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ARTICLE INFO ABSTRACT
ATIiC{e history: Background: The current treatment of Alzheimer’s disease (AD) is far from adequate. AD can be treated by
Received 19 June 2020 inhibiting either 8-amyloid protein deposition or acetylcholinesterase enzyme activity. Many treatments

Accepted 4 November 2020 for AD are directed at these 2 targets. In the present study, the phytoconstituents of Carissa carandas

chloroform leaf extract were identified by gas chromatography-MS/MS analysis, and in silico molecular

Key words: docking studies were performed to evaluate their potential against AD.

Acetylcholinesterase Objectives: The present study aimed to identify the possible anti-Alzheimer’s activity of novel phytocon-
anti-Alzheimer’s activity stituents isolated from C carandas.

amyloid Methods: The powdered leafy material was subjected to successive Soxhlet extraction using 3 dif-

Carissa carandas ferent solvents: n-hexane, chloroform, and methanol. The chloroform extract was subjected to gas

chromatography-MS/MS analysis, and the observed chromatogram revealed the presence of 48 chemi-
cal constituents. Among them, 42 new phytoconstituents are reported in this plant for the first time. The
gas chromatography-MS/MS-identified phytoconstituents were evaluated by iGEMDOCK software against
AD targets of B-amyloid fibril (protein data bank ID: 2LMN) and recombinant human acetylcholinesterase
(protein data bank ID: 3LII) ligands, and their anti-AD potential were compared with those of known in-
hibitors of galantamine and curcumin.
Results: On the basis of results from both docking assays, the 5 compounds with the highest docking en-
ergy were further analyzed using in silico admetSAR web portal modeling for the evaluation of parameters
such as intestinal absorption, blood-brain barrier permeation, carcinogenicity, and acute oral toxicity.
Conclusions: The chloroform leaf extract of C carandas was found to contain constituents that have affini-
ties for the 2 targets tested; that is, amyloid B and acetylcholinesterase. The best docking scores were
found for 7 compounds: 1-heneicosanol; N-nonadecanol-1; cholesta-4,6-dien-3-ol, (3beta); di-n-octyl
phthalate; 7,9-di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione; 6-undecyl-5,6-dihydro-2H-pyran-2-
one, and phenol, 2,4-di-t-butyl-6-nitro compounds, and these compounds were therefore suggested to
be promising anti-AD lead compounds. Further, the target leads were subjected to ligplot analysis for
their 2-dimensional representation of hydrogen bonding and hydrophobic interactions. Thus, the results
obtained from the in silico study of C carandas leaf extract using these computational approaches indicate
the presence of phytoconstituents that have affinities for the selected 2 targets of AD. (Curr Ther Res Clin
Exp. 2020; 81:XXX-XXX)
© 2020 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction dichotomous, evergreen branched shrub with a short stem and a
strong thorn in pairs. These species grow usually up to 3 to 5 m in
Carissa carandas Linn belongs to the family of Apocynaceae, height; they are stout, woody, and sometimes climb to the top of

which represents the 89 species found in India. It is a large tall trees.! Different plant parts such as roots, leaves, and berries

have been used in traditional medicine for treating various dis-

eases such as sore throat, diarrhea, stomachache, anorexia, burning
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antibacterial, analgesic, anti-inflammatory, antipyretic, antioxidant,
hepatoprotective, adaptogenic, antidiabetic, antihyperlipidemic,
and anticonvulsant activities; in vitro DNA damage inhibition; and
histamine-releasing activity.>~'0 A literature survey revealed that
Carissa species have ethnomedicinal uses in South Africa because
of their effects on the central nervous system. In particular, the
leaf part of C carandas Linn shows sedative, anticonvulsant, and
neuropharmacological effects.!’-'* Hence, in silico approaches were
used herewith to identify the chemical constituents present in
C carandas that have amyloid-8 (AB) and acetylcholinesterase
(AChE) inhibition effects.

Alzheimer’s disease (AD) is a progressive neurodegenerative
disease and characterized by cognitive impairment, psychosis, hy-
peractivity, aggressive behavior, and depression in patients.'> Late-
onset or sporadic AD is currently cured by preventing AChE or
AB, both of which have serious side effects.'5-18 Histopathologic
examination of brain tissues exposed to enzymes that produce
and utilize acetylcholine (Ach) show considerable reduction in the
level of Ach in patients with AD.'9-?0 AChE inhibitors such as
donepezil, rivastigmine, and galantamine block the effects of AChE
in the synapse, which causes side effects such as nausea, vomiting,
anorexia, diarrhea, and bradycardia.?! Memantine is an N-methyl
D-aspartate receptor antagonist approved in Europe and the United
States for the treatment of moderate-to-severe AD, but it has side
effects of headache, insomnia, constipation, fatigue, dizziness, au-
ditory hallucinations, and mild allergies.??:23

There is a high demand to develop new anti-AD drugs. In re-
cent years, the use of medicinal plants in the treatment of several
diseases has gained considerable importance. Plants are considered
among the main sources of therapeutically active compounds. Ac-
cording to the World Health Organization, 85% to 90% of the world
population relies on traditional medicine to meet their health
care needs.?* It is a well-known fact that plants produce sec-
ondary metabolites that show therapeutic activity.?> The secondary
metabolites from Opuntia ficus-indica cladode exhibited neuropro-
tective effects in rats with aluminum chloride-induced neurotoxi-
city.26 In a previous study, in silico investigation of anti-AD com-
pounds present in methanolic extract of Neolamarckia cadamba
bark using gas chromatography (GC)-MS/MS revealed the proba-
ble lead compounds against the AD targets of A8 and AChE.?” The
main objective of this investigation was to analyze and assess the
secondary metabolites from the chloroform extract of C carandas
leaves for their anti-AD potential by performing in silico molec-
ular docking studies against A and AChE targets and comparing
the current GC-MS/MS data with the previously reported chemical
constituents of the same plant. Thus, our research will enable to
identify novel chemical constituents of more potent, possible anti-
AD lead molecules than the existing compounds.

Materials and Methods
Chemicals and instrumentation

All solvents were purchased from Loba Chemie Pvt Ltd, Mum-
bai, India. These solvents were of analytical grade and used with-
out any purification. Chromatographic analysis was performed on a
GCMS-QP2010 Plus (Shimadzu, Toshvin Analytical Pvt. Ltd., Mum-
bai, India) GC-MS/MS system.

Collection and authentication of plant material

Fresh leaves of C carandas were collected in February 2018 from
hills of Amarkantak, Anuppur district, Madhya Pradesh, India. The
collected leaves were washed with running tap water to remove
sticky sand particles and other impurities and finally washed with
sterile distilled water. The plant material was pulverized to form
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powder and then stored it in an airtight container. The plant ma-
terial was authenticated by a taxonomist, and a herbarium spec-
imen sample voucher (DOB/Herb/Apoc-01) has been deposited at
the Department of Botany, Indira Gandhi National Tribal University,
Amarkantak, India.

Soxhlet extraction

The powdered leafy material (100 g/250 mL) was extracted on a
Soxhlet extractor by using 3 different solvents successively, namely
n-hexane, chloroform, and methanol, at 50°C to 75°C for 12 hours
to extract nonpolar to polar compounds. The collected extracts
were dried in a water bath at 60°C and stored in a refrigerator at
4°C up to 3 months.

GC-MS/MS instrument conditions

In GC-MS/MS analysis, the injection temperature was main-
tained at 280°C, the analytical injection volume of the solution was
2.0 pL, and the split ratio was 1:3. The oven temperature program
was set initially at 50°C (maintained for 1 minute) and increased
at the rate of 7.5°C/min up to 300°C for 10 minutes. Highly pure
helium was used as the inert gas, and the temperature of the ion
source was maintained at 250°C; the interface temperature was set
at 300°C. The mass spectrometer was used for quantitative analy-
sis in the acquisition mode. Mass spectral data were obtained for
the entire range of m/z 50 to 1000 to obtain the spectrum of the
target analyte fragments.

Identification of new compounds from C carandas

The phytoconstituents currently detected by GC-MS/MS were
compared with the reported phytoconstituents of C carandas.>-*8-33

Hardware specification

Molecular docking studies were performed using an Intel Core
operating system (Intel Corp, Santa Clara, California) running Win-
dows 10 (Microsoft Corp, Redmond, Washington).

Software specifications

The receptor protein structure is available at https://www.
rcsb.org. Receptors were screened by PyRx 0.8 software down-
loaded from https://pyrx.software.informer.com. The structures of
the compounds detected by GC-MS/MS were drawn using a trial
licensed version of Chemdraw 19.1 (PerkinElmer, Waltham, Mas-
sachusetts). iGEMDOCK V2.1 available at http://gemdock.life.nctu.
edu.tw was used for molecular docking studies. Docking verifi-
cations were performed by Discovery studio visualizer V20 from
https://www.3dsbiovia.com. The online translation of SMILES was
performed by https://cactus.nci.nih.gov/. In silico studies were car-
ried out by the admetSAR web portal at www.Immd.ecust.edu.cn,
and the LigPlot analysis was performed by LigPlot+V 2.1 free aca-
demic license version acquired from European Bioinformatics Insti-
tute (Hinxton, United Kingdom).

Preparation of the receptors

The structural receptors of AB (protein data bank ID: 2LMN)
and AChE (protein data bank ID: 3LII) structures were obtained
from the protein data bank. All nonprotein molecules and all other
alternative atomic sites were separated from the protein receptor
structures by using the PyRx 0.8 software.>*
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Preparation of ligands

The ligand preparation process consists of various steps such as
conversions, corrections, and variations of the structures, elimina-
tion, and lead optimization. Two-dimensional structures of the lig-
ands and GC-MS/MS tentatively identified compounds were drawn
using Chemdraw and then converted to 3-dimensional mol for-
mat.>> Conversion of SMILES structure from 3-dimensional format
was performed using the cactus smile converter tool. The addi-
tion of hydrogen atoms, removal of heteroatoms, neutralization
of charged groups, generation of ionization states and tautomers,
filtration, alternative chirality, geometry optimization, low-energy
ring conformers, and final conversion and saving of the output al-
lows to implicitly screen a compound database and predict the
strongest binders based on their scoring functions.36-37

Molecular docking studies

Molecular docking is the process by which 2 molecules fit to-
gether in 3-dimensional space; it is a key tool in structural biol-
ogy and computer-aided drug design.’8:3° To obtain an accurate
docking, a stable standard dock was used as a default standard
dock setting on which the following parameters were set: popu-
lation size (n=200), generations (n="70), and number of solutions
(n=2). The best pose ligands were selected on the basis of their
best conformation that allows the lowest free binding energy.*°

For protein-ligand docking studies, the selected iGEMDOCK pro-
vides an interactive interface for preparing the binding site and lig-
and docking status, post docking analysis, monitoring the progress,
ranking, and visualization of the screened compounds by combin-
ing the pharmacologic interactions and the energy-based scoring
function.*! The results obtained from this docking software were
analyzed to study the binding energy and the interactions of the
docked structure. For most docking study tools, users usually need
to prepare the structure of the binding site and ligand. The selected
software provides a straightforward method to derive the binding
site from the bounded ligand, and it can also automatically con-
sider the effects of hydrogen atoms on the binding sites.

In silico absorption, distribution, metabolism, excretion, and toxicity

To determine which lead compounds have drug-likeness char-
acteristics and should thus become a focus of further analysis, we
performed in silico absorption, distribution, metabolism, excretion,
and toxicity (ADMET) assays for the compounds with the most
promising structural backbones.*> ADMET studies have shown
properties that are necessary and helpful in developing new natu-
ral compounds with enhanced pharmacokinetic and pharmacody-
namic properties. ADMET prediction includes intestinal absorption,
blood-brain barrier (BBB) penetration, carcinogenicity, and acute
oral toxicity of the best-5 phytoconstituents that likely possessed
drug-likeness using admetSAR server.*3-44

LigPlot analysis

The LigPlot program automatically generates schematic 2-
dimensional representations of protein-ligand complexes from
standard protein data bank file input. The output is a color
or black-and-white file that provides intermolecular interactions
such as hydrogen bonds and hydrophobic interactions and their
strengths. This program is completely general for any ligand and
can also be used to show other types of interactions in proteins
and nucleic acids.*> The LigPlot analysis was used to understand
the in-depth interaction pattern between the docked ligands and
the active site residues.*®
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Results
Compound identification by GC-MS/MS

The characteristic mass fragments of GC-MS/MS chromatogram
allow to quantitatively and qualitatively evaluate the compounds
according to their retention times; the results revealed the pres-
ence of 48 phytoconstituents from the chloroform leaf extract of
C carandas as shown in Supplemental Table 1 (in the online ver-
sion at doi:XXXXXXXXXX) and Figure 1. MS data of all the phy-
toconstituents and their fragmentation pattern are shown in Sup-
plemental Figure 1 (in the online version at doi:XXXXXXXXXX).
The identification and structural elucidation of tentatively iden-
tified compounds were performed using NIST 14.lib and WILEY
8.lib.

Identification of new compounds from C carandas

The GC-MS/MS-detected phytoconstituents in the present study
were compared with the reported phytoconstituents of C carandas
and are shown in Supplemental Table 2 (in the online version at
doi: XXXXXXXXXX). Among the identified phytoconstituents, only
6 phytoconstituents were reported earlier in the literature, namely
decane, dodecane, heptadecane, eicosane, heneicosane, and squa-
lene. However, the remaining 42 phytoconstituents have not been
previously described as the constituents of any part of C carandas.

Ligand preparation

Supplemental Figure 2 (in the online version at
doi: XXXXXXXXXX) shows the prepared ligands present in the
chloroform leaf extract of C carandas using GC-MS/MS.

Molecular docking study

From the identified phytoconstituents, the best pose com-
pounds were predicted for their interaction against AD targets
of AB protein (protein data bank ID: 2LMN) and AChE (protein
data bank ID: 3LII). Supplemental Table 1 (in the online version
at doi:XXXXXXXXXX) shows the binding energy between ligand-
receptor interactions of all the tentatively identified phytocon-
stituents. The ligand molecules having the highest binding affinity
with the receptors were chosen as the potential lead compounds
and were confirmed through iGEMDOCK studies. These iGEMDOCK
studies revealed that the phytocompounds from C carandas chloro-
form leaf extract possess anti-AD potential.

Top dock score phytoconstituents interaction with 2LMN

Twelve phytoconstituents that exhibited the highest dock-
ing score and lowest binding energy are compared with stan-
dard curcumin (-110.22 kcal/mol). These include octacosane (-
152.58); hexacosane (-148.89); carbonic acid, eicosyl vinyl ester
(-148.18); 1-heneicosanol (-135.38); N-nonadecanol-1 (-127.65);
eicosane (-126.24); 3-eicosene, (E) (-125.79); 1-nonadecene (-
120.26); tetratetracontane (-119.09); 9-octadecene, (E) (-114.18);
squalene (-112.92); E-14-hexadecenal (-110.99); and hexadecanal
(-110.67).

Top dock score phytoconstituents’ interaction with 3LII

Twenty-four phytoconstituents that exhibited the highest dock-
ing score and lowest binding energy were compared with stan-
dard galantamine (-74.5). These include cholesta-4,6-dien-3-ol,
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Fig 1. GC-MS/MS Chromatogram of chloroform extract of C. carandas leaves.

(3beta) (-92.38); di-n-octyl phthalate (-91.43); 79-Di-tert-butyl-
1-oxaspiro(4,5)deca-6,9-diene-2,8-dione (-87.60); 6-Undecyl-5,6-
dihydro-2H-pyran-2-one (-87.31); phenol, 2,4-di-t-butyl-6-nitro (-
86.65); 1-heneicosanol (-85.99); octacosane (-85.85); heneicosane
(-85.49); squalene (-83.72); 3-eicosene, (E) (-83); eicosane (-
82.67); palmitaldehyde, diallyl acetal (-82.55); vitamin E (-

82.11);
cosane

methyl 3,4-O-ethylidenehexopyranoside (-81.57); hexa-
(-81.29); N-nonadecanol-1 (-81.06); 1-nonadecene (-
80.41); 2-hexadecen-1-ol, 3,7,11,15-tetramethyl-, [R-[R*,R*-(E)]] (-
79.98); 2(4H)-benzofuranone, 5,6,7,7a-tetrahydro-6-hydroxy-4,4,7
a-trimethyl-, (6s-cis) (-79.62); 9-octadecene, (E) (-77.29); carbonic
acid, eicosyl vinyl ester (-76.78); 3-bromocholest-5-ene (-76.68);
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Fig 2. Molecular docking view: (A) Chain 2LMN interacting with 1-heneicosanol. (B) Hydrophobic binding chain of 2LMN protein with 1-heneicosanol. (C) Chain 3LII inter-
acting with cholesta-4,6-dien-3-ol, (3beta). (D) Hydrophobic binding chain of 3LII protein with cholesta-4,6-dien-3-ol, (3beta).

Table 1
In silico ADMET predictions of top 5 possible compounds.

Top-5 compounds with Dock score rank Compound No. Intestinal BBB permeation Caricino genicity Acute oral toxicity
absorption (kg/mol)
2LMN - Structural model for
amyloid fibrils
Octacosane 1 41 + + + 2.118
Hexacosane 2 37 + + + 2.125
Carbonic acid, eicosyl vinyl ester 3 45 + + + 2.370
1-Heneicosanol 4 36 + + - 2.213
n-Nonadecanol-1 5 40 + + - 2.223
3LII - Recombinant human acetylcholinesterase
Cholesta-4,6-dien-3-ol, (3beta) 1 46 + + 3.150
Di-n-octyl phthalate 2 38 + + - 3.372
7,9-Di-tert-butyl-1- 3 29 + + - 2.255
oxaspiro(4,5)deca-6,9-diene-2,8-
dione
6-Undecyl-5,6-dihydro-2H- 4 39 - + - 3.374
pyran-2-one
Phenol, 2,4-di-t-butyl-6-nitro 5 19 + + - 1.951

1,2-benzenedicarboxylic acid, dibutyl ester (-76.53), and neophyta-
diene (-75.54).

Prediction of binding sites

Hierarchical clustering of iGEMDOCK postscreening analysis of
the interaction profile for AD targets with phytoconstituents of C
carandas chloroform leaf extract and standard is shown in Supple-
mental Figure 3 (in the online version at doi:XXXXXXXXXX). Chain
interaction and hydrophobic binding chain of lead compounds with
2LMN and 3LII protein are shown in Figure 2. The binding sites
present in 2LMN and 3LII protein receptors were predicted with

the least binding energy, indicating an active site where targeted
ligand molecules can bind or interact, as shown in Figure 3. These
binding interactions between ligand-receptor active sites were pre-
dicted by Discovery studio visualizer software.

In silico ADMET studies

Based on the docking study, the best-5 potential ligands of the
selected extract were studied for their ADMET prediction, which
includes intestinal absorption, BBB penetration, carcinogenicity,
and acute oral toxicity as shown in Table 1.
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Fig 3. 2D view of binding interaction: (A) 2LMN with

LigPlot analysis

The LigPlot analysis was performed to analyze hydrogen
bond interaction and hydrophobic interactions of the compounds
with positive results in in silico analysis and compared with
their respective standards are shown in Table 2 and Figure 4.
The ligand 1-heneicosanol with 2LMN interaction has 31 hy-
drophobic interactions and no H-bond interaction; similarly,
the ligand cholesta-4,6-dien-3-ol, (3beta) with 3LII has 10 hy-
drophobic interactions and 1 H-bond interaction. Amino acid
residues such as Gly33(A), Gly33(B), Gly33(C), Gly33(D), Gly33(E),
Gly33(F), Gly33(G), Gly33(H), Gly33(I), Gly33(J), Gly33(K), Gly33(L),
Leu34(A), Leu34(B), Leu34(C), Leu34(D), Leu34(E), Leu34(F),
Leu34(G), Leu34(H), Leu34(I), Leu34(]), Leu34(K), Met35(C),
Met35(D), Met35(E), Met35(F), Met35(G), Met35(H), Met35(J), and
Met35(K) were found to be form 2LMN molecular interactions
with 1-heneicosanol, whereas Ala412(A), Ala526(A), Arg4l7(A),

1-heneicosanol. (B) 3LII with cholesta-4,6-dien-3-ol, (3beta).

Arg534(A), Asn533(A), Cys529(A), GIn508(A), GIn527(A), Gly416(A),
Tyr503(A) and Glu413(A) were found to have 1 H-bond interaction
with amino acid residues, such as cholesta-4,6-dien-3-ol, (3beta)
with 3LIL

Discussion

Powdered leaves of C carandas were subjected to Soxhlet ex-
traction with n-hexane, chloroform, and methanol solvents suc-
cessively to separate the phytoconstituents of nonpolar and po-
lar in nature. GC-MS/MS analyses of the chloroform extract re-
vealed the presence of 48 phytoconstituents. Among them, 42 phy-
toconstituents are detected for the first time in this investigation
as parts of the C carandas leaf phytoconstituents. All these phy-
toconstituents were identified according to their different reten-
tion times, and their mass spectral data were compared with the
National Institute of Standards and Technology database and Wi-
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Table 2
Ligplot analysis: protein-ligand interactions of lead molecule with standard.
No. Complex Ligplot analysis
H-bond interactions Hydrophobic contacts
Amino acid Distance (A) Amino acid
1 2LMN complex with - - Gly33(A), Gly33(B), Gly33(C), Gly33(D), Gly33(E),
1-heneicosanol Gly33(F), Gly33(G), Gly33(H), Gly33(I), Gly33(J),
Gly33(K), Gly33(L), Leu34(A), Leu34(B), Leu34(C),
Leu34(D), Leu34(E), Leu34(F), Leu34(G), Leu34(H),
Leu34(1), Leu34(]), Leu34(K), Met35(C), Met35(D),
Met35(E), Met35(F), Met35(G), Met35(H),
Met35(J), Met35(K).
2 2LMN complex with GIn15(C) 2.61 Glu11(F), His13(B), His13(C), His13(D), His13(F),
curcumin Val39(E), Val40(E), Val40(F).
His13(E) 3.12
3 3LII complex with GIn413(A) 2.89 Ala412(A), Ala526(A), Argd17(A), Arg534(A),
cholesta-4,6-dien-3-ol, Asn533(A), Cys529(A), GIn508(A), GIn527(A),
(3beta) Gly416(A), Tyr503(A).
4 3LII complex with Tyrd79(A) 2.72 Arg4d78(A), Argd75(A), Asn482(A), Pro498(A),
galantamine Asn490(A).
Glu491(A) 3.27
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ley library. AD is a dynamic neurodegenerative disease with age-
related symptoms, including cognitive impairment, psychosis, hy-
peractivity, aggressive behavior, and depression.'> AB proteins are
present generally in the soluble form in the cerebrospinal fluid and
blood; however, in patients with AD, A is fibrillated as the main
constituent of amyloid plaques in the brain.*’ The fibrillation of
ApB is considered as the main event in AD pathology, which causes
the death of nerve cells and leads to cognitive and behavioral de-
cline, which is the main characteristic feature of AD.*® AB aggre-
gates of nonpathogenic proteins cause toxicity to neuronal cells,
and its clearance has not yet been fully understood.*?->° The iden-
tification of compounds that can defibrillate fibrillar A8 or inhibits
AP fibrillation is expected to be of therapeutic and preventive
value in AD.”! AChE inhibitors retard the metabolic degradation of
Ach, thus optimizing the availability of Ach for cell communica-
tion.>> AChE inhibitors are indicated for the treatment of mild-to-
moderate AD.”3 There are only 4 medications, namely donepezil,
tacrine, galantamine, and rivastigmine, available in the market that
are approved by Food and Drug Administration. Among them,
donepezil alone has been approved for the treatment of severe
symptoms of AD.>*

All 48 phytoconstituents were screened against 2 AD recep-
tors (2LMN and 3LII) on the basis of their high binding affin-
ity for their respective targets. Twelve phytoconstituents showed
the least binding energy against AB, and 24 phytoconstituents ex-
hibited the least binding energy against AChE when compared
with their standard: curcumin and galantamine, respectively. The
lowest binding energy results were considered for further post-
docking analysis.>> The top-possible 5 phytoconstituents with the
best docking score of AB and AChE were screened further for
their drug-likeness through the admetSAR prediction, which re-
vealed that 2 out of the 5 compounds tested for AB target; that
is, 1-heneicosanol and N-nonadecanol-1. These compounds do not
have carcinogenicity and have better BBB permeation, intestinal
absorption, and less oral toxicity. Top-possible 5 phytoconstituents
that were tested for AChE target, namely cholesta-4,6-dien-3-ol,
(3beta); di-n-octyl phthalate; 7,9-di-tert-butyl-1-oxaspiro(4,5)deca-
6,9-diene-2,8-dione; 6-undecyl-5,6-dihydro-2H-pyran-2-one, and
phenol, 2,4-di-t-butyl-6-nitro, do not have any carcinogenicity and
show better BBB permeation, intestinal absorption, and less oral
toxicity. Thus, these 7 phytoconstituents from C carandas chloro-
form leaf extract showed the highest binding affinity and better se-
lectivity scores with both the therapeutic targets of AD and proved
to be a potential lead molecule for the anti-AD effect.

Conclusions

The present study showed that important bioactive phytocom-
pounds of C carandas resolved by GC-MS/MS analysis possess anti-
AD potential against the 2 AD targets of A and AChE. Thus, this
type of computational analysis (in silico molecular docking study)
helps to understand the presence of phytoconstituents that have
binding affinities for the selected 2 targets of AD. Exploring the
natural compounds for the search of lead molecules by virtual
screening methods by using molecular docking analysis reduces
side effects, cost, and time in drug discovery. Screening of the lig-
ands based on pharmacokinetic properties is of utmost importance
because it will reduce the failure of most drugs at the clinical
stage. Therefore, this study reveals 7 potential natural compounds
that have good pharmacokinetic properties and binding energy to
2 AD receptors (2LMN and 3LII), and hence are suggested as pos-
sible drugs for the treatment of AD after further research. These
identified lead compounds can be further modified and optimized
for better AD drugs. These screened compounds could be a great
source for the development of new AD drugs (see the Appendix in
the online version at doi:XXXXXXXXXX).
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