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One of the critical strategies in developing new drugs is to design 
drugs through structural modification. The structural 
modification leads to changes in the structure of a compound, 
thereby changing the compound's physicochemical properties, 
including lipophilic, electronic, and steric properties. These 
changes will cause changes in the biological activity of the 
compound. This study aimed to determine the effect of 
substituents on the benzoyl group of the compound N-benzoyl-N’-
naphthylthiourea (BNTU) on the anti-breast cancer activity of 
HER-2 in silico. Molecular docking of BNTU lead compound and 
derivatives using Autodock tools software against HER-2 
receptors (PDB ID: 3RCD). Compared to lipophilic and steric 
properties, electronic properties influence the anti-breast cancer 
activity of HER-2 on BNTU-derived compounds. The binding score 
(∆G) of BNTU-derived compounds with strong electronic 
substituents was more negative than lipophilic and steric 
substituents. However, there is an anomaly in BNTU derivatives 
with fluoro (F) substituents because they have the lowest 
anticancer activity compared to the other BNTU derivatives. Anti-
breast cancer activity of BNTU-derived compounds is influenced 
by variations in substituents, especially by the electronic 
properties (electron withdrawing groups) of these substituents. 
Compounds with Br substituents have a better affinity for HER-2 
receptors than the lead compound BNTU and other BNTU 
derivatives.   
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Structural modification; BNTU; lipophilic properties; electronic 
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Introduction 

Cancer is the second leading cause of death in 

the world after cardiovascular disease and is a 

major health issue, both in developed and 

developing countries [1,2]. According to 

Globocan, in 2020, breast cancer was the 

leading cancer case in the last five years [3]. 

Approximately 20-35% of breast cancer is 

caused by over-expression of the human 

epidermal growth factor (HER-2) receptor. 

Positive HER-2 breast cancer has a tendency 

to grow faster than negative HER-2 breast 

cancer [4,5]. Overexpression of HER-2 is 

associated with increased aggression, relapse, 

poor prognosis, and decreased survival [4,6-

7]. The main function of HER-2 is to suppress 

apoptosis to promote cellular survival, thus 

leading to proliferation and uncontrolled 
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tumour growth [5,8]. Therefore, inhibition of 

HER-2 activation at ATP binding sites is a 

target for developing molecular-targeted drug 

discovery in breast cancer cells [9]. 

Conventional cancer therapies such as 

chemotherapy and radiation therapy have 

serious side effects on normal cells. Selective 

chemopreventive agents are needed to reduce 

side effects and enhance the effectiveness of 

cancer therapy [10,11]. The goal of cancer 

therapy is to destroy cancer cells without 

harming normal cells [12]. Hence, there is a 

necessity to develop advanced anticancer 

agents that are more effective and exhibit 

greater selectivity [13]. 

Several studies have shown that thiourea 

derivatives have anticancer activity, including 

breast cancer [5,14-16]. Thiourea 

pharmacophores have specific binding sites, 

namely hydrogen binding area (NH), 

complement area (S), and additional binding 

area (1,3-substituent) [17, 18]. The derivative 

of thiourea that will be developed through this 

research is N-benzoyl-N'-naphtylthiourea 

(BNTU). BNTU is used as a lead compound in 

drug development through structural 

modification. 

Structural modification is a method that 

can be used in drug design to obtain new drugs 

with better activity and lower toxicity [19]. 

The structure modification leads to some 

changes in the structure of a compound, 

thereby changing the compound's 

physicochemical properties, including 

lipophilic, electronic, and steric properties. 

Changes in these physicochemical properties 

will cause changes in the biological activity of 

the compound [20]. Lipophilic properties 

affect drug penetration through the cell 

membrane and increase the amount of drug 

bound to a receptor, which increases its 

activity. Whereas electronic properties play a 

role in drug solubility in drug distribution and 

drug-receptor interaction [21,22]. 

The structural modification was carried out 

by including the naphthyl and benzoyl groups 

in the thiourea structure. It is expected that 

the naphthyl and benzoyl groups will help 

improve lipophilic and electronic properties. 

Previous studies have shown that adding a 

benzoyl group to thiourea can increase the 

activity of these compounds by increasing 

their lipophilic properties [23]. The lead 

compound of BNTU was modified by adding a 

substituent to the benzene ring of the benzoyl 

group. Ruswanto (2015) also reported that 

compounds without substituents on the 

benzene ring (1-benzoyl-3-methylthiourea) 

had lower anticancer activity in the Hela cell 

line than their derivatives [24]. The 

substituent is chosen at the -para position of 

the benzoyl group because it has a minimal 

steric effect. Various types of substituents with 

lipophilic, electronic, and steric properties in 

the benzoyl group are expected to increase its 

activity. Substituent changes in a drug will 

have a significant effect on these properties 

and biological activity. A study on structural 

modifications to investigate the impact of 

lipophilic and electronic properties has 

previously been conducted by Kesuma et al. 

(2010). In their research, they found a 

correlation between in silico and in vitro 

cytotoxic activity of N-(phenylcarbamothyoil) 

benzamide (PCTB) derivatives against the 

T47D cell line. The electronic effects were 

found to play a more significant role in 

cytotoxic activity compared to the lipophilic 

effects [22].   

This research analyzes the effects of 

substituents (lipophilic, electronic, and steric 

properties) on BNTU compounds by in silico 

for breast cancer anti-activity through 

molecular docking. The goal is to predict the 

effects of these properties on anti-breast 

cancer activity, with the hope of assisting in 

obtaining thiourea derivative compounds, 

especially BNTU derivatives with the best 

potential as anti-breast cancer agents. There is 

integration between docking and in vitro 

studies to accelerate the discovery of cancer 

drugs with good consistency [25]. In silico 

approach is the initial step in designing more 

effective and profitable drugs, both in terms of 
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time and cost savings, before conducting in 

vivo and in vitro studies [26].  

Materials and methods 

Materials 

The hardware used is the HUAWEI-IM01SOUS 

with an AMD Ryzen 7 3700U processor with 

Radeon Vega Mobile Gfx based on Windows 10 

Home Single Language operation with the 

following programs: ChemOffice 2020 

(ChemDraw 20.0 and Chem3D 20.0) for 

molecular modelling, energy minimization 

and SMILES translator, AutoDockTools 1.5.6 

software for validation and docking process, 

and Discovery Studio Visualizer 2020 for 

visualization and observation of docking 

results. 

HER2 protein target download 

Docking studies were performed on the active 

site of the HER2 receptor (PDB code: 3RCD). 

The molecular structure of the receptor was 

obtained from the RSCB protein data bank 

(PDB) (https://www.rcsb.org/). HER2 Kinase 

domain complexed with TAK-285 ligand: N-

{2-[4-({3-chloro-4-[3-

(trifluoromethyl)phenoxy]phenyl}amino)-

5H-pyrrolo[3,2-d]pyrimidin-5-yl]ethyl}-3-

hydroxy-3 methylbutanamide (ligand code: 

03P).  

Macromolecule (receptor) preparation 

HER-2 receptor was prepared by separating 

the receptor from its native ligand using the 

AutoDockTools-1.5.6 program to obtain the 

receptor's protein structure without native 

ligands and the separate native ligand 

structure as shown in Figure 1 (visualization 

using the Discovery Studio Visualizer 2020 

program). The HER-2 protein with the code 

3RCD had four chains: A, B, C, and D. However, 

only chain A was used in the docking process. 

Furthermore, the water was removed, and the 

native ligand was separated, so that only the 

receptor protein with chain A remains. Polar 

hydrogen was added; Kollman charges were 

added and stored in pdbqt. 

 
FIGURE 1 (A) 3-Dimensional structure of the HER-2 receptor protein and (B) Native ligand 

Ligands preparation 

The structure of BNTU and its derivatives 

(Table 1) was drawn using the ChemDraw 

20.0 program, and copied to Chem3D 20.0, and 

energy minimization was performed using the 

MMFF94 method [21,27], and then stored in 

the mol2 [SYBYL2 (*.mol2)] and smi [SMILES 

(*.smi)] format The ligand in mol2 format was 

opened with the AutoDockTools-1.5.6 

program,  hydrogen atom were removed (edit 

hydrogen-merge nonpolar), Gasteiger charges 

were added, and then it was saved in the  

*.pdbqt format. 

Validation of protocol docking 

The validation of the docking protocol was 

carried out before the docking process for the 

test ligands. The redocking process was 
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carried out using co-crystal ligands from the 

HER2 receptor. The co-crystal ligands were 

extracted, a polar hydrogen group was added, 

given the charge, torque, and rotational bonds 

were adjusted, then stored in the *.pdbqt. Co-

crystal ligand re-docking was carried out at 

the position and size of grid box that had been 

determined from the orientation results [28]. 

Based on the orientation results, the grid box 

size is 30 x 34 x 24 with grid box position x: 

12.480, y: 2, .964, z: 28.015. The number of 

genetic algorithm (GA) runs used in the 

docking process is 60 [29]. The root-mean-

square deviation (RMSD) value of less than 2 

Å is a parameter observed in the docking 

protocol validation process [28-30].  

Molecular docking 

Molecular docking of the test compound or 

ligand was carried out using the same method 

as the one for validation of the docking 

protocol. The grid box size and grid box 

position correspond to the co-crystal ligands. 

However, the parameters used in the docking 

process are free energy of binding (∆G) and 

amino acid residues [31]. 

 

TABLE 1 The chemical structure of BNTU and its derivatives 

 

 

 

 

 

 

 

 

 

No. Compounds name Code 
Functional 
groups (R) 

Properties of 
substituent 

1 N-benzoyl-N’-naphtylthiourea BNTU H Es(+) 
2 N-(4-fluorobenzoyl)-N’-naphtylthiourea 4FBNTU 4-F π(+)σ(+)Es(++++) 
3 N-(4-chlorobenzoyl)-N’-naphtylthiourea 4ClBNTU 4-Cl π(+++)σ(+)Es(+) 

4 
N-(4-bromobenzoyl)- N’-

naphtylthiourea 
4BrBNTU 4-Br π(++++)σ(+)Es(+) 

5 
N-(4-trifluoromethylbenzoyl)-N’-

naphtylthiourea 
4CFBNTU 4-CF3 π(+++)σ(++)Es(-) 

6 
N-(4-tribromomethylbenzoyl)-N’-

naphtylthiourea 
4CBrBNTU 4-CBr3 π(+++)σ(++)Es(-) 

7 
N-(4-trichloromethylbenzoyl)-N’-

naphtylthiourea 
4CClBNTU 4-CCl3 π(+++)σ(++)Es(-) 

8 N-(4-nitrobenzoyl)-N’-naphtylthiourea 4NBNTU 4-NO2 π(+)σ(++++)Es(-) 

9 
N-(4-metoxybenzoyl)-N’-

naphtylthiourea 
4OCBNTU 4-OCH3 π(-)σ(-)Es(+++) 

10 N-(4-ethoxybenzoyl)-N’-naphtylthiourea 4OC2BNTU 4-OCH2CH3 π(-)σ(-)Es(+++) 

11 
N-(4-propoxybenzoyl)-N’-

naphtylthiourea 
4OC3BNTU 4-OCH2CH2CH3 π(-)σ(-)Es(+++) 

12 
N-(4-isopropoxybenzoyl)-N’-

naphtylthiourea 
4IOC3BNTU 4-OCH(CH3)2 π(-)σ(-)Es(+++) 

13 
N-(4-methylbenzoyl)-N’-

naphtylthiourea 
4CBNTU 4-CH3 π(++)σ(-) 

14 N-(4-ethoxybenzoyl)-N’-naphtylthiourea 4C2BNTU 4-CH2CH3 π(++)σ(-) 

15 
N-(4-propoxybenzoyl)-N’-

naphtylthiourea 
4C3BNTU 4-CH2CH2CH3 π(++)σ(-) 

16 
N-(4-tert-butylbenzoyl)-N’-

naphtylthiourea 
4TBBNTU 4-C(CH3)3 

π(+++++)σ(-)Es(-
) 

π: Lipophilic parameter, σ : electronic parameter, and Es : steric parameter.  
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Results and discussion  

Validation of protocol docking 

The docking method's accuracy was evaluated 

by docking the co-crystal ligand of the HER-2 

receptor (PDB ID 3RCD). The RMSD value is an 

observed parameter to assess whether the 

docking method can be used to dock the test 

compound. RMSD is the deviation distance 

from the binding position of the native ligand 

to the protein after docking to the actual 

binding position of the native ligand [32]. 

RMSD values less than 2.0 Å generally indicate 

that the docking protocol can accurately 

predict the binding orientation of co-crystal 

ligands [33]. The RMSD value obtained in this 

study's validation of the docking protocol was 

1.25 Å. This value is less than 2 Å, so the 

docking method can be used for docking BNTU 

and their derivatives. The 3RCD ligand overlay 

before and after docking can be seen in Figure 

2.  

 

FIGURE 2 (A) Co-crystal ligand overlay before re-docking (blue) and after re-docking (red) and 

(B) Co-crystal Ligand Interaction HER2 (TAK-285) in Amino Acid Residues from The 3RCD 

Receptor 

Molecular docking of BNTU and its derivatives 

The docking results were evaluated based on 

the parameter of free bond energy (ΔG). The 

results of docking between BNTU compounds 

and their derivatives against the HER-2 

receptor can be seen in Figure 3. 

Based on the docking data in Figure 3, it is 

known that the lead compound BNTU with a 

benzoyl group without substituent has the 

highest ∆G value after 4OC3BNTU. This 

indicates that the anticancer activity of BNTU 

is lower than its derivatives, except for 

4OC3BNTU. This means that the presence of a 

substituent bound to the benzoyl group in 

BNTU is predicted to cause an increase in 

anticancer activity. Meanwhile, 4OC3BNTU 

has the largest ∆G value, meaning its activity is 

the lowest. This possibility is caused by the 

presence of steric factors so that the 

compound cannot occupy the active 

site/binding pocket of the HER-2 receptor. 

This is in accordance with the research 

conducted by Bai et al. (2020) that there is an 

effect of the substituent bound to the thiourea 

moiety on antiproliferative activity against 

cell lines, where the phenyl group which has 

no substituent and is attached to the thiourea 

moiety has no antiproliferative activity. This 

indicates the importance of the substituents 

on the aromatic ring [16]. Ruswanto (2015) 

also reported that compounds without 

substituents on the benzene ring (1-benzoyl-
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3-methylthiourea) showed lower cytotoxic 

activity than their derivatives [23]. 

Substituents with electron-withdrawing 

groups, namely 4BrBNTU and 4CBrBNTU, had 

the greatest activity, followed by 4CClBNTU 

compounds. Electronegative substituents will 

change the electronic properties of the 

compound. In 4BrBNTU and 4CBrBNTU 

compounds, the ∆G value was the highest 

compared to other BNTU derivatives. Based 

on Tables 2 and 3, and Figure 4, it is known 

that there are 734-Val amino acids with 

alkyl/pi-alkyl interactions that are not owned 

by the lead compound (BNTU), so it is 

predicted that 734-Val amino acids are the key 

amino acids that have the greatest influence 

on the affinity of BNTU derivative compounds 

at the HER-2 receptor. Although the 

compounds 4BrBNTU and 4CBrBNTU have the 

same ∆G, the interactions of the amino acid 

residues are slightly different. There are 

amino acid residues 751-Ala with alkyl/pi-

alkyl interaction and amino acid 863-Asp with 

hydrogen bond interactions in 4BrBNTU 

compounds, which 4CBrBNTU does not have. 

This means amino acids 751-Ala and 863-Asp 

do not affect the compound's affinity. 

 

FIGURE 3 The results of the docking (binding energy) between the BNTU and its derivatives 
against the HER-2 receptor 

 

FIGURE 4 Interaction of BNTU (A), 4BrBNTU (B), and 4CBrBNTU (C) in amino acid residues from 

the 3RCD receptor 
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In compounds with Cl substituent, the ∆G 

value of 4CClBNTU is lower than 4ClBNTU, 

meaning that the activity of 4CClBNTU is 

better than 4ClBNTU. This is because the Cl 

atom has a positive value of (lipophilic 

parameter) and (electronic parameter), so the 

increase in activity with the addition of Cl 

substituent on the lead compound of BNTU is 

caused by an increase in the lipophilic and 

electronic properties of the compound. This is 

in accordance with the research results of 

Ruswanto et al. (2015) that the presence of an 

electron-withdrawing group Cl on the 

aromatic ring of the compound structure 

increases the compound's lipophilicity and is 

responsible for the increase in cytotoxicity in 

the MTT model [23,24]. The increase in the 

lipophilic nature of the compound causes the 

drug absorption through the biological 

membrane to increase. In the context of 

pharmacokinetics, for a drug to be absorbed 

orally, normally, it must pass through a 

biological membrane (lipid bilayer) in the 

intestinal epithelium, so the drug should be 

sufficiently lipophilic to penetrate the lipid 

bilayer. However, the drug should not be too 

lipophilic because it will be difficult to pass 

through the biological membrane. The BNTU 

derivative compounds with the most potent 

activity are 4BrBNTU and 4CBrBNTU 

compounds because their ∆G values are the 

most negative. In the compound 4CClBNTU, 

the ∆G value was lower, with a difference of 

0.27 compared to 4BrBNTU and 4CBrBNTU. 

Table 2 presents 4CClBNTU has 726-Leu 

amino acid with alkyl/pi-alkyl interaction. The 

amino acid may be the cause of the decreased 

affinity of the compound, meaning that the 

amino acid with its interaction is not expected. 

The 4ClBNTU compound has a lower affinity 

than the 4CClBNTU compound, which is 

predicted because the 4ClBNTU compound 

does not have 805-Cys amino acid with 

alkyl/pi-alkyl interaction. 

In the compound 4TBBNTU, 850-Asn 

amino acids with hydrogen bond interactions 

are not owned by the lead compound BNTU. It 

is predicted that the amino acid with the 

hydrogen bond interaction will cause its 

affinity to be better than the lead compound. 

The nonpolar tertiary butyl substituent will 

increase the lipophilic properties of the 

compound, while the electronegative 

substituent (trifluoromethyl) will change the 

compound's electronic properties. There is an 

anomaly in compound 4FBNTU, where the 

activity is the lowest after compound 

4OC3BNTU. Based on the substituent 

constants used in the Topliss approach for 

aromatic substitution, it is known that the 4F 

derivative has low values for lipophilic 

parameter (π) and steric parameter (Es), 

which are 0.15 and 0.06 respectively, while its 

steric parameter (Es) has a high value of 0.78 

[34]. This steric parameter value is the highest 

compared to other substituents. Therefore, 

the decrease in anticancer activity is likely due 

to the presence of a significant steric factor. 

This research requires experimental 

studies such as in vitro testing to prove that 

the predicted breast cancer anticancer activity 

of BNTU compounds and their derivatives in 

silico correlates with in vitro anticancer 

activity. The results of this research are only 

preliminary predictions to assist in selecting 

compounds that are a priority for further 

synthesis. 
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TABLE 2 The docking results of test ligands at the binding site of 3RCD receptor 

Ligand 
TAK-
285 

BNTU 4Br 4CBr 4CCl 4OC2 4C3 4Cl 4OC 4N 

∆G 
(kcal/m

ol) 
-10.32 -8.66 -9.59 -9.59 -9.32 -9.28 -9.21 -9.18 -9.10 -9.09 

SD 0.13 0.04 0.06 0.26 0.27 0.12 0.15 0.13 0.03 0.09 

Amino 
acid 

residue
s 

- - - - 726-Leua - 
726-
Leua 

726-
Leua 

- - 

734-
Vala 

- 734-Vala 
734-
Vala 

734-Vala 
734-
Vala 

- 
734-
Vale 

- - 

751-
Alaa 

- 751-Alaa - 751-Alaa - 
751-
Alaa 

751-
Alaa 

751-
Alab 

(3.60
Å ) 

751-
Alaa 

753-
Lysb 
(1.92
Å ) 

753-
Lysb 
(1.76
Å ) 

753-Lysb 
(1.99 Å ) 

753-
Lysb 

(2.15Å
) 

753-Lysb 
(1.67Å ) 

753-
Lysb 
(1.74
Å ) 

753-
Lysg 

753-
Lysb 
(1.75
Å ) 

- 

753-
Lysb 

(2.76 
Å ) 

- - - - - - 
774-
Meta 

- - - 

783-
Serc 

- - - - - 

783-
Serb 

(2.07
Å ) 

- - - 

785-
Leua 

785-
Leue 

785-
Leua,e 

785-
Leue 

785-Leue 
785-
Leue 

- 
785-
Leue 

785-
Leue 

785-
Leue 

796-
Leua 

796-
Leua 

796-Leua 
796-
Leua 

796-Leua 
796-
Leua 

796-
Leua 

796-
Leua 

- - 

798-
Thrb 
(2.18
Å ) 

- - - - - - - - - 

799-
Glnc 

- - - - - - - - 
799-
Glnh 

800-
Leue 

- - - - 
800-
Leua 

- - 
800-
Leua 

- 

801-
Metb 

(1,77
Å ) 

- - - - - - - 

801-
Metb 

(1.94 
Å ) 

801-
Metb 

(1.80 
Å ) 

- - - - 805-Cysa - - - - - 
852-
Leue 

852-
Leua 

852-Leua 
852-
Leue 

852-Leua 
852-
Leua 

852-
Leud 

852-
Leua 

852-
Leue 

852-
Leue 

862-
Thrb 
(2.14
Å ) 

862-
Thrb 
(2.14
Å ) 

862-Thrb 

(1.97 Å ) 

862-
Thrb 

(1.70Å
) 

862-Thrb 
(2.00 Å ) 

862-
Thrb 
(2.01 
Å ) 

862-
Thrb 

(2.12
Å ) 

862-
Thrb 

(1.89 
Å ) 

862-
Thrb 

(2.12 
Å ) 

862-
Thrb 

(2.95 
Å ) 

- 
863-
Aspf 

863-Aspf 
863-
Aspf 

863-Aspf 
863-
Aspf 

- 
863-
Aspf 

863-
Aspf 

- 

864-
Phed 

863-
Aspb 
(2.04
Å ) 

863-Aspb 

(2.16 Å ) 
- - - 

864-
Phed 

- 
864-
Phed 

864-
Phed 

      
1004-
Phea 

   

a Alkyl/pi-alkyl interaction; b Conventional Hydrogen bond; c Carbon hydrogen bond; d Pi-Pi T-shaped; e Pi-
sigma; and f Attractive charge interaction; Salt bridge. 
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TABLE 3 The docking results of test ligands at the binding site of 3RCD receptor (Continued)  

Ligand 
TAK-
285 

BNTU 4TB 4CF 4C2 4C 4IOC3 4F 4OC3 

∆G 
(kcal/mol) 

-10.32 -8.66 -9.02 -8.93 -8.87 -8.78 -8.75 -8.69 -8.23 

SD 0.13 0.04 0.11 0.08 0.35 0.21 0.24 0.04 0.3 

Amino 
acid 

residues 

- - - - 
726-
Leua 

- 
726-
Leua 

- - 

734-Vala - - 
734-
Vala 

734-
Vale 

- 
734-
Vala 

734-
Vala 

734-
Vala 

751-Alaa - 
751-
Alaa 

751-
Alaa 

751-
Alaa 

751-
Alaa 

- 
751-
Alaa 

751-
Alaa 

753-Lysb 
(1.92Å ) 

753-Lysb 
(1.76Å ) 

- 

753-
Lysb 
(1.93 
Å ) 

753-
Lysb 
(2.05 
Å ) 

- 

753-
Lysb 
(1.84 
Å ) 

753-
Lysb 
(1.96 
Å ) 

753-
Lysb 
(1.94 
Å ) 

- - - - - - - - - 

783-Serc - - - - 

783-
Serb 

(2.17 
Å ) 

- - - 

785-Leua 
785-
Leue 

785-
Leua 

785-
Leue 

785-
Leue 

785-
Leue 

785-
Leue 

785-
Leue 

785-
Leue 

796-Leua 
796-
Leua 

- 
796-
Leua 

796-
Leua 

796-
Leua 

796-
Leua 

796-
Leua 

796-
Leua 

798-Thrb 
(2.18Å ) 

- - - - - - - - 

799-Glnc - - - - - - - - 

800-Leue - - - - 
800-
Leua 

- - 
800-
Leua 

801-Metb 

(1,77Å ) 
- - - - - - - 

801-
Meta 

- - 

850-
Asnb 

(3.78Å
) 

- - - - - - 

852-Leue 
852-
Leua 

852-
Leue 

852-
Leua 

852-
Leua 

852-
Leue 

852-
Leue 

852-
Leua 

852-
Leua 

862-Thrb 
(2.14Å ) 

862-
Thrb 

(2.14Å ) 

862-
Thri 

862-
Thrb 
(2.04 
Å ) 

862-
Thrb 
(1.98 
Å ) 

862-
Thrb 
(2.15 
Å ) 

862-
Thrb 
(1.87 
Å ) 

- 

862-
Thrb 
(2.17 
Å ) 

- 863-Aspf 
863-
Aspf 

863-
Aspf 

863-
Aspb 

(2.14 
Å ),f 

- 
863-
Aspf 

863-
Aspf 

863-
Aspf 

864-Phed 
863-
Aspb 

(2.04Å ) 

864-
Phea 

864-
Phed 

- 
864-
Phed 

- - - 

     
1004
-Phea 

   

a Alkyl/pi-alkyl interaction; b Conventional Hydrogen bond; c Carbon hydrogen bond; d Pi-Pi T-shaped; e Pi-

sigma; and f Attractive charge interaction; Salt bridge. 
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Conclusion 

Anti-breast cancer activity of BNTU-derived 

compounds is influenced by variations in 

substituents, especially by the electronic 

properties (electron withdrawing groups) of 

these substituents. Compounds with Br 

substituents have a better affinity for HER-2 

receptors than the lead compound BNTU and 

other BNTU derivatives. We recommend for 

future research to consider comparing the 

results of this study using different molecular 

docking software or other methods such as 

molecular dynamics and QSAR, and validate 

the findings through in vitro testing. 

Acknowledgments 

The authors gratefully acknowledge to the 

Project Management Unit (PMU) for the 

scholarship: “Magister (S2) and Doctor (S3) 

Program Development of UIN Maulana Malik 

Ibrahim Malang Phase II, East Java Project”.   

Funding 

This study did not receive any specific grant 

from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Authors' Contributions  

All authors contributed to data analysis, 

drafting, and revising of the article and agreed 

to be responsible for all aspects of this work. 

Conflict of Interest 

The author declared that they have no conflict 

of interest. 

Orcid: 

Dewi Sinta Megawati: 

https://orcid.org/0000-0003-2993-8230 

Juni Ekowati: 

https://orcid.org/0000-0002-4402-2039 

Siswandono Siswodihardjo: 

https://orcid.org/0000-0002-9579-8929 

A. Ghanaim Fasya: 

https://orcid.org/0000-0002-2273-4035 

References  

[1]  W. Yang, Y. Hu, Y.S. Yang, F. Zhang, Y. Bin 

Zhang, X.L. Wang, J.F. Tang, W.Q. Zhong, H.L. 

Zhu, Design, modification and 3D QSAR 

studies of novel naphthalin-containing 

pyrazoline derivatives with/without thiourea 

skeleton as anticancer agents, Bioorg. Med. 

Chem., 2013, 21, 1050. [Crossref], [Google 

Scholar], [Publisher] 

[2]  B.E. Oyinloye, T.A. Adekiya, R.T. Aruleba, 

O.A. Ojo, B.O. Ajiboye, Structure-based docking 

studies of GLUT4 towards exploring selected 

phytochemicals from Solanum xanthocarpum 

as a therapeutic target for the treatment of 

cancer, Curr. Drug Discov. Technol., 2019, 16, 

406. [Crossref], [Google Scholar], [Publisher] 

[3]  H. Sung, J. Ferlay, R. Siegel, M. Laversanne, 

I. Soerjomataram, A. Jemal, F. Bray, Global 

Cancer Statistics 2020: GLOBOCAN Estimates 

of Incidence and Mortality Worldwide for 36 

Cancers in 185 Countries, CA. Cancer J. Clin., 

2021, 71, 209–249. [Crossref], [Google 

Scholar], [Publisher]  

[4]  H.-S. Seo, J.M. Ku, H.-S. Choi, Y.K. Choi, J.-K. 

Woo, M. Kim, I. Kim, C.H. Na, H. Hur, B.-H. Jang, 

Y.C. Shin, S.-G. Ko, Quercetin induces caspase-

dependent extrinsic apoptosis through 

inhibition of signal transducer and activator of 

transcription 3 signaling in HER2-

overexpressing BT-474 breast cancer cells, 

Oncol. Rep., 2016, 36, 31. [Crossref], [Google 

Scholar], [Publisher] 

[5]  T. Widiandani, Siswandono, E. Meiyanto, 

Anticancer evaluation of N-benzoyl-3-

allylthiourea as potential antibreast cancer 

agent through enhances HER-2 expression, J. 

Adv. Pharm. Technol. Res., 2020, 11, 163. 

[Crossref], [Google Scholar], [Publisher] 

[6]  V. D’Amato, L. Raimondo, L. Formisano, M. 

Giuliano, S. De Placido, R. Rosa, R. Bianco, 

Mechanisms of lapatinib resistance in HER2-

driven breast cancer, Cancer Treat. Rev., 2015, 

41, 877. [Crossref], [Google Scholar], 

[Publisher] 

[7]  B. Ruprecht, E.A. Zaal, J. Zecha, W. Wu, C.R. 

Berkers, B. Kuster, S. Lemeer, Lapatinib 

https://orcid.org/0000-0003-2993-8230
https://orcid.org/0000-0002-4402-2039
https://orcid.org/0000-0002-9579-8929
https://orcid.org/0000-0002-2273-4035
https://doi.org/10.1016/j.bmc.2013.01.013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B1%5D%E2%80%8E%09Yang+W.%2C+Hu+Y.%2C+Yang+Y.S.%2C+Zhang+F.%2C+Zhang+Y.+%E2%80%8EBin%2C+Wang+X.L.%2C+Tang+J.F.%2C+Zhong+W.Q.%2C+Zhu+H.L.%2C+%E2%80%8EDesign%2C+modification+and+3D+QSAR+studies+of+%E2%80%8Enovel+naphthalin-containing+pyrazoline+%E2%80%8Ederivatives+with%2Fwithout+thiourea+skeleton+as+%E2%80%8Eanticancer+agents%2C+Bioorganic+and+Medicinal+%E2%80%8EChemistry.+Bioorganic+and+Medicinal+%E2%80%8EChemistry%2C+2013%2C+21%3A1050+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B1%5D%E2%80%8E%09Yang+W.%2C+Hu+Y.%2C+Yang+Y.S.%2C+Zhang+F.%2C+Zhang+Y.+%E2%80%8EBin%2C+Wang+X.L.%2C+Tang+J.F.%2C+Zhong+W.Q.%2C+Zhu+H.L.%2C+%E2%80%8EDesign%2C+modification+and+3D+QSAR+studies+of+%E2%80%8Enovel+naphthalin-containing+pyrazoline+%E2%80%8Ederivatives+with%2Fwithout+thiourea+skeleton+as+%E2%80%8Eanticancer+agents%2C+Bioorganic+and+Medicinal+%E2%80%8EChemistry.+Bioorganic+and+Medicinal+%E2%80%8EChemistry%2C+2013%2C+21%3A1050+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0968089613000424
https://doi.org/10.2174/1570163815666180801152110%20
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B2%5D%E2%80%8E%09Oyinloye+B.E.%2C+Adekiya+T.A.%2C+Aruleba+R.T.%2C+%E2%80%8EOjo+O.A.%2C+Ajiboye+B.O.%2C+Structure-based+%E2%80%8Edocking+studies+of+GLUT4+towards+exploring+%E2%80%8Eselected+phytochemicals+from+Solanum+%E2%80%8Exanthocarpum+as+a+therapeutic+target+for+the+%E2%80%8Etreatment+of+cancer.++Current+Drug+Discovery+%E2%80%8ETechnologies%2C+2019%2C+16%3A406+%E2%80%8E&btnG=
https://www.ingentaconnect.com/content/ben/cddt/2019/00000016/00000004/art00013
https://doi.org/10.3322/caac.21660
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Global+Cancer+Statistics+2020%3A+GLOBOCAN+Estimates+of+Incidence+and+Mortality+Worldwide+for+36+Cancers+in+185+Countries&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Global+Cancer+Statistics+2020%3A+GLOBOCAN+Estimates+of+Incidence+and+Mortality+Worldwide+for+36+Cancers+in+185+Countries&btnG=
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21660
https://doi.org/10.3892/or.2016.4786
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B4%5D%E2%80%8E%09Seo+H.-S.%2C+Ku+J.M.%2C+Choi+H.-S.%2C+Choi+Y.K.%2C+Woo+%E2%80%8EJ.-K.%2C+Kim+M.%2C+Kim+I.%2C+Na+C.H.%2C+Hur+H.%2C+Jang+B.-H.%2C+%E2%80%8EShin+Y.C.%2C+Ko+S.-G.%2C+Quercetin+induces+caspase-%E2%80%8Edependent+extrinsic+apoptosis+through+%E2%80%8Einhibition+of+signal+transducer+and+activator+%E2%80%8Eof+transcription+3+signaling+in+HER2-%E2%80%8Eoverexpressing+BT-474+breast+cancer+cells%2C+%E2%80%8EOncology+Reports%2C+2016%2C+36%3A31+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B4%5D%E2%80%8E%09Seo+H.-S.%2C+Ku+J.M.%2C+Choi+H.-S.%2C+Choi+Y.K.%2C+Woo+%E2%80%8EJ.-K.%2C+Kim+M.%2C+Kim+I.%2C+Na+C.H.%2C+Hur+H.%2C+Jang+B.-H.%2C+%E2%80%8EShin+Y.C.%2C+Ko+S.-G.%2C+Quercetin+induces+caspase-%E2%80%8Edependent+extrinsic+apoptosis+through+%E2%80%8Einhibition+of+signal+transducer+and+activator+%E2%80%8Eof+transcription+3+signaling+in+HER2-%E2%80%8Eoverexpressing+BT-474+breast+cancer+cells%2C+%E2%80%8EOncology+Reports%2C+2016%2C+36%3A31+%E2%80%8E&btnG=
https://www.spandidos-publications.com/10.3892/or.2016.4786
https://doi.org/10.4103/japtr.JAPTR_77_20
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B5%5D%E2%80%8E%09Widiandani+T.%2C+Siswandono%2C+and+Meiyanto+%E2%80%8EE.%2C+Anticancer+evaluation+of+N-benzoyl-3-%E2%80%8Eallylthiourea+as+potential+antibreast+cancer+%E2%80%8Eagent+through+enhances+HER-2+expression%2C+%E2%80%8EJournal+of+Advanced+Pharmaceutical+%E2%80%8ETechnology+and+Research%2C+2020%2C+11%3A163+%E2%80%8E&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7784947/
https://doi.org/10.1016/j.ctrv.2015.08.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B6%5D%E2%80%8E%09D%E2%80%99Amato+V.%2C+Raimondo+L.%2C+Formisano+L.%2C+%E2%80%8EGiuliano+M.%2C+De+Placido+S.%2C+Rosa+R.%2C+Bianco+R.%2C+%E2%80%8EMechanisms+of+lapatinib+resistance+in+HER2-%E2%80%8Edriven+breast+cancer%2C+Cancer+Treatment+%E2%80%8EReviews%2C+2015%2C+41%3A877+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0305737215001516


P a g e  | 1087 In Silico study of the effect of substituents on   … 

resistance in breast cancer cells is 

accompanied by phosphorylation-mediated 

reprogramiming of glycolysis, Cancer Res., 

2017, 77, 1842. [Crossref], [Google Scholar], 

[Publisher] 

[8]  R.L. Carpenter, H.-W. Lo, Regulation of 

apoptosis by HER2 in breast cancer, J. 

Carcinog. Mutagen., 2013, 7, 1. [Crossref], 

[Google Scholar], [Publisher] 

[9]  A. Patel, N. Unni, Y. Peng, The changing 

paradigm for the treatment of HER2-positive 

breast cancer, Cancers, 2020, 12, 1. [Crossref], 

[Google Scholar], [Publisher] 

[10] V. Kumar, S. Krishna, M.I. Siddiqi, Virtual 

screening strategies: Recent advances in the 

identification and design of anti-cancer agents, 

Methods, 2015, 71, 64-70. [Crossref], [Google 

Scholar], [Publisher] 

[11] T. Baudino, Targeted cancer therapy: 

the next generation of cancer treatment, Curr. 

Drug Discov. Technol., 2015, 12, 3–20. 

[Crossref], [Google Scholar], [Publisher] 

[12] R. Gerl, D.L. Vaux, Apoptosis in the 

development and treatment of cancer, J. 

Carcinog., 2005, 26, 263-270. [Crossref], 

[Google Scholar], [Publisher] 

[13] T. Widiandani, Siswandono, E. Meiyanto, 

M.I. Sulistyowaty, B.T. Purwanto, S. Hardjono, 

New N-allylthiourea derivatives: synthesis, 

molecular docking and in vitro cytotoxicity 

studies, Trop. J. Pharm. Res., 2018, 17, 1607–

1613. [Crossref], [Google Scholar], [Publisher] 

[14] M.M. Fallatah, S. Liu, M.B. Sevigny, H. 

Zou, M.C. Louie, Novel flexible 

heteroarotinoid, SL-1-18, promotes ERα 

degradation to inhibit breast cancer cell 

growth, Cancer Lett., 2017, 408, 82. [Crossref], 

[Google Scholar], [Publisher] 

[15] H. Zou, M.B. Sevigny, S. Liu, D.T. Madden, 

M.C. Louie, Novel flexible heteroarotinoid, SL-

1-39, inhibits HER2-positive breast cancer cell 

proliferation by promoting lysosomal 

degradation of HER2, Cancer Lett., 2019, 443, 

157. [Crossref], [Google Scholar], [Publisher] 

[16] W. Bai, J. Ji, Q. Huang, W. Wei, Synthesis 

and evaluation of new thiourea derivatives as 

antitumor and antiangiogenic agents, 

Tetrahedron Lett., 2020, 61, 152366. 

[Crossref], [Google Scholar], [Publisher] 

[17] R. Pingaew, V. Prachayasittikul, N. 

Anuwongcharoen, S. Prachayasittikul, S. 

Ruchirawat, V. Prachayasittikul, Synthesis and 

molecular docking of N,N’-disubstituted 

thiourea derivatives as novel aromatase 

inhibitors, Bioorg. Chem., 2018, 79, 171. 

[Crossref], [Google Scholar], [Publisher] 

[18] G. Kirishnamaline, J.D. Magdaline, T. 

Chithambarathanu, D. Aruldhas, A.R. Anuf, 

Theoretical investigation of structure, 

anticancer activity and molecular docking of 

thiourea derivatives, J. Mol. Struct., 2020, 

1225, 129118. [Crossref], [Google Scholar], 

[Publisher] 

[19] Siswandono, Pengembangan Obat Baru; 

Airlangga University Press: Surabaya, 2014. 

[Google Scholar], [Publisher]  

[20] S. Hardjono, T. Widiandani, B.T. 

Purwanto, A.L. Nasyanka, Molecular docking 

of N-benzoyl-N’-(4-fluorophenyl) thiourea 

derivatives as anticancer drug candidate and 

their ADMET prediction, Res. J. Pharm. 

Technol., 2019, 12, 2160. [Crossref], [Google 

Scholar], [Publisher] 

[21] A.L. Nasyanka, S. Siswodihardjo, S. 

Hardjono, Docking, synthesis, and cytotoxic 

activity of N-4-methoxybenzoyl-N’-(4-

fluorophenyl)thiourea on HeLa cell line, Thai J. 

Pharm. Sci., 2017, 41, 99. [PDF], [Google 

Scholar], [Publisher] 

[22] D. Kesuma, A.L. Nasyanka, M. Rudyanto, 

Siswandono, B.T. Purwanto, I.G.A. Sumartha, A 

prospective modification structure: the effect 

of lipophilic and electronic properties of N-

(phenylcarbamothyoil)benzamide derivatives 

on cytotoxic activity by in silico and in vitro 

assay with T47D cells, Rasayan J. Chem., 2020, 

13, 1914. [Crossref], [Google Scholar], 

[Publisher] 

[23] Ruswanto, A.M. Miftah, D.H. Tjahjono, 

Siswandono, Synthesis and in vitro 

cytotoxicity of 1-benzoyl-3-methyl thiourea 

derivatives, Procedia Chem., 2015, 17, 157. 

[Crossref], [Google Scholar], [Publisher] 

https://doi.org/10.1158/0008-5472.CAN-16-2976
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B7%5D%E2%80%8E%09Ruprecht+B.%2C+Zaal+E.A.%2C+Zecha+J.%2C+Wu+W.%2C+%E2%80%8EBerkers+C.R.%2C+Kuster+B.%2C+Lemeer+S.%2C+Lapatinib+%E2%80%8Eresistance+in+breast+cancer+cells+is+%E2%80%8Eaccompanied+by+phosphorylation-mediated+%E2%80%8Ereprogramiming+of+glycolysis%2C+Cancer+%E2%80%8EResearch%2C+2017%2C+77%3A1842+%E2%80%8E&btnG=
https://aacrjournals.org/cancerres/article/77/8/1842/625097/Lapatinib-Resistance-in-Breast-Cancer-Cells-Is
https://doi.org/10.4172/2157-2518.s7-003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B8%5D%E2%80%8E%09Carpenter+R.L.%2C+Lo+H.-W.%2C+Regulation+of+%E2%80%8Eapoptosis+by+HER2+in+breast+cancer%2C+Journal+of+%E2%80%8ECarcinogenesis+%26+Mutagenesis%2C+2013%2C+7%3A1+%E2%80%8E&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4830426/
https://doi.org/10.3390/cancers12082081
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+changing+paradigm+for+the+treatment+of+%E2%80%8EHER2-positive+breast+cancer%E2%80%8E&btnG=
https://www.mdpi.com/2072-6694/12/8/2081
https://doi.org/10.1016/j.ymeth.2014.08.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B10%5D%E2%80%8E%09Kumar+V.%2C+Krishna+S.%2C+Siddiqi+M.I.%2C+Virtual+%E2%80%8Escreening+strategies%3A+Recent+advances+in+the+%E2%80%8Eidentification+and+design+of+anti-cancer+%E2%80%8Eagents%2C+Methods%2C+2015%2C+71%3A64-70+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B10%5D%E2%80%8E%09Kumar+V.%2C+Krishna+S.%2C+Siddiqi+M.I.%2C+Virtual+%E2%80%8Escreening+strategies%3A+Recent+advances+in+the+%E2%80%8Eidentification+and+design+of+anti-cancer+%E2%80%8Eagents%2C+Methods%2C+2015%2C+71%3A64-70+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1046202314002680
https://doi.org/10.2174/1570163812666150602144310%20
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B11%5D%E2%80%8E%09Baudino+T.%2C+Targeted+cancer+therapy%3A+%E2%80%8Ethe+next+generation+of+cancer+treatment.+%E2%80%8ECurrent+Drug+Discovery+Technologies%2C+2015%2C+%E2%80%8E%E2%80%8E12%3A3%E2%80%9320+%E2%80%8E&btnG=
https://www.ingentaconnect.com/content/ben/cddt/2015/00000012/00000001/art00003
https://doi.org/10.1093/carcin/bgh283
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B12%5D%E2%80%8E%09Gerl+R.%2C+and+Vaux+D.L.%2C+Apoptosis+in+the+%E2%80%8Edevelopment+and+treatment+of+cancer%2C+%E2%80%8ECarcinogenesis%2C+2005%2C+26%3A263-270+%E2%80%8E&btnG=
https://academic.oup.com/carcin/article/26/2/263/2476038
https://doi.org/10.4314/tjpr.v17i8.20
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B13%5D%E2%80%8E%09Widiandani+T.%2C+Siswandono%2C+Meiyanto+%E2%80%8EE.%2C+Sulistyowaty+M.I.%2C+Purwanto+B.T.%2C+and+%E2%80%8EHardjono+S.%2C+New+N-allylthiourea+derivatives%3A+%E2%80%8Esynthesis%2C+molecular+docking+and+in+vitro+%E2%80%8Ecytotoxicity+studies.+Tropical+Journal+of+%E2%80%8EPharmaceutical+Research%2C+2018%2C+17%3A1607%E2%80%93%E2%80%8E%E2%80%8E1613+%E2%80%8E&btnG=
https://www.ajol.info/index.php/tjpr/article/view/178181
https://doi.org/10.1016/j.canlet.2017.08.026
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B14%5D%E2%80%8E%09Fallatah+M.M.%2C+Liu+S.%2C+Sevigny+M.B.%2C+Zou+%E2%80%8EH.%2C+Louie+M.C.%2C+Novel+flexible+heteroarotinoid%2C+%E2%80%8ESL-1-18%2C+promotes+ER%CE%B1+degradation+to+inhibit+%E2%80%8Ebreast+cancer+cell+growth%2C+Cancer+Letters%2C+%E2%80%8E%E2%80%8E2017%2C+408%3A82+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S030438351730513X
https://doi.org/10.1016/j.canlet.2018.11.022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B15%5D%E2%80%8E%09Zou+H.%2C+Sevigny+M.B.%2C+Liu+S.%2C+Madden+%E2%80%8ED.T.%2C+Louie+M.C.%2C+Novel+flexible+%E2%80%8Eheteroarotinoid%2C+SL-1-39%2C+inhibits+HER2-%E2%80%8Epositive+breast+cancer+cell+proliferation+by+%E2%80%8Epromoting+lysosomal+degradation+of+HER2%2C+%E2%80%8ECancer+Letters%2C+2019%2C+443%3A157+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/pii/S0304383518306888
https://doi.org/10.1016/j.tetlet.2020.152366
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B16%5D%E2%80%8E%09Bai+W.%2C+Ji+J.%2C+Huang+Q.%2C+Wei+W.%2C+Synthesis+%E2%80%8Eand+evaluation+of+new+thiourea+derivatives+as+%E2%80%8Eantitumor+and+antiangiogenic+agents%2C+%E2%80%8ETetrahedron+Letters%2C+2020%2C+61%3A152366+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040403920308443
https://doi.org/10.1016/j.bioorg.2018.05.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B17%5D%E2%80%8E%09Pingaew+R.%2C+Prachayasittikul+V.%2C+%E2%80%8EAnuwongcharoen+N.%2C+Prachayasittikul+S.%2C+%E2%80%8ERuchirawat+S.%2C+Prachayasittikul+V.%2C+Synthesis+%E2%80%8Eand+molecular+docking+of+N%2CN%E2%80%99-disubstituted+%E2%80%8Ethiourea+derivatives+as+novel+aromatase+%E2%80%8Einhibitors%2C+Bioorganic+Chemistry%2C+2018%2C+%E2%80%8E%E2%80%8E79%3A171+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0045206818302736
https://doi.org/10.1016/j.molstruc.2020.129118
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Theoretical+investigation+of+structure%2C+%E2%80%8Eanticancer+activity+and+molecular+docking+of+%E2%80%8Ethiourea+derivatives%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S002228602031440X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B19%5D%09Siswandono%2C+Pengembangan+Obat+Baru%3B+Airlangga+University+Press%3A+Surabaya%2C+2014&btnG=
https://opac.perpusnas.go.id/DetailOpac.aspx?id=886907
https://doi.org/10.5958/0974-360X.2019.00359.7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B20%5D%E2%80%8E%09Hardjono+S.%2C+Widiandani+T.%2C+Purwanto+%E2%80%8EB.T.%2C+Nasyanka+A.L.%2C+Molecular+docking+of+N-%E2%80%8Ebenzoyl-N%E2%80%99-%284-fluorophenyl%29+thiourea+%E2%80%8Ederivatives+as+anticancer+drug+candidate+and+%E2%80%8Etheir+ADMET+prediction%2C+Research+Journal+of+%E2%80%8EPharmacy+and+Technology%2C+2019%2C+12%3A2160+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B20%5D%E2%80%8E%09Hardjono+S.%2C+Widiandani+T.%2C+Purwanto+%E2%80%8EB.T.%2C+Nasyanka+A.L.%2C+Molecular+docking+of+N-%E2%80%8Ebenzoyl-N%E2%80%99-%284-fluorophenyl%29+thiourea+%E2%80%8Ederivatives+as+anticancer+drug+candidate+and+%E2%80%8Etheir+ADMET+prediction%2C+Research+Journal+of+%E2%80%8EPharmacy+and+Technology%2C+2019%2C+12%3A2160+%E2%80%8E&btnG=
https://repository.unair.ac.id/93653/
http://www.tjps.pharm.chula.ac.th/ojs/index.php/tjps/article/view/386/160
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B21%5D%E2%80%8E%09Nasyanka+A.L.%2C+Siswodihardjo+S.%2C+%E2%80%8EHardjono+S.%2C+Docking%2C+synthesis%2C+and+cytotoxic+%E2%80%8Eactivity+of+N-4-methoxybenzoyl-N%E2%80%99-%284-%E2%80%8Efluorophenyl%29thiourea+on+HeLa+cell+line%2C+Thai+%E2%80%8EJournal+of+Pharmaceutical+Sciences%2C+2017%2C+%E2%80%8E%E2%80%8E41%3A99+%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B21%5D%E2%80%8E%09Nasyanka+A.L.%2C+Siswodihardjo+S.%2C+%E2%80%8EHardjono+S.%2C+Docking%2C+synthesis%2C+and+cytotoxic+%E2%80%8Eactivity+of+N-4-methoxybenzoyl-N%E2%80%99-%284-%E2%80%8Efluorophenyl%29thiourea+on+HeLa+cell+line%2C+Thai+%E2%80%8EJournal+of+Pharmaceutical+Sciences%2C+2017%2C+%E2%80%8E%E2%80%8E41%3A99+%E2%80%8E&btnG=
http://www.tjps.pharm.chula.ac.th/ojs/index.php/tjps/article/view/386
https://doi.org/10.31788/RJC.2020.1335694
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+prospective+modification+structure%3A+the+%E2%80%8Eeffect+of+lipophilic+and+electronic+properties+%E2%80%8Eof+N-%28phenylcarbamothyoil%29benzamide+%E2%80%8Ederivatives+on+cytotoxic+activity+by+in+silico+%E2%80%8Eand+in+vitro+assay+with+T47D+cells%E2%80%8E&btnG=
https://repository.unair.ac.id/99327/
https://doi.org/10.1016/j.proche.2015.12.105
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B23%5D%E2%80%8E%09Ruswanto%2C+Miftah+A.M.%2C+Tjahjono+D.H.%2C+%E2%80%8ESiswandono%2C+Synthesis+and+in+vitro+%E2%80%8Ecytotoxicity+of+1-benzoyl-3-methyl+thiourea+%E2%80%8Ederivatives%2C+Procedia+Chemistry%2C+2015%2C+%E2%80%8E%E2%80%8E17%3A157+%E2%80%8E&btnG=
https://www.sciencedirect.com/science/article/pii/S1876619615002533


P a g e  | 1088   D.S. Megawati et al.  

 

[24] R. Suharjo, A.M. Miftah, D.H. Tjahjono, 

Siswandono, Synthesis and in vitro test of 1-(4-

chlorobenzoyl)-3-methyl thiourea on Hela 

cell, In Proceedings of The 5TH Annual Basic 

Science International Conference: Malang, 

2015, 203. [Publisher] 

[25] C. Cava, I. Castiglioni, Integration of 

molecular docking and in vitro studies: A 

powerful approach for drug discovery in 

breast cancer, App. Sci., 2020, 10, 698. 

[Crossref], [Google Scholar], [Publisher] 

[26] G. Syahputra, L. Ambarsari, T. 

Sumaryada, Simulasi docking kurkumin enol, 

bismetoksikurkumin dan analognya sebagai 

inhibitor enzim12-Lipoksigenase, Jurnal 

Biofisika, 2014, 10, 55. [Google Scholar], 

[Publisher] 

[27] M.R.F. Pratama, E.N. Praditapuspa, D. 

Kesuma, H. Poerwono, T. Widiandani, S. 

Siswodihardjo, Boesenbergia pandurata as an 

anti-breast cancer agent: molecular docking 

and ADMET study, Lett. Drug Des. Discov., 

2022, 19, 606–626. [Crossref], [Google 

Scholar], [Publisher] 

[28] M.R.F. Pratama, H. Poerwono, S. 

Siswodihardjo, Molecular docking of novel 5-

O-benzoylpinostrobin derivatives as SARS 

CoV-2 main protease inhibitors, Pharm. Sci., 

2020, 26, S63. [Crossref], [Google Scholar], 

[Publisher] 

[29] M.R.F. Pratama, Siswandono, Number of 

runs variations on Autodock 4 do not have a 

significant effect on RMSD from docking 

results, Pharm. Pharmacol., 2020, 6, 476. 

[Crossref], [Google Scholar], [Publisher] 

[30] M. Rudrapal, D. Chetia, Virtual 

screening, molecular docking and QSAR 

studies in drug discovery and development 

programme, J. Drug Deliv. Ther., 2020, 10, 225. 

[Crossref], [Google Scholar], [Publisher] 

[31] M.R.F. Pratama, H. Poerwono, S. 

Siswodihardjo, Design and molecular docking 

of novel 5-O-Benzoylpinostrobin derivatives 

as anti-breast cancer, Thai J. Pharm. Sci., 2019, 

43, 201. [Google Scholar], [Publisher] 

[32] T. Nauli, Penentuan sisi aktif selulase 

Aspergillus niger dengan docking ligan, J. Kim. 

Terap. Indones., 2014, 16, 94. [Crossref], 

[Google Scholar], [Publisher] 

[33] F. Azam, M.V.V. Prasad, N. Thangavel, 

H.I. Ali, Molecular docking studies of 1-

(substituted phenyl)-3-(naphtha [1, 2-d] 

thiazol-2-yl) urea/thiourea derivatives with 

human adenosine A2A receptor, 

Bioinformation, 2011, 6, 330. [Crossref], 

[Google Scholar], [Publisher] 

[34] J. G. Topliss, Utilization of operational 

schemes for analog synthesis in drug design, J. 

Med. Chem., 1972, 15, 1006–1011. [Crossref], 

[Google Scholar], [Publisher] 

 

How to cite this article: Dewi Sinta 

Megawati, Juni Ekowati, Siswandono 

Siswodihardjo*, A. Ghanaim Fasya. In Silico 

study of the effect of substituents on the 

structure of N-benzoyl-N’-naphthylthiourea 

as anti-breast cancer HER-2 positive 

candidates. Journal of Medicinal and 

Pharmaceutical Chemistry Research, 2023, 

5(11), 1077-1088. Link: 

http://jmpcr.samipubco.com/article_1815

27.html 

 

 

 

 

 

Copyright © 2023 by SPC (Sami Publishing Company) + is an open access article distributed 

under the Creative Commons Attribution License(CC BY)  license  

(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original work is properly cited. 

https://www.academia.edu/43934352/Synthesis_and_In_Vitro_Test_of_1_4_Chlorobenzoyl_3_Methyl_Thiourea_on_HeLa_Cell
https://doi.org/10.3390/app10196981
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B25%5D%E2%80%8E%09Cava+C.%2C+Castiglioni+I.%2C+Integration+of+%E2%80%8Emolecular+docking+and+in+vitro+studies%3A+A+%E2%80%8Epowerful+approach+for+drug+discovery+in+%E2%80%8Ebreast+cancer%2C+Applied+Sciences%2C+2020%2C+10%3A698+%E2%80%8E&btnG=
https://www.mdpi.com/2076-3417/10/19/6981
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B26%5D%E2%80%8E%09Syahputra+G.%2C+Ambarsari+L.%2C+Sumaryada+%E2%80%8ET.%2C+Simulasi+docking+kurkumin+enol%2C+%E2%80%8Ebismetoksikurkumin+dan+analognya+sebagai+%E2%80%8Einhibitor+enzim12-Lipoksigenase%2C+Jurnal+%E2%80%8EBiofisika%2C+2014%2C+10%3A55%E2%80%8E&btnG=
https://journal.ipb.ac.id/index.php/biofisika/article/view/9354
https://doi.org/10.2174/1570180819666211220111245%20
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B27%5D%E2%80%8E%09Pratama+M.R.F.%2C+Praditapuspa+E.N.%2C+%E2%80%8EKesuma+D.%2C+Poerwono+H.%2C+Widiandani+T.%2C+and+%E2%80%8ESiswodihardjo+S.+Boesenbergia+Pandurata+as+%E2%80%8Ean+Anti-Breast+Cancer+Agent%3A+Molecular+%E2%80%8EDocking+and+ADMET+Study.+Letters+in+Drug+%E2%80%8EDesign+%26+Discovery%2C+2022%2C+19%3A606%E2%80%93626%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B27%5D%E2%80%8E%09Pratama+M.R.F.%2C+Praditapuspa+E.N.%2C+%E2%80%8EKesuma+D.%2C+Poerwono+H.%2C+Widiandani+T.%2C+and+%E2%80%8ESiswodihardjo+S.+Boesenbergia+Pandurata+as+%E2%80%8Ean+Anti-Breast+Cancer+Agent%3A+Molecular+%E2%80%8EDocking+and+ADMET+Study.+Letters+in+Drug+%E2%80%8EDesign+%26+Discovery%2C+2022%2C+19%3A606%E2%80%93626%E2%80%8E&btnG=
https://www.ingentaconnect.com/content/ben/lddd/2022/00000019/00000007/art00005
https://doi.org/10.34172/PS.2020.57
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B28%5D%E2%80%8E%09Pratama+M.R.F.%2C+Poerwono+H.%2C+%E2%80%8ESiswodihardjo+S.%2C+Molecular+docking+of+novel+%E2%80%8E%E2%80%8E5-O-benzoylpinostrobin+derivatives+as+SARS+%E2%80%8ECoV-2+main+protease+inhibitors%2C+%E2%80%8EPharmaceutical+Sciences%2C+2020%2C+26%281%29%3AS63+%E2%80%8E&btnG=
https://www.degruyter.com/document/doi/10.1515/jbcpp-2019-0301/html
https://doi.org/10.19163/2307-9266-2020-8-6-476-480
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B29%5D%E2%80%8E%09Pratama+M.R.F.%2C+Siswandono.%2C+Number+%E2%80%8Eof+runs+variations+on+Autodock+4+do+not+have+%E2%80%8Ea+significant+effect+on+RMSD+from+docking+%E2%80%8Eresults%2C+Pharmacy+%26+Pharmacology%2C+2020%2C+%E2%80%8E%E2%80%8E6%3A476+%E2%80%8E&btnG=
https://gynecology.orscience.ru/2307-9266/article/view/111677
https://doi.org/10.22270/jddt.v10i4.4218
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B30%5D%E2%80%8E%09Rudrapal+M.%2C+Chetia+D.%2C+Virtual+%E2%80%8Escreening%2C+molecular+docking+and+QSAR+%E2%80%8Estudies+in+drug+discovery+and+development+%E2%80%8Eprogramme%2C+Journal+of+Drug+Delivery+and+%E2%80%8ETherapeutics%2C+2020%2C+10%3A225+%E2%80%8E&btnG=
https://www.jddtonline.info/index.php/jddt/article/view/4218
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+and+molecular+docking+of+novel+5-O-%E2%80%8EBenzoylpinostrobin+derivatives+as+anti-breast+%E2%80%8Ecancer%E2%80%8E&btnG=
http://www.tjps.pharm.chula.ac.th/ojs/index.php/tjps/article/view/63
https://doi.org/10.14203/jkti.v16i2.14
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B32%5D%E2%80%8E%09Nauli+T.%2C+Penentuan+sisi+aktif+selulase+%E2%80%8EAspergillus+niger+dengan+docking+ligan%2C+Jurnal+%E2%80%8EKimia+Terapan+Indonesia%2C+2014%2C+16%3A94+%E2%80%8E&btnG=
https://inajac.lipi.go.id/index.php/InaJAC/article/view/14
https://doi.org/10.6026/97320630006330
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B33%5D%E2%80%8E%09Azam+F.%2C+Prasad+M.V.V.%2C+Thangavel+N.%2C+%E2%80%8EAli+H.I.%2C+Molecular+docking+studies+of+1-%E2%80%8E%E2%80%8E%28substituted+phenyl%29-3-%28naphtha+%5B1%2C+2-d%5D+%E2%80%8Ethiazol-2-yl%29+urea%2Fthiourea+derivatives+with+%E2%80%8Ehuman+adenosine+A2A+receptor%2C+%E2%80%8EBioinformation%2C+2011%2C+6%289%29%3A330+%E2%80%8E&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3143394/
https://doi.org/10.1021/jm00280a002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%E2%80%8E%5B34%5D%E2%80%8E%09Topliss%2C+J.+G.%2C+Utilization+of+operational+%E2%80%8Eschemes+for+analog+synthesis+in+drug+design%2C+%E2%80%8EJournal+of+Medicinal+Chemistry%2C+1972%2C+%E2%80%8E%E2%80%8E15%2810%29%3A1006%E2%80%931011+%E2%80%8E&btnG=
https://pubs.acs.org/doi/pdf/10.1021/jm00280a002
http://jmpcr.samipubco.com/article_181527.html
http://jmpcr.samipubco.com/article_181527.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

