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Abstract 

Context: Cancer remains the leading cause of death worldwide, so new therapeutic strategies are needed. 5-Fluorouracil (5-FU) has been widely used in 
chemotherapy, but its effectiveness is limited by side effects and drug resistance. Recent research focuses on modifying 5-FU to improve its anticancer 

properties, specifically through structural modifications using thiourea and benzoyl groups. 

Aims: To design a modified 5-FU derivative with a thiourea and benzoyl group and evaluate its potential as an anticancer agent targeting the enzyme 

thymidylate synthase. A computational approach is used to predict the pharmacokinetic properties, toxicity, and affinity of the binding of these compounds. 

Methods: A total of 81 5-FU derivatives were synthesized and evaluated using the in silico method. The ligand was designed and protonated at a physiological 
pH of 7.4 using MarvinSketch software. Molecular docking simulations were performed using PyRx, and the five best compounds simulated molecular 

dynamics using Desmond software to assess the stability of the ligand-receptor complex. Pharmacokinetic and toxicity profiles are predicted using the pkCSM 

web server. 

Results: The docking study identified the five best compounds with better binding affinity than standard 5-FU. Among these compounds, FUBT-81 has the 

lowest binding energy of -8.82 kcal/mol. Molecular dynamics simulations showed that FUBT-55 had the most stable interaction with thymidylate synthase, 

indicated by the lowest RMSD and RMSF values during the 100 ns simulation.  

Conclusions: Modified 5-FU derivatives, especially FUBT-55, exhibit better binding stability and affinity to thymidylate synthase, making them potentially 

more effective anticancer agents. These findings support advanced studies in vitro and in vivo to validate their effectiveness and safety.  

Keywords: benzoyl; fluorouracil; in silico; thiourea; thymidylate synthase. 

 

Resumen 

Contexto: El cáncer sigue siendo la principal causa de muerte en todo el mundo, por lo que se necesitan nuevas estrategias terapéuticas. El 5-fluorouracilo (5-

FU) se ha utilizado ampliamente en quimioterapia, pero su eficacia se ve limitada por los efectos secundarios y la farmacorresistencia. Las investigaciones 

recientes se centran en la modificación del 5-FU para mejorar sus propiedades anticancerígenas, específicamente mediante modificaciones estructurales 

utilizando grupos tiourea y benzoilo.  

Objetivos: Diseñar un derivado modificado de 5-FU con un grupo tiourea y benzoilo y evaluar su potencial como agente anticancerígeno dirigido contra la 

enzima timidilato sintasa. Se utiliza un enfoque computacional para predecir las propiedades farmacocinéticas, la toxicidad y la afinidad de unión de estos 

compuestos. 

Métodos: Se sintetizaron y evaluaron un total de 81 derivados de 5-FU mediante el método in silico. El ligando se diseñó y protonó a un pH fisiológico de 7,4 
utilizando el software MarvinSketch. Se realizaron simulaciones de acoplamiento molecular utilizando PyRx, y los cinco mejores compuestos simularon 

dinámica molecular utilizando el software Desmond para evaluar la estabilidad del complejo ligando-receptor. Los perfiles farmacocinéticos y de toxicidad se 

predijeron utilizando el servidor web pkCSM. 

Resultados: El estudio de acoplamiento identificó los cinco mejores compuestos con mejor afinidad de unión que el 5-FU estándar. Entre estos compuestos, 

FUBT-81 tiene la energía de unión más baja, de -8,82 kcal/mol. Las simulaciones de dinámica molecular mostraron que FUBT-55 tenía la interacción más 

estable con la timidilato sintasa, indicada por los valores más bajos de RMSD y RMSF durante la simulación de 100 ns. 

Conclusiones: Los derivados modificados de 5-FU, especialmente FUBT-55, presentan una mejor estabilidad de unión y afinidad con la timidilato sintasa, lo 

que los convierte en agentes anticancerígenos potencialmente más eficaces. Estos hallazgos respaldan la realización de estudios avanzados in vitro e in vivo 

para validar su eficacia y seguridad. 

Palabras Clave: benzoilo; fluorouracilo; in silico; timidilato sintasa; tiourea. 
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INTRODUCTION 

Cancer is one of the leading causes of death in the 
world, with an increasing prevalence and mortality 
rate (Ferlay et al., 2015; Wilson et al., 2004). Epidemio-
logical data show that the incidence of cancer is ex-
pected to continue to increase, so new drugs are being 
developed very quickly for more effective cancer 
therapies. In the treatment against cancer, 5-
fluorouracil (5-FU) has played an important role as a 
standard chemotherapeutic with a mechanism of ac-
tion that involves inhibiting the synthesis of DNA and 
RNA, thereby slowing or stopping the growth of can-
cer cells. However, 5-FU-based therapies are often 
limited by serious side effects and cancer cell re-
sistance, emphasizing the need to develop new thera-
pies that can address this problem (Mader et al., 
1998). 

The synthesis of 5-FU derivatives has become a fo-
cus in pharmaceutical and medical research due to its 
effectiveness in treating various types of cancer. The 
drug 5-FU itself is a long-used chemotherapy agent 
known for its ability to inhibit DNA synthesis in can-
cer cells, but its use is often limited by side effects and 
drug resistance (Mader et al., 1998; Sethy and Kundu, 
2021). 

One approach that has been undertaken is through 
the synthesis of 1,2,4-oxadiazole bound to 5-FU, 
which has shown significant anticancer activity 
against human cancer cell lines in in vitro studies. This 
derivative involves the incorporation of oxadiazole 
units into the 5-FU structure to enhance its pharma-
cokinetic and pharmacodynamic properties. Biologi-
cal studies and molecular docking of these derivatives 
show that they have better inhibition potential against 
cancer cell growth with lower toxicity compared to 
standard 5-FU. One of the keys to this enhanced anti-
cancer activity is the ability of derivatives to interact 
with specific molecular targets in cancer cells more 
effectively, exhibiting stronger binding and higher 
selectivity to enzymes involved in cancer cell metabo-
lism. In addition, studies in silico (absorption, distri-
bution, metabolism, excretion, and toxicity (ADMET) 
show that these derivatives have a favorable pharma-
cokinetic profile, with a lower potential for side ef-
fects. This signals a step forward in the development 
of more efficient and safer anticancer drugs for clini-
cal use (Álvarez et al., 2012; Pan et al., 2011; Sethy and 
Kundu, 2021). 

Along with the development of technology and 
the understanding of the molecular mechanisms of 
cancer, research to develop a more effective and less 
toxic 5-FU derivative is urgently needed. One promis-
ing strategy is the structural modification of 5-FU 
with the incorporation of functional groups that can 
increase efficacy and reduce resistance. In this regard, 
thiourea and benzoyl chloride derivatives have at-
tracted attention due to their potential in improving 
the pharmacological profile of chemotherapeutic 
compounds (Agili, 2024; Kesuma et al., 2020). Thiou-
rea is known to have antineoplastic activity, while 
benzoyl chloride derivatives can be used to alter the 
physicochemical properties of compounds, which can 
contribute to increased cell penetration and interac-
tion with intracellular targets (Hirpara et al., 2009). 

In previous studies, researchers have modified 
thiourea compounds and benzoyl chloride deriva-
tives, and it was found that these compounds have 
anticancer activity (Miftah and Tjahjono, 2015; Rus-
wanto et al., 2021; 2022; 2023a; 2023b). Therefore, in 
this article, 5-FU has been modified with thiourea and 
benzoyl chloride in hopes of creating a more effective 
derivative compound as an anti-cancer agent. This 
modification is expected to produce compounds that 
not only have stronger anti-tumor activity, but are 
also more selective against cancer cells with lower 
toxicity to normal cells, as well as being able to over-
come drug resistance that often occurs in current can-
cer treatments. 

Therefore, this study aims to design the 5-FU de-
rivatives modified with thiourea and benzoyl groups 
and evaluate their potential as anticancer candidates 
targeting the enzyme thymidylate synthase. This re-
search employs an in silico approach to predict the 
pharmacokinetic properties, toxicity, and binding 
affinity of the modified compounds. Through this 
approach, it is expected to identify 5-FU derivatives 
with better binding affinity, higher stability, and su-
perior pharmacological profiles compared to standard 
5-FU, thereby supporting the development of more 
effective and safer chemotherapeutic agents.  

MATERIAL AND METHODS 

Instruments and materials 

This study's instruments included both software 
and hardware. AutodockTools-1.5.6, PyRx version 
0.9.8, MarvinSketch version 21.17.0, Discovery Studio 
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Version 20.1, Desmond software for an academic li-
cense (2019-1, D.E. Shaw Research LLC., United 
States), and websites such as https://www.rcsb.org/, 
https://saves.mbi.ucla.edu/, and 
https://biosig.lab.uq.edu.au/pkcsm/ were all used. 
The hardware used was a personal computer with the 
following specifications: Intel(R) CoreTM i5-8265U 
CPU @ 1.60 GHz (8 CPUs), 8.00 GB RAM, and Win-
dows 1064-bit operating system. The materials uti-
lized in this work were 81 5-fluorouracil derivatives, 
the parent structure of 5-fluorouracil modification in 
Fig. 1 (detailed structure could be seen in Supplemen-
tary Data Fig. S1), and human thymidylate synthase 
(PDB ID 6QXG). 5-Fluorouracil was employed as a 
reference drug.  
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Figure 1. The parent compound of 5-fluorouracil 

modification. 

Ligand preparation 

MarvinSketch software was used to produce lig-
ands by protonation at a pH equal to blood pH (7.4), 
and conformation analysis was performed on the 
modified compound structures. The produced ligands 
were then saved in .mol2 file format (Purnomo, 2013). 

Target receptor identification 

Target receptors were identified and analyzed us-
ing the profile of proteins with the PDB code 
6QXG.pdb, available at 
http://www.ebj.ac.uk/pdbsum. The analysis results 
were used to determine whether the protein was well 
used and matched the Ramachandran plot (Ruswanto 
et al., 2018). The quality of the protein model was 
evaluated using Ramachandran plots to identify the 
distribution of residues in favored regions and 
ERRAT analysis to assess the overall protein quality. 

Prediction of pharmacokinetic and toxicity profile 

A computational approach to predicting pharma-
cokinetic properties and toxicity was taken with the 
help of the pkCMS website, which was accessed 
freely at http://structure.bioc.cam.ac.uk/pkcms 
(Pires et al., 2015). 

Pharmacokinetic properties such as water solubili-
ty, Caco2 permeability, intestinal absorption (human), 
VDss (human), BBB permeability, CYP2D6 substrate, 
CYP1A2 inhibitor, total clearance, and renal OCT2 

substrate were predicted using the pkCSM web serv-
er. The results were tabulated for easy comparison 
among compounds. 

Toxicity profiles, including Ame’s toxicity, oral rat 
acute toxicity (LD50), and potential enzyme inhibition, 
were predicted using the pkCSM web server. These 
predictions were used to identify safer candidates for 
further development. 

Molecular docking and virtual screening 

Method validation was performed by redocking 
natural ligands against binding site receptors, with 
the root mean square deviation (RMSD) value serving 
as the validation parameter. The method was consid-
ered excellent if its RMSD value was <2. A method 
cannot be trusted if the RMSD value was above 2 
(Ruswanto et al., 2019a). The PyRx software was uti-
lized for the virtual screening of the 81 modification 
compounds, with 5-fluorouracil as the reference med-
ication, utilizing previously verified receptors. Grid-
box parameter settings were changed to match the 
parameters used in docking validation (Ruswanto et 
al., 2019b). The results were the binding affinity and 
inhibition constant (Dallakyan and Olson, 2015; Mor-
ris et al., 2009; Ruswanto et al., 2019a; Trott and Ol-
son, 2010). 

Molecular dynamics simulation 

Molecular dynamics simulations were performed 
on the five best compounds from the docking data, 
using Desmond software (2019-1, D.E. Shaw Research 
LLC, United States), to investigate the stability of the 
best complex compounds and each receptor. Molecu-
lar dynamics simulations were run on the TIP3P and 
0.15 M NaCl water models to simulate physiological 
ionic concentrations. The minimization stage was 
carried out for 100 ps, with a temperature of 300 K 
and a standard pressure (1.01325 bar) for 30 ns, using 
an orthorhombic box with a dimension buffer of 10 Å 
× 10 Å × 10 Å and NPT ensemble. Energy was meas-
ured at intervals of 1.2 ps. To balance the net charge 
system and simulate molecular dynamics, the protein-
ligand complex was neutralized with Na+ and Cl− 

ions. The Nosé-Hoover and Martyna-Tobias-Klein 
dynamic algorithms were employed to keep the tem-
perature of all molecular dynamics systems at 300 K 
and 1.01325 pressure (Chintha et al., 2020; Kumar et 
al., 2020; Ruswanto et al., 2023a; 2023b). 

The molecular dynamics results were analyzed us-
ing several key parameters to evaluate the stability 
and interactions of the ligand-receptor complex. The 
root mean square deviation (RMSD) parameter was 
used to assess the overall stability of the ligand-
receptor complex over a 100 ns simulation, with lower 
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RMSD values indicating more stable conformations. 
Root mean square fluctuation (RMSF) was employed 
to evaluate residue-specific fluctuations in the pro-
tein, focusing on residues around the active site to 
assess the strength of ligand interactions. Protein-
ligand contact analysis included evaluating hydrogen 
bonds, hydrophobic interactions, ionic bonds, and 
water bridges, providing insights into the strength 
and duration of the ligand’s interactions with key 
residues. Protein secondary structure analysis was 
conducted to monitor the stability of secondary struc-
tural elements, such as alpha-helices and beta-strands, 
during the simulation, ensuring that ligand binding 
did not cause significant disruption to the protein's 
structure. Additionally, the ligand torsion profile was 
analyzed to assess the conformational flexibility of the 
ligand during its interactions with the protein. These 
combined parameters provide a comprehensive un-
derstanding of the complex's stability and the ligand's 
effectiveness as a potential anticancer drug candidate. 

RESULTS AND DISCUSSION  

Target receptor analysis 

From the results of the receptor analysis with the 
code 6QXG.pdb used through the analysis of the Ra-
machandran plot and the quality of the factors, data 
were obtained as shown in Fig. 2A-B. 

Based on the results of the analysis of the structure 
of the human thymidylate synthase receptor with the 
PDB code 6QXG, as shown in Fig. 2A-B, it can be seen 
that the quality of the geometry and environment of 
the protein atoms can be stated to be very good. From 
the Ramachandran plot, as many as 90.5% of the resi-
dues are in the most favoured regions, which shows 
that most of the residues have a stable torque orienta-
tion and conform to normal protein geometry rules. 
As much as 9.5% of the residue is in additional al-
lowed regions, which is still acceptable in a structural 
context, and no residue is in disallowed regions. This 
shows that there are no significant geometric irregu-
larities in the structure of the protein (Lovell et al., 
2003; Ramachandran et al., 1963). 

In addition, ERRAT analysis showed that this 
structure had an overall quality factor of 93.269%, 
which showed that more than 90% of the atomic envi-
ronment was within the expected zone for an ac-
ceptable protein model. Although there were some 
higher error peaks in the residues around the 140-160 
and 220-240 positions, these errors were still within 
reasonable limits, as indicated by the overall quality 
that remained high (Colovos and Yeates, 1993; Las-
kowski et al., 1993). Thus, it can be concluded that the 
structure of human thymidylate synthase with PDB 

code 6QXG has excellent quality and is suitable for 
further analysis purposes, such as studies of ligand-
receptor interactions or molecular dynamics. 

Results of docking methods validation and 
screening for modified compounds 

For the validation of the docking method, it is car-
ried out with the autodock program, and for the 
screening of all modified compounds, do it with the 
PyRx program (Dallakyan and Olson, 2015; Hanif et 
al., 2020). Validation of the docking method per-
formed against the enzyme Thymidylate synthase 
(receptor code 6qxg.pdb) yielded several important 
parameters. The RMSD value obtained is 0.46 Å, 
which indicates that the prediction of the orientation 
of the ligand to the receptor is very accurate, as the 
RMSD value below 2 Å is considered valid for the 
docking result. In addition, the lowest binding energy 
achieved was -7.74 kcal/mol, indicating that the in-
teraction between the ligand and the receptor was 
quite stable. Some of the docking parameters carried 
out include a grid box arrangement that has a center 
at the coordinates X = 51.966, Y = -15.409, and Z = 
41.064 with a size of 40 Å each for all three axes, en-
suring that the active area of the receptor is fully ac-
cessible. This simulation uses a genetic algorithm 
(GA) with 150 runs, the spacing is set to 0.375 Ang-
stroms, and the best results are found on the first run 
with the lowest binding energy. Overall, this valida-
tion shows that the docking method used is reliable, 
with results that show stable interactions and high 
prediction accuracy. Overall, the docking results can 
be seen in supplementary Table S1, and the docking 
results of the five best compounds can be seen in Ta-
ble 1. 

The results of docking on 81 5-fluorouracil deriva-
tive compounds in the thymidylate synthase enzyme 
as an anticancer target showed the five best derivative 
compounds based on the lowest binding affinity. 
From the results as seen in Table 1, the compound 
FUBT-81 occupies the top position with a binding 
energy of -8.82 kcal/mol on the GA_run 87th, and the 
inhibition constant (Ki) is 344.03 nM. The name of the 
chemical structure of this compound is N-(5-fluoro-3-
{[(naphthalen-2-ylformamido)methanethioyl]-2.6-
dioxo-1.2.3.6-tetrahydro-pyrimidine-1-carbothioyl} 
naphthalene-2-carboxamide). 

Followed by the compound FUBT-7 with a bind-
ing energy of -8.34 kcal/mol at the GA_run 100th and 
an inhibition constant of 775.61 nM. The name of the 
chemical structure of this compound is 2.4.6-trichloro-
N-(5-fluoro-2.6-dioxo-3-{[(2.4.6-trichlorophenyl) 
formamido]methanethioyl}-1.2.3.6-
tetrahydropyrimidine-1-carbothioyl)benzamide. 

 

https://jppres.com/


Ruswanto et al. 5-Fluorouracil with thiourea and benzoyl groups as an anticancer candidate 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(s1): S87 

 

A 

 

 

B 

 

Figure 2. (A) Ramachandran plot of human thymidylate synthase (6QXG.pdb) and (B) ERRAT analysis result of human 

thymidylate synthase (6QXG.pdb). 

 

Table 1. Docking results of the five best compounds in thymidylate synthase. 

Compound code 
Lowest binding 

energy (kcal/mole) 
Run 

Inhibition constant 

(nM) 
Structure 

FUBT -81 -8.82 87 344.03 

 

FUBT -7 -8.34 100 775.61 

 

FUBT -11 -8.34 98 775.36 

 

FUBT -55 -8.31 10 813.56 

 

FUBT -58 -8.23 97 913.5 

 

5-FU -3.44 140 2.99 

 

 
 

https://jppres.com/


Ruswanto et al. 5-Fluorouracil with thiourea and benzoyl groups as an anticancer candidate 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(s1): S88 

 

 

 

Figure 3. The 2D/3D visualization of FUBT 58 (a) and FUBT 7 (b). 

 
Other compounds, namely FUBT-11, also have the 

same binding energy -8.34 kcal/mol. It was found on 
the 98th run with an inhibition constant of 775.36 nM. 
Then, the compound FUBT-55 occupies the fourth 
position with a binding energy of -8.31 kcal/mol and 
an inhibition constant of 813.56 nM. The last com-
pound is FUBT-58, with a binding energy of -8.23 
kcal/mol at the 97th run and an inhibition constant of 
913.5 nM. 

In comparison, the standard compound 5-
fluorouracil had a binding energy of -3.44 kcal/mol at 
run 140 with an inhibition constant of 2.99 nM, which 
suggests that the derivative of 5-fluorouracil tested in 
this screening has the potential to have a stronger 
binding affinity for the target enzyme. However, the 
resulting inhibition constant is higher, which signifies 
the challenges in the development of these com-
pounds as potential anticancer drug candidates. 
Moreover. The data from the docking results are also 
supported by 2D/3D visualizations, as shown in Fig. 

3 (all 2D/3D visualizations of all the best compounds 
can be seen in the supplementary Fig. S1). 

Visualization of docking results from five 5-
fluorourased derivative compounds (FUBT 7, FUBT 
11, FUBT 55, FUBT 58, and FUBT 81) to thymidylate 
synthase showed key interactions with important 
amino acid residues at the active sites of these en-
zymes, as seen in the supplementary Fig. S1. In the 
analysis of the structure of 6QXG of thymidylate syn-
thase bound to FdUMP inhibitors. Some residues 
interacting, like Cys198, Glu58, and Tyr258, are also 
involved in the binding of FUBT compounds (Pozzi et 
al., 2019). 

Specifically, the FUBT 58 forms a bond with 
Cys198, similar to the FdUMP binding mechanism on 
the 6QXG structure. This suggests that FUBT 58 can 
act as an irreversible inhibitor targeting thymidylate 
synthase, similar to FdUMP. The FUBT 7 compounds 
interact with Glu58 and Asp169, which is important 

https://jppres.com/


Ruswanto et al. 5-Fluorouracil with thiourea and benzoyl groups as an anticancer candidate 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(s1): S89 

 

 

 

 

 

Figure 4. The RMSD graph of ligand-receptor complex systems in 100 

ns MD. 
 Figure 5. The root mean square fluctuation (RMSF) graph of a ligand-

receptor complex system in 100 ns MD. 

 
in the stabilization of the active site, in line with the 
interaction of FdUMP with Glu58 in the crystal struc-
ture. FUBT 55, which interacts with Tyr258 and 
His195, also has similarities to the interactions seen in 
the 6QXG structure, where Tyr258 is important in the 
catalytic process of the enzyme. 

Compared to 6QXG, visualizations of all five 
FUBT compounds show that FUBT 58 and FUBT 7 
have the most similar interaction profiles to FdUMP 
inhibitors. Therefore, they emerged as the most prom-
ising candidates in the development of anticancer 
drugs targeting thymidylate synthase. The similarity 
of interactions with critical residues suggests that 
these two compounds have the potential to effectively 
inhibit enzyme activity, either through irreversible 
(FUBT 58) or reversible (FUBT 7) binding, as seen in 
Fig. 3.  

Molecular dynamics simulation 

To see the stability of the docking results of these 
five best compounds, it is then continued with molec-
ular dynamics through the 2019 free academic version 
of the Desmond program (Schrödinger Release, 2020). 
The stability of each compound that interacts with the 
thymidylate synthase target in a dynamic molecular 
process for 100 ns can be seen through the RMSD 
graph (Fig. 4) and the RMSF graph (Fig. 5). 

Based on Fig. 4, it can be explained that the results 
of a dynamic molecular simulation over 100 nanosec-
onds (ns) on the ligand-receptor complex of thymi-
dylate synthase are shown in the RMSD graph. This 
simulation was carried out to assess the stability of 
the five best derivative compounds compared to nat-
ural ligands and 5-FU compounds, the latter of which 
has been known as an anticancer drug. The simula-
tion used TIP3P to model water and was performed 
under physiological conditions with NaCl 0.15 M, 
temperature 300 K, and standard pressure (1.01325 

bar) in an orthorhombic box with an NPT (isothermal-
isobaric ensemble) algorithm to maintain a constant 
particle count, pressure, and system temperature 
(Fatriansyah et al., 2022; Fu et al., 2018). 

From the RMSD graph, it can be seen that the sta-
bility of the ligands in the receptor complex is indicat-
ed by the change in RMSD over time. Lower and 
more stable RMSD values indicate more stable com-
plex conformations during simulation, which is one 
indicator of the compound's potential effectiveness as 
a thymidylate synthase inhibitor (Guizado, 2014). 

The FUBT 55 (green line) indicates the best stabil-
ity among all compounds with a low RMSD (about 
1.5 Å) and slight fluctuations throughout the simula-
tion. This indicates that the compound FUBT 55 main-
tains a stable interaction with the active site of thymi-
dylate synthase. making it the most promising candi-
date as an anticancer inhibitor. 

The 5-FU (orange line), although it has quite good 
stability. It showed a higher RMSD value compared to 
FUBT 55, which was about 2.0–2.5 Å, indicating 
greater fluctuations in interaction with receptors. 
FUBT 7 (yellow line) and FUBT 81 (gray line) have 
slightly higher RMSD values. reaching about 2.5–3.0 
Å, indicating that these compounds undergo more 
significant conformational fluctuations, which can 
affect the stability of their interactions with target 
proteins. 

The natural ligand (dark blue line) shows the 
highest RMSD fluctuations. reaching up to 3.5 Å, in-
dicating that this ligand is less stable than its deriva-
tives. The FUBT 11 (light blue line) also shows fairly 
good stability with an RMSD of around 2.0–2.5 Å, but 
still higher than FUBT 55. 

From these results, it can be concluded that FUBT 
55 compounds emerge as the most stable compounds 
and potentially the best anticancer candidates based 
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on these dynamic molecular simulations. Its higher 
stability compared to natural ligands, 5-FU, and other 
derivative compounds suggests that FUBT 55 can 
interact effectively with thymidylate synthase, mak-
ing it a potential target for the development of anti-
cancer drugs. 

Based on Fig. 5, the RMSF graph of the five best 
derivative compounds analyzed on the ligand-
receptor complex of thymidylate synthase over 100 ns 
can be seen. RMSF measures the fluctuations of indi-
vidual amino acid residues in proteins as they interact 
with various ligands. Lower RMSF values indicate 
that the residue is more stable and has a strong inter-
action with ligands, while higher values indicate 
greater fluctuations, indicating that the protein is 
more flexible. 

On this graph, several peaks are visible, indicating 
areas with high fluctuations, such as around residues 
with amino acid indices close to 72, 144, and 270. 
However, most of the complexes show relatively low 
RMSF values, signaling a stable interaction between 
the ligand and thymidylate synthase. 

The compound FUBT 55 (green line) consistently 
shows lower RMSF values compared to other com-
pounds, especially in critical areas with high residue 
index, such as around 144 and 270. This indicates that 
FUBT 55 has a stable interaction with important resi-
dues in thymidylate synthase, supporting the results 
of previous RMSD analysis, which shows that FUBT 
55 is the most stable compound. 

Meanwhile, FUBT 81 (gray line) and FUBT 7 (yel-
low line) show greater fluctuations in some areas, 
especially around residues 72 and 144, which sug-
gests that their interactions with proteins are more 
unstable than FUBT 55. The 5-FU (orange line) and 
natural ligand (blue line) also show some high RMSF 
peaks, showing significant fluctuations in some im-
portant residues, indicating that their interactions 
with proteins were less stable than FUBT 55. 

Based on this RMSF analysis, it can be concluded 
that FUBT 55 shows the most stable interaction with 
thymidylate synthase among all the compounds test-
ed. This supports the conclusion of the previous 
RMSD results, where FUBT 55 also showed the best 
conformation stability. Therefore, FUBT 55 can be 
considered the most promising inhibitor candidate for 
the development of anticancer drugs targeting thymi-
dylate synthase. In addition, the stability of the FUBT 
55- thymidylate synthase complex over molecular 
dynamics of 100 ns. This is also supported by the 
results of the analysis of the secondary structure pro-
tein (Fig. 6), ligand contact protein (Figs. 7 and 8), and 
ligand torsion profile (Fig. 9). 

Protein secondary structure analysis data from the 
FUBT 55 complex with thymidylate synthase (Fig. 6) 
during a 100 ns dynamic molecular simulation pro-
vide important information regarding the stability of 
the protein's secondary structure during interaction 
with ligands. These results show the proportions of 
alpha-helix, beta-strand, and other secondary struc-
tural elements experienced by proteins throughout 
the simulation (Angamuthu and Piramanayagam, 
2017; Othman et al., 2007). 

Magnitude of %Helix (23.54%) and %Strand 
(18.64%): This figure indicates that almost 42.18% of 
the residues in proteins are in organized secondary 
structures (helical and beta sheets). This number is 
relatively high, which suggests that the protein re-
tains most of its secondary structure throughout the 
simulation, which is important for the overall stability 
of the protein. This preserved secondary structure 
supports the RMSD results, where fluctuations in the 
position of protein atoms remain low during simula-
tion. This indicates that the interaction of FUBT 55 
with thymidylate synthase does not cause significant 
disruption in protein structure. 

Secondary structure elements (SSE) graph: On the 
graph of the distribution of secondary structures per 
residue. We can see that the helical structure (red) and 
beta sheet (blue) remain consistently distributed 
along the protein chain. Especially in areas with index 
residues of around 50 to 200. This supports the RMSF 
results, which show that the residues along this index 
are relatively stable with low fluctuations. The pres-
ence of strong secondary structural elements in this 
area ensures a stable interaction between FUBT 55 
and the target protein. 

Stability of SSE composition during simulation 
time: The SSE graph against time shows that the sec-
ondary structure of the protein does not undergo any 
major changes during the simulation, which confirms 
that the FUBT-55–protein complex maintains stable 
interactions and does not damage the global confor-
mation of proteins. This is in line with the results of 
RMSD and RMSF, which show minimal fluctuations, 
especially in key residue regions that interact with 
ligands. 

This secondary structure protein data strongly 
supports the observed stability in RMSD and RMSF 
results. A well-preserved secondary structure sug-
gests that the interaction of FUBT 55 with thymidylate 
synthase does not cause significant changes in protein 
structure, which strengthens the evidence that FUBT 
55 is a stable compound and has the potential to be an 
anticancer candidate. 
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Figure 6. Protein secondary structure profile (A) of thymidylate synthase in molecular dynamics 100 ns (B). 

 
Protein-ligand contact data (Fig. 7) from a dynamic 

molecular simulation over 100 nanoseconds (ns) be-
tween FUBT 55 and thymidylate synthase provide 
strong evidence that these ligands have stable and 
diverse interactions with key residues in proteins. 
Visible interactions include hydrogen bonds, hydro-
phobic interactions, ionic bonds, and water bridges 
(Bader and Henneker, 1965; Jeffrey and Saenger, 2012; 
Rose and Wolfenden, 1993). Strong hydrogen bonds 
are found in residues such as His-195, Asp-254, and 
Glu-310, which play an important role in maintaining 
the stability of the complex. Moreover, significant 
hydrophobic interactions with residues such as Trp-

109, Phe-225, and Cys-195 strengthen the interaction 
between ligands and proteins, while the water bridge 
between multiple residues strengthens the long-
distance interaction and supports the overall stability 
of the complex. 

Its relationship with the RMSD results shows that 
FUBT-55 exhibits good conformational stability, 
which is strongly supported by a variety of protein-
ligand interactions, as seen in this graph. Most im-
portantly, significant hydrogen bonds and hydropho-
bic interactions play crucial roles in maintaining the 
complex's conformation. The RMSF results showing
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Figure 7. Protein ligand contact of FUBT 55- thymidylate synthase complex in molecular dynamic 100 ns. 

 

 

Figure 8. Timeline representation of residual contact of FUBT 55- thymidylate synthase complex in 100 ns 

MD simulation. 
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Figure 9. Ligand torsion profile of FUBT 55- thymidylate synthase complex in 100 ns MD simulation. 

 
low fluctuations in many residues are also supported 
by the fact that strong interactions with key residues 
such as His-195, Trp-109, and Asp-254 stabilize the 
link-protein interactions and reduce fluctuations in 
these regions. 

These protein-ligand contacts data clearly show 
that FUBT 55 forms a strong and diverse interaction 
with important residues in thymidylate synthase. The 
combination of hydrogen bonds, hydrophobic interac-
tions, and water bridges creates a stable environment 
for the ligands to remain tightly bound to the pro-
tein's active sites, which supports the previous results 
of RMSD and RMSF. Therefore, FUBT 55 shows 
strong potential as an anticancer inhibitor candidate 
through its stable interaction with thymidylate syn-
thase. 

The ligand torsion profile (Armen et al., 2009) data 
(Fig. 9) from the simulation of the molecular dynam-
ics of the FUBT 55 complex with thymidylate syn-
thase for 100 ns provides important information re-
garding the rotation of torsional bonds in the FUBT 55 
molecule. This torsional profile illustrates the flexibil-
ity and stability of ligand conformations that play a 
role in interactions with target proteins. In this graph, 

each segment of the ligand shown indicates a dihedral 
angle, which gives an idea of the change in ligand 
conformation during simulation. 

Based on a torsional graph, most torsional bonds 
in FUBT 55 show a focused distribution at a specific 
angle, which indicates a stable conformation. These 
angles tend to have two or more dominant positions 
(e.g., around 90° or -90°), which indicates that the 
ligands do not undergo large conformational changes 
and tend to maintain a stable position during interac-
tions with thymidylate synthase. This strongly sup-
ports the RMSD results, which show that the FUBT 
ligand 55 has low fluctuations and remains stable 
during simulation. 

Overall, these ligand torsion profile data provide 
evidence that FUBT 55 has good conformational sta-
bility with the flexibility required to adjust within the 
active site of thymidylate synthase. This supports the 
results of RMSD, RMSF, and protein-ligand contacts, 
all of which show that FUBT 55 can stably and effec-
tively interact with the target protein. Therefore, 
FUBT 55 compound is predicted to be feasible for use 
as an anticancer candidate with thymidylate synthase 
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Table 2. Pharmacokinetic and toxicity prediction results. 

Parameter FUBT 7 FUBT 11 FUBT 55 FUBT 58 FUBT 81 
Unit 

Property Model name Predicted value 

Absorption Water solubility -5.53 -5.019 -5.01 -5.505 -4.606 (log mol/L) 

Absorption Caco2 permeability 0.288 0.492 0.511 0.402 0.627 (log Papp in 10-6 

cm/s) 

Absorption Intestinal absorption (human) 80.282 78.517 74.289 78.938 90.103 (% Absorbed) 

Distribution VDss (human) -1.002 -0.975 -1.034 -0.757 -0.618 (log L/kg) 

Distribution BBB permeability -1.727 -1.06 -1.115 -1.043 -0.496 (log BB) 

Metabolism CYP2D6 substrate No No No No No (Yes/No) 

Metabolism CYP1A2 inhibitor No No No No Yes (Yes/No) 

Excretion Total clearance -0.494 -0.96 -1.703 -1.211 -0.915 (log mL/min/kg) 

Excretion Renal OCT2 substrate No No No No No (Yes/No) 

Toxicity AMES toxicity No No No No Yes  (Yes/No) 

Toxicity Oral rat acute toxicity (LD50) 2.106 2.363 2.312 2.601 2.247 (mol/kg) 

 
targets, because it is able to maintain stable and flexi-
ble interactions during molecular dynamics processes. 

Pharmacokinetics and toxicity prediction results 

Based on the results of pharmacokinetic and toxici-
ty prediction using 
https://biosig.lab.uq.edu.au/pkcsm/prediction 
(Lohohola et al., 2021). The five compounds (FUBT 7, 
FUBT 11, FUBT 55, FUBT 58, and FUBT 81) have dif-
ferent characteristics, as seen in Table 2. 

Based on Table 2, in terms of absorption, the water 
solubility of all compounds is quite low. However, 
FUBT 81 has the best solubility (-4.606 log mol/L), 
followed by FUBT 11. Permeability through Caco-2 
cells shows that FUBT 81 also has the best permeabil-
ity (0.627 Papp logs cm/s), while FUBT 7 has the low-
est permeability (0.288 Papp logs cm/s). All com-
pounds show a good level of intestinal absorption, 
with FUBT 81 reaching the highest score of 90.103% 
absorbed. 

In terms of distribution, FUBT 81 also showed a 
wider distribution within the body with the highest 
volume of distribution (VDss) values (-0.618 log 
L/kg), while other compounds showed a more lim-
ited distribution. In addition, FUBT 81 has a relatively 
better blood-brain barrier (BBB) permeability than 
other compounds (-0.496 BB logs), although it is still 
below the effective penetration threshold of BBB. 

In terms of metabolism, not all compounds are 
substrates for the CYP2D6 enzyme, but FUBT 81 is 
known to inhibit the CYP1A2 enzyme, which can 
affect the metabolism of other drugs. In terms of ex-

cretion, FUBT 55 has a slower elimination rate than 
other compounds (-1.703 log mL/min/kg). 

In the toxicity prediction, FUBT 81 was detected to 
have mutagenic potential (positive on the AMES test), 
while other compounds do not exhibit mutagenic 
properties. Acute toxicity (LD50) indicates that FUBT 
58 has the highest value (2.601 mol/kg), which indi-
cates higher toxicity compared to other compounds, 
while FUBT 7 has the lowest toxicity (2.106 mol/kg). 
Overall, FUBT 81 shows the best profile in terms of 
absorption and distribution. However, special atten-
tion is needed regarding the potential for CYP1A2 
inhibition and mutagenesis. In addition, FUBT 55 
stands out for having a good combination of absorp-
tion, stable distribution, metabolism that does not 
interfere with major enzymes, and a safe toxicity pro-
file. With a slower elimination rate, FUBT 55 has the 
potential to be an anticancer drug candidate with a 
longer duration of action and a better safety profile. 

CONCLUSION 

The results of the in silico investigation, which in-
cluded molecular docking and molecular dynamics 
simulations, revealed that the five selected com-
pounds had a higher binding affinity to the enzyme 
thymidylate synthase than the normal 5-FU. Among 
the compounds studied, FUBT-55 had the highest 
stability in interaction with target enzymes, as evi-
denced by low RMSD and RMSF values. Further-
more, predictions of pharmacokinetic profiles and 
toxicity suggest that these molecules have higher 
pharmacological potential. As a result, this chemical 
change provides new options for the development of 
more effective and safe chemotherapeutic drugs. Ad-
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ditional research, such as in vitro and in vivo trials, is 
required to confirm the clinical potential of these 
chemicals as anticancer medicines. 

CONFLICT OF INTEREST 

The authors declare no conflicts of interest. 

ACKNOWLEDGMENTS 

The authors thank the Ministry of Research and Tech-
nology/BRIN for a research grant in 2024. They also 
acknowledge the facilities at Universitas Bakti Tunas Husa-
da. This research was funded by the Fundamental Research 
of the Ministry of Education, Culture, Research, and Tech-
nology of Indonesia in 2024 (Grant number 068/SP2H/RT-
MONO/LL4/2024). 

REFERENCES 

Agili FA (2024) Biological applications of thiourea derivatives: 
detailed review. Chemistry 6(3): 435–468. 
https://doi.org/10.3390/chemistry6030025 

Álvarez P, Marchal JA, Boulaiz H, Carrillo E, Vélez C, Rodríguez-
Serrano F, Melguizo C, Prados J, Madeddu R, Aranega A 
(2012) 5-Fluorouracil derivatives: A patent review. Expert 
Opin Ther Pat 22(2): 107–123. 
https://doi.org/10.1517/13543776.2012.661413 

Angamuthu K, Piramanayagam S (2017) Evaluation of in silico 
protein secondary structure prediction methods by employing 
statistical techniques. Biomed Biotechnol Res J 1(1): 29–36. 
https://doi.org/10.4103/bbrj.bbrj_28_17 

Armen RS, Chen J, Brooks III CL (2009) An evaluation of explicit 
receptor flexibility in molecular docking using molecular 
dynamics and torsion angle molecular dynamics. J Chem 
Theory Comput 5(10): 2909–2923. 
https://doi.org/10.1021/ct900262t 

Bader RFW, Henneker WH (1965) The ionic bond. J Am Chem Soc 
87(14): 3063–3068. https://doi.org/10.1021/ja01092a008 

Chintha C, Carlesso A, Gorman AM, Samali A, Eriksson LA (2020) 
Molecular modeling provides a structural basis for PERK 
inhibitor selectivity towards RIPK1. RSC Adv 10(1): 367–375. 
https://doi.org/10.1039/C9RA08047C 

Colovos C, Yeates TO (1993) Verification of protein structures: 
Patterns of nonbonded atomic interactions. Protein Sci 2(9): 
1511–1519. https://doi.org/10.1002/pro.5560020916 

Dallakyan S, Olson AJ (2015) Small-molecule library screening by 
docking with PyRx. In: Hempel J, Williams C, Hong C (eds) 
Chemical Biology. Methods in Molecular Biology, vol 1263. 
New York, NY: Humana Press, pp. 243–250. 
https://doi.org/10.1007/978-1-4939-2269-7_19 

Fatriansyah JF, Rizqillah RK, Yandi MY, Sahlan M (2022) Molecular 
docking and dynamics studies on propolis sulabiroin-A as a 
potential inhibitor of SARS-CoV-2. J King Saud Univ - Sci 
34(1): 101707. https://doi.org/10.1016/j.jksus.2021.101707 

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, 
Parkin DM, Forman D, Bray F (2015) Cancer incidence and 
mortality worldwide: Sources, methods and major patterns in 
GLOBOCAN 2012. Int J Cancer 136(5): E359–E386. 
https://doi.org/10.1002/ijc.29210 

Fu Y, Zhao J, Chen Z (2018) Insights into the molecular mechanisms 
of protein-ligand interactions by molecular docking and 
molecular dynamics simulation: A case of oligopeptide 
binding protein. Comput Math Methods Med 2018(1): 
3502514. https://doi.org/10.1155/2018/3502514 

Guizado TRC (2014) Analysis of the structure and dynamics of 
human serum albumin. J Mol Model 20: 2450. 
https://doi.org/10.1007/s00894-014-2450-y 

Hanif AU, Lukis PA, Fadlan A (2020) Effect of MMFF94 energy 
minimization with MarvinSketch and Open Babel PyRx on 
molecular docking of substituted oxindole derivatives. 
[Indonesian]. Alchemy 8(2): 33–40. 
https://doi.org/10.18860/al.v8i2.10481 

Hirpara KV, Aggarwal P, Mukherjee AJ, Joshi N, Burman AC 
(2009) Quercetin and its derivatives: Synthesis, 
pharmacological uses with special emphasis on anti-tumor 
properties and prodrug with enhanced bio-availability. 
Anticancer Agents Med Chem 9(2): 138–161. 
https://doi.org/10.2174/187152009787313855 

Jeffrey GA, Saenger W (2012) Hydrogen Bonding in Biological 
Structures. Heidelberg: Springer Science & Business Media, 
Berlin. 569 pp. https://doi.org/10.1007/978-3-642-85135-3 

Kesuma D, Siswandono S, Purwanto BT, Rudyanto M (2020) 
Synthesis and anticancer evaluation of N-benzoyl-N'-
phenyltiourea derivatives against human breast cancer cells 
(T47D). J Chin Pharm Sci 29(2): 123129. 
https://doi.org/10.5246/jcps.2020.02.010 

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(12): 5754–5770. 
https://doi.org/10.1021/acs.jcim.0c00326 

Laskowski RA, MacArthur MW, Moss DS, Thornton JM (1993) 
PROCHECK: A Program to check the stereochemical quality 
of protein structures. J Appl Crystallogr 26(2): 283–291. 
https://doi.org/10.1107/S0021889892009944 

Lohohola PO, Mbala BM, Bambi SM, Mawete DT, Matondo A, 
Mvondo JG (2021) In silico ADME/T properties of quinine 
derivatives using SwissADME and pkCSM webservers. Int J 
Trop Dis Health 42(11): 1–12. 
https://doi.org/10.9734/ijtdh/2021/v42i1130492 

Lovell SC, Davis IW, Arendall III WB, De Bakker PI, Word JM, 
Prisant MG, Richardson JS, Richardson DC (2003) Structure 
validation by Cα geometry: ϕ, ψ and Cβ deviation. Proteins 
Struct Funct Bioinformat 50(3): 437–450. 
https://doi.org/10.1002/prot.10286 

Mader RM, Müller M, Steger GG (1998) Resistance to 5-fluorouracil. 
Gen Pharmacol Vasc Syst 31(5): 661–666. 
https://doi.org/10.1016/S0306-3623(98)00191-8 

Miftah AM, Tjahjono DH (2015) Synthesis and in vitro cytotoxicity 
of 1-benzoyl-3-methyl thiourea derivatives. Procedia Chem 17: 
157–161. https://doi.org/10.1016/j.proche.2015.12.105 

Morris GM, Huey R, Lindstrom W, Sanner MF, Belew RK, Goodsell 
DS, Olson AJ (2009) AutoDock4 and AutoDockTools4: 
Automated docking with selective receptor flexibility. J 
Comput Chem 30(16): 2785–2791. 
https://doi.org/10.1002/jcc.21256 

Othman R, Wahab HA, Yusof R, Rahman NA (2007) Analysis of 
secondary structure predictions of dengue virus type 2 
NS2B/NS3 against crystal structure to evaluate the predictive 
power of the in silico methods. In Silico Biol 7(2): 215–224. 

Pan X, Wang C, Wang F, Li P, Hu Z, Shan Y, Zhang J (2011) 
Development of 5-fluorouracil derivatives as anticancer 
agents. Curr Med Chem 18(29): 4538–4556. 
https://doi.org/10.2174/092986711797287584 

Pires DE, 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 

https://jppres.com/
https://doi.org/10.3390/chemistry6030025
https://doi.org/10.1517/13543776.2012.661413
https://doi.org/10.4103/bbrj.bbrj_28_17
https://doi.org/10.1021/ct900262t
https://doi.org/10.1021/ja01092a008
https://doi.org/10.1039/C9RA08047C
https://doi.org/10.1002/pro.5560020916
https://doi.org/10.1007/978-1-4939-2269-7_19
https://doi.org/10.1016/j.jksus.2021.101707
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1155/2018/3502514
https://doi.org/10.1007/s00894-014-2450-y
https://doi.org/10.18860/al.v8i2.10481
https://doi.org/10.2174/187152009787313855
https://doi.org/10.1007/978-3-642-85135-3
https://doi.org/10.5246/jcps.2020.02.010
https://doi.org/10.1021/acs.jcim.0c00326
https://doi.org/10.1107/S0021889892009944
https://doi.org/10.9734/ijtdh/2021/v42i1130492
https://doi.org/10.1002/prot.10286
https://doi.org/10.1016/S0306-3623(98)00191-8
https://doi.org/10.1016/j.proche.2015.12.105
https://doi.org/10.1002/jcc.21256
https://doi.org/10.2174/092986711797287584
https://doi.org/10.1021/acs.jmedchem.5b00104


Ruswanto et al. 5-Fluorouracil with thiourea and benzoyl groups as an anticancer candidate 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(s1): S96 

 

Pozzi C, Ferrari S, Luciani R, Tassone G, Costi MP, Mangani S 
(2019) Structural comparison of Enterococcus faecalis and 
human thymidylate synthase complexes with the substrate 
dUMP and its analogue FdUMP provides hints about enzyme 
conformational variabilities. Molecules 24(7): 1257. 
https://doi.org/10.3390/molecules24071257 

Purnomo H (2013) Kimia Komputasi Untuk Farmasi Dan Ilmu 
Terkait. Pustaka Pelajar. Yogyakarta. 

Ramachandran GN, Ramakrishnan C, Sasisekharan V (1963) 
Stereochemistry of polypeptide chain configurations. J Mol 
Biol 7: 95–99. https://doi.org/10.1016/s0022-2836(63)80023-6 

Rose GD, Wolfenden R (1993) Hydrogen bonding, hydrophobicity, 
packing, and protein folding. Annu Rev Biophys Biomol 
Struct 22(1): 381–415. 
https://doi.org/10.1146/annurev.bb.22.060193.002121 

Ruswanto R, Mardianingrum R, Lestari T, Nofianti T, Tuslinah L, 
Nurmalik D (2018) In silico study of the active compounds in 
bitter melon (Momordica charantia L) as antidiabetic 
medication. Pharmaciana 8(2): 194. 
https://doi.org/10.12928/pharmaciana.v8i2.8993 

Ruswanto R, Mardianingrum R, Lestari T, Nofianti T, 
Rahayuningsih N (2019a) Synthesis and molecular docking of 
isonicotinohydrazide derivatives as anti-tuberculosis 
candidates. Malays J Fundam Appl Sci 15(3): 367–371. 
https://doi.org/10.11113/mjfas.v15n3.1030 

Ruswanto R, Mardianingrum R, Nofianti T, Fizriani R, Siswandono 
S (2023a) Computational study of bis-(1-(benzoyl)-3-methyl 
thiourea) platinum (ii) complex derivatives as anticancer 
candidates. Adv Appl Bioinformat Chem 16: 15–36. 
https://doi.org/10.2147/AABC.S392068 

Ruswanto R, Mardianingrum R, Septian AD, Yanuar A (2023b) The 
design and virtual screening of thiourea derivatives as a 

sirtuin-1 inhibitor. Pharmacia 70(4): 1335–1344. 
https://doi.org/10.3897/pharmacia.70.e108012 

Ruswanto R, Miftah AM, Tjahjono DH (2021) In silico study of 1-
benzoyl-3-methylthiourea derivatives activity as epidermal 
growth factor receptor (EGFR) tyrosine kinase inhibitor 
candidates. Chem Data Collect 34: 100741. 
https://doi.org/10.1016/j.cdc.2021.100741 

Ruswanto R, Nofianti T, Mardianingrum R, Kesuma D (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 

Ruswanto R, Rahayuningsih N, Hidayati NL, Nuryani GS, 
Mardianingrum R (2019b) In vitro and in silico study of n ’ -
benzoylisonicotinohydrazide as antituberculosis candidate. J 
ILmu Kefarmasian Indones 17(2): 218–226. 
https://doi.org/10.35814/jifi.v17i2.703 

Schrödinger Release (2020) Desmond Molecular Dynamics System, 
D. E. Shaw and Research, New York. Maestro-Desmond 
Interoperability Tools. 

Sethy C, Kundu CN (2021) 5-Fluorouracil (5-FU) resistance and the 
new strategy to enhance the sensitivity against cancer: 
Implication of DNA repair inhibition. Biomed Pharmacother 
137: 111285. https://doi.org/10.1016/j.biopha.2021.111285 

Trott O, Olson AJ (2010) AutoDock Vina: Improving the speed and 
accuracy of docking with a new scoring function, efficient 
optimization, and multithreading. J Comput Chem 31(2): 455–
461. https://doi.org/10.1002/jcc.21334 

Wilson CM, Tobin S, Young RC (2004) The exploding worldwide 
cancer burden: the impact of cancer on women. Int J Gynecol 
Cancer 14(1): 1–11. https://doi.org/10.1111/j.1048-
891x.2004.14178.x 

_________________________________________________________________________________________________________ 

 

 
AUTHOR CONTRIBUTION:         

Contribution Ruswanto R Mardianingrum R Nofianti T Indra I Fajriah S Handirana ZP Aulia AR Zahwa SF 

Concepts or ideas x        

Design x        

Definition of intellectual content x        

Literature search  x x x x    

Experimental studies    x x    

Data acquisition     x x x x 

Data analysis x x  x x    

Statistical analysis         

Manuscript preparation x  x      

Manuscript editing  x  x     

Manuscript review x x x x x x x x 

 

Citation Format: Ruswanto R, Mardianingrum R, Nofianti T, Indra I, Fajriah S, Handirana ZP, Aulia AR, Zahwa SF (2025) Modification of 5-fluorouracil 

with thiourea and benzoyl groups and in silico study on thymidylate synthase enzyme as an anticancer candidate. J Pharm Pharmacogn Res 13(s1): 

S83–S99. https://doi.org/10.56499/jppres24.2216_13.s1.83 

 

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/10.3390/molecules24071257
https://doi.org/10.1016/s0022-2836(63)80023-6
https://doi.org/10.1146/annurev.bb.22.060193.002121
https://doi.org/10.12928/pharmaciana.v8i2.8993
https://doi.org/10.11113/mjfas.v15n3.1030
https://doi.org/10.2147/AABC.S392068
https://doi.org/10.3897/pharmacia.70.e108012
https://doi.org/10.1016/j.cdc.2021.100741
https://doi.org/10.1016/j.heliyon.2022.e10694
https://doi.org/10.35814/jifi.v17i2.703
https://doi.org/10.1016/j.biopha.2021.111285
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1111/j.1048-891x.2004.14178.x
https://doi.org/10.1111/j.1048-891x.2004.14178.x
https://doi.org/10.56499/jppres24.2216_13.s1.83


Ruswanto et al. 5-Fluorouracil with thiourea and benzoyl groups as an anticancer candidate 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(s1): S97 

 

 

Supplementary Data 

Table S1. The docking results of all compounds in thymidylate synthase. 

Compound code Lowest binding energy (kcal/mol) Run 

FUBT -7.06 123 

FUBT- 1 -7.28 150 

FUBT- 2 -7.99 141 

FUBT- 3 -4.98 64 

FUBT- 4 -6.67 83 

FUBT- 5 -5.52 37 

FUBT- 6 -6.79 138 

FUBT- 7 -8.34 100 

FUBT- 8 -6.76 111 

FUBT- 9 -6.19 145 

FUBT- 10 -6.23 91 

FUBT- 11 -8.34 98 

FUBT- 12 -7.94 28 

FUBT- 13 -7.99 102 

FUBT- 14 -7.87 80 

FUBT- 15 -6.19 79 

FUBT- 16 -7.90 58 

FUBT- 17 -6.02 100 

FUBT- 18 -5.53 46 

FUBT- 19 -6.84 35 

FUBT- 20 -6.00 3 

FUBT- 21 -5.89 142 

FUBT- 22 -6.8 51 

FUBT- 23 -6.63 125 

FUBT- 24 -7.25 144 

FUBT- 25 -6.59 138 

FUBT- 26 -6.21 140 

FUBT- 27 -7.43 126 

FUBT- 28 -7.02 19 

FUBT- 29 -6.20 83 

FUBT- 30 -6.46 23 

FUBT- 31 -7.84 142 

FUBT- 32 -6.96 147 

FUBT- 33 -7.93 115 

FUBT- 34 -7.75 112 

FUBT- 35 -6.92 33 

FUBT- 36 -7.67 74 

FUBT- 37 -7.00 67 

FUBT- 38 -7.09 115 

FUBT- 39 -7.81 145 

FUBT- 40 -6.24 60 

FUBT- 41 -5.95 111 

FUBT- 42 -5.79 57 
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Table S1. The docking results of all compounds in thymidylate synthase (continued...) 

Compound code Lowest binding energy (kcal/mol) Run 

FUBT- 43 -6.23 48 

FUBT- 44 -6.34 75 

FUBT- 45 -6.61 117 

FUBT- 46 -5.45 126 

FUBT- 47 -7.23 28 

FUBT- 48 -8.17 147 

FUBT- 49 -6.70 130 

FUBT- 50 -7.86 50 

FUBT- 51 -7.73 44 

FUBT- 52 -8.03 61 

FUBT- 53 -7.99 139 

FUBT- 54 -7.96 5 

FUBT- 55 -8.31 10 

FUBT- 56 -7.46 51 

FUBT- 57 -5.15 66 

FUBT- 58 -8.23 97 

FUBT- 59 -7.36 69 

FUBT- 60 -6.05 32 

FUBT- 61 -5.75 100 

FUBT- 62 -7.63 70 

FUBT- 63 -7.00 124 

FUBT- 64 -7.65 3 

FUBT- 65 -7.72 96 

FUBT- 66 -6.52 8 

FUBT- 67 -6.59 78 

FUBT- 68 -5.59 126 

FUBT- 69 -5.99 118 

FUBT- 70 -7.13 27 

FUBT- 71 -6.73 46 

FUBT- 72 -8.08 123 

FUBT- 73 -7.49 12 

FUBT- 74 -7.34 34 

FUBT- 75 -7.68 135 

FUBT- 76 -7.67 50 

FUBT- 77 -6.38 83 

FUBT- 78 -8.07 115 

FUBT- 79 -7.77 84 

FUBT- 80 -6.34 114 

FUBT- 81 -8.82 87 
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Figure S1. 2D/3D visualizations of FUBT-81 (A), FUBT-11 (B) and FUBT-55 (C). 
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