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INTRODUCTION
Diabetes mellitus is a disease caused by various 
factors. Diabetes mellitus is caused by insulin 
resistance, insulin deficiency and abnormal insulin 
secretion. Diabetes mellitus is a metabolic disorder 
characterized by high levels of glucose in the blood 
(hyperglycemia) and the detection of fat, fat, and 
protein.1 International Diabetes Federation (IDF) 
data for 2017 stated that diabetes mellitus (DM) 
sufferers in the world are estimated to continue to 
increase by 48% from 425 million sufferers in 2017 
to increase by around 629 million in 2045, while in 
Asia according to IDF showed an increase of 84% 
from 82 million sufferers in 2017 increased to 151 
million in 2045. Indonesia ranks 6th out of 10 as 
the largest diabetes populated countries in the 
world with 10 million sufferers.2

Diabetes treatment therapy is consisted of oral 
antidiabetic drugs that can be used with one type 
of drug or combination. Drugs that are widely 
used in the treatment of diabetes mellitus, one of 
which is sulfonylureas. One of the drugs used by 
people with type 2 diabetes is glibenclamide from 
sulfonylurea group. Glibenclamide is one of the 
most well-known antidiabetic drugs and belongs 
to the sulfonylurea group which reduces oxygen 
levels by production of insulin by Langerhans 
beta cells.3 In addition, drugs derived from natural 
ingredients can be a therapeutic choice by patients 
with diabetes mellitus. The use of natural materials 
as adjuvant to DM treatment has long been carried 
out by the people of Indonesia. One of the natural 

ingredients that has the potential to reduce blood 
sugar levels is Binahong plant

Binahong pharmacological activities included anti-
hyperlipidemia, anti-inflammatory, analgesic, and 
antipyretic.4 Other studies reported that binahong 
leaf extract can inhibit α-glucosidase with an IC50 
value of 54.24 μg/mL.5 Binahong leaf methanol 
extract at a dose of 50 mg/kg body weight and 200 
mg/kg body weight could reduce the blood glucose 
levels of alloxan-induced mice on the 7th day by 
61.02% and 60.68%, respectively. Meanwhile, on the 
14th day a decrease in glucose levels by 75.64% and 
66.61% was observed, histologically could repair 
β-pancreatic cell damage.6

The pharmacological effects of Binahong plants can 
be used as an alternative to reducing blood glucose 
levels. The amount of active content of Binahong 
plants is possible for interaction if given together 
with glibenclamide. Flavonoid glycoside compounds 
found in binahong leaves, namely vitexin (8-beta-D-
glucopiranosilapigenin) are active substances that are 
responsible as antidiabetic agents. However, in many 
cases the combination of herbs with synthetic drugs 
causes interactions. Compounds contained in herbs 
can interact with synthetic drugs if used at the same 
time. Previous studies have shown that apigenin 
flavonoids were CYP3A47 enzymes inhibitors, 
and glibenclamide were primarily metabolized by 
CYP3A4 enzymes.8

One way that can be done to determine the effect 
of the combination of glibenclamide with herbal 
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adjuvant in the treatment of diabetes is through molecular docking 
simulations to predict bond conformation and binding affinity formed 
between receptors and ligands which are very instrumental in further 
drug development.9

MATERIALS AND METHODS

Tools
A set of laptops with Intel (R) Core (TM) i7-4720 HQ CPU @ 2.60GHz, 
̴2.60GHz processor, 16.0GB RAM memory, with operating system 
windows 8.1 Pro Home 64-bit connected to the internet connection 
and linux operating system ubuntu (32-bit). Chimera 1.13, YASARA 
version 10.1.8, AutoDockTools-1.5.6, Discovery Studio Visualizer 
version 17.2.0.16349 (http://accelrys.com/), Protein Data Bank (http://
www.rcsb.org/pdb) and PubChem (http://PubChem.ncbi.nlm.nih.
gov).

Material
This study used a 5G5J pdb receptor which was downloaded from 
RSCB PDB (http://www.rcsb.org/pdb). The glibenclamide and vitexin 
as ligand compounds wereand downloaded from PubChem.10

Research procedures

The procedure of this study was carried out by preparation of ligand 
structure using Chimera with the aim of cleaning receptors and 
ligands from all residues contained in these receptors and ligands. 
Then the method validation and re-docking was done using Autodock 
Vina which was aimed to validate the method that will be used. The 
validation was also done to decide whether the method can be resumed 
or not to the next phase and to search for pocket cavity receptors.

The next process was molecular docking simulation or can be referred 
as virtual screening, aimed at finding drug candidates observed from 
ChemPLP score values. The next stage is the analysis of results based 
on ChemPLP score values. The visualization was generated from 
molecular docking simulations using the Discovery Studio Visualizer 
software.

RESULT

Receptor structure preparation
The receptor used in the study was CYP3A4 protein. The α-glucosidase 
protein used is downloaded through the Protein Data Bank at the site 
http://www.rcsb.org/pdb with PDB ID: 5G5J. The selection of 5G5J 
receptors based on experimental data was organism data (s) which 
stated Homo sapiens (humans) and has a resolution value of 2.6 Å.11 
The results are shown in Figure 1.

Ligand structure preparation and optimization
The ligands that used were first downloaded in three-dimensional (3D) 
format with the .sdf format from PubChem via https://pubchem.ncbi.
nlm.nih.gov/. After all files are downloaded, ligand preparation was 
done using the Chimera software. All ligands including comparison 
ligands were prepared and reshaped in the pdbqt file format. The results 
are shown in Figures 2 and 3.

Method validation and re-docking
Method validation and re-docking was done used Autodockvina with 
native ligands and receptors. The results of re-docking were the default 
results from native ligands with receptors. It was used in virtual 
screening for 2 ligands, namely vitexin and glibenclamid. Furthermore, 
from the re-docking stage also obtained Gibbs free energy (ΔG) re-
docking results of -5.2 kcal/mol. Then the results were analyzed through 
YASARA to observe the RMSD (Root Mean Square Deviation) value of 
heavy atoms and the value was 1.9391 Å.

Molecular docking results analysis
The results analysis was carried out through screening of Gibbs 
free energy (ΔG) of each docking compound by selecting the 
conformational compound that had the lowest Gibbs free energy (ΔG). 
Gibbs free energy (ΔG), generated from the formation of receptor-
ligand complex, could show the affinity of the ligand for the receptor. 
The docking results can be observed in Table 1 of the 2 analyzed ligands 
and 1 complex (glibenclamid and vitexin), the lowest Gibbs free energy 
(ΔG) observed was in the complex compounds, namely glibenclamid 

Figure 1: Experimental data of 5G5J as CYP3A4 receptor (Protein Data Bank 2018).
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Figure 2: Glibenclamide ligand (pubchem.ncbi.nlm.nih.gov).

Figure 3: vitexin Ligand (pubchem.ncbi.nlm.nih.gov).

No Ligand Gibbs free energy (ΔG)
(kcal/mol)

1 Glibenclamid + vitexin -4,4
2 Glibenclamid -3,2
3 Vitexin -3,2

Table 1: Molecular docking simulation results between Glibenclamid, vitexin 
and combination compounds (glibenclamid and vitexin) with CYP3A4 using 
vina autodock.

and vitexin complexes that bind to CYP3A4 receptors with a ChemPLP 
score of -4,4 kcal/mol, while the Gibbs free energy(ΔG) glibenclamide 
with -3.2 kcal/mol receptors and vitexin with receptors is -3.2 kcal/mol.

DISCUSSION
The selection of 5G5J receptors based on experimental data was 
organism data (s) which stated Homo sapiens (humans) and had a 
resolution value of 2.6 Å. Resolution value is one of the receptors 
selection parameters. Structure with resolution values less than 3 Å 
may affect the stability of the receptors. When performing molecular 
docking, lower receptor resolution value may generate better receptor 
stability. The resolution value on PDB ID stated that the protein 
structure has the same pose as the structure of the X-ray/original 
protein.12 The 5G5J receptor binds to 2 ligands namely Protoporphyrin 
IX Containing Fe and Metformin which can be said to be native ligands.

The ligands that used were first downloaded in three-dimensional 
(3D) format with the .sdf format from PubChem via https://pubchem.
ncbi.nlm.nih.gov/. After all files were downloaded, ligand preparation 
was done using the Chimera software. All ligands was also including 

comparison ligands which were prepared and reshaped in the. pdbqt 
file format. This file format change was aimed to adjust to Autodock 
Vina which used the .pdbqt file format so that the simulation process 
could run.

Method validation and re-docking using Autodockvina with native 
ligands and receptors aim to determine whether the docking method/
protocol used was acceptable. The results of re-docking were the 
default results from native ligands with receptors. It was used in 
virtual screening for 2 ligands, namely vitexin and glibenclamide. 
Furthermore, from the re-docking stage also obtained Gibbs free 
energy (ΔG) re-docking results of -5.2 kcal/mol. Then the results 
were analyzed through YASARA to see the RMSD (Root Mean Square 
Deviation) value of heavy atoms and the value obtained was 1.9391 Å. 
This means the method used was acceptable because the RMSD value 
was less than 2.0 Å.13

RMSD value of heavy atoms showed the value of deviation between a 
ligand conformation structure with native ligands. Smaller deviation 
means smaller error in the prediction of the interaction of the ligand 
with protein. It could be said that the conformation of the ligand with 
native ligand has the same and parallel structure and atoms. The results 
of the validation showed that the RMSD value of heavy atoms 1.9391 
Å was still in the range of allowable RMSD values   that is less than 2 
Å. After that is fulfilled, the method validation process can be used to 
perform virtual screening with glibenclamide and vitexin.

Figure 4 is the result of validation using YASARA, it can be seen 
that there were 2 compounds, namely docking ligand and native 
ligand. Compounds with yellow carbon atoms were docking ligands 
while compounds with blue carbon atoms were native ligands. After 
the validation method/protocol docking stage was accepted, virtual 
screening was performed. This stage was aimed to obtain Gibbs free 
energy(ΔG) based on the interaction between the ligand with the 
receptor. The receptors used were the same receptors on validation and 
the ligands used were glibenclamide and vitexin.

Analysis of the results was carried out through screening of Gibbs free 
energy (ΔG) of each docking compound by selecting the conformational 
compound that had the lowest Gibbs free energy (ΔG). Gibbs Free 
energy (ΔG) generated when the receptor-ligand complex was formed 
can show the affinity of the ligand for the receptor. The affinity of the 
ligand was shown to be negative, which means that if the affinity for 
the receptor was high, the Gibbs free energy (ΔG) was getting smaller, 
whereas if the affinity was small, the Gibbs free energy (ΔG) was greater.

Table 1 shows the Gibbs free energy (ΔG) which was evaluated and 
was the result of docking simulation using the CYP3A4 receptor. The 
Gibbs free energy (ΔG) used was the lowest value, because the low 
ChemPLP score shows good stability and high affinity in the molecular 
docking process.13 The docking results can be observed in Table 1 of 
the 2 of analyzed ligands and 1 complex (glibenclamide and vitexin), 
the lowest Gibbs free energy (ΔG) was in the complex compounds 
namely glibenclamide and vitexin complexes that bind to CYP3A4 
receptors with a ChemPLP score of -4 ,4 kcal/mol, while the Gibbs free 
energy (ΔG) glibenclamide with -3.2 kcal/mol receptors and vitexin 
with receptors is -3.2 kcal/mol. These results indicate that the stability 
between the complex compound glibenclamide and vitexin with the 
CYP3A4 receptor was better and had a higher affinity compared to the 
use of a single drug.

The glibenclamide and vitexin complex had 7 Hydrophobic Pi-type 
Alkaline bonds, 1 Hydrocarbon-type hydrogen bond, 1 Pi-cation 
electrostatic interaction, other interactions between Pi bonds with 
sulfur atoms in cysteine   amino acid residues, interaction of Pi bonds in 
phenylalamin aromatic groups with oxygen atom electron pairs. 
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Figure 4: Superpose of validation results for docking ligand structures (yellow) with native ligand structures (blue).

Figure 5: Glibenclamid and vitexin complexes.

CONCLUSION
vitexin could increase the stability of the action of glibenclamide 
against CYP3A4 receptors as antidiabetic.
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No Ligand Gibs free energy (ΔG) 
(kcal/mol)  

1 Glibenclamid + vitexin -4,4 

2 Glibenclamid -3,2 

3 Vitexin -3,2 
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CYP3A4 protein, PDB ID: 5G5J 
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• The validation showed that the RMSD value of heavy atoms 1.9391 Å was still in the range of allowable RMSD values   that 
is less than 2 Å.

• the stability between the complex compound glibenclamide and vitexin with the CYP3A4 receptor was better and had a 
higher affinity compared to the use of a single drug. 

• vitexin could increase the stability of the action of glibenclamide against CYP3A4 receptors as antidiabetic.

• The glibenclamide and vitexin complex had 7 Hydrophobic Pi-type Alkaline bonds, 1 Hydrocarbon-type hydrogen bond, 1 
Pi-cation electrostatic interaction, other interactions between Pi bonds with sulfur atoms in cysteine   amino acid residues, 
interaction of Pi bonds in phenylalamin aromatic groups with electron pairs oxygen atom.
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