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Abstract 

Context: Breast cancer ranks as the leading cause of mortality among women in Indonesia. Thiourea is a compound containing sulfur atom and nitrogen in 

which its chemical structure resembles urea compound, which has been applied as an anticancer, such as hydroxyurea, nitrosourea, 5-fluorouracil, and 

sorafenib. 

Aims: To develop anticancer candidates as a new compound of thiourea derivative, N-(phenylcarbamothioyl)-4-chloro-benzamide (4-Cl-PCTB). 

Methods: The compound was synthesized from phenylthiourea and 4-chloro-benzoyl chloride by applying nucleophilic acyl substitution reactivity. The 

compound resulting from synthesis was examined for its purity and structure identification by using FTIR, 1H-NMR,13C-NMR, and MS. In silico tests included 

molecular docking using Molexus software, molecular dynamics simulation using Desmond and MOE software, and pharmacokinetics prediction using 

SCFbio, pkCSM, and Swiss ADME. Anticancer activity through cytotoxic test was done using the MTT method in T47D cancer cells and Vero normal cells. 

Results: The 4-Cl-PCTB compound was obtained from the synthesis. The results of the molecular docking and molecular dynamics simulation on the 
checkpoint kinase 1 receptor (2YWP) showed a plant score of -67.19 kcal/mol, which was better than the native ligand and the standard reference 

hydroxyurea. The molecular dynamics simulation results indicated that the 4-Cl-PCTB compound exhibited better bond stability compared to hydroxyurea. 

Pharmacokinetic predictions for 4-Cl-PCTB showed good GIT absorption, classifying it under BCS Class I, with a low volume of distribution, no BBB 

penetration, a half-life of 3 hours, and no hepatotoxicity. The results of the cytotoxic test: IC50 T47D cells = 0.44 mM, Vero cells = 76.10 mM, hydroxyurea = 4.58 

mM. SI value = 173.35 (SI >10).  

Conclusions: 4-Cl-PCTB is possible to be an anticancer candidate drug better than hydroxyurea.  

Keywords: anticancer; molecular docking; molecular dynamics; MTT assay; synthesis; thiourea derivative. 

 

Resumen 

Contexto: El cáncer de mama es la principal causa de mortalidad entre las mujeres en Indonesia. La tiourea es un compuesto que contiene un átomo de azufre 
y nitrógeno y cuya estructura química se asemeja a la de un compuesto de urea que se ha aplicado como anticancerígeno, como la hidroxiurea, la 

nitrosourea, el 5-fluorouracilo y el sorafenib.  

Objetivos: Desarrollar candidatos anticancerígenos como un nuevo compuesto derivado de la tiourea, N-(fenilcarbamotioil)-4-cloro-benzamida (4-Cl-PCTB). 

Métodos: El compuesto se sintetizó a partir de feniltiourea y cloruro de 4-cloro-benzoilo mediante la aplicación de reactividad de sustitución de acilo 

nucleofílica. El compuesto resultante de la síntesis se examinó para determinar su pureza e identificación de la estructura mediante FTIR, 1H-NMR, 13C-NMR y 
MS. Las pruebas in silico incluyeron acoplamiento molecular utilizando el software Molexus, simulación de dinámica molecular utilizando el software 

Desmond y MOE, y predicción farmacocinética utilizando SCFbio, pkCSM y Swiss ADME. La actividad anticancerígena a través de la prueba citotóxica se 

realizó mediante el método MTT en células cancerosas T47D y células normales Vero. 

Resultados: El compuesto 4-Cl-PCTB se obtuvo a partir de la síntesis. Los resultados del acoplamiento molecular y la simulación de dinámica molecular en el 

receptor de la quinasa 1 del punto de control (2YWP) mostraron una puntuación de planta de -67,19 kcal/mol, que fue mejor que el ligando nativo y la 
hidroxiurea de referencia estándar. Los resultados de la simulación de dinámica molecular indicaron que el compuesto 4-Cl-PCTB exhibió una mejor 

estabilidad de enlace en comparación con la hidroxiurea. Las predicciones farmacocinéticas para 4-Cl-PCTB mostraron una buena absorción del tracto 

gastrointestinal, clasificándolo en la clase I de BCS, con un bajo volumen de distribución, sin penetración en la BHE, una vida media de 3 horas y sin 

hepatotoxicidad. Resultados de la prueba citotóxica: IC50 células T47D = 0,44 mM, células Vero = 76,10 mM, hidroxiurea = 4,58 mM. Valor SI = 173,35 (SI >10). 

Conclusiones: El 4-Cl-PCTB puede ser un fármaco candidato contra el cáncer mejor que la hidroxiurea. 

Palabras Clave: acoplamiento molecular; anticancerígeno; derivado de tiourea; dinámica molecular; ensayo MTT; síntesis. 
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INTRODUCTION 

Breast cancer and cervical cancer are significant 
contributors to the high number of cancer-related 
fatalities in females (Globocan, 2020). The increasing 
number of new breast cancer cases, which is a con-
cerning trend, demands immediate and specific atten-
tion. Medical treatment of breast cancer often com-
bines X-ray therapy, surgery, and chemotherapy. The 
medicine option depends on the cancer stadium: the 
first stadium applies X-ray therapy and surgery; 
meanwhile, in the last stadium, chemotherapy treat-
ment should be done. However, the option of the 
drug, as well as its unexpected side effects, becomes 
the limitation factor in chemotherapy (Dipiro et al., 
2020). Therefore, a new chemotherapy drug devel-
opment with a higher anticancer activity and low side 
effects is needed. 

Thiourea is composed of sulfur and nitrogen at-
oms. This compound has a chemical structure resem-
bling the anticancer drug hydroxyurea, nitrosourea, 
5-fluorouracil, and sorafenib (Kesuma et al., 2018). 
The utilization of hydroxyurea as a cancer drug has 
been declining due to reported cases of resistance 
among patients with essential thrombocythemia (Bar-
osi et al., 2007). Its ability to penetrate cell mem-
branes, influenced by its specific characteristics, is a 
contributing factor to the development of resistance. 
(Koç et al., 2004). Li et al. (2006a; 2006b) performed 
the synthesis and examined activity from a few thiou-
rea analogs and found that some are correlated very 
well with the epidermal growth factor receptor 
(EGFR) so that it can impede tumor cell proliferation. 
It is also found that urea analogs can impede the 

growth of leukemia and solid tumors as well as it is 
very selective as a nonpeptide somatotropin release-
inhibiting factor (SRIF) (Li et al., 2010). 

 In the research of breast cancer, N-(5-chloro-2-
hydroxybenzyl)-N-(4-hydroxybenzyl)-N-phenylthio-
urea is the analog of phenylthiourea, which has cyto-
toxic effect in MCF-7 cells by impeding EGFR and 
HER-2 (Li et al., 2010). Compared to hydroxyurea, N-
benzoyl-N-phenylthiourea has a stronger antitumor 
activity, according to an in vitro assay on T47D 
(Kesuma et al., 2020a; 2020b). In the previous study, it 
was shown that thiourea and its analogs have strong 
anticancer characteristics. In this study, N-
(phenylcarbamothioyl)-4-chloro-benzamide is synthe-
sized from phenylthiourea and 4-chloro-benzoyl chlo-
ride by employing modification method from nucleo-
philic substitution of Schotten-Baumann (Jensen, 
2007). In addition, the purity and its structure are 
examined by using IR, 1H-NMR, 13C-NMR, and mass 
spectroscopy (Clayden et al., 2012). Then, the com-
pound obtained will be analyzed in silico study, which 
includes molecular docking against checkpoint kinase 
I (PDB: 2YWP) (Fig. 1). molecular dynamics simula-
tion to evaluate the stability of the ligand-receptor 
interaction and pharmacokinetic prediction covering 
absorption, distribution, metabolism, excretion, and 
toxicity (ADMET).  

Afterward, cytotoxic activity is examined through 
in vitro assay by testing the microculture tetrazolium 
(MTT) technique on T47D cancer cells and Vero nor-
mal cells. This study aims to result in a product of the 
compound 4-Cl-PCTB as a candidate anticancer drug 
better than hydroxyurea. 

 

 

Figure 1. Designed the idea for developing hydroxyurea analog. 
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MATERIAL AND METHODS 

Synthesis procedure 

All reagents such as 4-chloro-benzoylchloride 
(Merck, Sigma-Aldrich), N-phenylthiourea (Merck, 
Sigma-Aldrich), THF (Merck, Sigma-Aldrich) and 
solvents such as ethyl acetate, n-hexane, chloroform, 
acetone were purchased from standard commercial 
suppliers from Merck, Sigma-Aldrich. The 4-CI-PCTB 
compound was synthesized by reacting N-phenyl-
thiourea and 4-chloro-benzoylchloride on tetrahydro-
furan (THF) and adding triethylamine which func-
tions as a catalyst, then performing reflux as well as 
monitoring the completion of the reaction by thin 
layer chromatography (TLC) until forming single 
spot. Next, THF was evaporated in a rotary evapora-
tor, and then recrystallization was done (Kesuma et 
al., 2022; 2023). The 4-CI-PCTB compound was identi-
fied by using IR spectroscopy (JASCO FT/IR-4200), 
1H-NMR, 13C-NMR (JEOL ECS-400 spectrophotome-
ter), and MS (HRMS-TOF spectra) (Clayden et al., 
2012; McMurry, 2011; Pavia et al., 2009) 

Compound purity test of synthesis result 

The compound was stated purely according to 
TLC if there was a single spot by applying three-
phase movement types of different polarity. Mobile 
phase: n-hexane: ethyl acetate = 3:2; chloroform: ace-
tone=3:2; n-hexane:chloroform:acetone = 5:4:1. Sta-
tionary phase: Silica gel Merck 60 GF-254. Spot detec-
tion: UV-254 nm. 

Purity test with determination of melting spot 

The compound was stated purely according to 
melting point value if its melting range <2°C. Tool: 
Electrothermal Melting Point Apparatus (Sybron-
Thermolyne-MP12615).  

Confirmation of synthesis compound result 
structure  

Infrared spectroscopy 

Samples (0.1-2 %) were mixed and crushed with 
KBr powder and made into pellets with KBr. Then, 
the spectrum of % transmission toward wave number 
(v) 400–4600 cm-1 was observed.  

Nuclear magnetic resonance spectroscopy 

The sample was dissolved in DMSO-D6, which 
contained tetramethyl silane (TMS), proton (1H-
NMR), and carbon (13C-NMR) resonance spectrum 
was observed. 

Mass spectroscopy 

The sample was put into a capillary pipe, and then 
a compound mass spectrum was made. The results of 
the structure fragmentation and position m/e of 
fragment ions were analyzed and identified (Pavia, 
2009). 

Molecular docking simulation 

Hydroxyurea and 4-chloro-N-(phenylcarbamo-
thioyl)benzamide (4-Cl-PCTB) were prepared as lig-
ands by drawing them in 2-dimensions in Chembio-
draw version 11. The 2-dimensional ligand was then 
converted into the 3-dimensional ligand in molecular 
operating environment (MOE) software. The 3-D lig-
and performs the most stable minimal energy calcula-
tion by means of the MMFF94x calculation, and the 
ligand is stored with the PDB file (Kesuma et al., 2023; 
Thomas, 1996). 

Checkpoint kinase 1 (Chk1) enzyme was obtained 
from the Protein Data Bank (PDB) with PDB: 2YWP, 
which was re-prepared with Molexus Ver.7 (Li et al., 
2006a). Checkpoint kinase 1 (Chk1) and its compari-
son ligand was re-docked to validate the Molexus 
Ver.7. Therefore, it could be used to dock hy-
droxyurea and 4-Cl-PCTB (Li et al., 2006a; 2006b; Pu-
tra et al., 2017). 

Molecular dynamics simulation 

Molecular dynamics simulations were conducted 
on three compounds: the native ligand, 4-Cl-PCTB, 
and hydroxyurea, using Desmond software for 10 ns 
simulation. The purpose of the molecular dynamics 
simulation was to study the stability of the interaction 
between the ligand and the checkpoint kinase I 
(2YWP) receptor. The simulation process employed 
the TIP4P model under normal pressure and tempera-
ture conditions (NPT). The MD simulation was run 
for 10 ns at 300 K and standard pressure (1.01325 bar) 
within a cubic water box with dimensions of 1 Å × 1 
Å × 1 Å and an NPT ensemble. Energy recordings 
were taken at intervals of 1.2 ps. The Nose-Hoover 
chain and Martyna-Tobias-Klein algorithms were 
used to maintain the temperature of all MD systems 
at 300 K and the pressure at 1.01325 bar. All well-
minimized and equilibrated systems were subjected 
to a 10-ns MD run in the NPT ensemble with periodic 
boundary conditions, using the OPLS 2005 force field 
parameters (Guo et al., 2010; Kumar et al., 2020; 
Murthy et al., 2018; Ruswanto et al., 2022) 

Pharmacokinetics / ADMET prediction 

To predict the pharmacokinetic profile of the com-
pound, we used SCFBio (http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp), the 
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pkCSM online application 
(https://biosig.lab.uq.edu.au/pkcsm/), and Swiss 
ADME (http://www.swissadme.ch/). To obtain pre-
dicted elimination/excretion data in the form of the 
elimination constant (k) and half-life (t1/2), we pro-
cessed the data obtained from pkCSM, specifically 
total clearance (Cl) and volume of distribution (Vd), 
to calculate the parameters k and t1/2 using the equa-
tions [1] (Shargel and Yu, 2019). 

Cl = k. Vd [1] 

Where t1/2  is the half-life of the compound, ln 2 has a value of 0.693, 
and k is the elimination rate constant of the compound. 

To obtain the elimination rate constant (k), the 
value of Cl was divided by the Vd of the compound. 
Most drugs have a first-order elimination rate con-
stant, meaning that the half-life (t1/2) can be calculated 
using the following equation [2] (Shargel and Yu, 
2019). 

𝑡1/2 =
ln 2

𝑘
 1 

 
[2] 

Where t1/2 is the half-life of the compound, ln 2 has a value of 0.693, 

and k is the elimination rate constant of the compound. 

Cytotoxic activity in T47D and Vero cells 

Cell growth inhibitor test was done based on an in 
vitro assay using T47D cancer cells (ATCC HTB-133) 
and normal kidney cells using Vero cells (ATCC CRL-
1587). It was done to acknowledge the test compound 
cytotoxic activity and compound comparator of hy-
droxyurea (Campestre et al., 2006). The first step was 
done by planting all cell cultures in a 96-well plate 
and incubating it in a CO2 incubator for 24 hours. 
Then, the test compound and hydroxyurea were add-
ed to each culture with various concentrations and 
incubated again. Afterward, media in the cup were 
thrown and rinsed with 100 µL PBS. Next, 100 µL of 
0.5 mg/mL MTT reagent was added into the micro-
plate and then incubated for 4 hours. MTT reaction 
was stopped by adding 10% SDS 0.01 N HCl to each 
culture to dissolve the formazan crystal formed after 
being incubated. Next, the microplate was covered by 
using paper as well as incubated for 24 hours at 37°C 
degree, and its absorbance was read by applying an 
ELISA reader at 595 nm as well as calculating the 
living fraction (Kesuma et al., 2022). IC50 values from 
the compound tested, reference drugs, and normal 
cells were obtained by using Probit analysis. Vero 
cells were needed as normal cells to observe the selec-
tivity of the test compound and reference drug on 
T47D cells. This can be expressed as a selectivity in-
dex (SI). SI was calculated with the following formula 
[3] (Indrayanto et al., 2021). 

𝑆𝑒𝑙𝑒𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 =  
𝐼𝐶50 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐𝑒𝑙𝑙

𝐼𝐶50 𝑐𝑎𝑛𝑐𝑒𝑟 𝑐𝑒𝑙𝑙𝑠
 

 
[3] 

Statistical analysis 

In this research, synthesis, molecular docking, mo-
lecular dynamics simulation, anticancer in vitro as-
says, and cytotoxicity tests on normal cells were con-
ducted in triplicate (n = 3). The accuracy of the results 
was calculated based on the mean values, while preci-
sion was assessed using the standard deviation (SD). 
For IC50 and CC50, calculations were performed using 
IBM SPSS version 27 with the probit analysis method 
(p≤0.05). 

RESULTS AND DISCUSSION  

Synthesis of 4-CI-PCTB 

The synthesis of 4-CI-PCTB was done to react with 
N-phenylthiourea and 4-chloro-benzoylchloride in 
tetrahydrofuran (THF) and apply triethylamine as a 
catalyst. It resulted in a light yellow crystal (82 ± 2%) 
insoluble in water, and the melting point was 126-
127°C. The result of the identification of 4-Cl-PCTB is 
as follows: Light yellow crystal, yield 80%, m.p = 126-
127°C. 1H-NMR (DMSO-d6, 400 MHz). δ 7.24 (t, J = 
7,2 Hz, 1H, Ar-H); δ 7.39 (t, J = 7.2 Hz, 2H, Ar-H); δ 
7.58 (d, J = 8.4, 2H, Ar-H);  δ 7.65 (d, J = 7.2 Hz, 2H, 
Ar-H); δ 7.96 (d, J = 8.4 Hz, 2H, Ar-H); δ 11.63 (s, 1H, 
O=C-NH-C=S); δ 12.47 (s, 1H, S=C-NH-Ar). 13C-NMR 
(DMSO-d6, 100 MHz). δ 124.9 (2C, Ar); δ 126.9 (2C, 
Ar); δ 126.9 (1C, Ar); δ 129.1 (2C, Ar); δ 129.2 (2C, Ar); 
δ 131.2 (1C, Ar); δ 131.6 (1C, Ar); δ 138.5 (1C, Ar); δ 
167.8 (1C, C=O); δ 179.5 (1C, C=S). IR (KBr), v max 
(cm-1): 1667 (C=O amide); 1667 and 1482 (C=C aro-
matic); 3333 and 1593 (NH secondary strech amide); 
1092 and 831 (C=S). HRMS (m/z) C14H10N2OSCl: (M-
H) = 289.0204 and calc. mass = 289.0202. 

Hydroxyurea (Cytodox®; Hydrea®) has been used 
for the treatment of specific types of cancer over the 
past decade, including solid tumors, head and neck 
tumors, chronic myeloid leukemia, and acute lym-
phoblastic leukemia (Sweetman, 2009). One of the 
limitations of hydroxyurea is its hydrophilic         
(logP = -1.12), making it highly soluble but having 
limited penetration into small cell membranes. This 
deficiency has prompted researchers to introduce a 
benzyl moiety functional group to enhance lipophilic-
ity, enabling better penetration of cell membranes. 
One derivative of hydroxyurea, benzoylthiourea, has 
a logP =1.47. According to the Lipinski Rule of Five, 
compounds exhibit good solubility and permeability 
when their logP = 2-5 (Ku, 2008; Papich and Martinez, 
2015). 
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Figure 2. Reaction on benzoylthiourea with benzoylchloride derivatives. 

 

 
Figure 3. Reaction mechanism of 4-chloro-N-(phenylcarbamothioyl)benzamide (4-Cl-PCTB). 

 

 

Figure 4. Comparison of the native ligand (green) with the docking result simulation (purple) by Molexus Ver.7 with RMSD of 0.58 Å. 

 
Therefore, it is necessary to modify the chemical 

structure of benzoylthiourea by adding the benzyl 
moiety functional group through its reaction with 
benzoylchloride derivatives (Fig. 2). 

The compound 4-Cl-PCTB (4-chloro-N-(phenyl-
carbamothioyl)benzamide) is one of the derivatives of 
benzoylthiourea that can be synthesized using the 
Schotten-Baumann reaction method. The compound 
4-Cl-PCTB can be obtained by reacting phenylthiou-
rea with 4-chlorobenzoyl chloride in a free water sol-
vent, such as using THF. The nucleophilic attack by 
the free electron pair (-NH2) of phenylthiourea on the 
carbonyl carbon of 4-chlorobenzoyl chloride leads to 
an addition reaction followed by elimination, releas-
ing the Cl ion as a good leaving group. The overall 
reaction can be observed in Fig. 3. 

Molecular docking, molecular dynamics study, and 
ADMET prediction 

The redocking process was performed on check-
point kinase 1 (Chk) with PDB: 2YWP. Chk is a pro-
tein kinase that plays a crucial role in cell cycle con-
trol and the DNA damage response mechanism. 

There are two main types of Chk in mammalian cells: 
Chk1 and Chk2. Both kinases play vital roles in main-
taining genome integrity by preventing damaged cells 
from replicating and dividing further, as well as play-
ing a key role in inhibiting cancer cell growth (Li et 
al., 2006a; 2006b; Putra et al., 2017). 

The grid box binding site was set X = -3.88 Å; Y = 
8.78 Å; Z = -18.36 Å with a cavity surrounded by 29 
amino acids, they are Leu 15; Gly 16; Val 23; Ala 36; 
Lys 38; Lys 43; Lys 53; Lys 54; Glu 55; Lys 60; Val 68; 
Lys 69; Leu 84; Glu 85; Tyr 86; Cys 87; Ser 88; Gly 89; 
Gly 90; Glu 91; Asp 94; Asp 130; Lys 132; Leu 137; Lys 
145; Ser 147; Asp 148; Phe 149; Lys 166. The result of 
the redocking validation process, with an RMSD of 
0.58 Å, is shown in Fig. 4. These results indicate that 
the method is valid for the docking test of the tested 
compound, as the RMSD obtained is less than 2 Å 
(Putra et al., 2017; Sulistyowaty et al., 2020). The 
RMSD value shows the alignment of the ligand coor-
dinates from the crystallographic results compared to 
the re-docked native ligand coordinates, with an 
RMSD of 0.58 Å, which meets the docking process 
criteria (Fig. 4). 
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The docking results provided a plant score, which 
reflects the predicted interaction between drug-
receptor. A lower plant score indicates a higher com-
patibility between the ligand and receptor, suggesting 
stronger interaction. The docking data can also be 
visualized and analyzed to illustrate the ligand-
receptor bond interactions, including hydrogen 
bonds, hydrophobic interactions, and electronic inter-
actions, as shown in Table 1 and Fig. 5. 

The molecular docking results were further sup-
ported by the molecular dynamics simulation, which 
was run from 0 to 10 ns. The native ligand and 4-Cl-
PCTB compounds exhibited good bond stability, as 
they remained within the active site of checkpoint 
kinase 1, while the hydroxyurea compound did not 
show stable bonding, as it exited the active site of 
checkpoint kinase 1, as shown by the protein-ligand 
RMSD results in Fig. 6. 

 

Table 1. The molecular docking result of native ligand, 4-Cl-(PCTB), hydroxyurea into active site checkpoint kinase 1 (Chk1). 

Compounds 
Plant score 

(kcal/mol) 
Hydrogen bond Steric interaction 

Electronic 

interaction 

 

Native ligand 

-64.94 ± 2.72 
Glu 85 

Cys 87 

Lys 38 

Leu 84 

Glu 55 

Asp 148 

 

4-Cl-(PCTB) 

-67.19 ± 1.47 Cys 87 Cys 87 - 

 

Hydroxyurea 

-33.84 ± 3.57 Cys 87 Cys 87 - 

 

 

Figure 5. The molecular docking interaction reference standard (native ligand and hydroxyurea) 

and 4-Cl-(PCTB) into checkpoint kinase 1. 
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Figure 6. The protein-ligand RMSD of (A) native ligand, (B) 4-Cl-PCTB, and 

(C) hydroxyurea in 10 ns molecular dynamics simulation. 

 
The RMSD graph for the native ligand from 0-10 

ns remained below the protein RMSD graph, indicat-
ing stable ligand-receptor interaction, proving that the 
compound stayed within the active binding site of 
checkpoint kinase 1. Similarly, the 4-Cl-PCTB RMSD 
graph from 0-10 ns also remained below the protein 
RMSD graph. However, the RMSD graph for the hy-
droxyurea ligand from 0-10 ns was above the protein 
RMSD graph, demonstrating that hydroxyurea did 
not exhibit stable bonding with checkpoint kinase 1 
and exited the active site. 

This was further supported by the protein-ligand 
interaction contacts (Fig. 7), where both the native 
ligand and 4-Cl-PCTB showed similar interactions to 
the molecular docking results, including strong hy-
drogen bonds with the amino acid Cys 87. In contrast, 
hydroxyurea only exhibited weak hydrogen bond 
interactions with Cys 87, differing from the molecular 
docking results. 

Absorption prediction 

Based on absorption predictions using the SCFBio 
online tool (http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp), the 
native ligand, 4-Cl-PCTB, and hydroxyurea met the 
criteria of Lipinski's Rule of Five, which includes mo-
lecular weight (MW) ≤500, molar refractivity (MR) 40-
130 Å, hydrogen bond acceptors (HBA) ≤10, and hy-
drogen bond donors (HBD) ≤5. Therefore, all the 
compounds are predicted to be well-absorbed 
through the gastrointestinal tract (GIT) (Jayaram et 
al., 2013; Lipinski, 2004). Hydroxyurea also has an 
oral tablet form, as it meets the Lipinski’s Rule of Five 
criteria (Samineni et al., 2022; Sweetman, 2009). 

Permeability prediction 

The native ligand and hydroxyurea are predicted 
to have low permeability in the GIT, as both com-
pounds have Caco-2 permeability values of <8.10⁻⁶ 
cm/s. Meanwhile, 4-Cl-PCTB is classified as having 
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high permeability, with a Caco-2 permeability value 
of >8.10⁻⁶ cm/s. Caco-2 cell lines, derived from hu-
man epithelial colorectal adenocarcinoma cells, con-
sist of a monolayer often used as an in vitro model of 
human intestinal mucosa for predicting oral drug 
absorption. Based on water solubility, the native lig-
and is predicted to be freely soluble, as its log S value 
falls within the range of -2 to 0. Hydroxyurea is classi-
fied as very soluble, with a log S value >0. Mean-
while, 4-Cl-PCTB is classified as sparingly soluble, 
with a log S value in the range of -5 to -4 (Ku, 2008; 
Putra et al., 2024). 

Biopharmaceutical classification system (BCS) 
prediction 

Based on the BCS, hydroxyurea and the native lig-
and are categorized as BCS Class III, characterized by 
low permeability and high solubility. Meanwhile, 4-
Cl-PCTB is classified as BCS Class I, characterized by 
high permeability and high solubility. BCS Classes I 
and III are considered suitable for oral drug formula-
tions, as they can dissolve and effectively penetrate 
the GIT membrane (Ku, 2008; Papich and Martinez, 
2015; Putra et al., 2024). 

 

 

Figure 7. The protein-ligand interaction contacts with checkpoint kinase 1.  

(A) native ligand, (B) 4-Cl-PCTB, and (C) hydroxyurea in 10 ns molecular dynamics simulation. 
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Table 2. The result of ADMET predictions. 

Compound 

Absorption Distribution Metabolism (CYP inhibitor) Excretion Toxicity 

Caco2 

Perm. 

10−6 cm/s 

Log S 
Vd 

(L/kg) 

BBB 

Log BB 
2D6 3A4 1A2 2C9 2C19 

Total Cl 

(L/hour/kg) 

k 

(1/hour) 

t ½ 

(hour) 

ORAT 

mol/kg 

(LD50) 

Hepato 

toxicity 

Native ligand 1.04 -2.72 0.10 -1.029 No No No No No 0.2422 2.422 0.29 2.76 Yes 

4-Cl-PCTB 37.07 -4.69 0.10 0.293 No No Yes No Yes 0.0231 0.231 3.00 2.25 No 

Hydroxyurea 3.07 0.89 0.13 -0.955 No No No No No 0.2711 2.086 0.33 3.01 No 

 
Distribution and blood-brain barrier (BBB) 
prediction 

The distribution prediction indicates that all three 
compounds are classified as drugs with low volume 
distribution (Vd <0.71 L/kg), meaning they have 
higher concentrations in the plasma than in the tis-
sues (Pires et al., 2015). The three compounds are also 
predicted to be unable to cross the BBB, as they have 
Log BB values <0.3. The BBB is a protective layer in 
the brain that prevents chemicals from easily reaching 
the brain's nerve cells. Drugs are predicted to easily 
cross the BBB if their Log BB is >0.3. Compounds that 
can penetrate the BBB can affect the central nervous 
system and patient consciousness. Some drugs are 
designed to penetrate the BBB, such as antibiotics for 
meningitis, Parkinson's drugs, and general anesthet-
ics. The compound in this study is designed for breast 
cancer treatment, so it is not expected to cross the BBB 
(Pires et al., 2015). 

Prediction of metabolism 

The metabolism inhibition prediction suggests that 
the native ligand and hydroxyurea do not inhibit any 
drug-metabolizing enzymes, indicating minimal 
drug-drug interaction in the metabolic phase. How-
ever, 4-Cl-PCTB inhibits CYP1A2 and CYP2C19 en-
zymes. While these two CYP enzymes play a minor 
role in drug metabolism compared to CYP2D6 and 
CYP3A4 (which metabolize nearly 90% of drugs), 
certain medications require attention due to inhibition 
of CYP2C19 (e.g., diazepam, phenytoin, topiramate) 
and CYP1A2 (e.g., acetaminophen, clozapine, 
haloperidol, theophylline, TCAs) (Trevor et al., 2015). 

Total clearance and half-life prediction 

Total clearance represents the rate at which the 
body clears a drug, combining hepatic clearance (liver 
metabolism and biliary clearance) and renal clearance 
(Shargel and Yu, 2019). Total clearance is directly 
proportional to Vd and the elimination constant (k), 
and can be formulated as Cl = Vd.k (Shargel and Yu, 
2019). Therefore, the value of k is directly proportion-
al to Cl and inversely proportional to Vd. A larger k-
value results in a shorter half-life (t½), meaning the 

compound remains in the body longer before excre-
tion. The native ligand and hydroxyurea have half-
lives (t½) of less than 1 hour, falling into the ultra-
short half-life category. In contrast, 4-Cl-PCTB has a 
half-life (t½) of 3 hours, placing it in the short half-life 
category (1-4 hours). 

Toxicity prediction 

According to toxicity predictions, neither 4-Cl-
PCTB nor hydroxyurea were hepatotoxic, while the 
native ligand was hepatotoxic. Based on oral rat acute 
toxicity (ORAT), 4-Cl-PCTB has an LD50 of 2.25 
mol/kg, making it the most toxic compound among 
the tested compounds. Overall, the pharmacokinetic 
or ADMET prediction results for the three com-
pounds, generated using the pkCSM and SIB online 
software, are summarized in Table 2. 

In vitro cytotoxic activities 

The value of test compound IC50 and hydroxyurea 
toward T47D cancer cells can be seen in Table 3 and 
Fig. 8. The addition of the 4-chlorobenzoyl group 
leads to an increase in the lipophilic parameter, spe-
cifically the Log P value. Based on calculations using 
various applications, the Log P value of the com-
pound 4-Cl-PCTB ranges from 3.54 to 4.31, while the 
Log P value of hydroxyurea is -1.12. The Log P value 
of the 4-Cl-PCTB compound meets the Lipinski Rule 
of Five, indicating good solubility and permeability. 
This aligns with the in vitro anticancer testing against 
the human breast cancer cell line T47D, showing 
higher potential compared to hydroxyurea (Table 3). 
The selectivity index (SI) value of the 4-Cl-PCTB 
compound is also greater than that of hydroxyurea, 
which implies it is safer compared to the standard 
drug, hydroxyurea (Indrayanto et al., 2021). 

CONCLUSION 

Based on in silico studies, including molecular 
docking, molecular dynamics, pharmacokinetics pre-
dictions, and in vitro assays, the 4-Cl-PCTB compound 
exhibits better anticancer activity against T47D breast 
cancer cells compared to the reference drug (hy-
droxyurea). 
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Table 3. IC50 value and selectivity index (SI) of 4-Cl-PCTB and hydroxyurea toward cancer and normal cells. 

Compound 
T47D cell 

(mM) 

Vero cell 

(mM) 
SI 

 

4-Cl-PCTB 

0.44 ± 0.72 76.10 ± 0.51 172.95 

 

Hydroxyurea 

4.58 ± 0.85 369.88 ± 0.91 80.76 

 

 

Figure 8. (A) T47D cell before treatment with 4-Cl-PCTB. (B) T47D cells after treatment with 4-Cl-PCTB with concentration 125 ppm. 

 

CONFLICT OF INTEREST 

The authors declare no conflicts of interest. 

ACKNOWLEDGMENTS 

This research was funded by Institute of Research and 
Community Services of University of Surabaya (grant 
025/ST-Lit/LPPM-01/FF/VI/2023). 

REFERENCES 

Barosi G, Besses C, Birgegard G, Briere J, Cervantes F, Finazzi G, 
Gisslinger H, Griesshammer M, Gugliotta L, Harrison C, 
Hasselbalch H, Lengfelder E, Reilly JT, Michiels JJ, Barbui T 
(2007) A unified definition of clinical resistance/intolerance to 
hydroxyurea in essential thrombocythemia: Results of a 
consensus process by an international working group. 
Leukemia 21(2): 277–280. 
https://doi.org/10.1038/sj.leu.2404473 

Campestre C, Agamennone M, Tortorella P, Preziuso S, Biasone A, 
Gavuzzo E, Pochetti G, Mazza F, Hiller O, Tschesche H, 
Consalvi V, Gallina C (2006) N-Hydoxyurea as zinc binding 
group in matrix metalloproteinase inhibition: mode of binding 
in a complex with MMP-8. Bioorg Med Chem Lett 16(1): 20–24. 
https://doi.org/10.1016/j.bmcl.2005.09.057 

Clayden J, Greeves N, Warren S, Wothers P (2012) Organic 
Chemistry 2nd ed. New York: Oxford University Press. 

Dipiro JT, Yee GC, Posey M, Haines ST, Nolin TD, Ellingrod V 
(2020) Pharmacotherapy a pathophysiologic approach. 11th ed. 
New York: Mc Graw Hill 

Globocan (2020) The Global Cancer Observatory. Indonesia fact 
sheet. 
https://gco.iarc.fr/today/data/factsheets/populations/360-
indonesia-fact-sheets.pdf [Accessed 1 May 2023]. 

Guo Z, Mohanty U, Noehre J, Sawyer TK, Sherman W, Krilov G 
(2010) Probing the α-helical structural stability of stapled p53 
peptides: molecular dynamics simulations and analysis. Chem 
Biol Drug 75: 348–359. https://doi.org/10.1111/j.1747-
0285.2010.00951.x 

Indrayanto G, Putra GS, Suhud F (2021) Validation of in-vitro 
bioassay methods: Application in herbal drug research. In: 
Profiles of Drug Substances, Excipients and Related 
Methodology vol. 46, pp. 273–307. 
https://doi.org/10.1016/bs.podrm.2020.07.005 

Jayaram B, Tanya S, Goutam M, Abhinav M, Shashank S, Sanjeevini 
VS (2013) A freely accessible web-server for target directed 
lead molecule discovery. BMC Bioinf 13(Suppl 17): S7. 
https://doi.org/10.1186/1471-2105-13-S17-S7 

Jensen F (2007) Introduction to Computational Chemistry 2nd ed. 
Chichester: John Willey & Sons Ltd. 

Kesuma D, Nasyanka AL, Rudyanto M, Siswandono, Purwanto BT, 
Sumartha IGA (2020a) 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. Rasāyan 

https://jppres.com/
https://doi.org/10.1038/sj.leu.2404473
https://gco.iarc.fr/today/data/factsheets/populations/360-indonesia-fact-sheets.pdf
https://gco.iarc.fr/today/data/factsheets/populations/360-indonesia-fact-sheets.pdf
https://doi.org/10.1111/j.1747-0285.2010.00951.x
https://doi.org/10.1111/j.1747-0285.2010.00951.x
https://doi.org/10.1016/bs.podrm.2020.07.005
https://doi.org/10.1186/1471-2105-13-S17-S7


Kesuma et al. N-(phenylcarbamothioyl)-4-chlorobenzamide as anti-breast cancer candidate 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(2): 561 

 

J Chem 13(3): 1914–1918. 
https://doi.org/10.31788/RJC.2020.1335694 

Kesuma D, Putra GS, Yuniarta TA (2022) Synthesis and cytotoxic 
activity of N-(2,4-dichloro)benzoyl-N’-phenylthiourea against 
human breast cancer cell line. Thai J Pharm Sci 46(2): 173-176. 
https://doi.org/10.56808/3027-7922.2558 

Kesuma D, Putra GS, Yuniarta TA, Suhud F, Sumartha IGA, 
Boengas S, Sulistyowati MI, Kok T (2023) Synthesis and in vitro 
activity tests of N-benzoyl-N'-phenylthiourea derivatives as 
macrophage migration inhibitory factor. J Pharm Pharmacogn 
Res 11(5): 902–925. 
https://doi.org/10.56499/jppres23.1657_11.5.902 

Kesuma D, Siswandono, Purwanto BT, Rudyanto M (2018) 
Synthesis of N-(phenylcarbamothioyl)-benzamide derivatives 
and their cytotoxic activity against MCF-7 cells. J Chin Pharm 
Sci 27(10): 696–702. https://doi.org/10.5246/jcps.2018.10.071 

Kesuma D, Siswandono, Purwanto BT, Rudyanto M (2020b) 
Synthesis and anticancer evaluation of N-benzoyl-N’- 
phenylthiourea derivatives against human breast cancer cells 
(T47D). J Chin Pharm Sci 29(2): 123–129. 
https://doi.org/10.5246/jcps.2020.02.010 

Koç A, Wheeler LJ, Mathews CK, Merrill GF (2004) Hydroxyurea 
arrests DNA replication by a mechanism that preserves basal 
dNTP pools. J Biol Chem 279(1): 223–230. 
https://doi.org/10.1074/jbc.M303952200 

Ku MS (2008) Use of the biopharmaceutical classification system in 
early drug development. AAPS J 10(1): 208-212. 
https://doi.org/10.1208/s12248-008-9020-0 

Kumar S, Sharma PP, Shankar U, Kumar D, Joshi SK, Pena L, 
Durvasula R, Kumar A, Kempaiah P, Poonam, Rathi B (2020) 
Discovery of new hydroxyethylamine analogs against 3CLpro 
protein target of SARS-CoV-2: Molecular docking, molecular 
dynamics simulation, and structure−activity relationship 
studies. J Chem Inf Model 60: 5754−5770. 
https://doi.org/10.1021/acs.jcim.0c00326 

Li G, Hasvold LA, Tao Z-F, Wang GT, Gwaltney SL, Patel J, Kovar 
P, Credo RB, Chen Z, Zhang H, Park C, Sham HL, Sowin T, 
Rosenberg SH, Lin N-H (2006a) Synthesis and biological 
evaluation of 1-(2,4,5-trisubstituted phenyl)-3-(5-
cyanopyrazin-2-yl)ureas as potent Chk1 kinase inhibitors. 
Bioorg Med Chem Lett 16(8): 2293-2298. 
https://doi.org/10.1016/j.bmcl.2006.01.028 

Li HQ, Yan T, Yang Y, Shi L, Zhou CF, Zhu HL (2010) Synthesis 
and structure-activity relationships of N-benzyl-(X-2- 
hydroxybenzyl)-N’-phenylureas and thioureas as antitumor 
agents. Bioorg Med Chem 18(1): 305–313. 
https://doi.org/10.1016/j.bmc.2009.10.054 

Li J, Tan JZ, Chen LL, Zhang J, Shen X, Mei CL, Fu LL, Lin LP, Ding 
J, Xiong B, Xiong XS, Liu H, Luo XM, Jiang HL (2006b) Design, 
synthesis and antitumor evaluation of new series of N-
substituted-thiourea derivatives. Acta Pharmacol Sin 27(9): 
1259– 1271. https://doi.org/10.1111/j.1745-7254.2006.00437.x 

Lipinski CA (2004) Lead-and drug-like compounds: the rule-of-five 
revolution. Drug Discov Today Technol 1(4): 337-341. 
https://doi.org/10.1016/j.ddtec.2004.11.007 

McMurry JM (2011) Fundamental of Organic Chemistry 7th ed. 
Belmont: Brooks/Cole. 

Murthy PK, Suneetha V, Armaković S, Armaković SJ, Suchetan PA, 
Giri L, Rao RS (2018) Synthesis, characterization and 
computational study of the newly synthetized sulfonamide 
molecule. J Mol Struct 1153: 212–229. 
https://doi.org/10.1016/j.molstruc.2017.10.028 

Papich MG, Martinez MN (2015) Applying biopharmaceutical 
classification system (BCS) criteria to predict oral absorption 
of drugs in dogs: Challenges and pitfalls. AAPS J 17(4): 948-
964. https://doi.org/10.1208/s12248-015-9743-7 

Pavia DL, Lampman GM, Kriz GS, James R, Vyvyan JR (2009) 
Spectroscopy 4th ed. Belmont: Brooks/Cole. 

Pires DEV, Blundell TL, Ascher DB (2015) pkCSM: Predicting small 
molecule pharmacokinetic and toxicity properties using graph 
based signatures. J Med Chem. 58(9): 4066–4072. 
https://doi.org/10.1021/acs.jmedchem.5b00104 

Putra GS, Sulistyowaty MI, Anwari F, Syahrani A (2024) Prediksi 
absorpsi dan biopharmaceutical classification system (bcs) 
senyawa baru secara in-silico. Malang: Future Science Press. 

Putra GS, Sulistyowaty MI, Ekowati J, Budiati T (2017) Molecular 
modelling and in silico analysis of p-methoxy cinnamoyl 
hydrazide analogues as checkpoint kinase-1 and aromatase 
inhibitors. Pharm Sci Res 4(2): 66-80. 
https://doi.org/10.7454/psr.v4i2.3708 

Ruswanto R, Nofianti T, Mardianingrum R, Kesuma D, 
Siswandono (2022) Design, molecular docking, and molecular 
dynamics of thiourea-iron (III) metal complexes as NUDT5 
inhibitors for breast cancer treatment. Heliyon 8(9): e10694. 
https://doi.org/10.1016/j.heliyon.2022.e10694 

Samineni R, Chimakurthy J, Konidala S (2022) Emerging role of 
biopharmaceutical classification and biopharmaceutical drug 
disposition system in dosage form development: A systematic 
review. Turk J Pharm Sci 19(6): 706–713. 
https://doi.org/10.4274/tjps.galenos.2021.73554 

Shargel L, Yu ABC (2019) Applied Biopharmaceutics & 
Pharmacokinetics, 7th ed. New York: The McGraw-Hill 
Companies. 928 pp. 

Sulistyowaty MI, Putra GS, Budiati T, Matsunami K (2020) 
Synthesis, in vitro anticancer activity and in silico study of 
some benzylidene hydrazide derivatives. Key Eng Mat 840: 
277–283. 
https://doi.org/10.4028/www.scientific.net/KEM.840.277 

Sweetman SC (2009) Martindale: The Complete Drug Reference 36th 
ed. London: Pharmaceutical Press. 

Thomas HA (1996) Merck molecular force field. I. Basis, form, 
scope, parametrization, and performance of MMFF94. J Com 
Chem 17(5-6): 490–519. https://doi.org/10.1002/(SICI)1096-
987X(199604)17:5/6<490::AID-JCC1>3.0.CO;2-P 

Trevor AJ, Katzung BG, Kruidering-Hall M (2015) Katzung and 
Trevor’s. Pharmacology Examination & Board Review, 11th ed. 
New York: The McGraw-Hill Education. 592 pp. 

_________________________________________________________________________________________________________ 

 

 

 

 

 

 

 

 

https://jppres.com/
https://doi.org/10.31788/RJC.2020.1335694
https://doi.org/10.56808/3027-7922.2558
https://doi.org/10.56499/jppres23.1657_11.5.902
https://doi.org/10.5246/jcps.2018.10.071
https://doi.org/10.5246/jcps.2020.02.010
https://doi.org/10.1074/jbc.M303952200
https://doi.org/10.1208/s12248-008-9020-0
https://doi.org/10.1021/acs.jcim.0c00326
https://doi.org/10.1016/j.bmcl.2006.01.028
https://doi.org/10.1016/j.bmc.2009.10.054
https://doi.org/10.1111/j.1745-7254.2006.00437.x
https://doi.org/10.1016/j.ddtec.2004.11.007
https://doi.org/10.1016/j.molstruc.2017.10.028
https://doi.org/10.1208/s12248-015-9743-7
https://doi.org/10.1021/acs.jmedchem.5b00104
https://doi.org/10.7454/psr.v4i2.3708
https://doi.org/10.1016/j.heliyon.2022.e10694
https://doi.org/10.4274/tjps.galenos.2021.73554
https://doi.org/10.4028/www.scientific.net/KEM.840.277
https://doi.org/10.1002/(SICI)1096-987X(199604)17:5/6%3C490::AID-JCC1%3E3.0.CO;2-P
https://doi.org/10.1002/(SICI)1096-987X(199604)17:5/6%3C490::AID-JCC1%3E3.0.CO;2-P


Kesuma et al. N-(phenylcarbamothioyl)-4-chlorobenzamide as anti-breast cancer candidate 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(2): 562 

 

AUTHOR CONTRIBUTION:       

Contribution Kesuma D Yuniarta TA Suherto AD Putra GS Sutrisno S Anwari F 

Concepts or ideas x      

Design x      

Definition of intellectual content x      

Literature search x x x x x x 

Experimental studies   x    

Data acquisition x x x x   

Data analysis  x x x  x 

Statistical analysis   x x x  

Manuscript preparation    x x  

Manuscript editing x x  x   

Manuscript review x x x x x x 

 

Citation Format: Kesuma D, Yuniarta TA, Suherto AD, Putra GS, Sutrisno S, Anwari F (2025) Synthesis, molecular docking, molecular dynamics, 

pharmacokinetics prediction and bioassay of N-(phenylcarbamothioyl)-4-chlorobenzamide as anti-breast cancer candidate. J Pharm Pharmacogn 

Res 13(2): 551–564. https://doi.org/10.56499/jppres24.2092_13.2.551 

 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the 

publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed 

by the publisher. 

 

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/ licenses/by/4.0/), which permits use, 

duplication, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 

Commons license and indicate if changes were made. 

https://jppres.com/
https://doi.org/10.56499/jppres24.2092_13.2.551


Kesuma et al. N-(phenylcarbamothioyl)-4-chlorobenzamide as anti-breast cancer candidate 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(2): 563 

 

 

Supplementary data 

 

Figure 1S. FTIR of 4-Cl-PCTB (4-chloro-N-(phenylcarbamothioyl)benzamide). 

 

 

Figure 2S. H1-NMR of 4-Cl-PCTB (4-chloro-N-(phenylcarbamothioyl)benzamide). 
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Figure 3S. C13-NMR of 4-Cl-PCTB (4-chloro-N-(phenylcarbamothioyl)benzamide). 

 

 

Figure 4S. HRMS of 4-Cl-PCTB (4-chloro-N-(phenylcarbamothioyl)benzamide). 
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