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Background: The increasing incidence of cancer every year has resulted in cancer becoming one of the most common causes of death
in the world. The most common types of cancer are breast cancer, lung cancer and prostate cancer. Thiourea is one of the compounds
that have anticancer effects, and its activity can be increased by structural modifications, one of which involves making a Bis-
(1-(benzoyl)-3-methyl thiourea) platinum (II) metal complex.

Purpose: This study aims to obtain platinum (II)-thiourea complex compounds that have a more stable interaction as an anticancer
agent compared to cisplatin.

Methods: The methods used are computational studies with molecular docking, simulation of molecular dynamics, and prediction of
pharmacokinetics and toxicity.

Results: Based on the molecular docking of the platinum (II)-thiourea complex which has the most stable interaction with lower
binding energy than the native ligand and the cisplatin, namely Bis-(3-methyl-1-(naphthalene-2-carbonyl)thiourea)) Platinum (II)
against breast cancer receptors (3ERT) and lung cancer (2ITO) and compounds Bis-(1-(3-chlorobenzoyl)-3-methylthiourea) Platinum
(I) against prostate cancer receptors (1Z95). The evaluation results of the stability of the interaction using a 50 ns molecular dynamic
simulation showed that the Bis-(1-benzoyl-3-methylthiourea) Platinum (II) which binds to the prostate cancer receptor (1Z295) has the
most stable interaction. Pharmacokinetic prediction results show that the platinum (II)-thiourea complex has a good pharmacokinetic
profile, but there are several compounds that are mutagenic and hepatotoxic.

Conclusion: The Bis-(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (II) compounds could be a suitable anticancer agent for the lungs.
Keywords: cancer, molecular docking, molecular dynamics, platinum, thiourea

Introduction

Cancer is a large group of diseases that have the same basic properties that are caused by cell division or uncontrolled
cell proliferation. This irregular process of division produces a mass of cells in an organ or tissue, which leads to the
formation of tumours.'?

Cancer became one of the leading causes of death worldwide in 2018, with a mortality rate of around 9.6 million
deaths, and continued to increase until it touched a death rate of 10 million in 2020.*> The most common types of cancer
are breast cancer, lung cancer and prostate cancer.’

The increase in the incidence of cancer every year leads to a higher mortality rate. Therefore, it is necessary to
develop drugs that can be used for cancer treatment, one of which is drugs that contain metals. A metal widely used for
treatment therapy is platinum. The platinum complex has been a mainstay of cancer chemotherapy for more than 25
years.* Platinum compounds, especially cisplatin, Solid tumours and hematologic malignancies are managed and treated
with the help of the drug cisplatin. It belongs to the class of cytotoxic drugs known as alkylating agents.
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Numerous unique platinum complexes have been produced and tested for their anti-cancer capabilities since cisplatin
was identified as one of the most effective anti-cancer medications.*> Patients taking platinum medications may also face
serious adverse effects, which consequently restricts their use in clinical practice despite their effective results in cancer
treatment. In order to reduce the negative effects of these medications, various platinum-based compounds have been
created in recent years. According to the findings of this research, Pt (II) complexes have anti-cancer action that is
comparable to cisplatin and strongly induces an apoptotic response.”

One compound that is often used in the treatment of cancer is thiourea.'®!" In previous studies, several derivatives of
1-benzoyl-3-methyl thiourea have been found to have anticancer activity.'” In other studies, complexed platinum with
thiourea derivatives can increase anticancer activity.'* So, increasing the anticancer activity of thiourea can be carried out
by structural modifications, one of which involves making a platinum (II)-thiourea complex. Based on this, research will
be conducted to develop drug candidates in silico by molecular docking and molecular dynamic means, using pharma-
cokinetic studies and toxicity predictions to assess compounds from several platinum (II)-thiourea complexes as antic-
ancer drug candidates specially for breast cancer, prostate cancer and lung cancer.

Materials and Methods

Materials

The software used includes AutodockTools- 1.5.6, MarvinSketch version 21.17.0, Discovery Studio Version 20.1,
Desmond software for academic license (D.E. Shaw Research, New York), and web-based programs such as PDB
(Protein Data Bank) and pkCSM. The hardware used is a personal computer with specifications Intel(R) Core(TM) i5-
8265U CPU @ 1.60GHz (8 CPUs) x 8.00 GB of Ram 64-Bit Operating System of Windows 10. Breast cancer, prostate
cancer, and lung cancer receptors were downloaded from the PDB with codes 3ERT, 1295, and 2ITO.

Methods

Ligand Preparation

Marvin sketch 5.2.5.1 software was used to draw the ligands, and geometric optimization and protonation were then
performed at pH 7.4. Files were saved in the .mrv format. After that, a conformation search was carried out and files were
saved in the.pdb and mol2 format.'* The procedure was carried out for all platinum (II)-thiourea complexes. Ligand
preparation was carried out by optimizing the geometry of the formed structure to obtain a stable molecular conformation
and low potential energy adapted to the physical condition of the body.'> The sample thiourea complexes can be seen in
Figure 1 and all platinum complexes can be seen in Supplementary Figure S1.
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Figure | The structure of: (A) Bis-(I-benzoyl-3-methylthiourea) platinum (Il); (B) Bis-(3-methyl-|-(naphthalene-2-carbonyl) thiourea) platinum (ll); (C) Bis-(l-(3-chlor-
obenzoyl)-3-methylthiourea) platinum (ll).
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Receptor Analysis
Receptor analysis was performed by looking at the Protein Data Bank (PDB) receptor profile on the website http:/www.
ebi.ac.uk/pdbsum/. After submitting the receptor code, the profile data from the receptor appeared. An ERRAT analysis

and 3D VERIFY were then carried out using the site https://saves.mbi.ucla.edu/.

Receptor Preparation, Docking, and Visualisation

Breast cancer, prostate cancer, and lung cancer receptors were downloaded from the PDB with codes 3ERT, 1795, and 2ITO,
respectively, and were stored in the.pdb format. We then proceeded to the preparation stage, namely the separation of natural
ligands, the removal of the solvent molecules and the addition of hydrogen.'® The addition of hydrogen atoms was also carried out
so that the docking atmosphere is close to pH 7. Following optimization, the file was saved in the.pdb format. After that, gasteiger
charges were added to the macromolecules using Autodock-Tools software. The addition of the gasteiger charge was designed to
adapt to the molecular retaining environment. Non-polar merges were also carried out at this stage, because only polar H atoms are
taken into account in the interaction between ligands and receptors. The structures were then saved in the.pdbqt format.

The method to be used must be proven valid through the method validation stage. Validation of the docking method was
carried out using the AutodockTools-1.5.6 application by reordering the ligand against its receptors, which had been separated
first. The docking method is said to be good if it has a generated Root Mean Square Deviation (RMSD) value < 2A.'"'®

The results of molecular docking were analyzed by selecting conformation ligands with the lowest free bond energy
(AG). The results of docking receptors and ligands were then converted into pdb format and Discovery Studio software
was used to analyse the interaction between ligands and active receptor sites.'”

Molecular Dynamic Simulation

The best candidate structure for the breast cancer, lung cancer and prostate cancer receptor with the platinum (II)-thiourea
complex was then determined during molecular dynamics simulation using Desmond software with TIP3P water model
and 0.15 M NaCl to mimic physiological ion concentrations.”> Molecular dynamics simulations were performed at
a temperature of 300 K and a pressure of 1.01325 bar in an orthorhombic box with buffer dimensions of 10 A x 10 A x
10 A and an ensemble NPT (Number of atoms, Pressure and Temperature). Energy minimisation was carried out for 100

ps. Each simulation was run for a total of 50 ns with a recording interval of 1.2 ps.>' >

Drug Scan

Drug observations were made on all platinum (II)-thiourea complex compounds that had lower free energy than the native
ligands. Observations were made using the rules of good medicine (Lipinski s Rule of Five), which include lipophilicity <5,
molecular weight < 500 g/mol, hydrogen bond donor < 5, molar refractory between 40—130 and hydrogen bond acceptor <
10. These parameters can be specified using the website http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp.'*

Drug Scan

Pharmacokinetic properties (absorption, distribution, metabolism and excretion (ADME)) and the toxicity predictions of
platinum (II)-thiourea complexes were performed using pkCSM online tools.** The complex structure of platinum (II)-
thiourea was translated into the SMILES format and the pkCSM online tools (http://biosig.unimelb.edu.au/pkcsm/prediction
used to process compounds to predict ADME and compound toxicity.

Results

Receptor Analysis

Receptor analysis was performed on the alpha oestrogen receptor with pdb code 3ERT for breast cancer, the EGFR
receptor with the pdb code 2ITO for lung cancer, and the androgen receptor with pdb code 1295 for prostate cancer. The
crystal structure of each receptor was downloaded from the PDB and saved in a.pdb file format. Images of the structure
of each receptor are shown in Figure 2.
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Figure 2 Receptor structure of 3ERT*' (A); 2ITO* (B); 1Z95* (C).

The examination of PROCHECK using the Ramachandran plot (Figure 3) focuses on that which has an atypical geometry and
allows for the assessment of the structure as a whole. To see if the protein structure has good analysis, results on the Ramachandran
plot can be observed using a non-glycine residue plot, where the disallowed regions should be less than 0.8%.%>

Based on the Ramachandran plot analysis, the oestrogen receptor alpha (3ERT) had an amino acid residue count in
the most favoured regions of 91.2%, with the number of amino acid residues in the disallowed regions being 0.0%. The
EGFR receptor (2ITO) has a 79.8% amino acid residue count in the most favoured regions, with an amino acid residue
count of 0.4% in the disallowed regions. The androgen receptor (1Z95) has 94.4% of amino acid residues in the most
favoured regions, with 0.0% amino acid residues in the disallowed regions. From these results, it was found that the alpha
oestrogen receptor (3ERT), EGFR receptor (2ITO) and androgen receptor (1Z95) have a stable protein structure.

ERRAT is a tool used to calculate the consistency of the resulting model by calculating the statistics of certain types
of atoms against other atoms and is an approach to finding the wrong fold area in the protein structure. The ERRAT
analysis results can be seen in Figure 4.

The following factor quality values were obtained from the results of the ERRAT calculation: 98.319% for the alpha
oestrogen receptor (3ERT), 94.096% for the EGFR receptor (2ITO) and 100.00% for the androgen receptor (1Z295).
These results show that the protein structures of the oestrogen receptor alpha (3ERT), EGFR receptor (2ITO) and
androgen receptor (1Z95) protein structure are of high quality and high resolution, with negligible error criteria for amino
acid residues in the modelled fusion protein.®

3D VERIFY technology determines the structure of a protein through its three-dimensional visibility. A protein
structure is said to be good if it has about 80% with an average score of 3D to 1D >0.2.%” Results of the 3D VERIFY
examination for alpha oestrogen receptors, EGFR receptors and androgen receptors can be seen in Figure 5.

The alpha oestrogen receptor (3ERT), EGFR receptor (2ITO) and androgen receptor (1Z95) have 3D
VERIFICATION torture results of 80%, 84.16% and 88.66%, respectively, of amino acids that have an average score
of 3D to 1D >0.2, so they are said to have a good quality structure. From the results of the overall receptor analysis, it can
be concluded that the alpha oestrogen receptor (3ERT), EGFR receptor (2ITO) and androgen receptor (1295) can be used
to perform further computational analyses, including molecular docking and molecular dynamics.

Receptor Preparation, Docking and Visualisation

The initial steps in the preparation of the receptor include the separation of the chain of macromolecules that bind to the

target. The receptors of alpha oestrogen, EGFR and androgen identified as 3ERT, 2ITO and 1Z95, respectively, were

downloaded from the PDB, and the macromolecular structure of the protein was found to bind to ligands and solvents.
The next step after the separation of the macromolecular chain is the optimisation of the macromolecular structure.

The optimisation steps involved the removal of water molecules and the addition of hydrogen atoms. The removal of
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Figure 3 Ramachandran plot of 3ERT (A); 2ITO (B); 1Z95 (C).
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Figure 4 The ERRAT analysis results of 3ERT (A); 2ITO (B); 1Z95 (C).

water molecules was designed to prevent water from interacting with compounds to be tethered to the receptors.”® The
addition of hydrogen atoms was carried out to re-display hydrogen atoms that are likely to be lost due to the possibility
of amino acid structures being damaged at the time of crystallisation by x-ray radiation.”’*° The addition of hydrogen
atoms was also carried out so that the docking atmosphere is close to pH 7.>' Following optimization, the file was saved
in the.pdb format.

After that, gasteiger charges were added to the macromolecules using Autodock-Tools software. The addition of the
gasteiger charge was designed to adapt to the molecular retaining environment.** Non-polar merges were also carried out
at this stage, because only polar H atoms are taken into account in the interaction between ligands and receptors. The
structures were then saved in the.pdbqt format.

Validation was carried out using AutodockTools-1.5.6 software. The RMSD is a parameter for evaluating
similarities between two structures, based on the differences in the distances of similar atoms.?’ Validation was
carried out by the redocking method on the active side of the co-crystalline ligand, namely 4-hydroxytamoxifen
for the alpha oestrogen receptor (3ERT), gefitinib for the EGFR receptor (2ITO) and R-Bicalutamide for the
androgen receptor (1Z95) on crystallography results (Table 1). The method is said to be valid if the RMSD
value < 2A."7

The validation results on each receptor show that each receptor has an RMSD value of <2.0, so the docking method
can be said to be valid (Figure 6).

Docking Ligands Against Target Receptors

The results of molecular tethering showed that all platinum (II)-thiourea complex compounds intersected with breast
cancer (3ERT), lung cancer (2ITO) and prostate cancer (1Z95) receptors. The three compounds having the lowest binding
energy can be seen in Table 2. The detailed docking results can be seen in Supplementary Table S1-S3.

Visualisation of Docking Results

Visualisation of docking results was carried out using Discovery Studio software in 2D and 3D (Figure 7) to see the

bonds that occur between ligands with the lowest binding energy and amino acid residues from breast cancer (3ERT),

lung cancer (2ITO) and prostate cancer (1Z95) receptors. The types of interactions that occur can be seen in Table 3.
Looking at the interaction between breast cancer receptors (3ERT) and natural ligands, the comparative

compound (cisplatin) and platinum (II)-thiourea complex test ligands, an interaction was seen between 4-hydro-

xytamoxifen (natural ligand) and amino acid residues of 22 bonds, with a total of 3 hydrogen bonds (ARG A:394;
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Figure 5 The 3D VERIFY analysis results of 3ERT (A); 2ITO (B); 1Z95 (C).
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Table 1 Docking Method Validation Results

PDB Code Grid Box (A) RMSD (A) £ SD
X Y z

3ERT 30.162 | —1.913 | 24207 08! +0.078

2ITO ~48.508 | —0.753 | —21.855 1.78 + 0.179

1295 27744 | 3.191 | 8.152 123 + 0.021

GLU A:353; THR A:347). There was an interaction between the comparison compound and the amino acid residue
of 4 bonds, with as many as 2 hydrogen bonds (THR A: 347; ASP A:351), whereas the platinum (II)-thiourea
complex test ligand interacted with as many as 20 amino acid residues, with 2 hydrogen bonds (THR A:347; ASP
A:351).

Hydrogen bonds themselves are bonds between positively charged H atoms and other negatively charged atoms, such
as N, O and F. In addition to the presence of hydrogen bonds in the interaction between amino acid residues and test
ligands, there are hydrophobic bonds, which include pi-sigma, pi-alkyl, van der walls and others. Hydrophobic bonds
also play a role in determining the stability of ligands against receptors. Hydrophobic bonds are non-covalent bonds that
avoid the liquid environment, minimise the interaction of non-polar residues with water, and tend to form groups next to
the globular structure of proteins.*

Looking at the interaction between the lung cancer receptor (2ITO) and natural ligands, the comparison compound
(cisplatin) and the platinum (II)-thiourea complex test ligand, an interaction was seen between gefitinib (natural ligand)
and amino acid residues of 19 bonds, with a total of 1 hydrogen bond (MET A:791). There was an interaction between
the comparison compound and the amino acid residue of 6 bonds, with 2 hydrogen bonds (ASP A:855; ASP A:842),
whereas the platinum (II)-thiourea complex test ligands interacted with as many as 13 amino acid residues, with 3
hydrogen bonds (ASN A:842; ASP A:800; ASP A:855).

Looking at the interaction between prostate cancer receptors (1295) and natural ligands, the comparative compound
(cisplatin) and platinum (II)-thiourea complex test ligands, an interaction was seen between R-Bicalutamide (natural
ligand) and amino acid residues of 24 bonds, with 2 hydrogen bonds (ARG A:752; THR A:877). There was an
interaction between the comparison compound and the amino acid residue of 9 bonds, with as many as 2 hydrogen
bonds (GLY A:738; HIS A:874), whereas the platinum (II)-thiourea complex test ligands interacted with as many as 24
amino acid residues, with 1 hydrogen bond (ASN A: 705).

A B Cc

Figure 6 Overlay results of 3ERT receptor (A); 2ITO receptor (B); receptor 1Z95 (C) (yellow= after redocking; green= before redocking).
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Table 2 Docking Results

Receptor (PDB Code) Compound Binding Energy * SD (kcal/mol) Kl £ SD (nM)
3ERT Cisplatin —6.57 + 0.000 15.23x10° + 0.069
Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (Il) —13.21 £ 0.000 0.207 £ 0.215
Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II) —9.22 £ 0.000 174.79 + 0.609
Bis-(1-(2-chlorobenzoyl)-3-methylthiourea) platinum (Il) -9.21 £ 0.015 177.77 + 4349
2ITO Cisplatin —6.52 + 0.000 16.54x10° + 0.032
Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (Il) —11.96 £ 0.191 1.77 £ 0.603
Bis-(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (Il) —10.69 + 0.006 14.64 = 0.089
Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (Il) —10.47 £ 0.000 21.10 £ 0.090
1Z95 Cisplatin —4.37 + 0.006 632.21x10° £ 6.657
Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II) —9.92 + 0.006 53.85 £ 0.163
Bis-(1-(2-chlorobenzoyl)-3-methyl thiourea) platinum (Il) —9.86 + 0.006 5893 £ 0413
Bis-(|-benzoyl-3-methyl thiourea) platinum (II) —9.00 £ 0.010 253.43 + 3.644
Drug Scan

The criteria for a good drug must be per Lipinski’s Rule of Five.***> Drugs given to patients will pass through the
body by passing through various pharmacokinetic factors, including absorption, distribution, metabolism and
excretion (ADME).*® Lipinski’s Rule of Five is commonly used for drugs administered orally; drugs must meet
several conditions, including relative molecular weight < 500 g/mol, hydrogen bond donor < 5, Log P < 5, hydrogen
bond acceptor < 10, and molar refraction between 40—130.>” Drug scan results for the platinum (II)-thiourea
complexes can be seen in Table 4.

The molecular weight affects the distribution of drugs: the greater the molecular weight, the more difficult for the
drug to penetrate the biological membrane, because it has a large molecular size.

Log P is associated with hydrophobicity or lipophilicity, which is the ability of the compound to dissolve in oils, fats,
non-polar solvents and lipids. To be absorbed through a lipid bilayer, the drug must have sufficient hydrophobic
properties and not be too hydrophobic. If the drug is too hydrophobic, it will be difficult to get out of the bilayer
again and cause toxicity because it is in the body longer.

Negative log P values, such as in the case of Bis-(1-benzoyl-3-methyl thiourea)-platinum (II) compounds, are
also not recommended; if the drug molecules are too hydrophilic, the drug molecules cannot pass through the lipid
bilayer.*®

The acceptor and donor values of the hydrogen bonds have a relationship with the biological activity of the drug
molecule. This biological activity is influenced by the physicochemical properties of compounds, such as the melting
point, boiling point, solubility in water, acidity and chelate formation ability.

Molar refraction is the value of the total polarity of a drug molecule and depends largely on the refractive
index, temperature and pressure. Polarity is the ease with which molecules form a dipole in a second or sweep
a molecule.

The results of the ligand-based drug-likeness (drug scan) screening show that all platinum (II)-thiourea complex
compounds meet at least two of the five requirements of the Lipinski’s Rule of Five, indicating that all complex
compounds of platinum (II)-thiourea can be used as an oral preparation.
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Figure 7 Visualisation of 2D (left) and 3D (right): Bis-(3-methyl-|-(naphthalene-2-carbonyl) thiourea) platinum (I)-3ERT complex (A); Bis-(3-methyl-1-(naphthalene-
2-carbonyl) thiourea) platinum (I1)-2ITO complex (B); Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (Il)-1Z95 (C).

Pharmacokinetics and Toxicity Predictions

In this study, the prediction of adsorption, distribution, metabolism and toxicity of compounds was carried out using the
pKCSM program. The tested compounds consisted of Bis-(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (II),
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Table 3 Interaction Types of Docking Results

PDB Ligand/Compound Hydrogen Bond Amino Acid Residues
Code
Total Amino Acid
3ERT Native ligand 3 (ARG A:394; GLU | 22 LEU A:349; GLU A:353; ALA A:350; THR A:347; ARG A:394; LEU A:387; GLY A:521; LEU
A:353; THR A:347) A:391; HIS A:524; ASP A:351; ILE A:424; MET A:343; LEU A:346; MET A:388; LEU A:525;
LEU A:384; MET A:421; PHE A:404; GLY A:420; GLU A:419; LEU A:428; TRP A:383;
Cisplatin 2 (THR A:347; ASP | 4 ASN A:348; ALA A:350; ASP A:351; THR A:347;
A:351)
Bis-(3-methyl- | -(naphthalene- 2 (THR A:347; ASP | 20 ASP A:351; VAL A:418; MET A:343; GLY A:521; THR A:347; MET A:421; GLU
2-carbonyl) thiourea) platinum (Il) [ A:351) A:419; LEU A:536; TYR A:526; ALA A:350; GLY A:420; ILE A:424; LEU A:346; LEU
A:525; MET A:522; LEU A:387; LEU A:384; TRP A: 383; LEU A:349; GLU A:353;
2ITO Native ligand I (MET A:793) 19 ARG A:841; CYS A:797; GLU A:762; THR A:854; LEU A:788; MET A:766; SER A:719;
GLY A:796; ASP A:855; VAL A:726; LEU A:718; ALA A:743; LEU A:844; LYS A:745; THR
A:790; MET A:793; PRO A:794; LEU A:792; GLN A:791;
Cisplatin 2 (ASP A:855; ASN 6 CYS A:797; LEU A:844; ARG A:841; THR A:854; ASN A:842; ASP A:855;
A:842)
Bis-(3-methyl- | -(naphthalene- 3 (ASN A:842; ASP 13 SER A:719; ASP A:800; CYS A:797; ARG A:803; LEU A:799; PHE A:723; LEU A:718;
2-carbonyl) thiourea) platinum A:800; ASP A:855) LEU A:844; LYS A:745; ASP A:855; THR A:854; ARG A:841; ASN A:842;
0)
1Z95 Native ligand 2 (ARG A:752; THR | 24 PRO A:892; PHE A:891; VAL A:903; ILE A:898; HIS A:874; ILE A:899; THR A:877; LEU
A:877) A:701; ARG A:752; LEU A:704; PHE A:876; LEU A:707; PHE A:764; LEU A:873; MET
A:749; ASN A:705; GLN A:711; LEU A:741; MET A:742; MET A:745; MET A:895; GLY
A:708; MET A:787; VAL A:746;
Cisplatin 2 (GLY A:738; HIS 9 ILE A:898; SER A:740; LEU A:741; MET A:742; TYR A:739; GLN A:738; HIS
A:874) A:874; VAL A:903; ILE A:906;
Bis-(1-(3-chlorobenzoyl)- I (ASN A:705) 24 VAL A:746; ILE A:899; LEU A:873; MET A:780; MET A:787; PHE A:764; MET
3-methyl thiourea) platinum (Il) A:749; MET A:895; LEU A:704; ARG A:752; VAL A:903; ILE A:898; THR
A:877; GLN A:711; PHE A:891; MET A:742; HIS A:874; ASN A:705; LEU A:880;
LEU A:707; LEU A:701; PHE A:876; MET A:745; GLY A:708;

Notes: Description: A bolded word indicates an amino acid that is also inert in a native ligand.

Table 4 Drug Scan Results

Compound Parameters
Molecular Weight | Log P [ Hydrogen Bond Donor | Hydrogen Bond Acceptor | Refractory Molar
<500 <5 <5 <10 40-130
Bis-(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (Il) 561 6.24 4 6 139.19
Bis-(|-(3-chlorobenzoyl)-3-methyl thiourea) platinum (Il) 492 4.93 4 6 129.17
Bis-(1-benzoyl-3-methyl thiourea) platinum (Il) 312 —0.05 5 6 777.14

Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II) and Bis-(1-benzoyl-3-methylthiourea) platinum (II). The

results of the pPKCSM analysis can be seen in Table 5.

The results of the pharmacokinetics and toxicity predictions show that the three platinum (II)-thiourea compounds

have good pharmacokinetic parameters, but the Bis-(1-benzoyl-3-methyl thiourea) platinum (II) compounds are muta-

genic so cannot be used as the first choice of anticancer agent candidates.

Molecular Dynamics Simulation
Molecular dynamics simulations are carried out to predict the complex interactions of ligand-receptor complexes over

time by physical methods of motion and particles. At the time of molecular docking, the proteins used are not in
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Table 5 Pharmacokinetics and Toxicity Analysis Results

Parameter | Pharmacokinetic Bis-(1-(3,4-Dichlorobenzoyl)- Bis-(1-(3-Chlorobenzoyl)- Bis-(1-Benzoyl-
Profile 3-Methyl Thiourea) Platinum (II) | 3-Methyl Thiourea) Platinum 3-Methylthiourea)
() Platinum (Il)

Absorption | CaCO, 0.763 0.768 0.736

HIA 87.03 9l.16 92.83
Distribution | VDss 0.766 0.821 0.826

BBB —0.112 —0.054 —0.011

SSP -3.621 -2.173 —2413
Metabolism | CYP 2Dé6 substrate No No No

CYP 2Dé6 inhibition No Yes No

CYP 3A4 substrate Yes Yes Yes

CYP 3A4 inhibition No Yes No

CYP 2C9 inhibition No No No

CYP 2CI19 No No No

inhibition
Excretion Klirens total —1.026 —1.266 —1.201
Toxicity Ames test No No Yes

Hepatoxicities No No No

Notes: Classification: CaCO, >0.90 = high; HIA <30 = low; VDss <0.447 = low, VDss >0.447 = high; BBB >0.3 = well distributed in the brain, BBB <-1 = poorly distributed
in the brain; SSP >-2 = distributed both in the SSP, SSP <-3 = difficult to distribute in the SSp24

a flexible state, so the movement of proteins cannot adjust their conformation to ligands. Information about the stability
of protein ligands is also known, regardless of space and time, so additional information from simulated molecular
dynamics is needed to fill this gap.*

The purpose of molecular dynamics simulation is to observe the ligand-receptor interaction over a certain period,
according to physiological conditions, to describe the process of action of the drug in the human body.

The ligands selected for molecular dynamics simulation were native ligands, the comparative compound (cisplatin)
and the three best test compounds from each of the receptors of breast cancer (3ERT), lung cancer (2ITO) and prostate
cancer (1Z295). The three best test compounds of the breast cancer receptor (3ERT) included in the molecular dynamics
simulation were Bis-(1-(2-chlorobenzoyl)-3-methyl thiourea) platinum (II), Bis-(1-(3-dichloro benzoyl)-3-methyl
thiourea) platinum (II) and Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (II). The compounds included
for the lung receptor (2ITO) were Bis-(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (II), Bis-(1-(3-chloroben-
zoyl)-3-methyl thiourea) platinum (II) and Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (II), and the
compounds included for the prostate cancer receptor (1295) were Bis-(1-(2-chlorobenzoyl)-3-methyl thiourea) platinum
(IT), Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II) and Bis-(1-benzoyl-3-methylthiourea) platinum (II).

Breast Cancer Receptor (3ERT)

The RMSD can be used to observe the stability of interactions between test compounds and breast cancer receptors
(3ERT) during the 50 ns simulation (Figure 8). Interactions between breast cancer receptor-ligand complexes (3ERT)
showed that the ligand-3ERT complex experienced RMSD fluctuations during 03 ns and then had a fairly stable RMSD
between 3—50 ns, except for the Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (II)-3ERT complex, where
the RMSD fluctuated again at 35 ns and was then stable until the end of the 50 ns simulation.

2 6 https:
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Bis-(1-(2-chlorobenzoyl)-3-methylthiourea) Platinum (II)-3ERT

Bis-(1-(3-chlorobenzoyl)-3-methylthiourea) Platinum (II)-3ERT

Bis-(3-methyl-1-(naphthalene-2-carbonyl)thiourea) Platinum (II)-3ERT

Figure 8 RMSD plot of test compounds — breast cancer receptors (3ERT): natural ligands (light blue), cisplatin (orange), Bis-(l-(2-chlorobenzoyl)-3-methyl thiourea)
platinum (Il) (grey), Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea platinum (ll) (yellow), Bis-(3-methyl- I -(naphthalene-2-carbonyl) thiourea platinum (Il) (dark blue).

Thus, it can be concluded that the most stable complex with interaction stability in the simulation of dynamic
molecules at 50 ns is the Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II)-3ERT complex, followed by
natural ligand-3ERT, Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (II)-3ERT, Bis-(1-(2-chloroben-
zoyl)-3-methyl thiourea) platinum (II)-3ERT and cisplatin-3ERT. This is also supported by the magnitude of the
average, minimum and maximum values of RMSD during the 50 ns simulation of each ligand-3ERT complex
(Table S4).

The fluctuations in amino acid residues at breast cancer receptors (3ERT) can be seen in the RMSF chart (Figure 9).
On the whole, it can be seen that protein-ligand complexes fluctuate in the same region, but the cisplatin (Orange)
complex system fluctuates the least. This is reinforced by the average value of each ex-ligand-protein compound:
cisplatin-3ERT complex system 1.383 A, natural ligands-3ERT 1.419 A, Bis-(1-(2-chlorobenzoyl)-3-methyl thiourea)
platinum (II)-3ERT 1.481 A, Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II)-3ERT 1.454 A and Bis-
(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (II)-3ERT 1.470 A.

Lung Cancer Receptor (2ITO)

Comparison of the ligand-receptor complexes of lung cancer receptors (2ITO) during the simulation 50 ns (Figure 10)
shows that the ligand-2ITO complex experienced RMSD fluctuations from 0-3 ns, then had a fairly stable RMSD
between 3-50 ns, except for Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II)-2ITO, where the RMSD fluctu-
ated back at 30 ns and was subsequently stable to the end of the 50 ns simulation.

From the RMSD plot in Figure 10, it can be concluded that the most stable complex with interaction stability in the
simulation of a dynamic molecule of 50 ns is the Bis-(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (II)-2ITO
complex, followed by natural ligand-21TO, Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea platinum (II)-2ITO, Bis-
(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II)-2ITO and cisplatin-2ITO. This is supported by the magnitude of
the average, minimum and maximum values of RMSD during the 50 ns simulation of each ligand-2ITO complex
(Table S5).

The fluctuations in amino acid residues at the lung cancer receptor (2ITO) can be seen in the RMSF chart (Figure 11).

The RMSF plots of the ligand-lung cancer receptor (2ITO) complexes can be used to demonstrate interaction stability,
as shown in Figure 11. Overall, it can be seen that the protein-ligand complexes fluctuate in the same region, but the
natural ligand complex system-2ITO fluctuates the least. This is reinforced by the average values of each ex-ligand-
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Figure 9 RMSF protein plot of test compounds — breast cancer receptors (3ERT): natural ligands (light blue), cisplatin (orange), Bis-(1-(2-chlorobenzoyl)-3-methyl thiourea)
platinum (ll) (grey), Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea platinum (ll) (yellow), Bis-(3-methyl- 1-(naphthalene-2-carbonyl) thiourea platinum (Il) (dark blue).
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Figure 10 RMSD plot of test compounds — lung cancer receptors (2ITO): natural ligands (light blue), cisplatin (orange), Bis-(l-(3,4-dichlorobenzoyl)-3-methyl thiourea)
platinum (Il) (grey), Bis-(I-(3-chlorobenzoyl)-3-methyl thiourea platinum (ll) (yellow), Bis-(3-methyl- |-(naphthalene-2-carbonyl) thiourea platinum (Il) (dark blue).

protein compound: natural ligand complex system-2ITO 1.010 A, cisplatin-2I1TO 1.290 A, Bis-(1-(3,4-dichlorobenzoyl)-
3-methyl thiourea) platinum (II)-2ITO 1.034 A, Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (I1)-21TO 1.296 A
and Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea) platinum (II)-2ITO 1.119 A.

Prostate Cancer Receptors (1Z95)

The interaction between prostate cancer ligand-receptor complexes (1295) during 50 ns simulations (Figure 12)
shows that the complex interactions of ligands-1Z95, namely natural ligands, Bis-(1-(2-chlorobenzoyl)-3-methyl
thiourea) platinum (II), Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II) and Bis-(1-benzoyl-3-methyl
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Figure Il RMSF plot of ligand — lung cancer receptors (2ITO): natural ligands (light blue), cisplatin (orange), Bis-(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (Il)
(grey), Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea platinum (ll) (yellow), Bis-(3-methyl- | -(naphthalene-2-carbonyl) thiourea platinum (Il) (dark blue).
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Figure 12 RMSD plot of ligand — prostate cancer receptors (1Z95): natural ligands (light blue), cisplatin (orange), Bis-(1-(2-chlorobenzoyl)-3-methyl thiourea) platinum (Il)
(grey), Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (ll) (yellow), Bis-(|-benzoyl-3-methyl thiourea) platinum (Il) (dark blue).

thiourea) platinum (II), have RMSDs that fluctuate from 0-7 ns, followed by a fairly stable RMSD from 7-50 ns,
until the simulation ends. Meanwhile, the RMSD of the cisplatin comparison compound fluctuates from 0-12 ns,
then has a fairly stable RMSD from 12 ns to 50 ns when the simulation ends.

From the RMSD plot in Figure 12, it can be concluded that the complex with the most stable interaction stability in
the 50 ns molecular dynamics simulation is the complex Bis-(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95, followed
by natural ligand-1Z95, Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II)-1Z95, Bis-(1-(2-chlorobenzoyl)-
3-methyl thiourea) platinum (II)-1Z95 and cisplatin-1295. This is supported by the magnitude of the average, minimum
and maximum values of RMSD during the 50 ns simulation of each ligand-3ERT complex (Table 6).

The fluctuations in amino acid residues at prostate cancer receptors (1295) can be seen in the RMSF chart (Figure 13).

Overall, it can be seen in Figure 13 that the protein-ligand complexes fluctuate in the same region, but the natural
ligand complex system-1Z95 fluctuates the least. This is reinforced by the average values of each ex-ligand-protein
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Table 6 Average, Minimum and Maximum RMSD (1Z95)

Complex System Average | Minimum | Maximum
Natural Ligand-1Z95 1.609 0.88 2.038
Cisplatin-1Z95 2.387 0.929 2.982
Bis-(1-(2-chlorobenzoyl)-3-methyl thiourea) platinum (ll)-1Z95 1.692 0.805 2.209
Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (ll)-1Z95 1.632 0.765 1.975
Bis-(1-benzoyl-3-methyl thiourea) platinum (I1)-1Z95 1.508 0.817 1.904

compound: natural ligand complex system-1Z95 0.749 A, cisplatin-1Z95 1.033 A, Bis-(1-(2-chlorobenzoyl)-3-methyl
thiourea) platinum (II)-1Z95 0.887 A, Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (I)-1Z95 0.907 A and Bis-
(1-benzoyl-3-methyl thiourea) platinum (I)-1Z95 0.772 A.

Discussion

The results of the interaction stability evaluation from docking results through MD simulations, looking at RMSD and
RMSF graphs, showed that all platinum (II)-thiourea complex compounds selected for the MD 50 ns simulation had
a better interaction stability than the comparison compound (cisplatin). Bis-(1-benzoyl-3-methyl thiourea) platinum (II)
compounds have the highest interaction stability compared to natural ligands and the comparable compound (cisplatin)
when binding to prostate cancer receptors. Bis-(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (II) compounds
have the highest interaction stability compared to natural ligands and the comparative compound (cisplatin) when binding
to lung cancer receptors. Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (II) compounds have the highest inter-
action stability compared to natural ligands and the comparable compound (cisplatin) when binding to breast cancer
receptors.

The best RMSD complex ligand-protein values for breast cancer (3ERT), lung cancer (2ITO), and prostate cancer
(1Z95) receptors are shown in Figure 14A. To observe the flexibility of local residues, the RMSF protein was monitored
and the RMSD were evaluated to observe the atomic fluctuations of ligands.* One of the RMSF ligands of the Bis-
(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95 complex is shown in Figure 14B.

The RMSF plot of the optimal ligand-protein complex for each receptor of breast cancer (3ERT), lung cancer
(2ITO) and prostate cancer (1Z95) can be used to demonstrate the stability of the interaction, as shown in

6 -
[ Native ligand-1Z95
5 Cisplatin-1Z95
4 Bis-(1-(2-chlorobenzoyl)-3-
methylthiourea) Platinum (II)-1Z95
ﬁ Bis-(1-(3-chlorobenzoyl)-3-
% 3 methylthiourea) Platinum (II)-1Z95
E Bis-(1-benzoyl-3-methylthiourea)
o Platinum (II)-1Z95
1
0

0 50 100 150 200

Residue Index

Figure 13 RMSF plot of ligand — prostate cancer receptor (1Z95): natural ligand (light blue), cisplatin (orange), Bis-(1-(2-chlorobenzoyl)-3-methyl thiourea) platinum (Il)
(grey), Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) platinum (ll) (yellow), Bis-(I-benzoyl-3-methyl thiourea) platinum (Il) (dark blue).
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Figure 14 (A) RMSD Bis-(I-benzoyl-3-methyl thiourea) platinum (I1)-1Z95 (blue), Bis-(l-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (I1)-2ITO (orange), Bis-
(I-(3-chlorobenzoyl)-3-methyl thiourea) platinum (Il)-3ERT (grey); (B) RMSF ligands from Bis-(|-benzoyl-3-methyl thiourea) platinum (ll)-1Z95 compounds.

Figure 13A, where the RMSF chart of the complexes Bis-(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95, Bis-
(1-(3,4-dichlorobenzoyl)-3-methyl)thiourea platinum (II)-2ITO and Bis-(1-(3-chlorobenzoyl)-3-methyl thiourea) pla-
tinum (II)-3ERT can be seen when simulated at 50 ns. Overall, it can be seen that the protein-ligand complex
fluctuates in the same region, but the complex system Bis-(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95 (Blue)
fluctuates the least. This is reinforced by the average value of each ligand-protein complex, where the average
values of the compounds are as follows: Bis-(1-benzoyl-3-methyl thiourea) platinum (I1I)-1Z95 0.772 A, Bis-
(1-(3,4-dichlorobenzoyl)-3-methyl thiourea) platinum (II)-2ITO 0.971 A and Bis-(1-(3-chlorobenzoyl)-3-methyl
thiourea) platinum (I1)-3ERT 1.355 A.

Of all the platinum (II)-thiourea complex compounds selected for 50 ns molecular dynamics simulation, the compound Bis-
(1-benzoyl-3-methyl thiourea) platinum (II) bound to prostate cancer receptors (1Z95) had the most stable interaction compared
to the best platinum (II)-thiourea complex compounds bound to receptors for breast cancer (3ERT) and lung cancer (2ITO).

In addition to being able to see the stability of interactions, RMSF can also be used to see the amino acid residues in
contact with the ligands. The RMSF fluctuations of amino acid residues in contact with ligands of the compound Bis-
(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95 are shown in Figure 15. The 23 amino acid residues are in contact with
compound Bis-(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95 include Leu 701, Leu 704, Asn 705, Leu 707,
Gly 708, Leu 712, Leu 741, Met 742, Met 745, Met 749, Phe 764, Met 780, Leu 873, His 874, Thr 877,
Leu 880, Phe 891, Pro 892, Met 895, Ile 898, Ile 899 and Val 903, all of which interact through hydrogen bonds,
hydrophobic bonds, ions and water bridges, as seen in Figures 16 and 17.

Advances and Applications in Bioinformatics and Chemistry 2023:16 https: 31
Dove:


https://www.dovepress.com
https://www.dovepress.com

Ruswanto et al Dovepress

6
5
< 4
=3
S 2
1
0
1 51 101 151 201
Residue Index

= Bis-(1-benzoyl-3-methylthiourea) Platinum (II)-1Z95
=== Bis-(1-(3,4-dichlorobenzoyl)-3-methylthiourea) Platinum (II)-2ITO
e Bis-(1-(3-dichlorobenzoyl)-3-methylthiourea) Platinum (II)-3ERT
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Figure 16 RMSF graph and residual contact on complex systems of Bis-(1-benzoyl-3-methyl thiourea) platinum (ll)-1Z95 compounds.
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Figure 17 Histogram bar graph showing Bis-(|-benzoyl-3-methyl thiourea) platinum (Il)-1Z95 compound in contact residue.
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Analysis of the residual contact in the natural ligand complex system-1Z95 shows that there are 23 contact residues
(Leu_701, Leu 704, Asn_705, Leu_707, Gln_711, Leu 712, Leu 741, Met 742, Met_745, Val 746, Arg 752, Tyr 763,
Phe 764, Met 787, Leu 873, His 874, Phe 876, Thr 877, Leu 880, Met 895, Ile 898, Ile 899, Val 903), while the
complex system cisplatin-1Z95 (as a comparison compound) shows 9 contact residues (Gly 708, Ile 737, Gln_738,
Tyr 739, Leu 741, Met 742, His_874, Thr 877, Gln_902).

Figure 18 shows that residues interact with ligands in each track frame. Some protein residues show more than one
specific contact, with ligands characterised by a darker orange colour. Overall, six parameters were analysed to explain
the stability of the Bis-(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95 compound in the 50 ns MD simulation, as
shown in Figure 19.

As seen in Figure 19, the RMSD ligand simulation process shows no fluctuations in the initial phase, while
fluctuations are observed from 10 to 13 ns, and the RMSD can then be said to be constant from 13 ns to the end of
the simulation. No fluctuations were recorded within the gyration radius (rGyr), so the conformation obtained during the
50 ns simulation was stable The SASA plot showed a non-fluctuation pattern during the 50 ns simulation. The MolSA
plot showed the bis-(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95 ligand stability during simulation, and the PSA
plot was stable until the end of the 50 ns simulation, because it did not experience fluctuations. Meanwhile, the map of
intramolecular hydrogen bonds of the Bis-(1-benzoyl-3-methyl thiourea) platinum (II)-1Z95 compound showed no
intramolecular hydrogen bonds from the beginning of the simulation to the end of the simulation.

Changes in the interaction of the Bis-(1-benzoyl-3-methyl thiourea) platinum (I1)-1Z95 complex can also be seen from
the MD simulation results (Figure 20), showing the presence of conformational changes in trajectory during the 50 ns
simulation, ranging from 10 ns, 12.5 ns, 25 ns, 37.5 ns and 50 ns. Most of the interacting amino acids from the beginning of
the simulation to the end of the dynamic molecular simulation for 50 ns experienced a fairly stable interaction.

LEU_701 -
LEU_704
ASN_705
LEU_707

GLY_708 -
LEU_712 -
LEU_741 -
MET_742 -|
MET_745

MET_749 -|
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MET_780 -
MET_787 - )
LEU_873 | 29
HIS_874
THR_877 | 1
LEU_880 |
PHE_891 0
PRO_892

MET_895
ILE_898
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VAL_903 |

Time (nsec)

Figure 18 Timeline representation of residual contact in Bis-(1-benzoyl-3-methyl thiourea) platinum (Il)-1Z95 in 50 ns MD simulation.
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Figure 19 Ligand properties during 50 ns simulation for Bis-(|-benzoyl-3-methyl thiourea) platinum (Il)-1Z95 compounds: (A) RMSD ligands; (B) gyration radius (rGyr); (C)
intra-hydrogen bond; (D) molecular surface area (MolSA); (E) solvent accessible surface area (SASA); (F) polar surface area (PSA).
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Figure 20 Conformation changes in trajectory of the Bis-(|-benzoyl-3-methyl thiourea) platinum (Il)-1Z95 complex in 50 ns MD simulations.
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Conclusion

Based on molecular docking, dynamic molecular and pharmacokinetic studies of platinum (II)-thiourea complex
compounds that can be used as anticancer agents and do not cause toxicity, Bis-(1-(3,4-dichlorobenzoyl)-3-methyl
thiourea) platinum (II) could be a suitable anticancer agent of the lungs.
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