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Abstract. Alzheimer’s disease is one of the neurodegenerative 
diseases that afflict the elderly. One of the symptoms is a loss cognitive 

ability due to neuronal death caused by amyloid plaque accumulation. 
Alzheimer’s disease is one of the most expensive diseases to treat. 

Drugs for Alzheimer’s treatment only treat the symptoms, not the 

disease itself. Several pathways, including the mitochondrial cascade, 
can be used to develop drugs for Alzheimer’s disease, according to 

NIH guidelines. Caspase3 is a protein that involved in the 

mitochondrial cascade, specifically in apoptosis. Alzheimer’s therapy 

may be more effective if caspase3 is targeted. Indonesia is a rich 
country, particularly in medicinal plants. We used the Structure-Based 

Drug Design approaches to screen bioactive compounds in 

Indonesian medicinal plant to find the best compound candidate. In 
addition, we performed ADMETOX prediction, molecular docking, 

and molecular dynamic simulation on forty 3D structures of bioactive 

compounds and donepezil as an FDA approved Alzheimer’s drug. 

We discovered Miraxanthin-V had a higher binding affinity than 
donepezil using molecular simulation. As a result, we can conclude 

that Miraxanthin-V has a high potential of neuroprotective by 

inhibiting apoptosis.  
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1. Introduction 
Alzheimer's disease is a neurodegenerative disease that causes cognitive decline in people over the age 

of 65 [1-2]. Alzheimer's disease is caused by the accumulation of beta-amyloid (Aβ) protein and tau 

protein hyperphosphorylation. Amyloid plaques form in the extracellular spaces of nerve cells. The 

plaque is formed by the clumping of proteins Aβ 40 and 42 [1][3]. Protein Aβ accumulation is thought 

to be capable of causing tau-dependent synaptic dysfunction. The tau protein is found within the 
intracellular space of nerve cells [1][4]. The presence of tau protein stimulates the activity of NMDA 

receptor. When Aβ protein accumulates in the extracellular space, tau protein accumulates in the 

nerve cell's intracellular space [5-6]. This causes an influx of calcium ions in the dendrite, resulting in 
the death of nerve cells [3][7]. One of the proteins involved in the death process is the caspase-3 

protein, which acts as the death executor in the apoptotic pathway [8-9]. 
 Caspase-3 expression is elevated in Alzheimer's patients [9-11]. This is because caspase-3 is a 

death-executor protein involved in the apoptosis process. Caspase3 is involved in both intrinsic and 
extrinsic apoptotic pathways [3][8]. Furthermore, caspase3 is involved in neuronal plasticity and 

synaptic loss [11-12]. Caspases 3 inhibition is thought to aid in the process of restoring post-synaptic 
composition [3][9]. Based on market-available Alzheimer's therapy drugs, the NIH proposes nine 

research targets for Alzheimer's treatment, one of which is through the mitochondrial cascade [13-14]. 
The mitochondrial cascade is closely linked to apoptosis and autophagy, both of which require the 

caspase-3 protein [15-17]. 
Alzheimer's drugs are currently classified into two types: acetylcholinesterase inhibitors and 

NMDAR antagonists [12][18]. These two types of medications can only help with the symptoms of 
Alzheimer's disease; they cannot cure it [20-21]. Furthermore, when these two drugs are taken, they 

cause a variety of side effects, including nausea, vomiting, and loss of appetite [7][14]. 
Herbal plants are one of Indonesia's natural resources [22-23]. Locals commonly use herbal plants 

to increase stamina, maintain immunity, and treat diseases [24-25]. These herbal plants are commonly 
combined to make jamu, a drink. The drink is made from a variety of medicinal herbal plants [22] 

[26]. 
Many researchers have studied the bioactive compounds found in herbal plants over the last few 

decades [24][26]. Some of these bioactive compounds may have the potential to treat diseases like 
neurodegenerative diseases [27-29]. With advances in bioinformatics science, it is now possible to 

identify drug candidates that will save time and money. Drug candidates are discovered in 
bioinformatics using molecular simulations such as screening, molecular docking, and molecular 

dynamics [27][30]. The target of Alzheimer's drug discovery from Indonesian herbal plants is hoped 
to be discovered using a molecular simulation approach. 

 

2. Experimental Section 
The experimental was done using the previous pipeline for drug discovery processes. The process 
includes virtual screening from databases and molecular simulation using molecular docking and 

molecular dynamics. [26][29-30]. It may be seen on Figure 1. 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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Figure 1. Virtual screening and molecular simulation for drugs finding 

2.1. Materials and Methods 
This research we used laptop with I7 specification. For protein target screening we retrieved protein 
from KEGG, while compound we got from HerbalDB. Screening is done using LigandScout. 

Molecular docking is done using Autodock Tools 4.0, while visualization 2D is done using LigPlot+. 
Molecular dynamic is done using Gromacs. 

 

2.2.1. Protein Preparation 
The caspase3 protein was chosen by searching the UniProt database (https://www.uniprot.org/) with 

the criteria “Homo sapiens” and choosing structure part. From structure part we found the valid PDB 
ID for caspase3 and sorted the protein by clicking the RCSB-PDB database (https://www.rcsb.org/). 

Resolution, year of publication, presence of mutations, and presence of native ligands were the criteria 
used to select the best protein of caspase3. Proteins that met these requirements were downloaded in 

.pdb format. 
 

2.2.2. Bioactive Compound Screening and Preparation 
The HerbalDB database, which contains 1337 compounds, was used to screen the bioactive 
compound database. The LigandScout software was used for virtual screening by uploading the PDB 

structure of caspase3 and the HerbalDB database. Structure-based was done by selecting the yellow 
box of active site. Data from virtual screening was then collected in Microsoft Excel. 

 

2.2.3. Bioactive Compound’s Structure Retrieval from Databases 
The PubChem (https://pubchem.ncbi.nlm.nih.gov/), ChemSpider (http://www.chemspider.com/), 
and DrugBank (https://go.drugbank.com/) databases were used to determine the structure of the 

bioactive compounds. The screened compounds were then searched for in PubChem and ChemSpider 
for download in .sdf format. Positive control was an Alzheimer's therapy drug that can be downloaded 

from DrugBank in the .sdf format. 
 

 

https://www.uniprot.org/
https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
http://www.chemspider.com/
https://go.drugbank.com/
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2.2.4 ADME and Toxicity Prediction 
The SWISS ADME (http://www.swissadme.ch/index.php) web server and ADMETlab 2.0 

(https://admetmesh.scbdd.com/) were used to predict ADME and toxicity. Smiles from bioactive 
compounds were uploaded into the web server, and information on ADME and toxicity was obtained. 

Lipinski's 5 rules and the severity of toxicity were the parameters used to find the best candidate 
bioactive compound. 

 

2.2.5. Molecular Docking Preparation 
AutodockTools software was used for molecular docking. Prior to molecular docking, bioactive 

compound, that have been sort from ADMETOX prediction, were prepared by converting the .sdf 
format to the .pdb format using MarvinSketch software. Following that, bioactive compound and 

caspase3 protein were prepared in AutodockTools software to produce the .pdbqt file format. 
 

2.2.6. Molecular Docking Validation 
Validation was done by making the grid box from different sizes (40x40x40, 50x50x50, and 
60x60x60). Native ligand, which obtained from protein caspase3, was used to do the validation test 
in each size. We need to find the best box size by finding the smallest RMSD after docking with native 

ligand. 
 

2.2.7. Molecular Docking Simulation from Bioactive Compounds 
The validated grid box was then used to perform molecular docking between the target protein and 
the screened bioactive compounds. Variables that were considered binding energy and inhibition 

constant. After molecular docking simulation has been done, complex binding from caspase3 protein 
and bioactive compound was built to perform the 2D visualization. 2D visualization was conducted 

using LigPlot+ by uploading the complex binding in .pdb format. 
 

2.2.8. Molecular Dynamic 
The GROMACS software was used to simulate molecular dynamics. To perform molecular 
dynamics, bioactive compounds and caspase3 protein preparation must be completed using vector 

machine in GROMACS software. Water and ions were added after the preparation stage was finished. 
Then there was energy minimization, pressure and temperature additions, and molecular dynamics 

simulations. The calculation of RMSD and RMSF was obtained from molecular dynamics. Microsoft 
Excel could be used to visualize RMSD and RMSF value. 
 

3. Results and Discussion 

3.1 Protein Preparation 
The caspase3 protein was chosen from the RCSB-PDB database (https://www.rcsb.org/) based on 

resolution, year of publication, mutations, and native ligands. The resolution of protein is measured 
in Armstrong (A) units. The resolution parameter is important because the lower the resolution, the 

clearer the appearance and depiction of atoms [31-33]. A resolution of 3.00-4.00 A is only capable of 
describing the rough structure of a protein, while 2-3 A can describe the finer structure of a protein, 

which is distinguished by the appearance of a rough aromatic ring shape [30][34]. A resolution of 1-2 
A can describe a very fine protein structure with the appearance of an aromatic ring shape. As a result, 

the lower the resolution, the more clearly the protein structure is represented [31][35]. 
The year of protein was published is important for identifying amino acid residue groups [36-37]. 

The amino acid residue group is more renewable the more recent the year. This must be taken into 
account to avoid the loss or omission of an amino acid residue group [38-39]. Because they can bind 

to the ligands being tested, amino acid residue groups are important in molecular simulation 
[33][37][39]. 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
http://www.swissadme.ch/index.php
https://admetmesh.scbdd.com/
https://www.rcsb.org/
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Mutations may cause changes in amino acids and change the conformation of a protein [34][40-

41]. This conformational change has the potential to alter protein's function and properties [33][42]. 
A protein with no mutations is required in molecular simulations to represent the protein in its original 

state [16][41]. Another factor to consider is the presence of native ligands [21][38]. Native ligands are 
those carried by proteins. In the presence of native ligands, the binding sites on these proteins and the 

amino acid residues that play a role in these binding sites can be predicted [37][43]. 
Based on this information, 2xyh was chosen as a candidate protein that reflects the parameters 

that must be considered (https://www.rcsb.org/structure/2XYH). The caspase3 protein 2xyh was 
discovered experimentally using the X-Ray method. The 2xyh protein was first published in RCSB-

PDB in 2010, with a resolution of 1.89 A. There were no mutations found in either chain of the 2xyh 
protein. TQ9 is a 2xyh protein native ligand [33]. Figure 2 depicts the structure and information of the 

2xyh protein. 

 
Figure 2. RCSB-PDB structure and information for the 2xyh protein [44] 

3.2 Screening of Bioactive Compound 
Structure-Based Drug Design (SBDD) is a method for identifying candidate compounds that have the 
3D structure of the target protein [32][33]. The search for candidate compounds based on (SBDD) 

emphasizes the binding site of protein [21][30]. At the binding site, certain amino acid residue groups 
were discovered to play an active role in the binding of a candidate compound [34][39]. 

The screening for bioactive compounds was carried out using HerbalDB. HerbalDB is a database 
that contains a collection of bioactive compounds derived from medicinal plants in Indonesia. 

HerbalDB is a University of Indonesia pharmacy that houses approximately 1337 bioactive 
compounds [27][44-46].  

When the target protein has a 3D structure, the SBDD method can be used to scan bioactive 
compounds. Pharmacophores will be identified based on their binding to the protein's binding site, as 

shown in Figure 3. The active site is typically occupied by a native ligand, which is also a small 
molecule [39][47]. Table 1 shows the results of scanning bioactive compounds using the SBDD 

method. 

 
Figure 3. SBDD on 2xyh protein 

https://www.rcsb.org/structure/2XYH
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Table 1. Scanning results of bioactive compounds based on SBDD 
Bioactive Compound Name 

Batatic acid.mol 

Gallic acid.mol 

L-(+)-Tartaric acid.mol 

Chlorogenic acid.mol 

Phaseolic acid.mol 

Miraxanthin-V.mol 

4-Methylpentyl glucosinolate.mol 

3-Methylpentyl glucosinolate.mol 

3-Butenylglucosinolate.mol 

Suberic acid.mol 

Citric acid.mol 

9-Methylthiononyl glucosinolate.mol 

n-Hexyl glucosinolate.mol 

8-Mehtylthio-octyl glucosinolate.mol 

Sinalbin.mol 

Glucoraphenin.mol 

4-Methylsulfinylbutyl glucosinolate.mol 

5-Hexenyl glucosinolte.mol 

Shikimic acid 3-phosphate.mol 

Isoscutellarein 4’-methyl ether 8-(2”,4”-disulfatoglucoronide.mol 

Pimeilc acid.mol 

Glucoputranjivin.mol 

 
A search of the HerbalDB database yielded 23 potential bioactive compounds. Using molecular 

docking on the 2xyh protein, the best candidate for bioactive compounds was then identified. The first 
step is to validate the grid box at 40x40x40, 50x50x50, and 60x60x60 [48][46]. Grid box validation 

was accomplished by re-docking the native ligand to the binding site of the 2xyh protein. The RMSD 
(root mean standard deviation) of the re-docking should be less than 2 [38][27]. The dimension with 

the lowest RMSD number will be used later in molecular docking. This is done to ensure that the 
bioactive compounds occupy the binding site of the 2xyh protein binding site precisely and produce 

the desired pharmacological effect [38][46]. Grid box validation on 2xyh protein was performed at 
dimension 40, as shown in Table 2. 

 

Table 2. Validation Grid Box 2xyh 

Grid Binding Energy Reference RMSD 

40 -4.95 1.14 

50 -4.95 1.15 
60 -4.94 1.13 

 

To perform molecular docking of bioactive compounds, ligands and 2xyh protein were prepared. 
Ligand preparation includes torsion selection and regulation, whereas protein preparation includes 

charge addition, hydrogen atom addition, and the incorporation of non-polar components [47][48]. 
Table 3 shows the results of molecular docking. The 3 best docking score from binding energy is n-

hexyl glucosinolate (-6.62), Miraxanthin-V (-6.58), and Sinalbin (-6.3). While the positive control 
(donepezil) has docking score -5.37.  

 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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Table 3. Docking results of SBDD bioactive compounds 
No Bioactive Compound Name Binding Energy RMSD Inhibition Constant 

1 Batatic acid -4.95 53.776 236.67 

2 Gallic acid -4.81 49.632 299.85 

3 L-(+)-Tartaric acid -4.48 51.002 516.96 

4 Chlorogenic acid -5.93 49.271 45.16 

5 Phaseolic acid -4.71 48.068 351.98 

6 Miraxanthin-V -6.58 51.784 15.11 

7 4-Methylpentyl glucosinolate -5.57 59.224 82.6 

8 3-Methylpentyl glucosinolate -3.48 56.545 2.82 

9 3-Butenylglucosinolate -3.93 55.643 1.32 

10 Suberic acid -3.84 57.236 1.54 

11 Citric acid -4.33 52.77 665.47 

12 9-Methylthiononyl glucosinolate -4.36 49.004 631.38 

13 n-Hexyl glucosinolate -6.62 54.65 13.95 

14 8-Methylthio-octyl glucosinolate -4.4 54.51 596.84 

15 Sinalbin -6.3 51.293 23.94 

16 Glucoraphenin -5.38 55.741 113.29 

17 4-Methylsulfinylbutyl glucosinolate -6.26 55.391 25.98 

18 5-Hexenyl glucosinolate -5.32 57.84 126.22 

19 Shikimic acid -5.15 51.53 166.61 

20 
Isoscutellarein 4’-methyl ether 8-(2”,4”-

disulfatoglucoronide) 
-4.04 52.726 1.09 

21 Pimelic acid -4.1 56.949 991.35 

22 Glucoputranjivin -4.47 56.084 562.85 

23 Donepezil -5.37 59.185 115.07 

 
Both the parameter binding energy (Gibbs) and the inhibition constant indicate that the bonds are 

strong (pKia) [14][50]. The stronger the bond between protein and bioactive compounds, the lower 
the binding energy, and the lower the inhibition constant, the better bioactive compounds' ability to 

induce pharmacological effects [51][32]. The inhibition constant is calculated using the equation 
principle described below: 

𝐸𝑛𝑧𝑦𝑚𝑒 + 𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 ↔ 𝐸𝑛𝑧𝑦𝑚𝑒 − 𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 
This equation will result in the formation of complexes between ligands and proteins as a result 

of the molecular docking interactions that have just occurred. Based on the reaction rate, the following 
formula can be used to calculate the degree of dissociation [52][32]. 

𝑘 =  
[𝐸𝑛𝑧𝑦𝑚𝑒][𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒]

[𝐸𝑛𝑧𝑦𝑚𝑒 − 𝑆𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒]
 

This equation shows that a high value for the enzyme and substrate complex results in a low 
degree of dissociation. When the degree of dissociation is low, the substrate complex forms more 

easily [32][40]. This also occurs during molecular docking between bioactive compounds and 2xyh 
protein, where the smaller the dissociation constant, the less dissociation. This also shows that the 

bioactive compound complex with 2xyh protein forms more easily [52][50]. The formation of this 
complex and binding energy has a significant effect on the action of a drug. The drug can carry out its 

pharmacological effects effectively if the complex is easily formed and easily dissociated. However, 
serious side effects will occur if the drug candidate has a strong bond and complex formation that is 

fast but not easily dissociated [14][32].  
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Figure 4 show the hydrogen bond in docking result. There were 5 hydrogen bonds in native 

ligand, 3 hydrogen bonds in control positive, 5 hydrogen bonds in Miraxanthin-V, 3 hydrogen bonds 
in Sinalbin, and 8 hydrogen bonds in N-hexyl glucosinolate. The hydrogen bond indicates the strength 

of ligand attachment to protein target. The more the hydrogen bonds identified, the stronger the 
strengthen it would be. 

 

  
(a) (b) (c) 

  
(d) (e) 

Figure 4. 2D visualization docking results (a) Native Ligand, (b) Positive Control, 
(c) Miraxanthin-V, (d) Sinalbin, (e) N-hexyl glucosinolate 

The molecular docking also yielded amino acid residues, indicating the site of interaction between 
bioactive compounds and 2xyh protein. One of the parameters that will be used in molecular dynamics 

simulations is amino acid residue, which will be reflected on the RMSF curve. The amino acid residues 
in 2xyh protein are shown in Table 4. 

 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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Table 4. Amino acid residue 2xyh 

 
Prior to entering the molecular dynamics simulation stage, toxicology and ADME predictions on 

bioactive compounds were performed. The ADMETOX test results are shown in table 5. Table 5 

shows that Miraxanthin-V, N-Heksyl glucosinolate, and sinalbin all meet the Lipinski Rule of 5 and 
are not toxic [32][21]. Toxicity testing is required because we want to conduct the best drug candidate 

[53][39]. While some molecules are toxic, this can be managed by modifying the structure of the 
compound using the QSAR method [34][36]. The three compounds were then subjected to 10 ns of 

molecular dynamics testing to determine binding stability in human-like environmental conditions 
such as the addition of water, ions, pressure, and temperature. The RMSD parameter indicates the 

stability of the binding between bioactive compounds and 2xyh protein [54][26]. Figure 5 displays the 
RMSD of the five compounds. 

 

Table 5. ADMETOX bioactive compounds at 2xyh by Druglikeness 

Compound 

Druglikeness 

Molecular 

Weight g/mol 

Hydrogen Bond 

Acceptor 

Hydrogen 

Bond Donor 
Log P 

 

Miraxanthin-V 347.34 6 6 0.03  

n-Hexyl glucosinolate 402.46 10 4 -0.14  

Sinalbin 424.42 11 5 -0.99  

Donepezil 379.49 4 0 4  

 

Table 6. ADMETOX bioactive compounds at 2xyh by Pharmacokinetics 

Compound 

Pharmakokinetics 

GI 

absorption 

BBB 

permeant 

Inhibitor CYP 

CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4 

Miraxanthin-V Low No No No No No No 

n-Hexyl 

glucosinolate 
Low No No No No No No 

Sinalbin Low No No No No No No 

Donepezil High Yes No No No Yes Yes 

 

Table 7. ADMETOX bioactive compounds at 2xyh by Toxicities 

Compound 

Toxicities 

Lipinski 
AMES 

Oral Acute 

Toxicity 
Carcinogenicity 

Respiratory 

Toxicity 
LC50FM LC50DM 

 

Miraxanthin-V --- --- --- ++ 2.886 3.451 Yes  

n-Hexyl 

glucosinolate 
--- -- --- + 3.764 4.726 Yes  

Sinalbin --- -- --- -- 3.888 4.613 Yes  

Donepezil --- -- --- +++ 5.338 6.367 Yes  
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Miraxanthin-V has the highest stability when compared to the other three compounds and native 
ligand. In molecular dynamics, RMSD represents the attachment of a protein to a compound. When 

the attachment is stable, the stable RMSD graph is generated [55][38]. The stability of attachment 
suggests that the compound may have a biological effect [38][46]. Figure 5 shows that Miraxanthin-V 

is more stable than Native Ligand and donepezil, with donepezil serving as the positive control in 
molecular simulations of Alzheimer's disease. Because of this phenomenon, Miraxanthin-V is a better 

drug candidate. The RMSF Miraxanthin-V profile is shown in Figure 6. 
 

  
(a) (b) 

  
(c) (d) 

 

 

(e)  

Figure 5. RMSD parameter 2xyh (a) Native Ligand, (b) Donepezil-Positive Control, (c)  
Miraxanthin-V, (d) Sinalbin, (e) N-hexyl Glucosinolate 

The RMSF graph in Figure 6 corresponds to the amino acid residues in Table 4. Table 4 shows 

that good binding sites for amino acid residues are found near amino acid residue points 50s, 120, and 
150-160. The consensus of amino acid residues is critical in properly handling the compound [40][33]. 

As a result, their stability is critical because if the amino acid residues cannot hold the compound 
perfectly, it will have a negative biological effect [56][27]. The amplitude graph of RMSF shows the 

stability of amino acid residues; the x-axis represents the number of amino acids, while the y-axis 
represents the RMSF. The presence of 5 hydrogen bonds in the Miraxanthin-V compound as a result 

http://www.eksakta.ppj.unp.ac.id/index.php/eksakta
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of docking indicates the binding affinity between protein and miraxanthin-v. The higher the affinity, 

the more hydrogen bonds there are. Thr62, Gly122, and Ser120 are the amino acid residues in 
Miraxanthin-V hydrogen bonds. Gly122 and Ser120 were proposed as the active sites because they 

are found in both the native ligand and the positive control (donepezil). Thr62 is involved in hydrogen 
bond formation. Furthermore, Miraxanthin-V is expected to be more effective than donepezil in the 

treatment of Alzheimer's disease. 

 
Figure 6. RMSF Miraxanthin-V 

 

4. Conclusion 
Miraxanthin-V is a bioactive compound found in herbal plants in Indonesia. Miraxanthin has a low 
toxicity value and meets all of the rules of the Lipinski Rule of Five, according to molecular 

simulations. Molecular docking and molecular dynamics result also revealed that Miraxanthin could 
bind stably to the apoptotic protein caspase3, 2xyh. As a result, miraxanthin is thought to be capable 

of inhibiting apoptosis in Alzheimer's patients. However, in order to ensure the effectiveness and 
pharmacological activity of the Miraxanthin compound, a wet lab test is required. 
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