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Abstract

Context: Cancer is a disease characterized by the formation of abnormal cells and uncontrollably. Over the past three decades, cobalt complexes' anticancer
potential has been thoroughly investigated, and a lot of time has been spent figuring out how they work. In another study, the 1-Benzoyl-3-methylthiourea is
one of the thiourea derivatives that have anticancer activity. The Modification of thiourea into a thiourea-cobalt(lll) complex was carried out to increase the
anticancer activity.

Aims: To obtain a thiourea-cobalt(lll) derivative compound that can be used as an anticancer breast candidate through molecular docking, molecular
dynamics, and predictive ADMET studies.

Methods: The method used is predicting the mechanism of molecular docking inhibition using the Autodock 4.0 tool followed by molecular dynamics using
Desmond. In addition, to analyze ADMET and Drug-likeness using the pkCSM online web server (https://biosig.lab.ug.edu.au/pkcsmy/).

Results: Of the 18 thiourea-cobalt(Ill) derivatives, only three compounds had a poor pharmacokinetic profile, and ten compounds did not have AMES toxicity
and were not hepatotoxic. In molecular docking simulations, 16 compounds were more potent than cisplatin at the 3ERT receptor, 12 more potent at the
3PPO receptor, and all the compounds were more potent than cisplatin at the 5NWH receptor. Molecular dynamics simulations for 50 ns were performed on
the three compounds with the best binding affinity at each receptor.

Conclusions: The bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-cobalt(l1l) could be used as the best anticancer candidate through the human epidermal growth
factor 2.

Keywords: breast cancer; cobalt(lll) complex; in silico; thiourea.

Resumen

Contexto: El cancer es una enfermedad caracterizada por la formacion de células anémalas y sin control. En las Gltimas tres décadas se ha investigado a fondo
el potencial anticancerigeno de los complejos de cobalto y se ha dedicado mucho tiempo a averiguar como funcionan. En otro estudio, la 1-benzoil-3-
metiltiourea es uno de los derivados de la tiourea que tienen actividad anticancerigena. Se llevd a cabo la modificacién de la tiourea en un complejo tiourea-
cobalto(lll) para aumentar la actividad anticancerigena.

Objetivos: Obtener un compuesto derivado de tiourea-cobalto(lll) que pueda utilizarse como candidato anticancerigeno de mama mediante estudios de
docking molecular, dindmica molecular y ADMET predictiva.

Métodos: El método utilizado es la prediccion del mecanismo de inhibicién por docking molecular utilizando la herramienta Autodock 4.0 y seguido de
dindmica molecular utilizando Desmond. Ademds, para analizar ADMET y Drug-likeness se utiliz6 el servidor web en linea pkCSM
(https://biosig.lab.ug.edu.au/pkcsm/).

Resultados: De los 18 derivados de tiourea-cobalto(lll), sélo tres compuestos presentaron un perfil farmacocinético deficiente y diez compuestos no
presentaron toxicidad AMES ni fueron hepatotdxicos. En las simulaciones de acoplamiento molecular, 16 compuestos fueron mas potentes que el cisplatino
en el receptor 3ERT, 12 mas potentes en el receptor 3PP0 y todos los compuestos fueron méas potentes que el cisplatino en el receptor 5SNWH. Se realizaron
simulaciones de dindmica molecular durante 50 ns de los tres compuestos con mejor afinidad de unién en cada receptor.

Conclusiones: El bis-(1-(3-clorobenzoil)-3-metiltiourea)-cobalto(lll) podria utilizarse como el mejor candidato anticancerigeno a través del factor de
crecimiento epidérmico humano 2.

Palabras Clave: cancer de mama; complejo de cobalto(lll); in silico; tiourea.
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INTRODUCTION

Cancer is one of the non-communicable diseases
that burden health in the world. The disease is charac-
terized by the formation of abnormally developed
and uncontrolled cells. In addition, these cells can
invade and move to other cells and tissues. According
to Global Cancer Statistics 2020 data, there were an
estimated 19.3 million new cases and 2.2 million cases
of breast cancer. In addition, in 2020, there were 9.9
million cases of death due to cancer and 684,996 cases
of death due to breast cancer (Sung et al., 2021).

The metal complexes used for anticancer treatment
are platinum-based drugs such as cisplatin. However,
platinum-based drugs have some disadvantages,
namely their toxic properties. Therefore, many scien-
tists are racing to develop complex compounds using
other transition metals that have the potential to have
good anticancer activity and lower toxicity (Zhang et
al., 2016).

One type of metal with low toxicity and anticancer
activity is cobalt(IIl). Cobalt attracts attention because
it has anticancer potential and targets redox-
dependent tumor tissue (Anthony et al., 2020). All
creatures contain the trace element cobalt, which is
needed. Cobalt is mostly found in the form of vitamin
B12 (cobalamin), and it is essential for several biologi-
cally significant processes. The various cobalamin
forms are essential for the correct development of red
blood cells, DNA synthesis and control, and the
preservation of regular brain and nerve function.
Therefore, compared to non-essential metals like plat-
inum, cobalt is less toxic to humans. This discovery
motivated researchers to look into cobalt-containing
compounds as less toxic substitutes for anticancer
medications based on platinum (Munteanu and Sun-
tharalingam, 2015). The results of a study testing the
anticancer activity of three complexes of cobalt with
2-acetylpyridine thiosemicarbazones against breast
cancer cells and skin cancer cells showed high activity
and efficient removal of cancer cells even at low con-
centrations, and one of the test compounds had cyto-
toxic activity against breast cancer cells and skin can-
cer cells that was higher than that of cisplatin (Mani-
kandan et al., 2014).

The ligand that will be complexed with cobalt
metal is the thiourea derivative 1-benzoyl-3-
methylthiourea. In a previous study, anticancer test-
ing of fourteen 1-benzoyl-3-methylthiourea derivative
compounds was carried out, and their interactions
with ribonucleotide reductase receptors were deter-
mined. The results showed that all 1-benzoyl-3-
methylthiourea derivatives have a lower binding
energy than hydroxyurea (comparator). In addition,

https://jppres.com

Thiourea-cobalt(lll) complex as an anticancer candidate

six of the 1-benzyl-3-methylthiourea derivatives have
low toxicity, so 1-benzoyl-3-methylthiourea deriva-
tives could potentially be anticancer candidates
(Ruswanto et al., 2017).

To increase the anticancer activity of thiourea, a
modification of 1-benzoyl-3-methylthiourea with
cobalt(Ill) has been made into a metal complex and
performed the computational study. It is expected
from this study to obtain a thiourea-cobalt(Ill) com-
plex that has a stable interaction with breast cancer
receptors and has a good pharmacokinetic and toxici-
ty profile, so that it can be used as an anticancer can-
didate.

MATERIAL AND METHODS

Instruments and materials

The instruments used in this study are some soft-
ware and hardware. The software used included Au-
todockTools-1.5.6, Ligplot, Pymol, MarvinSketch ver-
sion 21.17.0, Discovery Studio Version 20.1, Desmond
software for an academic license (2019-1, D.E. Shaw
Research LLC., United States), and websites as
https:/ /www.rcsb.org/, https:/ /saves.mbi.ucla.edu/
and https:/ /biosig.lab.ug.edu.au/pkcsm/. The
hardware used was a personal computer with the
following specifications: Intel(R) Core™ i5-8265U
CPU @ 1.60 GHz (8 CPUs) x 8.00 GB of RAM, Win-
dows 1064-bit operating system. The materials used
in this study were 18 thiourea-cobalt(Ill) complexes
(detailed structure could be seen in Fig. 1), estrogen
receptor (PDB ID 3ERT), HER2 receptor (PDB ID
3PP0), NUDT5 receptor (PDB ID 5NWH) and cispla-
tin was used as reference drug.

Ligand preparation

MarvinSketch software was used for ligand prepa-
ration by protonation in accordance with blood pH
(7.4), and conformation analysis was carried out on
the complex compound structures that had been
transformed. Then the prepared ligands were saved
in .mol?2 file format (Purnomo, 2013).

Drug scan

Drug scans were performed to observe the nature
of the similarity to existing drugs and cisplatin as a
reference drug (Lipinski, 2004). Observations were
made with Lipinski’s rule of five, including lipophilic-
ity <5, molecular weight <500 g/mol, <10 hydrogen
acceptors, <5 hydrogen donors, and molar refractivity
40-130. All these parameters were observed with the
help of MarvinSketch software (Ruswanto et al.,
2019).
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Figure 1. The all of thiourea-cobalt(lll) complexes.
Target receptor identification freely at  http://structure.bioc.cam.ac.uk/pkcms
(Pires et al., 2015).

Identification and analysis of target receptors were
carried out by looking at the profile of proteins with
the PDB codes 3ERT, 3PP0O, and 5NWH at
http:/ /www.ebj.ac.uk/pdbsum. The analysis results
were used to ascertain that the protein was well-used
and corresponds to the Ramachandran plot (Ruswan-
to et al.,, 2018).

Prediction of pharmacokinetic and toxicity profile

A computational approach to predicting pharma-
cokinetic properties and toxicity (cobalt complexes
and cisplatin as a reference drug) was taken with the
help of the pkCMS website, which can be accessed

https://jppres.com

Molecular docking and virtual screening

Method validation was carried out by redocking
natural ligands against the binding site receptors,
using the root mean square deviation (RMSD) value
as the validation parameter. A method is considered
good if the RMSD value is <2. A method cannot be
trusted if the RMSD value is 22 (Ruswanto et al.,
2019). AutoDock software was used to virtual screen
the 18 test compounds and cisplatin as a reference
drug, using previously validated receptors. Gridbox
parameter settings were adjusted to the parameters
used in docking validation (Ruswanto et al.,, 2019).

J Pharm Pharmacogn Res (2023) 11(3): 501


https://jppres.com/
http://www.ebj.ac.uk/pdbsum
http://structure.bioc.cam.ac.uk/pkcms

Ruswanto et al.

The results obtained were the binding affinity and the
inhibition constant.

Molecular dynamics simulation

Molecular dynamics simulations were carried out
on all three receptors (3ERT, 5NWH, 3PP0) with the
best of the thiourea-cobalt(Ill) complexes from the
docking results, using Desmond software (2019-1,
D.E. Shaw Research LLC., United States) to study the
stability between the best complex compounds and
each receptor. Molecular dynamics simulations were
performed on the TIP3P and 0.15 M NaCl water mod-
els to mimic a physiological ionic concentration. The
minimization stage was carried out for 100 ps, with a
temperature of 300 K and a standard pressure
(1.01325 bar) for 30 ns with an orthorhombic box with
a dimension buffer of 10 A x 10 A x 10 A and NPT
ensemble. The energy was recorded at intervals of 1.2
ps. To balance the net charge system simulating mo-
lecular dynamics, the protein-ligand complex was
neutralized by adding Na* and CI- ions. To maintain
the temperature of all molecular dynamics systems,
respectively, at 300 K and a pressure of 1.01325, No-
sé-Hoover and Martyna-Tobias-Klein dynamic algo-
rithms were used (Kumar et al., 2020).

RESULTS AND DISCUSSION

Ligand preparation

Ligands were drawn using MarvinSketch soft-
ware. After that, preparations were carried out by
optimizing the ligand geometry with protonation at
pH 7.4 to adjust the pH to that of human blood. After
that, the best conformation of the protonated ligands
was sought, which was expected to be more stable.
The stability of the interaction between the ligand and
the receptor is strongly influenced by the confor-
mation of the ligand that it has the lowest energy
(Ruswanto et al., 2019).

Drug scan

Drug scans were performed to predict and assess
physicochemical properties related to water solubili-
ty, intestinal permeability, and oral bioavailability
(Lipinski, 2004). Lipinski’s rule of five values that had
to be met by each compound were lipophilicity <5,
molecular weight <500 g/mol, <10 hydrogen accep-
tors, <5 hydrogen donors, and molar refractivity in
the range of 40-130 (Ruswanto et al., 2019). Drug scan
results of the thiourea-cobalt(Ill) complexes can be
seen in Table 1.

Table 1 shows that only two of the thiourea-
cobalt(III) complex derivatives, i.e., compounds 1 and
11, fulfill Lipinski’s rule of five. Meanwhile, cisplatin
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fulfills all the parameters of Lipinski's rule of five.
Likely, the other compounds that do not fulfill the
rule of five will have poor absorption and permeabil-
ity. For a compound to be easily absorbed, it must
have a molecular weight below 500 g/mol. The log
value of P relates to the ability of a compound to dis-
solve in oil solvents, fats, and other nonpolar solvents.
The biological activity of a drug molecule is related to
the number of hydrogen bond donors and acceptors.
Molar refractivity relates to the total polarizability
value of a compound (Ruswanto et al., 2019).

Target receptor analysis

The receptors analyzed were the estrogen receptor
(3ERT), HER?2 receptor (3PP0), and NUDT5 receptor
(bNWH). These three receptors correspond to the
Ramachandran plot. A Ramachandran plot can be
used to assess the stability of proteins and visualize
their three-dimensional coordinates (Ho and Bras-
seur, 2005). In the plot, the parameters seen are the
values of most favored regions and disallowed re-
gions. A protein is said to be good if it has a most
favored region value of more than 90% and is said to
be stable if it has a disallowed region value below
15% (Ruswanto et al., 2020).

In Fig. 2 and Table 2, it can be seen that the most
favored region values of the 3ERT, 3PP0, and 5NWH
proteins are 91.2%, 90.3%, and 92.5%, respectively.
The most favored region value of all three receptors
qualifies them as good proteins at more than 90%. The
disallowed region values of the 3ERT, 3PP0, and
5NWH proteins are 0.0, 0.4, and 0.0%, respectively.
The results show that the three proteins have stable
structural qualities because they have a disallowed
region value of less than 15%. Based on the analysis
results, the proteins 3ERT, 3PP0, and 5SNWH were
declared good and stable for the next stage.

Fig. 2 shows that the amino acids are located in the
red, brown, and yellow regions at the Ramachandran
plot, where red indicates the most favored regions,
brown indicates additional allowed regions, and yel-
low indicates generously allowed regions.

Pharmacokinetics and toxicity prediction

The pharmacokinetic profile and toxicity deter-
mine the ability of a compound to produce effective-
ness and success, therapeutically speaking (Ciappel-
lano et al., 2016; Hashida, 2020; Kumar et al., 2012).
The pharmacokinetic properties of a compound de-
termine its absorption, distribution, metabolic, and
excretory (ADME) properties (Duran-Iturbide et al.,
2020; Elekofehinti et al., 2018). Good ADME proper-
ties can ensure that a drug compound reaches binding
sites at sufficient concentration and produces good
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Table 1. Drug scan.

Thiourea-cobalt(lll) complex as an anticancer candidate

Molecular Hydrogen Hydrogen LogP Molar
No. Compound weight donors acceptors refractivity

<500 g/mol <5 <10 <5 40-130
1 Bis-(1-benzoyl-3-methylthiourea)-cobalt(Il) 449 2 8 3.263 105.55
2 Bis-(1-(4-tert-butylbenzoyl)-3-methylthiourea)-cobalt(lll) 562 3 7 4.441 154.30
3 Bis-(1-(3,5-dinitrobenzoyl)-3-methylthiourea)-cobalt(Il) 629 2 16 2.896 130.83
4 Bis-(3-methyl-1-(naphthalene-2-carbonyl)thiourea)-cobalt(Il) 550 3 7 4.152 149.86
5 Bis-(1-(4-hexylbenzoyl)-3-methylthiourea)-cobalt(lIl) 618 3 7 6.091 173.06
6 Bis-(1-(4-heptylbenzoyl)-3-methylthiourea)-cobalt(lI1) 646 3 7 6.872 182.26
7 Bis-(1-(4-decylbenzoyl)-3-methylthiourea)-cobalt(l1l) 731 3 7 9.212 209.86
8 Bis-(1-(4-chlorobenzoyl)-3-methylthiourea)-cobalt(lIl) 518 2 8 4,57 115.16
9 Bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-cobalt(lIl) 518 2 8 4,57 115.16
10 Bis-(1-(3,4-dichlorobenzoyl)-3-methylthiourea)-cobalt(lll) 587 2 8 5.876 124.77
11 Bis-(1-(4-flourobenzoyl)-3-methylthiourea)-cobalt(Il1) 485 2 8 3.541 105.98
12 Bis-(1-(4-bromobenzoyl)-3-methylthiourea)-cobalt(lIl) 607 2 8 4,788 120.79
13 Bis-(3-methyl-1-[4-(trifluoromethyl) benzoyl] thiourea)-cobalt(Il) 585 2 8 5.300 117.50
14 Bis-(1-(2,4-dichlorobenzoyl)-3-methylthiourea)-cobalt(lll) 587 2 8 5.876 124.77
15 Bis-(1-(4-methoxybenzoyl)-3-methylthiourea)-cobalt(I1) 509 2 10 3.280 118.48
16 Bis-(3-methyl-1-(4-nitrobenzoyl) thiourea)-cobalt(l1l) 539 2 12 3.079 118.19
17 Bis-(3-methyl-1-(3-nitrobenzoyl) thiourea)-cobalt(l1l) 539 2 12 3.079 118.19
18 Bis-(1-(2-chlorobenzoyl)-3-methylthiourea)-cobalt(l11) 518 2 8 4,57 115.16
19 Cisplatin 300 2 0 4.306 34.59

(@)

(b)

(©)

7 i .
g o0 g g
E | & g
= -2 . = 3
: | :
45 & £
90 — ) _
-135 B |
-133 M
L| - ,,
. | . | " m
SI%00 -135 - 5 5 35 ; I 0 3
180 -135 %0 4 mi[dfgm )* Wl 130 180 135 w0 45 0 45 W 15 180 500 45 e0 13 180
: Phi (degrees) Phi (degrees)

Figure 2. Ramachandran plot of (a) 3ERT; (b) 3PPO; (c) 5SNWH.

physiological effects (Pires et al.,, 2015). One of the
website-based software programs(Pires et al., 2015)
that can be used to predict pharmacokinetic and tox-
icity profiles is pkCSM
(https:/ /biosig.lab.ug.edu.au/pkesm/prediction).
The pharmacokinetic predictions of the 18 test com-
pounds can be seen in Table 3.
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In Table 3, the Caco2 permeability, intestinal ab-
sorption, distribution volume (VDss), BBB value, and
renal OCT2 substrate represent pharmacokinetic val-
ues (Firdausy et al., 2020; Lohohola et al., 2021). The
Caco2 cell line comprises epithelial colorectal adeno-
carcinoma cells (Hidalgo et al., 1989; Rao and Sankar,
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2009). It is widely used for in vitro models of the hu-
man intestinal mucosa that can predict oral drug ab-
sorption (Davies et al., 2020; Fedi et al., 2021). The
Caco?2 value is good when it exceeds 0.9 (Sherer et al.,
2012; Welling et al., 2015). Of the 18 test compounds,
only compounds 3, 16, and 17 showed Caco2 values
below 0.9, which means that all three compounds are
poorly absorbed by the intestinal mucosa. In compari-
son, cisplatin has a good Caco2 value, which means it
can be absorbed well through the intestinal mucosa.

Table 2. Most favored regions and disallowed regions of all
receptors.

Receptor PDB ID Most favored regions  Disallowed regions

3ERT 91.2% 0.0%
3PPO 90.3% 0.4%
5NWH 92.5% 0.0%

Intestinal absorption is a prediction of the absorp-
tion of compounds in the human small intestine
(Bergstrom et al., 2014; Lee et al., 2019). Compounds
are considered to be well absorbed if the intestinal
absorption value is more than 80% and poorly ab-
sorbed if it is less than 30% (Hardjono, 2017). All test
and comparison compounds exhibited good intestinal
absorption values of more than 80%.

VDss is the approximate volume of how many
doses need to be distributed to reach concentrations
comparable to blood plasma concentrations (Lombar-
do et al.,, 2021; Zou et al., 2012). A drug will be more
widely distributed in the network if it has a high dis-
tribution volume value and will be more widely dis-
tributed in plasma if it has a low distribution volume
value (Hardjono, 2017). The distribution volume of a
compound is declared low if the Log VD value is less
than —0.15 and is considered high if the Log VD value
is greater than 0.45 (Pires et al., 2015). All test com-
pounds have a high log value of VD of more than
0.45. This shows that they are all more widely distrib-
uted in tissues than plasma. Meanwhile, cisplatin has
a log value of VD of -0.23, a low VD value, which
means it is more widely distributed in plasma than in
tissues.

The BBB value indicates the ability of a compound
to penetrate the blood-brain barrier (Bicker et al.,
2014; Gupta et al., 2019). This parameter is important
and is used to consider side effects or toxicity as well
as increase the effectiveness of compounds that have
pharmacological activity in the brain (Hardjono,
2017). A drug compound cannot be well distributed
in the brain if it has a log BB value of less than -1, and
has good distribution properties in the brain if it has a
log BB value of more than 0.3 (Pires et al., 2015). Of
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the 18 test compounds, only compounds 3, 16, and 17
would not be able to penetrate the blood-brain barrier
and become well distributed in the brain, and com-
pounds 1 and 4 could be well distributed in the brain.
Cisplatin has a log BB value of —0.454, which means it
cannot be properly distributed in the brain.

OCT2 (organic cation transporter 2) is a trans-
porter that has a role in the clearance and disposition
of endogenous compounds in the kidneys (Cheng et
al., 2012; Shen et al., 2017). Drug compounds that
interact with OCT2 substrates have the potential to
provide unwanted interactions (Hardjono, 2017). On-
ly test compounds 11, 15, and 18 would interact with
the substrate of OCT2 in the kidney and have the
potential to cause unwanted interactions and affect
the clearance and disposition of compounds in the
kidneys.

Table 4 shows the toxicity parameters of AMES
toxicity, LDso, and hepatotoxicity. AMES toxicity is
used to predict the mutagenic and carcinogenic prop-
erties of a compound (Yeni et al., 2018). Compounds
5,6,7,8,9, 10, 11, 14, 15, and 18 do not have AMES
toxicity, which means they do not have mutagenic
and carcinogenic properties, and these results are
almost the same as the reference drug (cisplatin). The
hepatotoxicity parameter is used to predict the toxic
properties of a compound against the liver. Of the 18
test compounds, only 1, 2, 4, and 13 showed hepato-
toxic properties.

Molecular docking

Before a docking method is used on the test com-
pounds, its validity must be ascertained. Docking
validation is done by redocking between the receptor
and its natural ligand using AutoDock Tools soft-
ware. The parameter seen in the docking method
validation is the RMSD value, which indicates the
magnitude of the change in the interaction between
the protein and ligand before and after docking (Fu et
al., 2018; Goodsell et al., 1996; Xu et al., 2019). If the
RMSD value is <2 A, the docking method is valid and
can be used for docking on the test compound (Mut-
taqin, 2019). The following are the validation results
for docking 3ERT, 3PP0, and SNWH proteins with
natural ligands.

Table 5 shows that the RMSD values of the 3ERT,
3PP0, and 5SNWH proteins are 0.93, 1.85, and 1.03 A,
respectively. All three receptors have RMSD values
below 2 A, so the method used can be declared valid
and can be used for docking test compounds. Good
RMSD values are obtained by setting the right grid
box with the active site on the protein.
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Table 3. Prediction of pharmacokinetic profile.

Thiourea-cobalt(lll) complex as an anticancer candidate

Caco2 Intestinal VDss BBB CYP3A4 CYP3A4 Renal OCT2
absorption substrate inhibitor substrate
No. Compound
Log % Log Log BB Yes/No Yes/No Yes/No
cm/s L/kg
1 Bis-1-benzoyl-3-methylthiourea- 1.289 88.796 131 0.378 Yes No No
cobalt(Il)
2 Bis-1-(4-tert-butylbenzoyl)-3- 1.227 89.093 1.332 0.151 Yes No No
methylthiourea-cobalt(lIl)
3 Bis-1-(3,5-dinitrobenzoyl)-3- -0.902 100 0.084 -2.092 Yes Yes No
methylthiourea-cobalt(lIl)
4 Bis-3-methyl-1-(naphthalene-2- 1.226 90.773 0.968 0.425 Yes Yes No
carbonyl) thiourea-cobalt(lI1)
5 Bis-1-(4-hexylbenzoyl)-3- 1.353 90.217 0.95 -0.593 Yes No No
methylthiourea-cobalt(l11)
6 Bis-1-(4-heptylbenzoyl)-3- 1.163 87.811 1.002 -0.303 Yes No No
methylthiourea-cobalt(lIl)
7 Bis-1-(4-decylbenzoyl)-3- 1.136 85.749 0.26 -0.556 Yes No No
methylthiourea-cobalt(lIl)
8 Bis-1-(4-chlorobenzoyl)-3- methylthi-  1.032 86.033 1.197 0.266 Yes Yes No
ourea-cobalt(l)
9 Bis-1-(3-chlorobenzoyl)-3- 1.033 87.268 1.269 0.31 Yes Nos No
methylthiourea-cobalt(l11)
10 Bis-1-(3,4-dichlorobenzoyl)-3- 1.018 85.423 1.156 0.224 Yes Yes No
methylthiourea-cobalt(l11)
11 Bis-1-(4-flourobenzoyl)-3- 1.442 87.954 1.095 0.177 Yes No Yes
methylthiourea-cobalt(lIl)
12 Bis-1-(4-bromobenzoyl)-3- 1.028 85.898 1.214 0.263 Yes Yes No
methylthiourea-cobalt(lIl)
13 Bis-3-methyl-1-[4-(trifluoromethyl) 1.055 84.284 0.889 0.283 Yes Yes No
benzoyl] thiourea-cobalt(lll)
14 Bis-1-(2,4-dichlorobenzoyl)-3- 1.025 83.535 1.136 0.164 Yes Yes No
methylthiourea-cobalt(l11)
15 Bis-1-(4-methoxybenzoyl)-3- 0.998 90.941 1111 -0.072 Yes Yes Yes
methylthiourea-cobalt(l11)
16 Bis-3-methyl-1-(4-nitrobenzoyl) 0.618 100 0.74 -1.22 Yes No No
thiourea-cobalt(ll1)
17 Bis-3-methyl-1-(3-nitrobenzoyl) 0.561 100 0.743 -1.209 Yes No No
thiourea-cobalt(1l1)
18 Bis-1-(2-chlorobenzoyl)-3- 1.047 87.349 1.347 0.05 Yes Yes Yes
methylthiourea-cobalt(lIl)
19 Cisplatin 1.105 92.604 0.023 -0.458 No No No

Fig. 3 shows a visualization of the structural con-
formation of the ligands before and after docking. The
distance between the redocked ligand and the native
ligand is influenced by the RMSD value. The smaller
the RMSD value, the closer the distance between the
two. It can be seen in Fig. 2 that the 3ERT natural lig-
and (OHT) has the shortest distance to the redocked
ligand because it has the lowest RMSD value of 0.93,
and the 3PPO native ligand (03Q) is less close to the
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redocked ligand because it has an RMSD value close
to 2.

Table 6 shows the binding affinity values and in-
hibition constants for the molecular tethering results
of the 18 test compounds and one comparator com-
pound with proteins 3ERT, 3PP0O, and 5NWH. The
lower the binding affinity value for the ligand-
receptor interaction, the stronger the ligand-receptor
complex bond caused by stable and strong non-
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Table 4. Prediction of toxicity profile.

AMES toxicity LD50 Hepatotoxicity
No. Compound
Yes/No Mol/kg Yes/No
1 Bis-1-benzoyl-3-methylthiourea-cobalt(lI1) Yes 2.982 Yes
2 Bis-1-(4-tert-butylbenzoyl)-3-methylthiourea-cobalt(I1) Yes 2.76 Yes
3 Bis-1-(3,5-dinitrobenzoyl)-3-methylthiourea-cobalt(I11) Yes 2.651 No
4 Bis-3-methyl-1-(naphthalene-2-carbonyl) thiourea-cobalt(l1) Yes 2.237 Yes
5 Bis-1-(4-hexylbenzoyl)-3-methylthiourea-cobalt(lll) No 2.928 No
6 Bis-1-(4-heptylbenzoyl)-3-methylthiourea-cobalt(lIl) No 2.933 No
7 Bis-1-(4-decylbenzoyl)-3-methylthiourea-cobalt(lll) No 2.696 No
8 Bis-1-(4-chlorobenzoyl)-3-methylthiourea-cobalt(lll) Yes 3.02 No
9 Bis-1-(3-chlorobenzoyl)-3-methylthiourea-cobalt(lI1) Yes 3.004 No
10 Bis-1-(3,4-dichlorobenzoyl)-3-methylthiourea-cobalt(l1l) No 2.987 No
11 Bis-1-(4-flourobenzoyl)-3-methylthiourea-cobalt(l11) No 3.175 No
12 Bis-1-(4-bromobenzoyl)-3-methylthiourea-cobalt(lI1) Yes 3.018 No
13 Bis-3-methyl-1-[4-(trifluoromethyl) benzoyl] thiourea-cobalt(lI1) Yes 2.927 Yes
14 Bis-1-(2,4-dichlorobenzoyl)-3-methylthiourea-cobalt(ll1) No 2.924 No
15 Bis-1-(4-methoxybenzoyl)-3-methylthiourea-cobalt(l1l) No 3.257 No
16 Bis-3-methyl-1-(4-nitrobenzoyl) thiourea-cobalt(lll) Yes 2.669 No
17 Bis-3-methyl-1-(3-nitrobenzoyl) thiourea-cobalt(lll) Yes 2.686 No
18 Bis-1-(2-chlorobenzoyl)-3-methylthiourea-cobalt(l11) No 3.099 No
19 Cisplatin No 2.335 No
Table 5. Docking method validation results.
Native PDB Grid box dimensions Centre . RMSD Binding affinity
ligand code X v 7 X v 7 Spacing (&) (kcal/mol)
OHT 3ERT 30.162 -1.913 24.207 40 40 40 0.375 0.93 -11.76
03Q 3PPO 16.387 17.394 26.218 40 40 40 0.375 1.85 -6.90
9CH 5NWH 12.396 -13.752 -13.546 40 40 40 0.375 1.03 -6.32

Figure 3. Comparison of conformation for crystallography results (black) and redocking results (red): (a) OHT; (b) 03Q; (c) CH.
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Table 6. Binding affinity and inhibition constant of test compounds with 3ERT, 3PP0, and 5NWH receptors.

3ERT 3PPO S5NWH
No. Compound AG Ki AG Ki AG Ki
(kcal/mol) (uM) (kcal/mol) (1M) (kcal/mol) (1M)

1 Bis-(1-benzoyl-3- -8.42 674.61x1073 -9.09 217.81x107 -5.56 83.81
methylthiourea)-cobalt(lI1)

2 Bis-(1-(4-tert-butylbenzoyl)-3- -6.00 40.09 -4.86 275.39 -8.94 277.73x1073
methylthiourea)-cobalt(lI1)

3 Bis-(1-(3,5-dinitrobenzoyl)-3- -5.36 118.39 -6.62 14.00 -7.67 2.38
methylthiourea)-cobalt(111)

4 Bis-(3-methyl-1-(naphthalene- -10.21 33.05x107 -0.37 531.44 x 10° -9.03 241.93x1073
2-carbonyl)thiourea)-
cobalt(ll)

5 Bis-(1-(4-hexylbenzoyl)-3- -5.41 108.92 -4.34 655.97 -8.88 308.54x 1073
methylthiourea)-cobalt(lI1)

6 Bis-(1-(4-heptylbenzoyl)-3- -4.67 82.23 -5.84 52.44 -8.05 1.26
methylthiourea)-cobalt(lI1)

7 Bis-(1-(4-decylbenzoyl)-3- -1.93 38.53x10° 0.54 -5.67 69.84
methylthiourea)-cobalt(lI1)

8 Bis-(1-(4-chlorobenzoyl)-3- -7.59 2.72 -5.80 55.63 -6.43 19.43
methylthiourea)-cobalt(l1)

9 Bis-(1-(3-chlorobenzoyl)-3- -8.48 603.30x 1073 -10.31 27.77x1073 -6.38 21.20
methylthiourea)-cobalt(111)

10 Bis-(1-(3,4-dichlorobenzoyl)-3-  -7.68 2.36 -6.03 38.22 -7.30 4.48
methylthiourea)-cobalt(111)

11 Bis-(1-(4-flourobenzoyl)-3- -7.62 2.58 -8.05 1.26 -5.57 83.15
methylthiourea)-cobalt(l1)

12 Bis-(1-(4-bromobenzoyl)-3- -8.18 1.00 -1.55 72.83x 103 -6.85 14.54
methylthiourea)-cobalt(lI1)

13 Bis-(3-methyl-1-[4- -5.39 111.23 6.18 -5.67 69.45
(trifluoromethyl) benzoyl]
thiourea)-cobalt(l11)

14 Bis-(1-(2,4-dichlorobenzoyl)-3- -8.03 1.29 -3.67 2.03x10° -6.52 16.60
methylthiourea)-cobalt(l11)

15 Bis-(1-(4-methoxybenzoyl)-3- -7.95 8.31 -8.09 1.17 -5.95 43.48
methylthiourea)-cobalt(111)

16 Bis-(3-methyl-1-(4- -1.74 2.14 -4.08 1.03 -6.62 13.93
nitrobenzoyl) thiourea)-
cobalt(ll)

17 Bis-(3-methyl-1-(3- -7.83 1.81 -11.16 6.66x107° -7.07 6.60
nitrobenzoyl) thiourea)-
cobalt(ll)

18 Bis-(1-(2-chlorobenzoyl)-3- -9.06 227.73x 1073 -7.86 1.73 438.28
methylthiourea)-cobalt(111)

19 Cisplatin -4.73 399.99 -4.19 843.24 -3.81 1.61x10°

covalent ligand-receptor interactions. The value of the
inhibition constant (Ki) is directly proportional to the
binding affinity value. A lower inhibition constant
causes the equilibrium of the reaction to move in the
direction of the formation of ligand-receptor complex
bonds. An inhibition constant value can be called
good if it is in the nanomolar scale (Mardianingrum et
al., 2015). Of the 18 compounds, 16 compounds had
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better binding affinity than cisplatin at the 3ERT re-
ceptor, 12 exhibited better binding affinity at the 3PP0
receptor, and all were better than cisplatin at the
S5NWH receptor. The three test compounds that had
the best binding affinity values and inhibition con-
stants with the 3ERT receptor are compounds 4, 18,
and 9, with binding affinity values of -10.21, —9.06,
and —8.48 kcal/mol, respectively, each of which can
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be considered good. For the comparator compound,
the binding affinity value obtained was -4.73
kcal/mol, so at the 3ERT receptor, the three com-
pounds are more potent than cisplatin. The three bis-
(1-benzoyl-3-methylthiourea)-cobalt(Ill)  derivative
compounds that bound best to the 3PP0 receptor were
compounds 17, 9, and 1 with successive binding affin-
ity values of —11.16, —10.31, and —9.09 kcal/mol and
successive inhibition constant values of 6.66, 27.77,
and 217.81 nM. The three compounds had a better
binding affinity value than cisplatin, the value for
which is —4.19 kcal/mol. In addition, these three
compounds had an inhibition constant on the nano-
molar scale, which can be said to be good and potent.
At the SNWH receptor, the three compounds with the
best binding affinity and inhibition constants were
compounds 4, 2, and 5, with successive binding affini-
ty values of —-9.03, -8.94, and -8.88 kcal/mol and
inhibition constants, respectively, of 241.93, 277.73,
and 308.54 nM. These values can be considered good,
and the compounds are more potent than cisplatin.

Table 7 shows the amino acid residues that bind to
the compounds that have the best binding affinity for
each receptor. The bonds observed in ligand-receptor
interactions are hydrogen bonds and hydrophobic
bonds. Hydrogen bonds are bonds of elements (N, O,
and F) with hydrogen atoms. Hydrogen bonds have
the most powerful dipole-dipole force. Hydrogen
bonding is a form of electrostatic interaction of hy-
drogen that binds to other electronegative atoms.
Hydrogen bonds are very important in determining
the function, structure, and properties of molecules
and play an important role in biological activity
(Vinsiah and Fadhillah, 2018). In addition to hydro-
gen bonds, hydrophobic bonds also contribute to
biological activity. Hydrophobic bonds minimize
contact between nonpolar residues and water. Hy-
drophobic interactions can aid in the stability of the
interaction between ligands and receptors (Arwan-
syah et al., 2014). The 3D visualization of the test
compounds can be seen in Fig. 3.

Molecular dynamics simulation

Molecular dynamics is a computational procedure
that involves atoms and molecules interacting over a
period of time (Periole, 2017; Ulmschneider and
Ulmschneider, 2018). It is carried out to obtain infor-
mation in terms of the interaction of ligands and pro-
teins in a flexible state, so it can be said that molecular
dynamics is an advanced stage of molecular docking
(Santos et al., 2019; Tripathi and Misra, 2017). Protein
enzyme stability, changes in conformation, protein
structure, protein folding, and ion transport can be
studied in molecular dynamics (Prayoga et al., 2018).
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The device used for the simulation was Desmond
software. The procedure began with the preparation
of receptors and ligands, then continued with the
creation of a system builder and determination of an
orthorhombic box with buffer dimensions of 10 x 10 x
10 A. Then minimization was carried out using the
T1P3P and 0.15 M NaCl water models. Energy mini-
mization was carried out for 50 ns with a temperature
of 300 K and a standard pressure (1.01235 bar). The
parameters obtained from molecular dynamics simu-
lations are RMSD and RMSF (root mean square fluc-
tuation). The RMSD value is used to see the protein in
an undenatured (stable) state. RMSD will be good if
there are no sharp fluctuations (0.1 nm). An RMSD
curve that is too volatile shows that there are protein
bonds that are detached and cause the protein to de-
nature (Prayoga et al., 2018). During the simulation of
molecular dynamics, fluctuations in the interaction
between ligands and amino acids on the enzyme can
be seen on the RMSF chart. RMSF is different from
RMSD: it is calculated against each amino acid resi-
due to see the magnitude or magnitude of fluctua-
tions of amino acid residues during molecular dy-
namics. This RMSF value gives an idea of the flexibil-
ity of the interaction between ligand compounds and
each amino acid residue(Prayoga et al., 2018; Zubair
et al., 2020).

Molecular dynamics simulation was carried out
for the three test compounds with the best binding
affinity value at each receptor, natural ligands at each
receptor, and the comparator cisplatin.

Molecular dynamics with 3ERT

From the results of molecular docking with 3ERT
protein, the three compounds that had the best bind-
ing affinity were bis-(3-methyl-1-(naphthalene-2-
carbonyl)thiourea)-cobalt(Ill), bis-(1-(3-chlorobenzo-
yl)-3-methylthiourea)-cobalt(Ill), and bis-(1-(2-chloro-
benzoyl)-3-methylthiourea)-cobalt(Ill), for which the
molecular dynamics were simulated.

From Fig. 4, it can be seen that the 3ERT protein
complex and bis-(3-methyl-1-(naphthalene-2-carbon-
yl)thiourea)-cobalt(Ill), bis-(1-(3-chlorobenzoyl)-3-me-
thylthiourea)-cobalt(Ill),  bis-(1-(2-chlorobenzoyl)-3-
methylthiourea)-cobalt(Ill), cisplatin, and natural
ligands show a fluctuating RMSD curve at 0-10 ns.
The three test compounds showed a stable curve for
15-50 ns. The most stable curve was obtained for a
complex system of 3ERT with the ligand bis-(1-(3-
chlorobenzoyl)-3-methylthiourea)-cobalt(III). The
average, minimum, and maximum RMSD values of
the 3ERT protein complex with all five test com-
pounds can be seen in Table 8.
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Table 7. Interaction type of molecular docking results.

Thiourea-cobalt(lll) complex as an anticancer candidate

Hydrogen bond Hydrogen .
PDBID Compound distance (A) bond Hydrophobic bond
3ERT Native ligand 2.84 Glu3s3 Trp383, Asp351, Ala350, Leu346, Leu387, Leu428, Met388,
2.94 Arg394 Glu419, lle424, Met343, Met421, His524, Leu525, Gly521
3.05 Thr347
Bis-(3-methyl-1-(naphthalene-2- 2.83 Asp351 Met528, Leu536, Met522, Leu384, Trp383, Ile424, Met343,
carbonyl)thiourea)-cobalt(lll) Leu525, Ala350, Thr347
Cisplatin 2.53 Glu3s3 Ala350, Leu349, Phe404
3.00 Leu387
3.06 Arg394
3PPO Native ligand 2.68 Asn850 Arg849, Cys805, Leu852, Asp863, Val734, Leu726, Gly804,
Leu800, Ala751, Val797, Ser783, Leu785, Phe864, Leu796,
Thr862, Thr798, Ser728, Gly729
Bis-(3-methyl-1-(3-nitrobenzoyl) - - Gly727, Asp863, Gly804, Met801, Leu852, Leu800, GIn799,
thiourea)-cobalt(l11) Cys805, Thr862, Ala751, Leu796, Asn850, Thr798, Lys753,
Val734, Ser728, Leu726, Gly729, Arg849
Cisplatin 2.93 Thr798 Leu796, Leu785, Phe864, Arg784, Thr862, Met774
2.80 Ser783
5NWH Native ligand 2.85 Arg51 Alag6, Gly97, Leu98, Glul66, Trp28
2.96 Arg84
Bis-(3-methyl-1-(naphthalene-2- 3.17 Glul66 Glull2, Arg84, Arg51, lle141, Gly97, Cys139, Gly61, Leu9s,
carbonyl)thiourea)-cobalt(ll1) 2.65 Alag6 Aspl00, Trp28
Cisplatin 3.02 Glulee Arg84, Gly97
3.07 Glull2
3.19 Ala96
3.13 Glulle
3.07 GIn82

Table 8. Average, minimum, and maximum RMSD values of 3ERT complexes.

Complex system Average  Minimum Maximum
Native ligand-3ERT 3.580 0.992 3.244
Cisplatin-3ERT 3.437 1.225 3.569
Bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-cobalt(l11)-3ERT 2.696 0.925 2.767
Bis-(1-(2-chlorobenzoyl)-3-methylthiourea)-cobalt(ll1)-3ERT 3.096 0.997 3.274
Bis-(3-methyl-1-(naphthalene-2-carbonyl) thiourea)-cobalt(l11)-3ERT 3.015 1.145 43.74

0 10 20 30 40 50

Time (ns)
e B is-(3-methyl-1-(naphthalene-2-carbonyl)thiourea) Cobalt (IIT)
s B is-(1-(3-chlorebenzoyl)-3-methylthiourea) Cobalt (IIT)
Bis-(1-(2-chlorobenzoyl)-3-methylthiourea) Cobalt (IIT)
Native Ligan

Figure 4. RMSD curves of MD simulation in 50 ns (3ERT).

Residue Index

e B s-(3-methyl-1-(naphthalene-2-carbonyl)thiourea) Cobalt (Ill)
e B 5-(1-(3-chlorobenzoyl)-3-methylthiourea) Cobalt (111)
Bis-(1-(2-chlorobenzoyl)-3-methylthiourea) Cobalt (111)
Native Ligan

e Cisplatin

Figure 5. RMSF curves of MD simulation in 50 ns (3ERT).
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Time (ns)
s Bis-(1-(3-chlorobenzoyl)-3-methylthiourea) Cobalt (IIT)
e B (3 -methyl-1-(3-nitrobenzoyl) thiourea) Cobalt (III)
Bis-(1-benzoyl-3-methylthiourea) Cobalt (III)
Native Ligand
s Cisplatin

Figure 6. RMSD curves of MD simulation in 50 ns (3PP0).

RMSF (A)
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Resiude Index

@ Bjs-(1-(3-chlorobenzoyl)-3-methylthiourea) Cobalt (111)
s Bis-(3-methyl-1-(3-nitrobenzoyl) thiourea) Cobalt (1l1)
Bis-(1-benzoyl-3-methylthiourea) Cobalt (1II)
Native Ligand

Figure 7. RMSF curves of MD simulation in 50 ns (3PP0).
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e Bis~(3-methyl-1-(naphthalene-2-carbonyl)thiourea) Cobalt (IIT)
e Bis~(1-(4 -tert-butylbenzoyl)-3-methylthiourea) Cobalt (III)
Bis~(1-(4-hexylbenzoyl)-3-methylthiourea) Cobalt (I1I)
Cisplatin
em=Native Ligan

Figure 8. RMSD curves of MD simulation in 50 ns (SNWH).
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B 5-(3-methyl-1-(naphthalene-2-carbonyljthiourea) Cobalt (111)

s B 5- (1-(4-tert-butylbe nzoyl)-3-methylthiourea) Cobalt (I11)
Bis-(1-(4-hexylbenzoyl)-3-methylthiourea) Cobalt (lll)
Cisplatin

— Native Ligan

Figure 9. RMSF curves of MD simulation in 50 ns (SNWH).

Fig. 5 shows the RMSF curves of the 3ERT protein
complex system with bis-(3-methyl-1-(naphthalene-2-
carbonyl)thiourea)-cobalt(III), bis-(1-(3-chloro-
benzoyl)-3-methylthiourea)-cobalt(III), bis-(1-(2-
chloro-benzoyl)-3-methylthiourea)-cobalt(IIl), cispla-
tin, and 3ERT natural ligand. RMSF charts can be
used to assess the stability of the interaction between
ligands and amino acid residues. All three 3ERT lig-
and-protein complexes have fluctuations in the same
area. However, the ligand complex with the smallest
fluctuation is  bis-(1-(3-chlorobenzoyl)-3-methyl-
thiourea)-cobalt(Ill) with an average RMSF value of
1.161 A. In addition to seeing the stability of interac-
tions, RMSF charts can also be used to see amino acid
residues that have interactions with ligands.

Molecular dynamics with 3PP0O

From the results of molecular docking with 3PP0
protein, the three compounds that had the best bind-
ing  affinity @ were  bis-(1-(3-chlorobenzoyl)-3-
methylthiourea)-cobalt(Ill), bis-(3-methyl-1-(3-nitro-
benzoyl) thiourea)-cobalt(Ill), and bis-1(1-benzoyl-3-
methylthiourea)-cobalt(Ill), for which the molecular
dynamics were simulated.

https://jppres.com

Fig. 6 shows the RMSD curves for the 3PP0 protein
complex with  bis-(1-(3-chlorobenzoyl)-3-methyl-
thiourea)-cobalt(Ill), bis-(3-methyl-1-(3-nitrobenzoyl)
thiourea)-cobalt(Ill),  bis-1(1-benzoyl-3-methylthio-
urea)-cobalt(Ill), cisplatin, and the natural ligand of
the 3PP0 protein. From the chart it can be seen that all
protein complexes with ligands have a stable and
non-fluctuating RMSD curve except for the one with
bis-(3-methyl-1-(3-nitrobenzoyl) thiourea)-cobalt(III).
The protein complex with bis-(1-(3-chlorobenzoyl)-3-
methylthiourea)-cobalt(Ill) has a stable and non-
fluctuating RMSD curve from 5 ns to the end of the
molecular dynamics simulation, with an average
RMSD value of 2.00 A. The average, minimum, and
maximum RMSD values of 3PP0 ligands and proteins
can be seen in Table 9.

Fig. 7 shows the RMSF curves for the 3PP0 protein
complex with bis-(1-(3-chlorobenzoyl)-3-methylthio-
urea)-cobalt(Ill),  bis-(1-benzoyl-3-methylthiourea)-
cobalt(III), bis-(3-methyl-1-(3-nitrobenzoyl) thiourea)-
cobalt(Ill), cisplatin, and 3PP0 natural ligand. All
3PP0 ligand-protein complex systems have fluctua-
tions in the same area, including the one with bis-(1-
(3-chlorobenzoyl)-3-methylthiourea)-cobalt(Ill) with
an average RMSF value of 1.305 A.
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Table 9. Average, minimum, and maximum RMSD values of 3PP0 complexes.

Complex system Average Minimum Maximum
Native ligand-3PP0 2.032 0.934 2.288
Cisplatin-3PP0 2.552 0.974 2.561
Bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-cobalt(lI1)-3PP0 2.000 1.069 2.712
Bis-(3-methyl-1-(3-nitrobenzoyl) thiourea)-cobalt(Il1)-3PP0 2.918 1.443 3.361
Bis-(1-benzoyl-3-methylthiourea)-cobalt(Il1)-3PP0 2.415 1.055 2.495
Table 10. Average, minimum, and maximum RMSD values.

Complex system Average Minimum Maximum
Native ligand-5NWH 4.969 1.054 6.968
Cisplatin-5NWH 5.994 1.979 8.111
Bis-(3-methyl-1-(naphthalene-2-carbonyl)thiourea)-cobalt(l11)-5NWH 4.883 1.292 8.044
Bis-(1-(4-tert-butylbenzoyl)-3-methylthiourea)-cobalt(I11)-5NWH 7.222 1.548 8.37
Bis-(1-(4-hexylbenzoyl)-3-methylthiourea)-cobalt(I11)-5NWH 3.293 1.484 3.42

Molecular dynamics with SNWH

From the results of molecular docking with SNWH
protein, the three compounds that had the best bind-
ing affinity were bis-(3-methyl-1-(naphthalene-2-
carbonyl)thiourea)-cobalt(III), bis-(1-(4-tert-butyl-
benzoyl)-3-methylthiourea)-cobalt(Ill), and bis-(1-(4-
hexylbenzoyl)-3-methylthiourea)-cobalt(III), for
which the molecular dynamics were simulated.

In Fig. 8, you can see the RMSD curves of the
S5NWH protein complex with bis-(3-methyl-1-
(naphthalene-2-carbonyl)thiourea)-cobalt(Il), bis-(1-
(4-tert-butylbenzoyl)-3-methylthiourea)-cobalt(IlI),
bis-(1-(4-hexylbenzoyl)-3-methylthiourea)-cobalt(III),
cisplatin, and 5SNWH natural ligand. From the curves,
it can be seen that all SNWH protein-ligand complex-
es have fluctuating and unstable RMSD except for
those with bis-(1-(4-hexylbenzoyl)-3-methylthiourea)-
cobalt(I1I) and bis-(3-methyl-1-(naphthalene-2-
carbonyl)thiourea)-cobalt(Ill). The ligand-protein
complex tends to be stable and non-volatile until the
end of the simulation. The 5SNWH complex with bis-
(1-(4-hexylbenzoyl)-3-methylthiourea)-cobalt(IlI) has
the most stable curve with an average RMSD value of
3.293 A, minimum of 1.484 A, and maximum of 3.42
A. The average, minimum, and maximum RMSD
values of all five complexes of SNWH compounds can
be observed in Table 10.

Fig. 9 shows the RMSF curves for the SNWH pro-
tein complex with bis-(3-methyl-1-(naphthalene-2-
carbonyl)thiourea)-cobalt(I1I), bis-(1-(4-tert-butyl-
benzoyl)-3-methylthiourea)-cobalt(III), bis-(1-(4-
hexyl-benzoyl)-3-methylthiourea)-cobalt(Ill), cispla-
tin, and 5SNWH natural ligand. All protein complexes
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of 5SNWH ligands have fluctuations in the same area.
However, the ligand complex with the smallest fluc-
tuation is that with bis-(1-(4-hexylbenzoyl)-3-
methylthiourea)-cobalt(Ill), with an average RMSF
value of 1.749 A. In addition to looking at the stability
of interactions, RMSF charts can also be used to see
amino acid residues that have interactions with lig-
ands.

From the results of the molecular dynamics for re-
ceptors 3ERT, 3PP0, and 5NWH, the three com-
pounds with the most stable RMSD and RMSF values
were selected:  bis-(1-(3-chlorobenzoyl)-3-methyl-
thiourea)-cobalt(Ill) on 3ERT, bis-1(1-benzoyl-3-
methylthiourea)-cobalt(Ill) on 3PP0, and bis-(1-(4-
hexylbenzoyl)-3-methylthiourea)-cobalt(III) on
5NWH. The RMSD curves of the three compounds
can be seen in Fig. 10.

Fig. 10 shows the RMSD curves of the complex
systems bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-
cobalt(Ill) with 3ERT, bis-(1-(3-chlorobenzoyl)-3-
methylthiourea)-cobalt(Ill) with 3PP0, and bis-(1-(4-
hexylbenzoyl)-3-methylthiourea)-cobalt(III) with
SNWH. Of the three complex systems, it can be seen
that the compound that has the most stable bond is
bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-cobalt(III)
at the 3PP0 receptor, with an average RMSD value of
2.00 A.

The RMSF values of proteins are used to deter-
mine the flexibility of local residues, and those of
ligands are used to evaluate and determine atomic
fluctuations of ligands. The RMSF ligand curve for
bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-cobalt(IlI)
can be seen in Fig. 11.
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Figure 10. RMSD curves of the three most stable compounds at each receptor.
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Fig. 12a shows the contact between amino acid res-
idues from the 3PP0 protein and bis-(1-(3-
chlorobenzoyl)-3-methylthiourea)-cobalt(Ill) ligand.
Amino acid residues that bind include Leu_726,
Val_734, Ala_751, Leu_800, Met_801, Cys_805,
Arg 849, Asn_850, Leu_852, and Asp_863. The inter-
actions that occur between bis-(1-(3-chlorobenzoyl)-3-
methylthiourea)-cobalt(Ill) and amino acid residues
in 50 ns include hydrophobic bonds and water bridg-
es; such bonds can be seen in Fig. 12b.

Fig. 13 shows that amino acid residues interact
with the bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-
cobalt(Ill) ligands in each trajectory frame. Specific
contact more than once between residues and ligands

https://jppres.com

is characterized by a darker orange color. The darker
the orange color that appears, the more contact there
is between amino acid residues and bis-(1-(3-
chlorobenzoyl)-3-methylthiourea)-cobalt(Ill) ligands
in 50 ns.

In addition to RMSD and RMSF values, six other
parameters were used to determine the stability of the
bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-cobalt(IlI)
during molecular dynamic simulations lasting 50 ns:
ligand RMSD, radius of gyration (rGyr), NS34, mo-
lecular surface area (MolSA), solvent accessible sur-
face area (SASA), and polar surface area (PSA), which
can be seen in Fig. 14.
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Figure 13. Representation of time of contact of 3PP0 amino acid residues with bis-(1-(3-
chlorobenzoyl)-3-methylthiourea)-cobalt(Ill) during 50 ns of simulation.
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Figure 14. Ligand properties of bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-cobalt(lll) during
50 ns of MD simulation.

(a) ligand RMSD; (b) radius of gyration (rGyr); (c) NS34; (d) molecular surface area (MolSA); (e) solvent
accessible surface area (SASA); (f) polar surface area (PSA).

Figure 15. Conformation changes at (a) 5 ns; (b) 12.5 ns; (c) 25 ns; (d) 37.5 ns; (e) 50 ns.
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From Fig. 14, it can be seen that the ligand RMSD
of bis-(1-(3-chlorobenzoyl)-3-methylthiourea)-
cobalt(Ill) does not fluctuate from the beginning to
the end of the simulation. Similarly to ligand RMSD,
rGyr radius does not fluctuate too much until the end
of the simulation. The rGyr for 50 ns ranged from
3.751 to 4101 A. During the simulation, bis-(1-(3-
chlorobenzoyl)-3-methylthiourea)-cobalt(Ill) was not
subjected to intramolecular hydrogen bonds. The
MolSA plot looks stable during the simulation. As for
the SASA plot, the ligands tend to fluctuate in the first
10 ns, after which they are constant and stable until
the end of the simulation. For PSA plots, the bis-(1-(3-
chlorobenzoyl)-3-methylthiourea)-cobalt(Ill)  ligand
has a stable and constant yield for 50 ns.

In addition to RMSD and RMSF curves, molecular
dynamic simulations can also be used to see the tra-
jectory of conformational changes that can be ob-
served during a 50 ns simulation. During the 50 ns
simulation, there was a conformation change, alt-
hough it was still within the binding site of the 3PP0
protein. The conformation changes in 5, 12.5, 25, 37.5,
and 50 ns can be observed in Fig. 15.

CONCLUSION

Based on the molecular docking and molecular
dynamic of the bis-(1-(3-chlorobenzoyl)-3-methyl-
thiourea)-cobalt(Ill) is predicted to be more potent
than cisplatin and has the best interaction stability
with the human epidermal growth factor 2 receptor.
In addition, it is predicted to have a good pharmaco-
kinetic profile and does not have AMES toxicity or
hepatotoxicity. Further, it can be used as an anticancer
candidate.
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