzoli M, Losurdo M, Paolone G, Medelin M, Jaupaj L, Cisterna B, etal. Glucocorticoid receptors modulate dendritic spine plasticity and microglia
activity in an animal model of Alzheimer’s disease. Neurobiology of Disease. 2019;132:104568

[108]Kootar S, Frandemiche ML, Dhib G, Mouska X, Lorivel T, Poupon-Silvestre G, et al. Identification of an acute functional cross-talk between amyloid-p and
glucocorticoid receptors at hippocampal excitatory synapses. Neurobiology of Disease. 2018;118:117-128.

[109]Bai H, Zhang QF, Duan JJ, Yu DJ, Liu LJ. Downregulation of signal transduction and STAT3 expression exacerbates oxidative stress mediated by NLRP3
inflammasome. Neural Regeneration Research. 2018;13(12):2147

[110]Heneka MT, Kummer MP, Stutz A, Delekate A, Schwartz S, Vieira-Saecker A, et al. NLRP3 is activated in Alzheimer’s disease and contributes to pathology
in APP/PS1 mice. Nature. 2013;493(7434):674-678

[111]Daniels MJ, Rivers-Auty J, Schilling T, Spencer NG, Watremez W, Fasolino V, et al. Fenamate NSAIDs inhibit the NLRP3 inflammasome and protect against
Alzheimer’s disease in rodent models. Nature Communications. 2016;7(1):1-10

[112]Ising C, Venegas C, Zhang S, Scheiblich H, Schmidt SV, VieiraSaecker A, etal. NLRP3 inflammasome activation drives tau pathology. Nature.
2019;575(7784):669-673.

[113]Wernette-Hammond ME, Lauer SJ, Corsini A, Walker D, Taylor JM, Rall SC., Jr Glycosylation of human apolipoprotein E. The carbohydrate attachment site
is threonine 194. J Biol Chem. 1989;264:9094-9101. [PubMed] [Google Scholar]

[114]Grehan S, Tse E, Taylor JM. Two distal downstream enhancers direct expression of the human apolipoprotein E gene to astrocytes in the brain. J
Neurosci. 2001;21:812-822. [PMC free article] [PubMed] [Google Scholar]

[115]Pitas RE, Boyles JK, Lee SH, Hui D, Weisgraber KH. Lipoproteins and their receptors in the central nervous system. Characterization of the lipoproteins in
cerebrospinal fluid and identification of apolipoprotein B,E(LDL) receptors in the brain. J Biol Chem. 1987;262:14352-14360. [PubMed] [Google Scholar]
[116]Fagan AM, Holtzman DM, Munson G, Mathur T, Schneider D, Chang LK, Getz GS, Reardon CA, Lukens J, Shah JA, LaDu MJ. Unique lipoproteins secreted

by primary astrocytes from wild type, apoE (—/ —), and human apoE transgenic mice. J Biol Chem. 1999;274:30001-30007. [PubMed] [Google Scholar]
[117]Pfrieger FW. Cholesterol homeostasis and function in neurons of the central nervous system. Cell Mol Life Sci. 2003;60:1158-1171. [PubMed] [Google
Scholar
[118]Ladu MJ, Reardon C, Van Eldik L, Fagan AM, Bu G, Holtzman D, Getz GS. Lipoproteins in the central nervous system. Ann N Y Acad Sci. 2000a;903:167—
175. [PubMed] [Google Scholar]

©IJRASET: All Rights are Reserved 1931




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 9 Issue V May 2021- Available at www.ijraset.com

[119]Ghiso J, Matsubara E, Koudinov A, Choi-Miura NH, Tomita M, Wisniewski T, Frangione B. The cerebrospinal-fluid soluble form of Alzheimer’s amyloid beta
is complexed to SP-40,40 (apolipoprotein J), an inhibitor of the complement membrane-attack complex. Biochem J. 1993;293(Pt 1):27-30. [PMC free
article] [PubMed] [Google Scholar]

[120]Koldamova RP, Lefterov IM, Lefterova M, Lazo JS. Apolipoprotein A-1 directly interacts with amyloid precursor protein and inhibits A beta aggregation and
toxicity. Biochemistry. 2001;40:3553-3560. [PubMed] [Google Scholar]

[121]Paula-Lima AC, Tricerri MA, Brito-Moreira J, Bomfim TR, Oliveira FF, Magdesian MH, Grinberg LT, Panizzutti R, Ferreira ST. Human apolipoprotein A-I
binds amyloid-beta and prevents Abeta-induced neurotoxicity. Int J Biochem Cell Biol. 2009;41:1361-1370. [PubMed] [Google Scholar]

[122]Faust PL, Kornfeld S, Chirgwin JM (August 1985). "Cloning and sequence analysis of cDNA for human cathepsin D". Proceedings of the National Academy of
Sciences of the United States of America. 82 (15): 4910-4. Bibcode:1985PNAS...82.4910F. doi:10.1073/pnas.82.15.4910. PMC 390467. PMID 3927292

[123]Jump up to:* ® "Entrez Gene: CTSD cathepsin D".

[124]Barrett AJ (April 1970). "Cathepsin D. Purification of isoenzymes from human and chicken liver". The Biochemical Journal.117 (3): 601-
7.d0i:10.1042/bj1170601. PMC 1178965. PMID 5419752.

[125]Diment S, Martin KJ, Stahl PD (August 1989). "Cleavage of parathyroid hormone in macrophage endosomes illustrates a novel pathway for intracellular
processing of proteins”. The Journal of Biological Chemistry. 264 (23): 13403-6. PMID 2760027.

[126]Vermeesch JR, Mertens G, David G, Marynen P (Jul 1995). "Assignment of the human glypican gene (GPC1) to 2g35-q37 by fluorescence in situ
hybridization". Genomics. 25 (1): 327-9. doi:10.1016/0888-7543(95)80152-C. PMID 7774946.

[127]Jump up to:* ® "Entrez Gene: GPC1 glypican 1".

[128]Ronca F, Andersen JS, Paech V, Margolis RU (August 2001). "Characterization of Slit protein interactions with glypican-1". J. Biol. Chem. 276 (31): 29141
7. doi:10.1074/jbc.M100240200. PMID 11375980.

[129]Yamashiro K, Tsuruoka N, Kodama S, Tsujimoto M, Yamamura Y, Tanaka T, Nakazato H, Yamaguchi N (Jan 1997). "Molecular cloning of a novel trypsin-
like serine protease (neurosin) preferentially expressed in brain". Biochimica et Biophysica Acta (BBA) - Gene Structure and Expression. 1350 (1): 11—
4. doi:10.1016/s0167-4781(96)00187-x. PMID 9003450.

[130]Lundwall A, Band V, Blaber M, Clements JA, Courty Y, Diamandis EP, Fritz H, Lilja H, Malm J, Maltais LJ, Olsson AY, Petraki C, Scorilas A, Sotiropoulou
G, Stenman UH, Stephan C, Talieri M, Yousef GM (Jun 2006)."A comprehensive nomenclature for serine proteases with homology to tissue
kallikreins" (PDF). Biological Chemistry. 387 (6): 637-41. doi:10.1515/BC.2006.082. PMID 16800724. S2CID 436200.

[131]Diamandis, Eleftherios P.; Deperthes, David; Lundwall, Ake (Jun 2006). "Proceedings of the 1st International Symposium on Kallikreins, Lausanne,
Switzerland, September 1-3 , 2005". Biological Chemistry. 387 (6): 635-824. doi:10.1515/BC.2006.081. PMID 16800723. S2CID 83910246.

[132]Jump up to:*  "Entrez Gene: KLK6 kallikrein-related peptidase 6".

[133]Harigaya Y, Shoji M, Shirao T, Hirai S (1996) Disappearance of actin-binding protein, drebrin, from hippocampal synapses in Alzheimer's disease. J Neurosci
Res 43:87-92.

[134]Hatanpad K, Isaacs KR, Shirao T, Brady DR, Rapoport SI (1999) Loss of proteins regulating synaptic plasticity in normal aging of the human brain and in
Alzheimer disease. J Neuropathol Exp Neurol 58:637-643.

[135]Shim KS, Lubec G (2002) Drebrin, a dendritic spine protein, is manifold decreased in brains of patients with Alzheimer's disease and down syndrome. Neurosci
Lett 324:209-212.

[136]Cotrena C, Branco LD, Shansis FM, Fonseca RP (2016) Executive function impairments in depression and bipolar disorder: association with functional
impairment and quality of life. J Affect Disord 190:744-753

[137]Head E, Silverman W, Patterson D, Lott IT (2012) Aging and down syndrome. Curr Gerontol Geriatr Res 2012:412536.

©IJRASET: All Rights are Reserved




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




