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and behavioural challenges may develop as possible signs 
[1]. It is frequently linked to ageing as a result of gerontol-
ogy based physiological effects; the causes might include 
poor blood flow to the brain and impaired glucose metab-
olism. The illness is thought to be caused by plaques and 
tangles. Increased quantities of amyloid beta, which forms 
amyloid plaques outside the cell, and tau protein, that form 
neurofibrillary tangles inside the cell, are expected to exert 
Alzheimer’s disease by altering neuronal excitability and 
connection, leading in progressive loss of brain function 
[3]. Mutations in one of three genes that produce amy-
loid precursor protein (APP) and presenilins PSEN1 and 
PSEN2 cause rapidly progressive genetic Alzheimer’s dis-
ease [4]. The bulk of APP and presenilin gene mutations 
enhance the development of amyloid beta (A42), a small 
protein that is the main component of amyloid plaques [5]. 
Some mutations only alter the proportion of Amyloid42 to 
the other main kinds, especially Amyloid40, despite raising 
Amyloid42 concentrations [6]. Two further genes linked 
to inherited genetic Alzheimer’s disease were ABCA7 and 
SORL1 [7]. The most well-known genetic potential risk is 
the transfer of the apolipoprotein-E (APOE) gene [8]. At 
least one APOE4 allele is found in 40 to 80 percent of in-
dividuals affected with Alzheimer. In different allelic pair 
species, theAPOE4 gene carries the potential of illness 
by factor of three, while in similar allelic pair species, the 
probability is increased by factor of15 [9]. Newer genome 
wide interaction studies have discovered 19 gene regions 
that tend to control its harmful effect; CASS4, NME8, 
PTK2B, MS4A, and CD2AP are some of the alleles in-
volved in this [10]. TREM2 genetic mutations have indeed 
been linked to a 3 to 5 fold elevated danger with Alzheimer 
[11]. One possibility reveals that TREM 2 variants CNS 
lose their capacity to regulate the amount of amyloid beta 
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Introduction

In humans, Alzheimer’s disease is a neurological illness 
that impairs memory, thinking, moods, and mobility [1]. 
Alois Alzheimer, a German physician and pathologist, was 
the first to identify Alzheimer’s disease in 1906 [2]. The 
most obvious early indicator is difficulty recalling current 
events. As the illness advances, verbal abnormalities, dis-
orientation, mood changes, lack of interest, self-neglect, 
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presence. A 2018 study divided Alzheimer’s disease into 
six domains, includes cognition, voice, spatial visual cog-
nition, and mobility abilities, and added 30 single nucle-
otide polymorphisms (SNPs) to the list [12]. Many prior 
researches have shown that Quercetin has a significant 
function in the treatment of neuropathologies as well as a 
neuroprotective effect, making it useful in the treatment of 
neurodegenerative diseases [13].

Periplasmic amyloid beta deposition is the chief reason of 
Alzheimer’s disease, according to the amyloidosis concept, 
which was proposed in 1991 [14]. The fact, the persons 
with chromosomal triplication as in Down’s syndrome and 
associates additional genetic copy virtually always display 
early stages in Alzheimer just before 40 year age, and also 
the positioning in amyloid precursor protein loci at 21st 
Chromosomal set, support this notion [15]. In addition, 
APOE4, a particular isoform of apolipoprotein, is a signif-
icant genetic risk factor for Alzheimer’s disease. Although 
apolipoproteins help in the degradation of beta amyloid, 
certain isoforms (such as APOE4) are inactive, resulting in 
excessive amyloid accumulation in the brain [16]. Alzhei-
mer’s disease is a protein misfolding illness, also known as 
a proteopathy that is characterized by plaque formation in 
the brain caused by incorrectly folded amyloid beta and tau 
proteins. Small peptides termed as amyloid betas, which 
are 39–43 amino acids long, make up plaques. Amyloid is a 
smaller portion of the bigger APP, an intermembrane glyco-
protein that may cross a neuron’s membrane. It is required 
for neuron growth, survivorship, as well as in postinjury 
healing process [17]. Beta-Secretase collaborate mecha-
nism that breaks down APP into smaller fragments in Alz-
heimer’s disease. Each of these fragments creates amyloid 
beta fibrils, which clump together and as a result inflamma-
tory lesions become dense structures that grow outside of 
axons. Because of pathological tau protein accumulation 
(tauopathy) is common in Alzheimer Patient’s [18]. Neu-
ronal cell does indeed have a cytoskeleton that is a micro-
tubule based intrinsic support network serve as pathways 
for nutrients and chemicals to travel from the cell body to 
the axon ends. Tau is classified as a microtubule associat-
ed protein because it stabilizes microtubules when phos-
phorylated [19]. Tau reactive intermediates alterations in 
Alzheimer’s disease, becoming hyperphosphorylated, pro-
ducing neurofibrillary tangles, and dissolving axonal trans-
port by transposable factor dysregulation [20]. There are 
now five medications available to treat Alzheimer memory 
problems: 4acetylcholinesterase inhibitors (Tacrine-Galan-
tamine and Donepezil), as well as1NMDA receptor antago-
nist Memantine [21]. EGb 761, a Ginkgo biloba extract, is 
commonly deployed for treatment of Alzheimer and other 
neuropsychiatric conditions [22]. EGb761 is an absorber 
of reactive oxygen species that enhances mitochondrial ac-
tivity with serotonin and dopamine levels, making it neuro 
defensive. It has been shown in multiple studies that sub-
stantially enhance memory performance, tasks of daily life, 
and neuropsychiatric symptoms in persons with mild to se-
vere dementia [23].

Quercetin (Q) is a flavonol found in plants that belongs to 

the flavonoid family of polyphenols. It may be found in a 
wide range of fruits, berries, leaves, nuts and grains; red 
onions and kale are the two prime examples of foods hav-
ing high quercetin. The name comes from the Latin word 
quercetum, which means “oak woodland,” and refers to the 
oak species Quercus, and has been in use since 1857. It’s a 
polar auxin transport inhibitor that’s found in nature [24]. 
In crops, the main phenylpropanoid pathway transforms 
phenylalanine to 4-coumaroyl-CoA via phenylalanine 
ammonolyses, cinnamate4hydroxylase, and 4coumaroyl-
CoAligase [25]. Part of 4coumaroylCoA is made up of 3 
molecules of malonyl-CoA via 7,2′dihydroxy4′methoxy-
isoflavanolsynthase and create tetra hydroxychalcone. Tet-
rahydroxy chalcone is transformed into naringenin using 
chalcone isomerase. The enzyme flavonoid 3′-hydroxylase 
is responsible for converting naringenin to eriodictyol. 
Eriodictyol is transformed to dihydroquercetin via flava-
none3hydroxylase, subsequently turned to quercetin via 
flavonol synthase [25]. In vitro, quercetin has indeed been 
proven to prevent other compounds from degrading, mak-
ing it an antioxidant. It possesses a polyphenolic molecular 
composition that prevents degradation in vitro by acting 
as a scavenger of oxidative stress. Quercetin was already 
demonstrated to inhibit the PI3K/AKT cascade, resulting in 
the downregulation of the anti-apoptotic gene Bcl-w [26]. 
Quercetin containing plants is listed in (Table 1). Querce-
tin’s use in this study holds important role in Alzheimer’s 
control, Quercetin can protect neurons by inhibiting AChE 
enzymes, which increases acetylcholine levels and reduces 
Tau phosphorylation and amyloidbeta protein aggregation 
in Alzheimer. Quercetin is a potent inhibitor of JNK, PI-
3KAkt channels, acetylcholinesterase, nuclear transloca-
tion Factor, betasecretase-1/BACE-1 enzyme activity, and 
hyperphosphorylation. It also initiates production of AMP 
activated protein kinase that boosts the antioxidant key en-
zymes like superoxide dismutase-2 (AMPK). By reducing 
NADPHoxidase activity as well enhancing antioxidant ac-
tivity for the enzymes such as superoxidedismutase2, this 
lowers the ros generation (ROS) [27].

Table1: Natural Sources of phytochemical Quercetin.

Plant name Family Parts Of 
Plant

Content
(mg/100gm)

Refer-
ences

Ruta grave-
olens Rutaceae Leaves 45 [27]

Allium cepa Amarylli-
daceae Fruits 32 [28]

Mangifera 
indica

Anacardi-
aceae Fruits 22 [29]

Solidago 
canadensis

Astera-
ceae

Flowering 
parts 23 [30]

Phaleria 
macrocarpa

Thymela-
ceae Seeds 12 [31]

Ginkgo 
biloba 

Ginkgoa-
ceae Leaves 68 [32]

Crocus 
sativus Iridaceae Leaves 81 [33]

In Figure 1 all the neuronal protective effects of Quercetin 
were clearly represented. In recent studies it was found that 
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In-silico biology got advanced and assisted in predicting 
various phytochemical molecules against SARS-CoV2, 
like beta-sesquiphellandrene chemical derived from gin-
ger binds to Spike protein and inhibits its interaction with 
ACE2 receptor of endothelial cells [28-34].

Figure 1: Effect of Quercetin on neuronal protection: Generalized role 
and effective role of Quercetin in neuroprotection.

Methodology

Quercetin ADME analysis

Quercetin properties were analyzed and its structure was 
retrieved from PubChem database, and swiss ADME web 
tool [35-37]. An ADME (adsorbent, delivery, metabolic and 
elimination) investigation for Quercetin being done by de-
ploying swiss ADME server (http://www.swissadme.ch/). 
The Lipinski rule of five was satisfied for the validation 
[38], ADME analysis have also helped in predicting drug 
likeness. A feasible or oral route active drug must have no 
more 5 hydrogen bond donors (NH, OH bonds), no more 
than 10 hydrogen bond acceptors, a weight measurement 
of less than 500 Da, a log P less then equal 5 octanol water 
partition co-efficient, and no more than 10 rotational bonds, 
according to Lipinski rule.

Structure retrieval

The RCSB-PDB database (https://www.rcsb.org/search) 
was used to locate Beta secretase protein complexes. The 
drug’s architecture (quercetin) was received in sdf ver-
sion from theNCBIPubChemrepository (https://pubchem.
ncbi.nlm.nih.gov/) then afterwards it is changed to Pdb via 
OpenBabel [39].

Molecular docking 

The association of protein and drug molecules was inves-
tigated using docking experiments. The PatchDock server 
was used to process the molecules, which were then sent to 
Fire Dock for screening. The PatchDock [40] tool can dock 
ligands with proteins for free in repositories that are open 
to the public access. The FireDock function on this serv-
er assists users in selecting the finest available complexes 
among thousands of docked complexes. It also provides a 
visual representation of the ligand’s interaction with the 
protein’s binding pocket, as well as an ACE (Atomic Con-
tact Energy) of Docked_complexes. PyMOL [41], software 
was used to look at the H-bonds in between the ligand and 
receptor also shows the binding pocket; dependent on bond 
length and binding energy, this frequently validates the as-

sociation. Using the AutoDock Vina method for re-docking 
was done for measuring binding energies [42].

2D Visualization and H-bonding analysis

LigPlot+tool were deployed for analyzing 2D interaction 
pattern for drug and protein; it provides better pictorial rep-
resentation of pharmacophore interacting with amino acid 
residues of considered enzyme [43].

Molecular dynamics simulations

GROMACS MD simulations were done deploying Linux 
based free Simulation software. An MD_Simulation for 
100 ns was undertaken for the complex using Amber Force 
field in GROMACS. The docked groups were protonat-
ed and counterions were introduced accordingly overall 
charge set to 0 [44].

Results

Quercetin: Analysis of ADME properties

ADME analysis by deploying SwissADME tool shows 
Quercetin follows Lipinski rule of five, this clearly indi-
cates its drug likeness. In Table 2 all ADME parameters 
are represented that were calculated by deriving chemical 
smile from PubChem database from NCBI (https://pub-
chem.ncbi.nlm.nih.gov/compound/Quercetin).

Table2: SwissADME analysis report for Quercetin drug molecule.

Sr.No. ADME properties Quercetin ADME 
outcomes

1 Molecular weight 302.24g/mol

2 Chemical Formula C15H10O7

3 Number of hydrogen bond 
acceptors 7

4 Number of hydrogen bond donors 5

5 TPSA (Topological polar surface 
area) 131.36Ǻ2

6
Consensus log po/w (Partition 

coefficient between octanol and 
water)

1.23

7 Solubility Soluble

8 Gastro-intestine absorbance Yes

9 Blood Brain Barrier permeability No

10 Cytochrome inhibitor No

11 Lipinski Violations Zero violations

12 Ghose Violations Zero violations

13 Muegge violations Zero violations

14 Drug likeness and Lead Likeness Yes

15 Synthetic accessibility 3.23

Structural retrieval of ligand and receptor

3D Structure of ligand i.e., drug molecule Quercetin down-
loaded from PubChem database in SDF format (PubChem 
Chemical ID for Quercetin: 5280343), then, using open 
babel tools, the drug structure file is translated to Pdb file. 
RCSB PDB database was used to download receptor (be-
ta-secretase or BACE1) crystal structure, its PDB ID is 
4LXM.
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Molecular Interaction analysis

Molecular docking between ligand and receptor structur-
al files was performed by using PatchDock and selection 
of best docked complexes was screened by applying Fire 
Dock screen. Fire Dock screens out top 10 best docked 
complexes out of 1000 docked complexes resulted after 
PatchDock analysis and top most docked complex was se-
lected (Table 3). PatchDock provides ACE (Atomic Con-
tact Energy) for interacting molecules while re-docking 
between ligand and receptor was performed by AutoDock 
vina tool to generate binding energy and also it provides fi-
nalized interaction patterns. In this docking analysis bind-
ing energy was determined to be -9.8 Kcal/mol between 
beta-secretase (Receptor) and Quercetin (Ligand). Interac-
tion analysis was conducted by using LigPlot++ software, 
that generate better hydrogen bond pattern between Be-
ta-secretase and Quercetin molecule (Figure 2).
Table 3: Atomic contact energy and global energy for FireDock screened 
docked complexes for top 10 results of Beta secretase and Quercetin 
compound molecular docking. (ACE=Atomic Contact Energy).

Rank Solution 
Number

Global 
Energy

Attractive 
VdW

Repulsive 
VdW

ACE 
(Kcal/mol)

1 9 -36.17 -17.06 2.37 -9.86

2 4 -35.95 -15.54 0.00 -8.66

3 1 -34.53 -15.25 3.36 -9.74

4 7 -33.85 -14.89 5.63 -11.01

5 2 -28.41 -13.73 4.59 -7.85

6 10 -26.82 -12.16 2.79 -7.31

7 3 -18.26 -18.09 25.34 -7.72

8 6 -15.84 -15.07 22.70 -9.32

9 5 -6.55 -8.60 1.13 1.83

10 8 9.03 -18.23 56.70 -6.74

Figure 2: Molecular Interactions between Quercetin and Beta secretase: 
A. 3D interaction pattern visualized in PyMOL. 2D interaction revealing 
hydrogen bond (2.5Ǻ) between Cysteine amino acid residue at 155th po-
sition and Quercetin molecule by using LigPlot ++.

Molecular dynamics simulations

Then, using open babel tools, the drug structure file is 
translated to Pdb file. For both the docked and free be-
ta-secretase models in Figure 3, trajectory Analysis shows 
(RMSD) and (RMSF) plots. The¬ RMSD values were 
found to be in the 0.2-0.6 nm range, and the RMSF values 
were found to be in the 0.1-0.5 nm range for docked com-
plex of Quercetin and Beta-secretase. The MD analysis for 
100 ns time scale clearly indicates more stability of con-
sidered docked complex.

Figure 3: Molecular dynamic simulation results: A. RMSD and B. RMSF 
plots for docked (with Quercetin) and free beta-secretase.

DISCUSSION

Quercetin a natural pharmaco active compound present 
in many plants was found to have neuroprotective role in 
many recent studies, our research not only provides dry 
lab investigations but also neuronal cell line testing of this 
therapeutic molecule [45,46]. In our study ADME anal-
ysis of Quercetin molecule revealed that it follows Lip-
inski rule of five and exhibit drug likeness, also molecu-
lar docking experiments revealed perfect binding of this 
therapeutic molecule with beta-secretase enzyme, which 
is responsible for production of beta-amyloid plaques at 
synaptic knobs [47]. Molecular dynamics and simulation 
studies reveals that Quercetin perfectly binds the binding 
pocket of beta-secretase enzyme hence brought inhibitory 
effect on its activity. Alzheimer’s disease and other neuro-
degenerative illnesses are caused by a range of pathologies 
and etiologies. According to an increasing amount of data, 
free radical induced toxicity, oxidative damage, mitochon-
drial_malfunction, and proinflammatory cytokines can 
all play a role in the development of neurodegeneration 
[48]. Microglia, a kind of brain cell, has been implicated 
in neuropathological disorders. By suppressing microgli-
al activation, vitamin-E and minocycline, on either hand, 
have been proven to have neuroprotective qualities [49]. 
These molecular processes through which Amyloid Pre-
cursor Protein with secretase form transitory or stable 
complexes are, on the other hand largely unexplored [50]. 
Quercetin dramatically reduced Amyloid Precursor Pro-
tein breakdown via secretase and Amyloid beta produc-
tion in a recombinant SH-SY5Y control cells, according 
to many previous studies. The neuroprotective impacts 
of quercetin are mainly due to possible cytokine up and/
or down regulation via the nuclear factor (erythroidde-
rived2) like 2(Nrf2), Paraoxonase2, cJun Nterminal kinase 
(JNK), ProteinkinaseC, Mitogen activated protein kinase 
(MAPK), and PI3K/Akt signaling pathways [51]. In many 
recent studies it was found that computational drug design-
ing and vaccine development strategies were successfully 
conducted for therapeutic development against pathogens 
like Candida fungus, Dengue Virus, Nervous necrosis vi-
rus, HCMV virus, also Canine circo virus; and these In-sil-
ico studies were very time and money efficient that open 
new avenues for computer based drug designing [52-56].

CONCLUSION

In current research, Quercetin possible drug candidate test-
ed successfully via computational biology experiments. 
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Our study reveals that Quercetin molecule perfectly binds 
with beta-secretase enzyme and exhibited binding energy 
of -9.8 Kcal/mol, which is required for producing inhibito-
ry effect on beta-secretase activity. This β-secretase enzyme 
has been characterized in order to help in the formulation 
of a new anti-Alzheimer therapy for the pharmaceutical or 
food supplement industries. Our research clearly indicates 
that Quercetin can effectively inhibit beta-secretase and 
stops the formation of amyloid plaques. Our study reveals 
that Quercetin use would be worthy and holds therapeu-
tic properties against Alzheimer’s disease. This study also 
opens door for testing of Quercetin on model organisms for 
determining effective dosage patterns as a future scope of 
our research.
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