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ABSTRACT

Neurodegenerative diseases, especially Alzheimer's, have become a global prob-
lem with an ever-increasing number of patients, as many as 46 million people
worldwide. Alzheimer's is a multifactorial disease, so it has several treatment ap-
proaches, such as controlling acetylcholine levels with acetylcholinesterase en-
zyme inhibitors. The application of chemical drugs is used for healing therapy but
can cause side effects. Therefore, using active constituents derived from plants is
tested as a potential drug in neurodegenerative disease therapy. The reasons for
choosing herbal medicines are the availability of materials, more economical
prices, and low toxic effects. Ciplukan fruit (Physalis angulata L) contains poly-
phenolic compounds from the flavonoid class, which can reduce oxidative stress
and have the potential to prevent or treat Alzheimer's disease. Molecular docking
simulation was performed with AChE (PDB ID: 4EY7) and receptors based on
target proteins for Alzheimer's treatment. The in silico testing phase begins with
receptor preparation using the Molegro Molecular Viewer 2.5 application, method
validation using the AutoDockTools 1.5.6 application, ligand preparation using
the Marvin Sketch application and Lipinski screening, ligand binding to the recep-
tor using the AutoDockTools 1.5.6 application, analysis and visualization of dock-
ing results using the BIOVIA Discovery Studio Visualizer. The results showed
that the compounds Ergost-5-en-3-ol with a value of -12.85 kcal mol and 1-dehy-
drohydrocortisone with a value of -10.23 kcal/mol from Ciplukan Fruits (Physalis
angulata L) have potential as drug candidates with AChE enzyme inhibition mech-
anism.

Keywords: Alzheimer's Disease; Acetylcholine; AChE receptor; Ciplukan Fruits;
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Introduction

Neurodegenerative diseases are character-
ized by progressive degeneration of the structure
and function of the central or peripheral nervous
system. Common neurodegenerative diseases in-
clude Alzheimer's disease and Parkinson's disease
[1]. Alzheimer's disease (AD) is commonly asso-
ciated with decreased cognitive functions such as
speech, focus, judgment, and memory [2]. It has
been reported that 50 million people worldwide
are affected by AD, which is growing, adversely
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affecting the quality of life, productivity, and
economy [3-5].

The pathological changes that trigger AD are
unknown, but several hypotheses have been pro-
posed, including a deficiency of cholinergic neu-
rons in the central nervous system. This is because
acetylcholine (ACh) plays essential roles in
memory, focus, information sensing, and learning.

ACh is hydrolytically degraded by the en-
zyme Acetylcholinesterase (AChE). Acetylcholin-
esterase is the main enzyme required to break
down the neurotransmitter acetylcholine. The
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hydrolysis of acetylcholine to acetic acid and cho-
line by acetylcholinesterase is necessary for a
healthy brain. In addition, BuChE is the sister en-
zyme of AChE, and inhibition of both enzymes is
one approach to treating AD [6-8].

The second hypothesis is that amyloid
plaques play a role in explaining the mechanism
of AD, where B-amyloid peptides drive a patho-
logical cascade that leads to neuronal death. Am-
yloid fibrils accumulate in the brain cells and cen-
tral nervous system of Alzheimer's patients, con-
tributing to the symptoms of dementia [7, 9]. Ex-
perimental results show that tau protein and AP
synergize to form toxic plaques at the synapse
[10].

Until now, there has been no effective treat-
ment for AD [4]. Therefore, research to reveal the
mechanism and treatment of Alzheimer's is still
ongoing. One of them is through the approach of
exploring natural material compounds [11-13]. Ci-
plukan (Physalis angulata) is included in the Sol-
anaceae family, including 120 species [14]. Ci-
plukan is an herbal plant rich in carotenoids, fla-
vonoids, phenolics, and phytosterols [15, 16].

Research on the bioactivity of extracts of Ci-
plukan plant parts has been conducted, including
immunostimulant [17], antitumor [18], anti-in-
flammatory [19], antimalarial [20], anti-metastasis
[21], antibacterial, and antioxidant [22, 23]. The
molecular docking method is used in designing
treatment against anti-Alzheimer as an initial se-
lection stage from many substrates to predict the
interaction between molecules, namely between a
test compound and biological receptors. In this
study, a molecular docking study was conducted
on compounds in ciplukan fruit extract (Physalis
angulata L) using receptor AChE for anti-Alz-
heimer

Methods
Phytochemical Screening

Characterization of the content of ciplukan
fruit extract (Physalis angulata) was obtained
based on the research results by De Oliveira et al.
[11] and Pillai et al. [23]. The presence of alka-
loids, glycosides, flavonoids, tannins, and phenol-
ics is then tethered to the target receptor.

Receptor Preparation

The required AChE receptors were down-
loaded from the PDB Protein Data Bank
(https://www.rcsh.org/) with PDB IDs: 4EY7.

Water molecules not required from native ligands
should be separated using Molegro Molecular
Viewer software.

Validation of Docking Method

The redocking method validates of the dock-
ing method with the help of native ligands found
in cytochrome AChE receptors using AutoDock
Tools software. Grid box parameters were ad-
justed to achieve an RMSD value < 2 so that it can
be used to tether ligand compounds to receptors.
The docking validation results were compared
with the ligand position in the original structure
contained in the crystal structure.

Ligand Preparation

Ligand compounds were drawn using
ChemDraw software and saved in .cdx format
(named ligand.cdx). The Lipinski test was con-
ducted using the MarvinSketch application, and
the pharmacokinetic test was performed through
the PreAdmet website (https://preadmet.web-
service.omdrc.org/). The ligand compounds were
protonated, and their conformation was deter-
mined using MarvinSketch, followed by deprecia-
tion. The ligand conformer with the lowest poten-
tial energy value was selected. Protonation was
carried out at pH 7.4, and the addition of hydrogen
atoms was performed using the Autodocktools ap-
plication.

Molecular Docking

Molecular docking for ligands and target re-
ceptors was performed using AutoDock Tools
software. The binding sites were defined as fol-
lows: center x = -13.988, center y = -43.906, and
center z = 27.109, with a box size of 40x40x40.
The results obtained from the docking process are
amino acid residues, hydrogen bonds, predicted
inhibition constants, free bond energy, and inhibi-
tion constant values of each ligand. The interac-
tion between ligand and target receptor was visu-
alized and analyzed using Biovia Discovery Stu-
dio.

Result and Discussion
Phytochemical Screening

Phytochemical screening was carried out ini-
tially from ciplukan fruit (Physalis angulata L)
based on the research results of De Oliveira et al.
[11] and Pillai et al. [23] which are attached in Ta-
ble 1, proving that this plant contains the largest
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compound structure in alkaloids, glycosides, fla-
vonoids, tannins, and phenolics.

Ligand Screening

In this study, ligand screening results are de-
termined, including the Lipinski test to see the fea-
sibility of drugs in oral preparations, pharmacoki-
netics to see the description of metabolic pro-
cesses, and toxicity to see the safety of ligands as
shown in Table 1.

The physicochemical properties of a ligand
when crossing cell membranes in the body is
tested using Lipinski [24]. Lipinski has established
rules in selecting compounds as orally active
agents expressed in Lipinski's rules: the molecular
weight of the compound is less than 500 Da, the
hydrogen bond donor should not exceed 5, the hy-
drogen bond acceptor should not exceed 10, the
octanol-water partition coefficient (log P) value is
not greater than 5, and the molar refraction value
should be in the range of 40-130 [25].

The log P value expresses the fat/water solu-
bility coefficient in the range of 0.4-5.0. Mole-
cules with molecular weight above 500 Da cannot
penetrate the cell membrane by diffusion. The
higher the log P value, the more hydrophobic the
molecule is. If the log P is too high, the molecule
will be retained longer in the lipid bilayer and
spread more widely in the body, making it toxic.
Log P values that are too negative cannot pass
through the membrane’s lipid bilayer.

The number of hydrogen bond donors and ac-
ceptors can affect the hydrogen bonding capacity.

The higher the hydrogen bonding capacity, the
more energy required for absorption. More hydro-
gen bond donors and acceptors on the ligand make
it easier to bind to water molecules or receptor tar-
gets through hydrogen bonding. However, with
fewer hydrogen bond donors, detaching the ligand
from the water molecule or receptor target will
make absorption easier. Lipinski's rule provides
insight into the solubility of compounds in cell
membranes through passive diffusion.

The pharmacokinetic profile showed that all
compounds were well absorbed by the large and
small intestine, with some compounds unable to
bind strongly to blood plasma proteins. This can
reduce the compound’s bioavailability, where the
compound is lost during the distribution process
and does not reach the target organ or where the
receptor is located.

Docking Validation

The validation process as the basis of assessment
using Root-Mean-Square Deviation (RMSD)
value to evaluate the quality of protein-ligand in-
teraction, with a value below 2 A is considered as
a solution with high docking accuracy. The table
shows the RMSD value of 1.90, which indicates
the theoretical value between the ligand and pro-
tein that has validity and meets the criteria. A sim-
ulation of the reattachment of native ligand com-
pound molecules at receptors can be seen in Figure
1.

Figure 1. Simulation of Reattachment of Native Ligand Compound Molecules at Receptors
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Docking Results, Analysis and Visualization

The molecular tethering analysis started with
evaluating the free energy of binding (AG) at each
receptor as displayed in Table 2. A low value of
AG indicates a more significant interaction be-
tween the receptor and ligand for anti-Alzheimer
Disease ability.

Macromolecules that bind to the test ligand
will generate a series of conformations ordered by
the best or lowest AG value. The conformations
are obtained from 100 conformations in the inter-
action between the cytochrome receptor and the
ligand. The test results showed that three com-
pounds topped the list based on AG values, namely
Sinapic, p-cumarate, and syiringic.

The results of the molecular tethering process
show that there are six compounds derived from
cipulkan fruit that have high binding affinity abil-
ity and have the potential to inhibit AChE recep-
tors (PDB ID: 4EY7) as shown in Table 2.

The free energy value (AG) is comparable to
the value of the inhibition constant (IC). The inhi-
bition constant describes the concentration re-
quired to inhibit free radicals. The lower the IC
value, the stronger the bond between the ligand
and the receptor [26]. Table. 2 shows that all test
ligand compounds have higher inhibitory values
than the native ligand (Donepezil).

In Table 3, analysis was performed to evalu-
ate the bonds and interactions that occur between
the amino acids and the test ligands. The study fo-
cused on hydrogen bonding as it has more strength
than Van Der Waals interactions (both aromatic
and hydrophobic) [27]. Hydrogen bonding refers

to the interaction between an atom with a pair of
free electrons and a hydrogen atom bound to an-
other electronegative atom, such as N, O, S, or F
[28]. A two-dimensional visualization of the inter-
action between the test ligand and the AChE re-
ceptor can be seen in the following Figure 2.

Based on the table, some compounds form
the highest number of hydrogen bonds, namely 1-
dehydrohydrocortisone forming 3 hydrogen
bonds. This number exceeds the hydrogen bonds
formed in the original ligand (Donepezil). Itis im-
portant to note that the number of hydrogen bonds
formed can affect the free energy value of the lig-
and compound when it binds to the receptor. In
docking simulations, hydrogen bonds have a more
significant influence than hydrophobic interac-
tions in determining the resulting free energy
value.

Visualization results show that the test ligand
occupies the same binding site as the native ligand,
with the dominant interaction being Van der
Waals interaction with similarity at amino acid
residue Gly448 and hydrophobic interaction (7t-7
stacked) at amino acid residues Tyr337, Tyr341,
and Phe338. Based on the results of molecular
tethering studies, the compounds 1-dehydrohydro-
cortisone and Ergost-5-en-3-ol are predicted to in-
hibit the hydrolysis process of the AChE enzyme.
Other benefits in some literature for Ergost-5-en-
3-ol (3 beta), known as cholesterol-lowering and
anticancer [29] while hydrocortisone (HC) is
proven to inhibit neuroinflammation and oxidative
stress [30].

Table 1. Lipinsky Pharmacokinetic, Toxicity Test Results from Phytochemicals Physalis angulate

Lipinsky Pharmacokinetic
Molecular Proton  Proton  Log Refracto
No Compound weight ~ Donor  Aceptor P molar  ~.co, HIA PBB
<500 <5 <10 <5  40-130
g/mol
1 Gallic 170.11 4 5 0.72 39.25 1450 54.11 47.91
2 Protocatechuic 154.12 3 4 1.02 37.26 18.70 75.00 16.74
3 p-hydroxybenzoic 138.12 2 3 1.33 35.3 20.44 88.21 5.72
4 Vanilic 168.14 2 4 1.17 41.76 1996 85.43 37.53
5 Caffeic 180.15 3 4 1.53 47.02 21.10 8241 26.55
6 Syringic 198.17 2 5 1.01 48.22 18.80 82.08 57.64
7 p-coumaric 164.15 2 3 1.83 45.04 21.11 92.12 45.87
8 Ferullic 194.18 2 4 1.67 51.5 21.14 90.63 39.35
BBR] | Bioinformatics and Biomedical Research Journal 24 Volume 7 | Number 1 | June | 2024
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9 Sinapic 224.21 2 5 152  57.97 19.96 88.57 39.64
10 Lauric acid 200.31 1 2 448  58.68 2341 97.00 100
11 Methyl palmitate 270.45 0 1 6.4 81.85 45.83 100 100
12 Palmitic acid 256.42 1 2 6.26  77.08 2752 98.29 100
13 Methyl, linoleate 294.47 0 1 6.57 93.29 47.11 100 100
14 Linoleic acid 280.44 1 2 6.42  88.52 30.35 98.37 100
15 L2Benzenedicarbox- o765 g 2 758 11001 4710 97.81 100
ylic acid
Trihydroxy-16a,17a-
Propyl methylene di-
16  oxy pregna-1,4-diene-  360.444 3 5 1.27  98.49 17.72 88.00 69.87
3,20-dione(1dehydro-
hydrocortisone)
5-(7a-1sopropenyl-4,5-
g7 dimethyl-octahydroin-— 5a0 46 g 1 532 9L 2804 100 100
den-4-yl)-3-methyl
pent-2-enal
Acetic acid, 13-hy-
droxy-
18 éoitgﬁn?e?h?ﬁdlo{:gslaﬁs 486.76 1 2 6.95 141.8 50.82 100 100
dropicen
-3-ylester
19 1'Py”°"gé?§b“ta”°'c 535.69 1 6 42 14675 4130 97.60 88506
Cholest-5-ene-
16,22-dione,3 227.25 96.93 93.09
20 26-dihydroxy-, 472.65 1 4 435 132.95 7 0 1
3-acetate,(20S,25R)
21 Ergost-5-en-3-ol 400.68 1 1 1.4 125.17 51.40 100 100
22 Lupenyl acetate 468.75 0 1 7.89 14006 51.03 100 100
23 Alpha-tocopherol 430.70 1 2 13'5 13537 29.11 97.83 100
Table 2. Docking Result of The Test Compound from Ciplukan Fruit on Ache Receptor
No. Ligand En(eéi)éllfr:qr;c:;ng inhibition constant (LM)
1 p-hidroksi benzoat -4.27 738.5
2 Syiringic -4.69 363.36
3 p-kumarat -4.94 238.41
4 Sinapic -5.76 92.02
5 Ergost-5-en-3-ol, acetate,(38,24R)- -12.85 383.74
Trihydroxy-16a,17a-Propyl meth-
6 ylene dioxy pregna-1,4-diene-3,20- -10.23 31.56 nM
dione (1-dehydrohydrocortisone)
7 Native (Donepezil) -9.67 43.70 nM
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Table 3. Interaction Results Between Test Ligand and Native Ligand

Interactions

Compound Hydrogen
Bond

Hydrophobic

Electrostatic

Van Der

Unfavorable Waal

Glu2®2
Tyr133
Tyr124
Phe?%

1-dehydrohydrocorti-
sone

Tyr34l
Trp%®

Tyr337
Phe®

Ly3213

Va|294
Phe297
Trp2®
Asp™
Gly122
Gly20
Leul30
”e451

G |y448
H iS447
Gly2

Ergost-5-en-3-ol, Phe?%

| |6243

Tyr337
Tyr341
Trp®®

Phe”
His*’
Phes®

Trp236
Ala2%
GIu™?
G |y121
Ser20
Tyr124
Trp286
Arg296
G |y448

Argz%
Ser293

Native

Tyr341
Phe338
Trp%

Tyr337
Trp286

G |y342
Gl u292
Leu289
Va|294
Phe297
Asp74

ph6295
Tyr124
G |y448
His447
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Figure 2. Visualization of Dioxy Compounds (A) and Ergos (B) With Ache Receptor Native Ligand (C)

Conclusion

Based on the research that has been done, it
can be concluded that the compounds Ergost-5-en-
3-ol and 1-dehydrohydrocortisone in Ciplukan
(Physalis angulata) show potential as drug candi-
dates with anti-Alzheimer Diese mechanism of
AChE enzyme inhibition. Further exploration of
the active compounds contained in ciplukan fruit
and comparing them with other plant parts is
needed. 6.
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