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Abstract

Alzheimer’s Disease is a prominent neurodegenerative disorder affecting the
age group 60 and above. Cholinergic hypothesis, amyloid 8 cascade, oxidative
stress is some of the known etiologies of marked importance to name a few.
We have undertaken a computational analysis where fifteen phytochemicals
were selected. These natural molecules were studied and analysed against
acetylcholinesterase, butyricholinesterase, BACE and amyloid § monomer and
protofibril. The binding affinities of Genistein, Huperzine A, kaempferol, Methyl
quercetin, Paclitaxel and Withinolide A against AChE and BuChE enzymes
were found to be -7.7 to -8.6 Kcal/mol, respectively. Various phytochemicals
like Genistein, kaempferol, Piceatannol, Ginkgolide B, Methyl quercetin and
Withinolide A were found to bind the BACE-1 enzyme with the binding affinities
of -6.7 to -7.9 Kcal/mol. All the phytochemicals experienced efficient binding
towards AR monomer and AR protofibril. Withinolide A was found to bind all the
PDB’s efficiently with binding affinity of -8.4, -8.9, -7.7, -6.6 and -6.8 Kcal/mol
against AChE enzyme, BUuChE enzyme, BACE-1 enzyme, AR monomer and
AB protofibril, respectively as a result it can be carried forward for the further
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preclinical and clinical studies.

Introduction

Alzheimer’s Disease (AD) is one of the most prevalent
neurodegenerative disease affecting mostly the aged above 60
years of age marked by cognitive decline. Accumulating evidence
suggests that presence of both environmental factors and genetic
factors are responsible for various pathophysiological pathways of
AD. Deposition of extracellular amyloid plaques and intracellular
hyperphosphorylated, characterize the neuropathological hallmarks
of AD. Environmental factors include chronic accumulation of
aluminium in brain due drinking water and genetic factors comprised
mutation of APP gene and Presenilins leading to accumulation of
neurotoxic amyloid-p (Ap) in the brain.

There is a plethora of phytochemicals available which has it’s own
therapeutic property in it’'s own right. Various phytochemicals have
been known to show potential activity against AD, flavonoids and
alkaloids are amongst the most important ones to make a mention
about [1]. Since time immemorial, alkaloids have been known to
be beneficial in therapeutics. Alkaloids are nitrogen containing
heterocycles; galantamine and rivastigmine (a synthetic analogue of
physostigmine) being USFDA approved for AD [2].

Computational studies incorporated in phytochemical screening
have been beneficial for determining various phytochemicals.
Traditional approach towards phytochemical research has evolved
with fusion of computational approach. In this study, we selected
few phytochemicals and did computational studies against the
prominent targets known as hallmark proteins responsible for
the pathophysiological conditions of the AD patients. Fifteen
phytochemicals, majority of then broadly falls in the alkaloidal group
and few comprised of flavonoids and terpenoids. We did a multi-
target docking study to find out the potential targets against which the

chemicals showed binding affinity. We selected a acetylcholinesterase
protein the principle protein which caused cholinergic crisis in
AD affected brains, a butyrlcholinesterase protein which is also
responsible for the cholinergic etiology. A BACE or B-secretase is an
enzyme which is very crucial protein for formation of neurotoxic Ap
plaques. We have also included AR monomer and oligomer in this
computational study as proteins against the phytochemicals of our
interest.

Results and Discussion

Rationale of Selection of Phytochemicals

The current AD treatment functions to alleviate mental,
behavioural and cognitive symptoms. The existing treatments relay
on Donepazil, Galantamine, Rivastigmine and Tacrine that are
Acetylcholinesterase Inhibitors (AChEIl’s) and Memantine that
blocks N-Methyl-D-Aspartate (NMDA) receptors (Figure 1). Further
some antidepressants and antipsychotic treatment can be employed
to improve the behavioural symptoms.

Being synthetic molecules the above mentioned treatment
may lead to various side effects and toxicity, even Tacrine has been
withdrawn from market due to hepatotoxicity. Various dietary
supplements such as Ginkgo biloba, Ashwagandha, Blueberries and
Huperzia serrata have been reported to provide symptomatic relief
from AD and other neurological disorders. The idea underlying to
select these phytochemicals for our studies arise due to the risk of
side effects and toxicity caused due to the use of traditional synthetic
molecules. The molecules depicted in the study are the active
constituents available in various dietary supplements reported to
be beneficial in combating AD and hence can be isolated from the
natural sources. Hence, all the Phytochemicals for the study were
selected irrespective of their pharmacognostic classification. The
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Table 1: Classification of selected Molecules.

1 Anaferine Alkaloid Ashwagandha [3]
2. Cuscohygrine Alkaloid Ashwagandha, Datura, Coca [4]
3. Docosahexaenoic acid Fatty Acid Salmon, Tuna, Fish egg, Snow crab, Algae [5]
a. Genistein Isoflavone Soybeans, Fava beans, Kudzu [6]
5 Ginkgolide B Diterpenoid Ginkgo biloba [7]
H
Huperzine A N °
6. p | Alkaloid Chinese moss plant (Huperzia serrata) [8]
/ =
NH,
N Alkaloid
o e}
- Isopelletierine | P Pomegranate [9]
N
8. Kaempferol Flavanol Apples, Grapes, Onlon_s, Broccoli, Blackberries, (10]
Spinach
0. Methyl Quercetin Flavanoid Green tea, Onion, Buckwheat [11]
10. Paclitaxel Alkaloid Pacific Yew trees [12]
OH
| o ®
" Piceatannol O ~ OH Stilbenoid Red wine, Grapes, Passion fruit, White tea [13]
OH
(o]
12. Protocatechuic Acid HO OH Phenolic Acid Brown rice, Olive oil, Star Anise [14]
HO
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13, Resveratrol Stilbenoid Blueberries, Peanuts, Grgpes, Raspberries, [15]
Carnberries
14, Vinpocetine Synthetic Alkaloid Synthetic analoguelof. Vincamine obtained from [16]
periwinkle plant
15. Withanolide A Steroidal Lactone Ashwagandha [17]

Table 2: Analysis of Docking results of AChE enzyme (PDB ID- 5HF6) [18] against the selected molecules.

Sl. No. Molecule Binding ,:qf:’ilr)nty (Keall PAS/CAS Amino acid Residues with interactions
1 Anaferine 6.5 CAS & PAS Tyr-124 (H-bonding); His-447, Val-294 (Ca.rbgn H-bond); Tyr-337, Tyr-341 (Pi-alkyl
bond); Trp-86 (Pi-sigma bond).
2 Cuscohygrine 5.4 Not identified His-381 (H-bonding); His-381, Tyr-382b((()3:(;;)on H-bond); His-381, Tyr-382 (Pi-alkyl
3 Docosahexaenoic acid 43 PAS Asp-74, Thr-75, Leu-76, Trp-286, Glu_—292, S.er293, Arg-296, Tyr-341 (Van der waal’s
interaction)
4. Genistein -7.7 Not identified Thr-383 (H-bonding); His-381 (Pi-Pi interaction); Ala-397 (Pi-alkyl bond)
5. Ginkgolide B -6.7 Not identified Tyr-382, Arg-525, GIn-527 (H-bonding); Ala-397 (Alkyl interaction)
) } . . GIn-291, GIn-369 (H-bonding);Arg-247 (Pi-cation); Phe-295, Val-239, Pro-368 (Alkyl

6. Huperzine A 85 Not identified interaction): Pro-368, Leu-289, Pro-290 (Pi-alkyl bond)
7. Isopelletierine -5.4 Not identified Asn-186 (H-bonding); Arg-13 (Pi-alkyl bond); Trp-182 (Carbon H-bond).
8. Kaempferol -8.6 Not identified His-381, Arg-525(H-bonding); His-381(Carbon H-bond); His-381(Pi-Pi stacking).
9. Methyl Quercetin -7.9 PAS Arg-296 (pi-alkyl); Tyr-124, Tyr-341 (Pi-Pi T shaped); Trp-286 (Pi-Pi stacking).
10. Paclitaxel -8.3 Not identified No interaction

. R Asp-74, GIn-291, Ser-293 (H-bonding); Arg-296 (Pi-cation interaction); Arg-296 (Pi-
11 Piceatannol 4 PAS alkyl interaction); Trp-286 (Pi-Pi T shaped)
12. Protocatechuic Acid -6.1 Not identified | His-381, GIn-527 (H-bonding); His-381 (Carbon H-bond) ( Pi-Pi T shaped) (Pi-cation)
13. Resveratrol -6.6 Not identified His-381 (Pi-cation)
14, Vinpocetine 71 Not identified Pro-235, Trp-532 (Carbon H-bon?£t2?gg;:5 Pro-537 (Pi-alkyl); His-405 (Alkyl
15, Withanolide A 8.4 Not identified Leu-214 (Carbon H-bond); Arg-219ir(]lt-|e-;c::rt1i<(:|)|:)g) (Pi-alkyl) Phe-321, Arg-219 (Alkyl

molecules selected for this study belong to varying pharmacognostic
class such as alkaloids, stilbenoids, flavanoids and diterpenoid etc. as
depicted in (Table 1).

Docking Studies

To brief about our computational study design against the selected
molecules, we targeted the cholinergic hypothesis and following it, we
selected hallmark proteins for Ap cascade hypothesis.

Docking studies with acetylcholinesterase enzyme: Taking
human acetylcholinesterase (AChE) enzyme (PDB ID 5HF6),
we docked the fifteen phytochemicals of our interest against the
aforesaid enzyme. The AChE is responsible for the cholinergic crisis
leading to the pathophysiological conditions. The catalytic anionic
site or the CAS site is formed of the amino acids Ser 203, His 447
and Glu 334. The peripheral anionic site or PAS site is formed of
the principle amino acid Trp 86. It also comprises Tyr 72, Asp 74,

Tyr 124, Trp 286 and Tyr 341. The hydrophobic interactions include
the PAS site of the enzyme, whereas the CAS is responsible for the
hydrophilic interactions of the ligand with the enzyme. Out of the
15 phytochemicals screened, few showed excellent binding affinity
within the range of -7.7 to -8.5 Kcal/mol as shown in (Table 2).

Docking studies with butyrlcholinesterase enzyme: To elucidate
the role of butyrlcholinesterase (BuChE) enzyme, it has been found
that in absence of AChE, BuChE can also hydrolyze acetylcholine.
Therefore, for potentially targeting cholinergic hypothesis, where
AChE crisis becomes a major concern, BuChE inhibition also gains
subtle importance in this pathway of cholinergic crisis in AD brains.
Therefore, we subjected all the molecules of our interest to docking
study against BuChE and it’s further analysis has been tabulated in
(Table 3). To lay a comparison between Table 2 and 3, the molecules
which showed a fairly high binding affinity within the range -7.7 to
-8.5 Kcal/mol showed consistently high binding affinity for BuChE
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Table 3: Analysis of Docking results of BUChE enzyme (PDB ID- 6EP4) [19] against the selected molecules.

SI. No. Molecule Binding ﬁqf(f)ilr;ity (Keall Amino acid Residues with interactions
1. Anaferine -5.4 Cys-400, Pro- 401 (alkyl interaction)
2. Cuscohygrine -6.3 Phe- 329, Trp-231, Trp- 82 (alkyl/pi-alkyl interaction); Ser-198,Gly-117 (H-Bonding)
3. Docosahexaenoic acid -4.3 Asn-57 (H-Bonding)
4. Genistein -8.3 Asn- 228 (H-Bonding); Asp-304 (pi-anion interaction); Pro-401 (pi-alkyl interaction)
5. Ginkgolide B -8.3 Asn-289, GIn- 71 (H-Bonding); Ala-277 (alkyl interaction)
6. Huperzine A -8.3 Trp-82 (pi-sigma interaction); Leu-125 (alkyl/pi-alkyl interaction)
7. Isopelletierine -5.6 Tyr-440, Trp- 430, Trp-82 (H-Bonding); His-438, Trp- 82 (pi-pi stacking)
8. Kaempferol -9.1 Trp- 82 (pi-pi stacking); Asp-70 (pi-anion interaction); Gly-439 (pi-donor H-Bonding)
9 Methyl Quercetin 78 Asp-304, Thr-523 (H-Bonding); Trp;,50242((pe;2|r(]ji§np:;]séar;l((:ltri]gz,) Pro- 401 (pi-alkyl interaction); Asp-
10. Paclitaxel -10.3 No interaction
11. Piceatannol -7.8 Tyr- 128, Glu-197, Ser-198 (H-Bonding); Trp-82 (pi-pi stacking)
12. Protocatechuic Acid -5.0 His-372, Asp-375 , Asp-391 (H-Bonding); Ala-388 (pi-alkyl interaction)
13, Resveratrol 6.6 Pro-230 (H-Bonding, pi-sigma |nterac;g;,(Z;eil;l;y_lr;?:ta;iirgr;), Pro-401 (pi-sigma interaction); Trp-
14. Vinpocetine -7.8 Pro-230, Pro-527, Pro-401 (alkyl/pi-alkyl interactions), Trp-522 (amide pi-stacking)
15. Withanolide A -8.9 His-372, Phe-521, Phe-525, Phe-371 (pi-alkyl interactions); Phe-371 (pi-sigma interaction)

Table 4: Analysis of Docking results of BACE-1 enzyme (PDB ID- 1W51) [20] against the selected molecules.

Sl. No. Molecule Binding lr:]f(fjilr;ity (Keall Amino acid Residues with interactions
1. Anaferine -3.8 Asn-278 (unfavourable donor-donor interaction)
2 Cuscohygrine -4.5 Pro-24, Leu-84, Pro- 88 (alkyl interaction); Ser-86 (H-Bonding)
3 Docosahexaenoic acid -3.0 Met-215 (H-Bonding)
4. Genistein -6.9 Tyr-71 (pi-pi stacking); Thr-231 (H-Bonding); lle-110 (pi-alky! interaction)
5 Ginkgolide B -6.7 Trp-277, Thr-275, Tyr-320 (H-bonding); Thr- 274 (C-H Bonding)
6 Huperzine A -5.7 Ala-157, GIn-303 (H-Bonding); Tyr-320, Pro-308, Val-361 (alkyl interaction)
7 Isopelletierine -4.0 Pro- 308, Val- 361(pi-alkyl interaction)
s Kaempferol 67 GIn-303, Tyr-320, Asp-318 (H-Bonding); i\r:f;-r:;i:k,;;oﬁos (pi-alkyl interaction); Trp-277 (pi-pi
9. Methyl Quercetin -7.0 Arg-235, GIn-73 (H-Bonding)
10. Paclitaxel -5.9 No interaction
11. Piceatannol -7.9 Asp-228 (H-Bonding); Tyr-71 (pi-pi stacking); Leu-30 (pi-alkyl interaction)
12. Protocatechuic Acid -5.7 Asp- 228 ( H-Bonding); Tyr-71 (pi-pi stacking)
13, Resveratrol 56 Asp-378, Asp-212, Tyr-220, Met- 215 (?F;:Bazr;g:r:gt)eégl-s:f ( pi-cation/anion interaction); Cys-217
14. Vinpocetine -5.7 Lys-214, Arg-205, Cys-217 (alkyl/pi-alkyl interaction); Cys-217 (pi-sulfur interaction)
15, Withanolide A 77 Val-141, Lys-142,Tyr-123, Ala-124 (aII?lillfgi;illgi):gir;teraction); Arg-347, Asn-148, Glu-125

enzyme also. A single molecule showing affinity to both the enzymes

can prove very beneficial for the treatment of AD,

Docking studies with BACE-1 enzyme: The BACE or 3-secretase

Docking studies with AP monomer and protofibril: As
described in the section 2.2.3, the amyloidogenic pathway is
responsible for the formation of the intracellular AB plaques which
are ultimately neurotoxic for the brain, and therefore is responsible

is an aspartic protease, responsible for cleaving the amyloid precursor
protein or APP. This cleavage yields neurotoxic amyloid p fibrils that
get deposited into amyloid  plaques or AP plaques. Inhibition of this
BACE enzyme is a very crucial check point for inhibition of the AP
cascade in AD pathophysiology. Therefore, after a elaborative docking
analysis on cholinergic hypothesis, where AChE and BuChE were the
potential targets, we sought to put the molecules for a docking study
against the BACE enzyme. All of the exhibited binding interactions,
except paclitaxel as tabulated in (Table 4).

for the pathophysiological scenario of the AD. We have taken both the
monomer and the protofibril in consideration for the docking analysis
of the molecules of interest. The exhibited significant interaction
gives us an idea about the probable aggregation and disaggregation
inhibitory properties. High binding affinity of the A monomer can
halt the aggregatory process to form plaques, while high affinity for
the protofibrils can pose a probability that the molecule can be able to
demonstrate disaggregatory property against the already formed Ap
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Table 5: Analysis of Docking results of AR monomer (PDB ID- 1LYT) [21] against the selected molecules.

Sl. No. Molecule Binding Affinity (Kcal/mol) Amino acid Residues with interactions
1. Anaferine -3.1 Ala-30 (H-Bonding); lle-31( alkyl interaction)
2. Cuscohygrine -3.9 GIn-15, Lys-16 ( H-Bonding), Phe-19 (pi-alkyl interaction); Val-12 (alkyl interaction)
3. Docosahexaenoic acid -3.3 Lys-16 (H-Bonding)
4. Genistein -5.3 Glu-11, GIn-15 (H-Bonding); Val-12, Lys-16 (pi-alkyl interactions)
5. Ginkgolide B -5.3 His-13, His-13 ( H-Bonding); Leu-17, Tyr-10 (pi-alkyl interaction)
6. Huperzine A -4.9 Tyr-10 (pi-alkyl, pi-sigma interactions); Glu-11 (H-Bonding)
7. Isopelletierine -3.0 Tyr-10 (pi-sigma interaction)
8. Kaempferol -5.2 Val-12 (pi-alkyl interaction); Lys-16 (H-bonding, pi-sigma interactions)
9. Methyl Quercetin -5.2 Val-12, Ser-8 (pi-sigma interactions); GIn-15 (H-Bonding)
10. Paclitaxel -5.2 No interaction
11. Piceatannol -4.8 Asp-23, Gly-33 ( H-Bonding); lle- 31(pi-sigma interaction); Leu-34 (pi-alkyl interaction)
12. Protocatechuic Acid -3.6 Asp-7, Glu-3 (H-bonding interactions)
13. Resveratrol -4.4 Tyr-10 (pi-pi stacking interaction)
14. Vinpocetine -4.9 GIn-15 (H-Bonding); Val-12, Phe-19 (pi-sigma interactions); Lys-16 (pi-alkyl interactions)
15. Withanolide A -6.6 Ser-8 (C-H bonding); Phe-19, Val-12 (pi-alkyl interactions)

Table 6: Analysis of Docking results of AB protofibril (PDB ID- 2BEG) [21] against the selected molecules.

Sl. No. Molecule Binding Affinity Chain Amino acid Residues with interactions
(Kcal/mol)
1. Anaferine -3.5 Met-35 (alkyl interaction)
2. Cuscohygrine -4.0 B Met-35 (alkyl interaction); Gly- 33 (H-Bonding)
3. Docosahexaenoic acid -3.7 A Leu-34, Val-36 (alkyl interactions)
4, Genistein -5.6 A Asp- 23( H-Bonding); Gly-25 (pi-sigma interaction); Leu-34 (pi-alkyl interaction)
5. Ginkgolide B -6.1 D Val-39 (alkyl interaction)
6. Huperzine A 55 E Phe-19, Leu-34, Val-36 (alkyl and pi-alkyl |ntera<?t|ons); Ala-21 (pi-sigma interaction); Glu-22
(H-Bonding)
7. Isopelletierine -4.2 A Phe-19 (pi-sigma interaction); Ala-21 (pi-alkyl interaction)
8 Kaempferol 56 AB Gly-25 (H-Bondlng,p|-5|.gma |nt.era<-:t|on); IIe-S? (.pl-alk_yl |nter§\ctlon); Lys-28 :B (pi-cation
interaction); Leu-34 (pi-sigma interaction)
9 Methyl Quercetin 5.7 A B Asp-23, Gly-29 (H-Bor.1d|'ng); I!e-32 (p'|-alk.yl mtera.ctlon'); Lgu-Sft (p|-S|gma interaction); Gly-25
(pi-sigma interaction); Lys-28:B( pi-cation interaction)
10. Paclitaxel -6.5 No Interaction
11 Piceatannol 54 A Asp-23 (H-Bonding); Ala-21 (amide-pi _stackmg); Leu_-34 (pi-sigma interaction); Val-36, lle-32
(pi-alkyl interaction)
12. Protocatechuic Acid -4.4 A Ala-21, Gly-37 (H-Bonding); Phe-19 (pi-pi stacking); Ala-21 (pi-alkyl interaction)
13. Resveratrol -5.9 AB Ala-21, Val-36, Val-40, Val-40:B ( pi-alkyl interactions); Phe-20 (H-Bonding, pi-pi stacking)
14. Vinpocetine -5.3 B,C Met-35:B, Met:35:C (alkyl interactions); lle-31 (pi-sigma interaction)
15. Withanolide A -6.8 C,D,E Val-36:C (H-Bonding); Val-39:D,Val-39:E, lle-41:D, lle-41:E (alkyl interactions)

plaques. Table 5 and 6 shows the docking analysis of the molecules of
interest against the AP monomer and AP protofibrils. Withanolide
A showed consistently high binding affinity with both AR monomer
and A protofibril proteins.

Materials and Methods

Molecular Docking studies

Preparation of protein: The 3D structure of all the proteins
human AChE enzyme (PDB ID- 5HF6), BChE enzyme (PDB ID-
6EP4), BACE1 enzyme (PDB ID- 1W51), AR monomer (PDB ID-
1LYT) and AP protofibril (PDB ID- 2BEG) were downloaded in .pdb
format from the Protein Data Bank (https://www.rcsb.org/).

Preparation of ligands structure: The ligands ie. All the

phytochemicals were selected from various dietary supplements and
the structures were drawn by ChemDraw14.0 tool. The Chem Draw
3D tool was then used for conversion of the structures to 3D. Vega ZZ
program was used to fix the charges of the ligands as gasteiger. The
energy of the ligands was minimized using Vega ZZ program and the
ligands were saved in .pdb format.

Docking studies: AutoDock Tools (ADT v1.5.6) and AutoDock
Vina, developed by the Scripps Research Institute (http://www.
scripps.edu/downloads) has been used to perform the docking
studies of selected molecules against all the targets of interest. The
AutoDock Tools program consists of Lamarckian Genetic Algorithm
search engine [22]. The docking study was performed by following
the standard docking protocol, grids of 126, 126, and 126 points in
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Figure 1: Traditional drugs used for treatment of AD.
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Figure 2: BOILED EGG representation of the selected phytochemicals where the yolk denotes the molecules that are blood-brain-barrier permeable, while the
white portion denotes the molecules that can be absorbed through gastrointestinal tract. The graph is plotted against WLogP [a log P (n-octanol/water partition
coefficient) method developed by Wildman and Crippen] versus TPSA or Topological Polar Surface Area.

X, ¥, and z directions were built for the protein preparation and the
grid spacing was set to 0.375A. The exhaustiveness was set to default.
AutoDock Tools (ADT v1.5.6) was used to save the proteins and
ligands as .pdbqt format. The docking of selected phytochemicals was
performed by using Auto Dock Tools program. Docking output and
log file for the docking study was generated once the docking was
completed. The docking output was optimized with the minimum
energy. The visualization of docking output and generation of
2Ddiagram for the docking studies were done using Discovery Studio
2017 R2 tool. The binding interactions were observed for almost all

the selected phytoconstituests towards the targets of interest.

ADME Prediction by Using Swiss-ADME Tool

The bioavailability potential of the selected molecules can be
detected through absorption, distribution, metabolism and excretion
(ADME). Computational prediction using ADME software is
an in silico method, suitable due to quick screening, financially
affordable, no animal testing, etc. Swiss ADME online tool (freely
accessible at http://www.swissadme.ch) was used for the prediction
of in silico studies, especially pharmacokinetics, bioavailability, drug-
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likeness and medicinal chemistry friendliness. The tool presents
an early estimation of these ADME parameters (for Absorption,
Distribution, Metabolism and Excretion) and provides sufficient
information about the physicochemical parameters which is needed
to be improved during formulation [23]. Human gastrointestinal
absorption (HIA) and Blood-Brain Barrier (BBB) permeation is
represented as Boiled Egg model provided by this tool [24]. The
Boiled egg representation of the selected phytochemicals is depicted
in (Figure 2). In this model some the molecules were found to
be permeable through the Blood-Brain Barrier (BBB) that is very
essential in the treatment of AD and most of the molecules were
found to be absorbed through gastrointestinal tract and Ginkgolide B
was found out of range. The tool also gives the idea about the details
of chemistry information of the molecules such as molecular weight,
Molecular formula, hydrogen-bond donor, hydrogen-bond acceptor
etc. The tool also provides detailed information on the inhibitory
action of the molecules towards the enzyme of cytochrome enzyme
series. The chemistry information of the molecules is described in
(Table S1; See supplementary information) while Pharmacokinetics
prediction, Bioavailability prediction, Druglikeness prediction and
Medicinal chemistry prediction are depicted in (Table S2, Table S3,
S4 & S5; See supplementary information) respectively. All the tabular
information relating to Swiss ADME prediction are provided in
supporting information. The Swiss ADME data reviles that most of
the phytochemicals are water soluble, highly GI absorbable and some
are even permeable through BBB. Most of the phytochemicals follow
the rules of Drug likeness and have a good synthetic accessibility
score.

Conclusion

The study initiated with the selection of phytochemicals that are
the main constituents of dietary supplements used in AD. The study
was designed to evaluate the phytochemicals against multiple targets
involved in AD. The initial phase of the study revolves around the
cholinergic hypothesis and the binding of phytochemicals with the
AChE and BuChE enzymes were evaluated using docking studies.
The binding affinities of Genistein, Huperzine A, kaempferol, Methyl
quercetin, Paclitaxel and Withinolide A against both the enzymes
were found to be -7.7 to -8.6 Kcal/mol respectively. The second
hypothesis of concern was A aggregation and the main factor for
the aggregation is BACE-1 enzyme. Various phytochemicals like
Genistein, kaempferol, Piceatannol, Ginkgolide B, Methyl quercetin
and Withinolide A were found to bind the BACE-1 enzyme with the
binding affinities of -6.7 to -7.9 Kcal/mol. Further the binding of the
phytochemicals to Ap monomer and AP protofibril was evaluated and
all the molecules bind efficiently with both the PDB’s. Withinolide
A was found to bind all the PDB’s efficiently with binding affinity
of -84, -8.9, -7.7, -6.6 and -6.8 Kcal/mol against AChE enzyme,
BuChE enzyme, BACE-1 enzyme, AB monomer and AP protofibril
respectively as a result it can be carried forward for the further
preclinical and clinical studies.
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