
 322

Ocimum sanctum Leaves Prevent Neuronal Cell Apoptosis (Aliffia D, et al.)
Indones Biomed J. 2023; 15(4): 322-32DOI: 10.18585/inabj.v15i4.2415

Ocimum sanctum Leaves Prevent Neuronal Cell Apoptosis Through 
Reduction of Caspase-3 and -9 Expressions and 

Inhibition of β-amyloid Oligomerization

Dinda Aliffia1,#, Dinda Ayu Ramadhani1,#, Widya Wasityastuti2, Dewi Ratih Tirto Sari3,
Ulayatul Kustiati1,4, Hevi Wihadmadyatami1, Dwi Liliek Kusindarta1,

1Department of Anatomy, Faculty of Veterinary Medicine, Universitas Gadjah Mada, Jl. Fauna 2, Yogyakarta 55281, Indonesia
2Department of Physiology, Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah Mada, Jl. Farmako Sekip Utara, 

Yogyakarta 55281, Indonesia
3Department of Pharmacy, Faculty of Medical Science, Universitas Ibrahimy, Jl. KHR Syamsul Arifin, Situbondo 68375, Indonesia

4Veterinary Pharmacology Laboratory, Faculty of Veterinary Medicine, Universitas Brawijaya, Jl. Puncak Dieng, Malang 65151, Indonesia

#Both author contribute equally.
*Corresponding author. Email: indarta@ugm.ac.id

Received date: May 25, 2023; Revised date: Jul 19, 2023; Accepted date: Aug 1, 2023

R E S E A R C H  A R T I C L E

BACKGROUND: Neurodegenerative diseases 
are characterized by the loss of neuronal function 
in the nervous system. In recent years, more 

than 45 million people worldwide have suffered from 
progressive loss of memory and cognitive functions caused 
by Alzheimer’s disease. Ocimum sanctum is one of the 
medicinal plants known to have neuroprotective abilities. 
This study was conducted to elucidate the anti-apoptotic 
effects of ethanolic extract of O. sanctum (EEOS) on PC12 
and SH-SY5Y cells as well as interaction between main 
compounds of EEOS and β-amyloid (Aβ) peptide through 
in silico molecular docking.

METHODS: The viability of TMT-induced PC12 and SH-
SY5Y cells was assessed with 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) assay and acridine 
orange/propidium iodide staining. Cell proliferation rate 
was measured with cell counting kit-8 (CCK-8) assay. 
Nuclear fragmentation was observed with Hoechst 33342 
staining. Caspase -3 and -9 expressions were measured 

Abstract

Introduction

The  neuron  is  the  fundamental  unit  that  makes  up 
a nerve pathway. Neurons, as miniature information 

processors,  receive  incoming  information,  send  signals  
to other neurons, and continue to send the signal response 
to the muscles and glands.(1) Neuronal cell death in 
normal physiology is limited to the elderly. In pathological 
conditions, neuronal shrinkage and cell death in certain 

using enzyme-linked immunosorbent assay. Interactions 
between main compounds of EEOS and Aβ were visualized 
with in silico molecular docking. 
 
RESULTS: EEOS had the potential effect of maintaining 
cell viability, preventing the cell’s morphological changes, 
and inhibiting apoptosis via the caspase pathway in PC12 
and SH-SY5Y cells. Meanwhile, flavonoid K, phenol, 
eugenol could interact with the active site of Aβ through 
hydrogen-bonding and hydrophobic interactions.

CONCLUSION: EEOS could prevent neuronal cell 
apoptosis via downregulation of caspase-3 and -9. Main 
compounds of EEOS could interact with the active site of 
Aβ, and thereby might inhibit Aβ oligomerization. Thus, 
EEOS and its main compounds could be potential as 
neuroprotective agents for preventing neurodegenerative 
diseases.

KEYWORDS: Ocimum sanctum, anti-apoptotic, 
β-amyloid, caspase, neurodegeneration
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brain regions are the basic features of neurodegenerative 
diseases.(2) 
	 Neurodegeneration leads to irreversible neuronal 
damage and increased neuronal loss due to metabolic or 
toxic disorder. Neurodegenerative diseases are caused by 
mitochondrial dysfunction, glutamate toxicity, calcium 
load, proteolytic stress, oxidative stress, neuroinflammation, 
and aging, and protein aggregation.(3) One of the protein 
aggregates  involved  in  neurogenerative  disease  is 
β-amyloid (Aβ). Accumulation of Aβ peptide in the 
hippocampal and entorhinal cortex promotes Alzheimer’s 
disease (AD). AD is the most common neurodegenerative 
disease with dementia as a primary clinical sign.(4,5) 
AD causes an imbalance among the elderly by causing 
memory loss and personality and behavioral changes such 
as depression, apathy, social withdrawal, mood swings, 
irritability, and aggressiveness.(6) 
	 Currently,  the  treatment  of  neurodegenerative 
diseases has not satisfied the patient’s conditions. 
Conventional treatments, such as cholinesterase inhibitors, 
can reduce the symptoms of AD. However, these treatments 
have been known to cause several side effects, such as 
constipation, dizziness, high blood pressure, vomiting, and 
nausea.(7) Numerous studies to investigate antibody-based 
treatment with the Aβ peptide as a target, such as ponezumab 
(8), solanezumab (9), gantenerumab (10), crenezumab (11) 
have already been done. However, most of the drugs fail on 
the clinical trial (phase I, II, or III), and force the medication 
for  drawback  due  to  the  loss  of  efficacy  and  toxicity 
effects. 
	 Recently, many studies have explored the 
phytochemical benefits of medicinal plants, which are 
believed to have promising therapeutic effects with 
minimal side effects. Ocimum sanctum is a medicinal plant 
widely found  in  Indonesia  and  almost  all  Southeast 
Asian regions. O. sanctum is widely used in Asia due 
to its anti-inflammatory and anti-oxidative effects.(12) 
Previous studies have shown that in vitro and in vivo 
administration of ethanolic extract of O. sanctum (EEOS) 
on the neurodegeneration model could promote neuron 
proliferation in the hippocampal cornu ammonis 1 and 
3 and maintain the stability of the expression of several 
neurotransmitters, such as neuropeptide Y, serotonin, 
acetylcholinesterase (Ach) and choline acetyltransferase 
(ChAT).(13-15) Therefore, this study was aimed to 
elucidate the anti-apoptotic effects of EEOS on PC12 and 
SH-SY5Y cell lines as well as interaction between main 
active compounds of EEOS and Aβ peptide through in silico 
molecular docking.

Methods

EEOS Preparation
O. sanctum leaf simplicia was obtained from CV Merapi 
Herbal, Yogyakarta, Indonesia. The simplicia was extracted 
using the maceration technique. Four L of 96% ethanol 
(Merck, Darmstadt, Germany) was added to 300 g of 
O. sanctum leaf simplicia. The filtrate was concentrated 
using a vacuum rotary evaporator (Heidolph, Schwabach, 
Germany).  The  weight  of  the  resulting  EEOS  pasta  was 
36.6 g.

PC12 and SH-SY5Y Cell Culture
The PC12 cells line were purchased from the American Type 
Culture Collection (ATCC, Manassas, VA, USA), while 
the SH-SY5Y cells were purchased from the European 
Collection of Authentication Cell Cultures (ECACC, 
Salisbury, UK). The cells were cultured in Dulbecco's 
modified Eagle medium (DMEM) (Gibco, Auckland, New 
Zealand) combined with 5% Horse Serum and 10% Fetal 
Bovine Serum (Capricorn, Ebsdorfergrund, Germany) 
for PC12 cells, or 5% Fetal Calf Serum for SH-SY5Y 
cells (Gibco, Auckland, New Zealand), 1% Penicillin-
Streptomycin (Capricorn, Ebsdorfergrund, Germany), and 
0.5% Amphotericin B (Gibco, Langenselbold, Germany). 
Unless otherwise noted, all cells were incubated in an 
incubator at 37°C with 5% CO2. The cells were then 
subcultured upon reaching 80% confluence.

Cell Viability Assay
PC12 (1×104 cells) and SH-SY5Y cells (2×104 cells) 
were seeded in a 96-well plate. The cells were treated 
with/without 10 µM trimethyltin (TMT) (Sigma-Aldrich, 
Langenselbold, Germany) and 1 µM Donepezil HCl 
(Sigma, Langenselbold, Germany) or 50, 75, or 100 µg/mL 
EEOS for 24 hours. The media was then aspirated, and each 
well was rinsed with Dulbecco's phosphate-buffered saline 
(DPBS). After that, 0.5 mg/mL of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) reagent 
(Roche, Mannheim, Germany) was added to each well. The 
samples were incubated for four hours. The MTT reagent 
was aspirated, and 100 µL of DMSO were added to each 
well. The absorbance of the plate was read at a wavelength 
of 595 nm.

Proliferation Assay
PC12 (1×104 cells) and SH-SY5Y cells (2×104 cells) were 
seeded in a 96-well plate. After 24 hours, the cells were 
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treated with/without 10 µM TMT and 1 µM Donepezil HCl 
or 50, 75, or 100 µg/mL EEOS for another 24 hours. Cell 
counting kit-8 (CCK-8) reagent (Abbkine, Wuhan, China) 
and DMEM were then added to each well. The absorbance 
of the plate was read at a wavelength of 450 nm.

Acridine Orange/Propidium Iodide (AO/PI) Staining 
PC12 (5×104 cells) and SH-SY5Y cells (5×104 cells) were 
cultivated in 24-well plates, which had been covered with 
poly-lysine coated coverslip and incubated for 24 hours. 
After the cells reached 50% confluency, the cells were treated 
with/without 10 µM TMT and 1 µM Donepezil HCl or 50, 
75, or 100 µg/mL EEOS for 24 hours. After incubation, 
the cells were washed with DPBS. The cells were stained 
with 50 µg/mL AO and 50 µg/mL PI and observed under a 
confocal microscope (Leica, Wetzlar, Germany).

Hoechst 33342 Staining 
PC12 (5×104 cells) and SH-SY5Y cells (5×104 cells) were 
cultivated in 24-well plates covered with a coverslip and 
incubated for 24 h. After the cells reached 50% confluency, 
the cells were treated with/without 10 µM TMT and 1 µM 
Donepezil HCl or 50, 75, or 100 µg/mL EEOS for 24 hours. 
The cells were then rinsed with DPBS and fixed with ice-
cold 70% ethanol for 15 minutes. The fixative was removed, 
and 1 µg/mL of Hoechst 33342 staining solution was added 
to each well under dark room conditions and incubated for 
10 minutes. The cells were washed with DPBS for 5 minutes. 
The cells were observed under a confocal microscope 
(Leica, Wetzlar, Germany).

PC12 and SH-SY5Y Cell Lysates Preparation
PC12 cells (5×105 cells) and SH-SY5Y cells (5×104 cells), 
which were cultured in a 6-well plate, were washed with 
DPBS. The cells were treated with/without 10 µM TMT and 
1 µM Donepezil HCl or 50, 75, or 100 µg/mL EEOS for 24 
hours. Radioimmunoprecipitation (RIPA) lysis buffer (Santa 
Cruz Biotechnology, Texas, TX, USA) was added to each 
well. The plate was then gently shaken and allowed to stand 
for 15 minutes. The cells were harvested and lysed, and the 
cell lysate was centrifuged at 10,000 rpm for 10 minutes at 
4℃. The supernatant was collected for further assay.

Enzyme-linked Immunosorbent Assay (ELISA) for 
Caspase-3 and -9
The expression levels of caspase-3 and -9 in the cell lysate 
were  measured  with  caspase-3  and  -9  ELISA  kits 
(Fine Test, Wuhan, China) according to the manufacturer’s 

instruction. The plates were read at a wavelength of 450 
nm using an ELISA reader (Tecan Spark 20M, Mannedorf, 
Switzerland).

Statistical Analysis
The absorbance values obtained from MTT assay, CCK-
8 assay and ELISA were analyzed using GraphPad Prism 
software v. 7 (Proteogenomics Research Institute for 
Systems Medicine (PRISM), La Jolla, CA, USA) with one-
way ANOVA and followed by a Tukey’s honestly significant 
difference (HSD) test.

Ligand and Protein Preparation for in silico Analysis
The chemical structures of flavonoid K (CID 5317287), 
phenol (CID 996) eugenol (CID 3314), and donepezil 
(CID 3152) were downloaded from the National Center 
of Biotechnology Information (NCBI) PubChem 
database (https://pubchem.ncbi.nlm.nih.gov/). The three-
dimensional (3D) structure of Aβ peptide was downloaded 
from the Protein Data Bank (PDB) (https://www.rcsb.org/) 
database (PDB ID 1AAP). Protein structure optimization 
was performed to remove the molecules that make up the 
solvent/solvent and attached ligands. The protein structure 
was then predicted for its active site using the Molegro 
Virtual Docker 5 (Informer Technologies, Los Angeles,  
CA, USA) program with binding cavities parameters as 
follows: van der Waals, maximum cavities 5. 

Docking Simulation
Flavonoid K, phenol, eugenol, and donepezil were docked 
with Aβ peptide using the Molegro Virtual Docker 5 software 
on the following coordinates: X = 11.98; Y=18.92; Z=36.62; 
Radius 15. The docking parameters were as follows: Score 
Function Moldock Score [Grid]; grid resolution 0.30; 
algorithm MolDock SE; Number of Runs 10, Max iteration 
1500; max population size 50; pose generation energy 
threshold 100, tries 10-30; simplex evolution max steps 
300; neighbor distance factor 1.00; multiple poses several 
poses 5; energy threshold 0.00; cluster similar poses RMSD 
threshold 1.

Docking Data Analysis
The molecular docking results were superimposed with 
PyMol software version 2.2 (Scrhodinger, New York, NY, 
USA). Discovery Studio program (Dassault Systemes 
BIOVIA, New York, NY, USA) version 21.1.1 was used 
to visualize the interactions between the active compounds 
and the target protein.
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Results

EEOS Maintained Viability and Promoted Proliferation 
of TMT-induced PC12 and SH-SY5Y cells
The viability percentage of TMT + 50 or 100 μg/mL EEOS-
treated PC12 and SHSY-5Y cells were significantly higher 
than those of TMT-induced PC12 and SHSY-5Y cells. 
These results were similar with the viability percentage of 
the untreated cells (Figure 1A, Figure 1B). Furthermore, the 
proliferation rate of TMT + 50, 75, or 100 μg/mL EEOS-
treated PC12 and SHSY-5Y cells were significantly higher 
than those of TMT-induced PC12 and SHSY-5Y cells. 
These results were similar with the proliferation rate of the 
untreated and TMT + Donepezil HCl-treated cells. (Figure 
1C, Figure 1D). In addition, microscopic observation 

Figure 1. EEOS maintained viability and promoted proliferation of TMT-induced PC-12 and SH-SY5Y cells. Cell viability and 
proliferation rate were measured with MTT and CCK-8 assays, respectively. A: Cellular viability of PC12 cells; B: Cellular viability of 
SH-SY5Y cells; C: Cell proliferation rate in PC-12 cells; D: Cell proliferation rate in SH-SY5Y cell line. Tukey’s HSD test, *0.05≥p>0.01; 
**0.01≥p>0.001; ***0.001≥p>0.0001; ****p≤0.0001.

with Acridine Orange/Propidium Iodide (AO/PI) staining 
demonstrated that EEOS increased the number of viable 
PC12 and SHSY-5Y cells in a concentration-dependent 
manner. Viability of TMT + EEOS-treated cells was similar 
with that of untreated and TMT + Donepezil HCl-treated 
cells (Figure 2).

EEOS Decreased Caspase-3 and -9 Expressions in TMT-
induced PC-12 and SH-SY5Y Cells
TMT + EEOS-treated PC-12 and SH-SY5Y cells showed 
significant lower expressions of caspase-3 (Figure 3A, 
Figure 3B) and -9 (Figure 3C, Figure 3D) in comparison 
with TMT-induced cells. TMT + 100 μg/mL EEOS-
treated PC12 and SHSY-5Y cells had lower caspase-3 
and -9 expressions. These results were similar with the 
expression levels of caspase-3 and -9 of TMT + Donepezil 
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Figure 2. EEOS prevented apoptosis of TMT-induced PC12 and SH-SY5Y cells. The viability of in PC12 and SH-SY5Y cells was 
assessed with AO/PI staining. Red color: Cells undergoing apoptosis; Green color: Viable cells. Green-colored cells were observed to be 
dominant in groups treated with higher concentrations of EEOS. A: Untreated PC12; B: PC12 + TMT; C: PC12 + TMT + Donepezil; D: 
PC12 + TMT + 50 μg/mL EEOS; E: PC12 + TMT + 75 μg/mL EEOS; F: PC12 + TMT + 100 μg/mL EEOS; G: Untreated SH-SY5Y; H: 
SH-SY5Y + TMT; I: SH-SY5Y + TMT + Donepezil; J: SH-SY5Y + TMT + 50 μg/mL EEOS; K: SH-SY5Y + TMT + 75 μg/mL EEOS; L: 
SH-SY5Y + TMT + 100 μg/mL EEOS. White bar: 40 μm. 

HCl-treated cells. To strengthen the ELISA results, nucleus 
morphological analysis was performed using Hoechst 33342 
stain. EEOS reduced nuclear fragmentation in both PC12 
and SH-SY5Y cells in a concentration-dependent manner. 
Nuclear fragmentation in TMT + EEOS-treated cells was 
similar with those in the untreated and TMT + Donepezil 
HCl-treated cells (Figure 4).

EEOS Phytochemical Compounds Interacted with the 
Active Site of Aβ Peptide
Flavonoid K bound to Aβ peptide with 11 hydrogen bonds, as 
well as one electrostatic and eight hydrophobic interactions. 
The binding energy of flavonoid K-Aβ complex was -271.6 

kJ/mol. Flavonoid K-bound active-site residues were 
PHE34, THR26, PRO32, TYR22, ASP24, THR11, ALA9, 
and PHE33 (Table 1, Figure 5). Phenol bound to Aβ peptide 
with two hydrogen bonds at residues GLN8 and ASP24 
and one hydrophobic bond at residues ALA9. The binding 
energy for this interaction was -136.5 kJ/mol (Table 1, 
Figure 5). In addition, eugenol bound to Aβ peptide through 
two hydrogen bonds at the THR26 and ASP24 residues, 
one electrostatic interaction at the ASP24 residue, and three 
hydrophobic interactions at the ALA9, VAL25, and ALA9 
residues. The energy formed is -198.75 kJ/mol, which was 
lower than the one of phenol (Table 1, Figure 5). Donepezil 
interacted with VAL18, ALA21, and VAL24 residues of Aβ-
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Figure 3. EEOS decreased caspase-3 and -9 expressions in TMT-induced PC-12 and SH-SY5Y cell lines. Cell lysates of PC-12 and 
SH-SY5Y cells were subjected to ELISA to measure caspase-3 and -9 expressions. A: Expression of caspase-3 in PC12 cells; B: Expression 
of caspase-3 in SH-SY5Y cells; C: Expression of caspase-9 in PC-12 cells; D: Expression of caspase-9 in SH-SY5Y cells. Tukey’s HSD 
test, *0.05≥p>0.01; **0.01≥p>0.001; ***0.001≥p>0.0001; ****p≤0.0001.

peptide through hydrophobic interaction (Table 1, Figure 5). 
Besides, several amino acid residues interacted through van 
der Waals interaction were identified, including GLU22, 
GLY25, LYS28, MET35, ILE31, and LEU34 (Figure 5). 

Discussion

Herbal medicine has long been trusted as an alternative 
therapy for treating various diseases (16,17) and has been 
known to increase proliferation of several types of cells 
(18). In this research, the potency of EEOS to protect the 
neuron from apoptosis in neurodegenerative diseases was 

investigated. Phytochemical substances are suggested to 
play a pivotal role in the antiapoptotic activities of medicinal 
plants.(19)
	 In this study, EEOS maintained the viability of the 
TMT-induced PC12 and SH-SY5Y cells. This result is in 
line with the previous studies showed that EEOS maintained 
the stability of several neurotransmitter, such as ChAT in 
human cerebral microvascular endothelial cells and HEK-
293 cells as in vitro model neurodegeneration induced by 
TMT.(13,14,20,21) 
	 In addition, EEOS reduced nuclear fragmentation in a 
concentration-dependent manner (22,23) and decreased the 
expression levels of caspase-3 and -9. Neuroinflammation 
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Figure 4. EEOS inhibited nuclear fragmentation in PC12 and SH-SY5Y cells. Nuclear fragmentation in PC12 and SH-SY5Y cells 
was assessed with Hoechst 33342 staining. Arrows: Nuclear fragmentation. Less nuclear fragmentation was observed in cells treated with 
higher concentrations of EEOS. A: Untreated PC12; B: PC12 + TMT; C: PC12 + TMT + Donepezil; D: PC12 + TMT + 50 μg/mL EEOS; 
E: PC12 + TMT + 75 μg/mL EEOS; F: PC12 + TMT + 100 μg/mL EEOS; G: Untreated SH-SY5Y; H: SH-SY5Y + TMT; I: SH-SY5Y + 
TMT + Donepezil; J: SH-SY5Y + TMT + 50 μg/mL EEOS; K: SH-SY5Y + TMT + 75 μg/mL EEOS; L: SH-SY5Y + TMT + 100 μg/mL 
EEOS. White bar: 40 μm. 

and neuronal loss have a crucial role in the development 
of AD.(24) Apoptosis is a cellular process that regulates 
cell death under physiological or pathological stimuli. 
Alzheimer's (AD) is a chronic neurodegenerative disease 
with dysregulated apoptotic cascade and abnormal neuronal 
loss. Activation of caspases, which play an important role 
in apoptosis, is associated with increased Aβ production, 
co-localizes with neurofibrillary tangles, and degenerative 
granulovacuolar changes in the hippocampus.(25)
	 It has been reported that EEOS contained flavonoid K, 
eugenol, and phenol.(26) In the present study, flavonoid K 
showed a higher hydrophobicity than phenol and eugenol. 

Meanwhile, the hydrogen bond profile showed the presence 
of hydrogen donors and acceptors in flavonoid K, and 
hydrogen acceptors in phenol and eugenol. The binding 
energy of flavonoid K was lower than those of eugenol 
and phenol. The lower the binding energy of a compound, 
the stronger the interaction.(27) Moreover, these three 
compounds interacted at the Aβ active site, indicating that 
they had potency as therapeutic agents for neurological 
diseases (AD). Aβ is a crucial target in AD treatment (28), 
since Aβ plaques deposit in the central nervous system can 
cause the deficit of spatial learning and memory in AD (4). 
Prolonged exposures of Aβ can stimulate excitotoxicity and 



329

The Indonesian Biomedical Journal, Vol.15, No.4, August 2023, p.296-368 Print ISSN: 2085-3297, Online ISSN: 2355-9179

Ligand Binding Energy 
(kJ/mol) Interactions Distance (Å) Category Types

A:PHE34:N - :10:O2 3.03548 Hydrogen Bond Conventional Hydrogen Bond
A:PHE34:N - :10:O3 3.27306 Hydrogen Bond Conventional Hydrogen Bond

B:THR26:OG1 - :10:O1 3.00244 Hydrogen Bond Conventional Hydrogen Bond
:10:H5 - A:PRO32:O 2.22375 Hydrogen Bond Conventional Hydrogen Bond

:10:H6 - A:TYR22:OH 1.62537 Hydrogen Bond Conventional Hydrogen Bond
:10:H13 - B:TYR22:OH 2.61064 Hydrogen Bond Conventional Hydrogen Bond
:10:H13 - B:ASP24:OD1 1.61598 Hydrogen Bond Conventional Hydrogen Bond

:10:H9 - :10:O4 2.28386 Hydrogen Bond Carbon Hydrogen Bond
:10:H11 - A:THR11:OG1 2.52597 Hydrogen Bond Carbon Hydrogen Bond

:10:H15 - :10:O8 2.36482 Hydrogen Bond Carbon Hydrogen Bond
A:ASP24:OD1 - :10 4.63129 Electrostatic Pi-Anion
A:TYR22:OH - :10 3.98424 Hydrogen Bond Pi-Donor Hydrogen Bond

A:TYR22 - :10 5.1937 Hydrophobic Pi-Pi Stacked
A:PHE33 - :10 5.82446 Hydrophobic Pi-Pi T-shaped

B:ALA9 - :10:C18 4.4155 Hydrophobic Alkyl
A:PHE34 - :10:C16 4.44711 Hydrophobic Pi-Alkyl
B:TYR22 - :10:C18 5.09443 Hydrophobic Pi-Alkyl

:10 - A:ALA9 4.29292 Hydrophobic Pi-Alkyl
:10 - A:ALA9 481,357 Hydrophobic Pi-Alkyl
:10 - A:ALA9 4.81581 Hydrophobic Pi-Alkyl

:10:H6 - A:GLN8:OE1 2.20711 Hydrogen Bond Conventional Hydrogen Bond
:10:H6 - B:ASP24:OD2 2.74898 Hydrogen Bond Conventional Hydrogen Bond

:10 - A:ALA9 4.79577 Hydrophobic Pi-Alkyl
:10:H10 - B:THR26:OG1 2.26762 Hydrogen Bond Conventional Hydrogen Bond
:10:H7 - B:ASP24:OD1 2.76509 Hydrogen Bond Carbon Hydrogen Bond

A:ASP24:OD1 - :10 4.89078 Electrostatic Pi-Anion
B:ALA9 - :10:C10 4.27365 Hydrophobic Alkyl

:10:C10 - A:VAL25 5.39072 Hydrophobic Alkyl
:10 - A:ALA9 4.72929 Hydrophobic Pi-Alkyl

:10:C23 - A:VAL18 500,255 Hydrophobic Alkyl
:10:C24 - A:VAL18 39,502 Hydrophobic Alkyl

:10 - A:ALA21 448,029 Hydrophobic Pi-Alkyl
:10 - A:VAL24 518,883 Hydrophobic Pi-Alkyl

:10:H8 - :10:H13 13,077 Unfavorable Unfavorable Bump

Donepizil -394.80

Flavonoid K -271.60

Phenol -136.50

Eugenol -198.75

Table 1. Binding energy, interaction, and chemical bond between flavonoid K, phenol, eugenol, and Donepezil 
and Aβ.

causing neuronal death. Cell cycle re-entry can provoke 
neuronal apoptosis in AD patient with Aβ deposit.(29) 
Aβ can promote the activation of inflammatory microglia 
to suppress and prevent phagocytic activity from clearing 
Aβ plaques and induce progressive neuronal degeneration.
(24,30) 
	 One of the focuses of AD treatment is to prevent 
neuronal cell death. Flavonoid K, which is also called 
as phytoestrogen, has a basic chemical structure similar 
to estrogen. In neurodegenerative diseases, flavonoid K 
could reduce cellular stress, and have antioxidant, anti-
inflammatory, and anti-apoptotic properties. Flavonoid K 
have  been  shown  to  interact  with  various  signaling 
proteins, modulating several signaling pathways, and 
functioning as a neuroprotective compound.(31,32) 
As antioxidant, phenol has been proven to have anti-

inflammatory properties. Preclinical studies demonstrated 
that phenol could exert its neuroprotective effects by 
targeting multiple cellular pathways, including protection 
from neuronal inflammation, oxidative damage, autophagy, 
and apoptosis.(33,34)

Conclusion

EEOS could prevent neuronal cell apoptosis via reduction 
of caspase-3 and -9 expressions. Main compounds of 
EEOS, namely flavonoid K, phenol, and eugenol, could 
interact with the active site of Aβ, and thereby might inhibit 
Aβ oligomerization. Thus, EEOS and its main compounds 
could be potential as neuroprotective agents for preventing 
neurodegenerative diseases.
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A1.                                                A2.                                                           A3.                                                   A4. 

B1.                                              B2.                                                            B3.                                                B4.  

C1.                                              C2.                                                            C3.                                                C4.  

D1.                                              D2. 

Figure 5. Two-dimensional (2D) and 3D interactions of the EEOS compounds with Aβ. A1: 3D interaction between flavonoid K 
(red) and Aβ active site (blue); A2: 2D hydrogen-bonding, hydrophobic, and electrostatic interactions in flavonoid K-Aβ complex; A3: 
3D hydrophobic interactions in flavonoid K-Aβ complex; A4: 3D hydrogen-bonding interactions in flavonoid K-Aβ complex. B1: 3D 
interaction between phenol (yellow) and Aβ active site (blue); B2: 2D hydrogen-bonding and hydrophobic interactions in phenol-Aβ 
complex; B3: 3D hydrophobic interactions in phenol-Aβ complex; B4: 3D hydrogen-bonding interactions in phenol-Aβ complex. C1: 
3D interaction between eugenol (green) and Aβ active site (blue); C2: 2D hydrogen-bonding, hydrophobic, and electrostatic interactions 
in eugenol-Aβ complex; C3: 3D hydrophobic interactions in eugenol-Aβ complex; C4: 3D hydrogen-bonding interactions in eugenol-Aβ 
complex. D1: 3D interaction between Donepezil (red) and Aβ active site (blue); D2: 2D hydrogen-bonding, hydrophobic, and van der 
Waals interactions in Donepezil-Aβ complex.
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