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 Breast cancer is a serious challenge in both developed and developing countries, 
with current therapies still limited and potentially producing adverse side effects. 
To optimize breast cancer drug development, this study adopted an in-silico 
design approach. The aim is to develop radiopharmaceutical drugs with minimal 
side effects. Methods involved molecular docking analysis, molecular dynamics, 
drug scan, and pharmacokinetic profile prediction of the original ligan as well as 
the radioligand. Results showed that the radioligand had better binding energy 
and inhibition constant than tamoxifen as a comparator drug which is -11.31 
kcal/mol and 0.00511 µM. Molecular dynamics analysis revealed that the 
radioligand compound exhibits comparable RMSD, RMSF, and stability metrics to 
the native ligand at the GRPR receptor with average RMSD and RMSF of 5.263 Å 
and 2.285 Å, respectively. By considering the results of these various methods, the 
radioligand compound shows potential as an effective radiopharmaceutical drug 
in breast cancer therapy. 

 

1. Introduction 

Cancer, a prevalent non-communicable disease 
globally, continues to escalate in both occurrence and 
fatality annually. According to GLOBOCAN data from 
2018, there were 18.1 million new cases and 9.6 million 
deaths worldwide. Projections from WHO suggest these 
numbers could soar to 26 million cases and 17 million 
deaths by 2030. Of particular concern is breast cancer, 
now outranking lung cancer as the most common cancer 
among women worldwide since 2020. In Indonesia, 
breast cancer affects 18 out of 100,000 women, indicating 
a significant incidence rate [1, 2]. 

Current cancer therapeutic approaches include 
small-molecule chemotherapy, surgery, radiation 
therapy, and radiopharmaceutical therapy. 
Radiopharmaceutical therapy stands out as a promising 
option with a lower risk of side effects. RPT uses 
radionuclides to deliver radiation systemically or locally 
to tumor-related targets [1, 3, 4, 5, 6]. 
Radiopharmaceuticals, radioactive compounds in nuclear 
medicine, are used mostly for diagnosis (95%) and a 
small percentage for therapy (5%). Radiopharmaceuticals 
employ pharmaceutical elements to guide radioactivity to 

specific areas within the body, facilitating detailed 
imaging of organs and tissues for disease diagnosis at a 
molecular scale [7, 8]. Radiopharmaceutical therapy 
typically comprises three key elements: a vector 
molecule, a radionuclide used for diagnosis or treatment, 
and the connection between them. Radionuclides emit 
radiation, targeting biomolecules in tissues or cells 
through vector molecules [8]. 

The development of molecular vectors incorporating 
thiourea and polyamine compounds is a key component 
in providing specific and selective anticancer effects. 
Thiourea compounds are known to have high 
effectiveness as anti-cancer agents, and many studies 
have focused on developing thiourea-based compounds 
as cancer drugs. Different thiourea-containing 
compounds have undergone design and testing across a 
range of cancer cell types, including breast (MCF-7, T-
47D, MDA-MB-453), colorectal (HCT-116, LoVo), and 
lung cancer cells (A-549, NCI-H480), among others. 
Meanwhile, the main mechanism associated with the 
anti-cancer effects of polyamines involves the inhibition 
of polyamines biosynthesis, which inhibits cancer cell 
proliferation. Thiourea compounds, for example, have 
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shown the ability to inhibit polyamine biosynthesis, 
creating potential as anti-cancer agents; the combination 
of the two groups can have a synergistic effect. Vector 
molecules must maintain target specificity and be able to 
deliver radionuclides with precision to cancer cells [9, 10, 
11]. 

Studies conducted by Arafa et al. [12] showed that 
naphthoyl thiourea-derived compounds have a superior 
ability to bind metal ions due to the presence of two 
chelating groups, namely C=S and C=O, making them 
potential for radiolabelling with I-131. In vitro studies on 
MCF-7, A549, and HCT116 cancer cells showed that these 
compounds not only have good anticancer activity but 
also show lower toxicity effects, indicating their potential 
use as vectors in radiopharmaceutical therapy with high 
efficacy and tolerability. 

Drug discovery and development is a process that 
consumes significant time and resources. To streamline 
these steps, computer-aided or in silico design is used to 
accelerate identification, optimize absorption, 
distribution, metabolism, excretion and toxicity 
(ADMET) profiles, and avoid safety concerns. In silico 
modeling not only reduces the time and resources 
required for biological synthesis and testing but also 
enriches molecular groups with desirable properties and 
eliminates undesirable ones [7]. 

Therefore, it is necessary to conduct research related 
to the in-silico design of radiopharmaceutical 
compounds to improve cost and time efficiency, enable 
understanding of the compound's mechanism of action, 
and optimize molecular design. In addition, in-silico can 
predict toxicity and side effects before experimental 
trials, ensure proper target selection, and support 
multidisciplinary approaches. Utilizing this technology is 
expected to improve treatment effectiveness and reduce 
unwanted side effects in breast cancer patients. 

2. Experimental 

The study employed in silico experiments to assess 
the drug-like properties of a naphthoyl thiourea-derived 
compound and its radiolabeled variants. Various 
analyses, including molecular docking, dynamics, and 
pharmacokinetic predictions, were conducted to evaluate 
their potential as inhibitors of the gastrin-releasing 
peptide receptor. 

2.1. Materials and Tools 

The materials used in this study were 1-(3-
{[(naphthalene-2-ylformamido) methanethioyl] amino} 
propyl)-3-(naphthalene-2-carbonyl) thiourea ligand, 
N-[(Z)-[(131I) iodosulfanyl] [(3-{[(naphthalen-2-
ylformamido) methanethioyl] amino} propyl) imino] 
methyl] naphthalene-2-carboxamide complex, the 
comparator compounds of anti-cancer drug tamoxifen 
and Gastrin-Releasing Peptide Receptor (GRPR) (PDB ID 
7W41). 

The tools used in this research included several 
software and hardware. Various software used were 
AutodockTools 1.5.7, MarvinSketch 23.13, Discovery 
Studio 21.1, Desmond software for academic license (D.E. 

Shaw Research, New York), Molegro, and web-based 
programs including Protein Data Bank, PubChem, 
pkCSM. Meanwhile, the hardware used in this research 
was a portable computer with specifications AMD Ryzen 5 
5500U with Radeon Graphics @ 2.1 GHz (12 CPUs), 8 GB 
DDR4 RAM, and Window 11 64-Bit operating system and 
Intel i7 9700k GTX 1070 Ti 8GB DDR5 Ram 32GB LPX 
DDR4 2666MHz Linux Ubuntu OS.  

2.2. Target Receptor Identification 

Receptors were chosen based on specific criteria 
outlined in the Ramachandran Plot, ensuring disallowed 
regions comprised less than 0.8% when entering the 
receptor PDB code on http://www.ebi.ac.uk/pdbsum/ [13]. 
The further evaluation involved ERRAT analysis and 
verified 3D checks via the website 
https://saves.mbi.ucla.edu/. The Ramachandran plot 
revealed 90.9% ERRAT values within the targeted region, 
indicating strong structural stability and reliability [14, 
15]. VERIFY 3D was employed to assess the compatibility 
between a 3D atomic model and its amino acid sequence, 
with a minimum requirement of 80% of amino acids 
scoring ≥ 0.2 in the 3D/1D profile being acceptable 
according to the Verify 3D server [16]. 

2.3. Ligand Preparation 

The compound was drawn, followed by ligand 
preparation in two steps. Initially, the ligand was purified 
in a 2D format, protonated at a pH matching blood pH 
(7.4), and saved in .mrv format. Subsequently, its energy 
was minimized through ligand conformation and saved in 
.pdb format. These processes were conducted using 
MarvinSketch version 23.13 software by Chemaxon [13]. 

2.4. Docking Validation 

Validation of the method involved redocking the 
native ligand onto the active site of the receptor, each 
receptor having a grid box tailored to its ligand’s size and 
coordinates. The effectiveness was determined by 
calculating the Root Mean Square Deviation (RMSD) in 
angstroms (Å), with a value of ≤ 2 Å considered valid. 
AutoDockTools v.1.5.7 was employed for this purpose [17]. 

2.5. Molecular Docking 

AutodockTools 1.57 software facilitated molecular 
docking, which analyzes protein-ligand interactions. 
Ligands must be converted to PDBQT format before 
docking. The grid box aligned with previous validations. 
Default docking, employing 150 runs with the LGA 
method, was used to assess ligand interactions, focusing 
on binding energy [13, 18, 19, 20]. 

 

Figure 1. Ramachandran plot of 7W41 

http://www.ebi.ac.uk/pdbsum/
https://saves.mbi.ucla.edu/
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Table 1. Molecular docking validation result 

Grid box dimension Grid center 
RMSD 

(Å) 
Binding affinity 

(kcal/mol) Run 
X Y Z X Y Z 

-22.555 5.292 -11.338 40 0.79 -11.47 78 

 

Figure 2. ERRAT value of 7W41 

 

Figure 3. The 2D and 3D structures of (a) 1-(3-
{[(naphthalene-2-ylformamido) methanethioyl] 

amino} propyl)-3-(naphthalene-2-carbonyl) thiourea 
and (b) N-[(Z)-[(131I) iodosulfanyl] [(3- {[(naphthalene-
2- ylformamido) methanethioyl] amino} propyl) imino] 

methyl] naphthalene-2-carboxamide 

2.6. Analysis and Visualization of Docking Results 

The visualization of ligand-receptor interactions in 
both 2D and 3D was expressed through visualization of 
docking results. This process identified the ligand-
receptor conformation with the lowest free binding 
energy, generating a .pdb archive. Visualization was 
facilitated by Discovery Studio software [17]. 

2.7. Molecular Dynamics 

Desmond was utilized for molecular dynamics to 
assess the test compound’s stability with the receptor. 
The simulation included TIP3P water modeling and 
0.15 M NaCl to mimic physiological ionic conditions. 
Energy minimization lasted for 100 ps, followed by a 100 
ns molecular dynamics run at 300 K and 1.01325 bar 
pressure in an orthorhombic box with 10 Å × 10 Å × 10 Å 
dimensions and an NPT ensemble [21]. 

2.8. Ligand-based Drug Similarity Screening (Drug 
Scan) 

Drug scan analysis was employed to assess candidate 
compounds after the docking and molecular dynamics 
phases to gauge their suitability as potential oral 
medications for humans, following Lipinski’s Rule of 
Five. This rule, outlined at http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp, defined 
criteria such as molecular mass below 500 daltons, LogP 
under 5, molar refraction ranging from 40 to 130, fewer 
than 5 hydrogen bond donors, and fewer than 

10 hydrogen bond acceptors. Compounds exhibiting 
lower free energy than the native ligand underwent this 
evaluation, ensuring alignment with Lipinski’s criteria 
for drug categorization [22, 23]. 

2.9. Prediction of Pharmacokinetic and Toxicity Profile 

The pkCSM website tool was utilized to forecast the 
pharmacokinetic attributes, including absorption, 
distribution, metabolism, and excretion, alongside 
toxicity, of the test compounds. Compound data entered 
for prediction was converted into SMILES format [24]. 

3. Results and Discussion 

3.1. Target Receptor Identification 

Evaluation of protein quality involves receptor 
identification, employing criteria such as Ramachandran 
plot parameters from http://www.ebi.ac.uk/pdbsum/, 
profile checking, ERRAT analysis, and VERIFY 3D via 
https://saves.mbi.ucla.edu/ [13, 14]. The receptor under 
examination, Gastrin-Releasing Peptide Receptor 
(GRPR) with PDB ID: 7W41, is utilized. Ramachandran 
plots, showcasing phi-psi dihedral angles for all residues 
except chain ends, illustrate protein stereochemistry 
distribution in two dimensions. These plots delineate four 
regions: most favored, additional allowed, broadly 
allowed, and prohibited. Ideally, a high-quality protein 
structure would exhibit over 90% of its residues within 
the most favored region [25]. The Ramachandran plot 
analysis confirms the receptor’s stable and high-quality 
structure, with 96.1% adherence to quadrant I and no 
violations in quadrant IV (Figure 1). Thus, it is suitable for 
further stages of study. 

ERRAT, a method for pinpointing faults in protein 
structures due to atom distribution inaccuracies, 
evaluates quality based on the proportion of proteins 
failing the 95% rejection benchmark. Lower resolution 
structures generally score near 91%. With an ERRAT value 
of 92.842%, it is evident that the 7W41 receptor exhibits 
low-resolution (Figure 2) [26]. 

3.2. Receptor and Ligand Preparation 

To prepare the ligand, it is protonated and adjusted 
to match the blood pH (7.4) and conformation. This 
ensures the ligand is in its most stable energy position to 
interact with the receptor’s active site effectively. 
MMFF94 works well in optimizing geometry, bond 
length, and angle and includes electrostatic effects and 
hydrogen bonding [27]. Out of ten conformation trials, 
the one with the least energy was chosen for the 
subsequent step, as depicted in Figure 3. Simultaneously, 
receptor preparation involves eliminating water 
molecules to prevent interference with ligand-receptor 
interactions [17]. 

http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp
http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp
http://www.ebi.ac.uk/pdbsum/
https://saves.mbi.ucla.edu/
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Table 2. Docking results against GRPR receptor 

Compound 
ΔG 

(kcal/mol) 
Ki 

(µM) 

Residue interaction 

Hydrogen bonds van der Waals 

Native ligand -12.16 0.00121 
SER A:179, GLU A:175, GLN 

A:120, TYR A:468, TYR A:199, 
PRO A:200 

TRP A:106, SER A:214, LEU A:121, ILE 
A:116, VAL A:96, PHE A:178, VAL A:124, 
ASN A:464, CYS A:93, PRO A:207, HIS 

A:206 

Original ligand -10.26 0.02994 GLU A:175 
ARG A:100, ARG A:471, LEU A:121, HIS 

A:210, GLN A:120, ASN A:464, TRP 
A:106, ILE A:116, SER A:179, VYS A:113 

Radioligand -11.31 0.00511 
GLU A:175, TYR A:199, TYR 

A:468 

PRO A:200, PHE A:178, HIS A:210, SER 
A:179, GLN A:120, ILE A:467, SER 
A:214, VAL A:124, PHE A:218, TRP 

A:461, ASN A:464 

Tamoxifen -7.53 3.02 - 

LEU A:89, TRP A:461, ASN A:464, SER 
A:214, ARG A:492, GLN A:120, HIS 

A:210, GLU A:175, SER A:179, ILE A:116, 
PRO A:198, CYS A:113, TRP A:106, CYS 

A:196 

 

Figure 4. Results of native ligand stacks before redocking 
(green) and after redocking (yellow) 

3.3. Docking Validation 

Confirmation of the method’s validity was achieved 
by reattaching a native ligand to the active site of a 
previously dissociated receptor in 150 different 
conformations. (8B8) was reattached to gastrin-
releasing peptide receptor (7W41). Figure 4 displays an 
overlay image comparing the crystallographic structure 
with the re-docking outcome. Additional specifics, such 
as grid box size, coordinates, and re-bonding result 
values, are outlined in Table 1. 

Receptor validation relies on comparing changes in 
ligand distance and conformation before and after re-
pairing. If the resulting RMSD value is < 2 Å, the re-
docking is deemed valid for tethering studies [17]. 

3.4. Molecular Docking 

Molecular docking compared the test ligand, N-[(Z)-
[(131I) iodosulfanyl] [(3-{[(naphthalen-2-ylformamido) 
methanethioyl] amino} propyl) imino] methyl] 
naphthalene-2- carboxamide, with the original ligand 1-
(3-{[(naphthalene-2-ylformamido) methanethioyl] 
amino} propyl) -3-(naphthalene-2-carbonyl) thiourea, 
tamoxifen, and the native ligand of the GRPR receptor 
((2S)-3-(1H-indol-3-yl)-N-[[1-(5-methoxypyridine-
2-yl)cyclohexyl]methyl]-2-methyl-2-[(4-
nitrophenyl)carbamoylamino]propanamide) across 150 
conformations. 

 

Figure 5. The 3D and 2D visualization of GRPR receptor 
of radioligand 

The ΔG, measured in kcal/mol, indicates the 
equilibrium and stability of the protein-ligand complex. 
Conversely, the inhibition constant reflects the drug’s 
potency in inhibiting receptor activity. A lower inhibition 
constant signifies stronger inhibition, indicating higher 
effectiveness in blocking receptor function [28]. Table 2 
shows that the radioligand’s ΔG value is not smaller than 
its native ligand but smaller than the comparator, namely 
its original ligand and breast cancer drug (Tamoxifen). 
Generally, the binding affinity obtained has a negative 
value, indicating that the ligand and receptor interaction 
occurs naturally. Observing the relationship between the 
ligand and the amino acid residues can be done through 
Discovery Studio software by using the .pdb files of the 
best docking results previously simulated. Some of the 
interactions that can be observed include hydrogen bonds 
and hydrophobic bonds. 

The radioligand compound visualized the interaction 
of ligand and amino acid residues in 3D and 2D, shown in 
Figure 5. Based on the lowest binding affinity and 
inhibition constant values, 8B8 (native ligand) has six 
hydrogen bonds (SER A:179, GLU A:175, GLN A:120, TYR 
A:468, TYR A: 199, and PRO A:200) and eleven van der 
Waals bonds (TRP A:106, SER A:214, LEU A:121, ILE A:116, 
VAL A:96, PHE A:178, VAL A:124, ASN A:464, CYS A:93, 
PRO A:207, and HIS A:206). Hydrogen bonding with the 
GLU A:175 residue is present in 3 of the 4 compounds in 
sequence. This residue may play an essential role in the 
stability of ligand interactions with GRPR receptors. 
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Table 3. The RMSD and RMSF results of molecular dynamics simulation 

Compound 
RMSD RMSF 

Average Minimum Maximum Average Minimum Maximum 

Native ligand 4.274 1.67 7.418 2.843 0.906 8.044 

Original ligand 6.377 1.521 9.947 3.214 1.198 8.56 

Radioligand 5.263 2.05 6.695 2.285 0.838 5.801 

Tamoxifen 6.289 2.211 8.428 3.864 1.208 8.682 

 

Figure 6. RMSD plot of ligand complex-GRPR 

In addition to the van der Waals bond, residues TRP 
A:106, SER A:214, ILE A:116, ASN A:464, HIS A:210, and 
SER A:179 are present in 3 of the 4 compounds. While the 
tamoxifen compound does not form hydrogen bonds, this 
is because the tamoxifen compound does not have a 
hydrogen bond donor and only has two hydrogen bond 
acceptors. Hydrogen bonds are considered a type of bond 
that is favored in the interaction between ligands and 
receptors because they can affect the physicochemical 
properties and biological activity of the compound. The 
ability of a drug to dissolve in the cell membrane can be 
understood through hydrophobic bonds that are expected 
to bind to the receptor effectively. Thus, hydrogen 
bonding plays a vital role in determining the solubility of 
drugs and their interaction with cell receptors [29]. 

3.5. Molecular Dynamics 

Molecular dynamics employs computer simulations 
to study how atoms and molecules interact over time, 
analyzing their movements and chemical behaviors. It 
aims to forecast atomic behavior and investigate 
molecular properties under diverse conditions by 
replicating cellular environments, applying physical 
forces based on physics and thermodynamics laws, and 
leveraging intensive computing for temporal 
considerations [26]. Molecular dynamics was performed 
on the test ligand, N-[(Z)-[(131I) iodosulfanyl] [(3-
{[(naphthalene-2-ylformamido) methanethioyl] amino} 
propyl) imino] methyl] naphthalen-2-carboxamide 
against GRPR receptors with the comparator being its 
native ligand 1-(3-{[(naphthalene-2-ylformamido) 
methanethioyl] amino} propyl) -3-(naphthalene-2-
carbonyl) thiourea, the breast cancer drug tamoxifen as 
well as the GRPR receptor’s native ligand ((2S)-3-(1H-
indol-3-yl)-N-[[1-(5-methoxypyridine-2-yl) 
cyclohexyl] methyl] -2-methyl-2-[(4-nitrophenyl) 
carbamoylamino] propanamide). 

 

Figure 7. The RMSF plot of ligand complex-GRPR 

Figure 6 illustrates the stability of various ligand-
GRPR complexes during a 100 ns molecular dynamic 
simulation. Each ligand undergoes initial fluctuations, 
followed by periods of stability and subsequent 
fluctuations. The native ligand complex maintains 
stability from 3 ns to 15 ns but fluctuates afterward. The 
original ligand complex stabilizes from 3 ns to 10 ns, 
fluctuates until 55 ns, stabilizes again until 75 ns, then 
fluctuates. The radioligand complex stabilizes from 3 ns 
to 15 ns, experiences fluctuations, then stabilizes from 25 
ns to 100 ns with minor fluctuations. The tamoxifen 
complex remains stable from 45 ns to 100 ns, with 
intermittent fluctuations. 

Table 3 displays the interactions of different ligands, 
showing the mean RMSD values. The native ligand 
complex has the lowest RMSD (4.274 Å), followed by the 
radioligand complex (5.263 Å), tamoxifen complex 
(6.289 Å), and the original ligand complex (6.377 Å). This 
indicates that the radioligand complex performs better 
than Tamoxifen but not as well as the native ligand. 
Additionally, Figure 7 presents residue flexibility analysis 
based on the RMSF value of each test ligand. 

The RMSF plot assesses interaction stability in the 
ligand-GRPR complex. In Figure 7, RMSF values for the 
native ligand, ligand, radioligand, and tamoxifen 
complexes are compared. Fluctuations occur in similar 
regions, with the radioligand complex exhibiting the least 
fluctuation. Average RMSF values for the complexes are 
radioligand (2.285 Å), native ligand (2.843 Å), original 
ligand (3.214 Å), and tamoxifen (3.864 Å). Results suggest 
similar residue motion patterns across all compounds, 
with higher flexibility at the protein’s termini and lower 
flexibility elsewhere. This suggests that ligand binding 
causes little change in protein structure. Molecular 
dynamics simulations also uncover alterations in 
hydrogen and hydrophobic bonds within each ligand-
GRPR complex, alongside analyses of RMSD and RMSF. 
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Table 4. Lipinski’s Rule of Five analysis results 

Compound 

Parameter 

Mass 
Hydrogen bond 

donors 
Hydrogen bond 

acceptors LogP 
Molar 

refractivity 

<500 g/mol <5 <10 <5 40-130 

1-(3-{[(naphthalene-2-ylformamido) 
methanethioyl] amino}propyl)-3-

(naphthalene-2-carbonyl) thiourea 
502 4 4 1.2757 147.090897 

N-{[(131I) iodosulfanyl] [(3-
{[(naphthalene-2-ylformamido) 

methanethioyl] amino}propyl) imino] 
methyl}naphthalene-2-carboxamida 

630 4 3 3.865699 160.669952 

Tamoxifen 371 0 2 5.996100 119.581955 

 

Figure 8. (a) RMSF graph of GRPR protein complex, 
(b) interaction of amino acid residues with radioligand 

Figure 8 shows 27 residue contacts with radioligand 
compounds through several types of bonds, namely 
hydrogen bonds (ASP:97, GLN:120, ASN:464, TYR:468, 
ARG:471, SER:488, and ARG:492), hydrophobic (CYS:93, 
VAL:96, PRO:117, LEU:121, VAL:124, PRO:198, TYR:199, 
PRO:207, HIS:210, PHE:218, TRP:461, HIS:465, TYR:468, 
and TYR:473), ionic (ASP:97, ARG:100, ARGl471, SER:488, 
and ARG:492), and water bridges (CYS:93, ASP:97, 
ARG:100, GLN:120, TYR:199, PRO:463, ASN:464, 
HIS:465, VAL:466, ILE:467, TYR:468, ARG:471, SER:488, 
and ARG:492). 

Six parameters of characterization (as depicted in 
Figure 9(a)) were examined to elucidate the stability of 
the radioligand illustrated in the same figure. Throughout 
the molecular dynamics simulation, the radioligand 
compound displayed consistent stability, with RMSD 
fluctuating between 0.7 Å and 1.6 Å. The radius of gyration 
(rGyr) varied from 4.15 Å to 4.65 Å, reflecting the ligand’s 
dynamic conformational changes over time [30]. The 
simulation revealed fluctuations in the number of 
intramolecular hydrogen bonds, ranging from 0 to 3, with 
a predominant occurrence of 1-2 hydrogen bonds. 

 

Figure 9. (a) Radioligand characterization, 
(b) representation of residue contacts and radioligand 

interactions during 100 ns molecular dynamics 
simulation 

The MolSA values fluctuate between 415 Å2 and 
460 Å2, stabilizing around 425 Å2 to 430 Å2 by the end of 
the simulation. Similarly, SASA fluctuates between 20 Å2 
and 100 Å2, stabilizing between 40 Å2 and 50 Å2. 
Meanwhile, PSA fluctuates between 50 Å2 and 80 Å2, 
stabilizing around 55 Å2 to 60 Å2. Figure 9(b) shows the 
relationship between residues and ligands in each lane. 
Some protein residues have many specific contacts with 
the ligand, as indicated by the darker orange color. 
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Table 5. Pharmacokinetic and toxicity profile prediction 

Parameter 

Compound 

1-(3-{[(naphthalene-2-
ylformamido) 

methanethioyl] 
amino}propyl)-3-
(naphthalene-2-

carbonyl) thiourea 

N-{[(131I) iodosulfanyl] [(3-
{[(naphthalene-2-

ylformamido) 
methanethioyl] 

amino}propil) imino] 
methyl}naphthalene-2-

carboxamida 

Tamoxifen 

Absorption 
Caco-2 Log c/s 0.989 0.977 1.167 

Intestinal absorption % 89.706 88.588 100 

Distribution 
VDss Log L/kg 0.15 0.158 0.565 

BBB Log BB -0.96 -1.077 1.436 

Metabolism CYP3A4 
Substrate 

Yes/No 

Yes Yes Yes 

Inhibitor No Yes Yes 

Distribution Renal OCT2 Substrate No No No 

Toxicity 
AMES toxicity Yes Yes Yes 

Hepatotoxicity Yes No No 

 

Figure 10. The conformational changes of (a) native 
ligand-GRPR, (b) origin ligand-GRPR, (c) radioligand-

GRPR, and (d) tamoxifen-GRPR in 100 ns molecular 
dynamic simulation 

During the 100 ns molecular dynamic simulation, 
changes in ligand-GRPR complexes’ conformation were 
observed. Figure 10(a)-(d) illustrates these changes over 
time intervals starting from 20 to 100 ns. Across the four 
tested ligand complexes (Natural, Origin, Radioligand, 

and Tamoxifen), conformational shifts occurred 
consistently within the GRPR protein binding site 
throughout the simulation, as depicted in Figure 10. 

3.6. Ligand-based Drug Similarity Screening (Drug 
Scan) 

Lipinski’s Rule of Five outlines key criteria for 
designing drug molecules suitable for oral 
administration, including lipophilicity below 5, 
molecular weight under 500 g/mol, fewer than 5 
hydrogen bond donors, a molar refractivity (MR) between 
40-130, and less than 10 hydrogen bond acceptors [31]. 
Lipophilicity, a fundamental property influencing a 
compound’s pharmacokinetic profile, indicates its ability 
to navigate biological systems by resembling the 
lipophilic environment, facilitating membrane crossing 
and interaction with receptor-binding sites [32]. 

The size of a molecule influences its ability to pass 
through membranes in the gut and brain. Larger 
molecules move more slowly through lipid layers, 
limiting their ability to penetrate biological barriers [28]. 
MR is the reciprocal of a substance’s molar volume and is 
closely linked to the total polarity of the substance. MR 
data reveals the electronic polarity of ions in solution, 
aiding in understanding molecular interactions. Optimal 
oral absorption and bioavailability occur when MR falls 
between 40 to 130. A substance within this range, along 
with its bonding capacity, suggests favorable intestinal 
absorption and oral bioavailability [33]. 

Lipinski’s supplementary criteria stipulate that a 
compound should have fewer than 10 hydrogen bond 
acceptors and fewer than 5 hydrogen bond donors. These 
guidelines are crucial for understanding a compound’s 
physicochemical characteristics, particularly its ability to 
form hydrogen bonds. The number of hydrogen bond 
donors influences a compound’s biological activity, while 
the number of acceptors affects its permeability by 
interacting with solvents possessing strong hydrogen 
bonds. Compounds interacting with polar solvents 
typically have decreased permeability across lipid 
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bilayers. A drug’s overall polarization, affected by various 
factors such as refractive index, pressure, and 
temperature, correlates with its molar refractivity. This 
polarization depends on molecular structure and mass, 
with more electrons aiding in detection. Lipinski’s rule of 
five states that compounds are compliant if they satisfy at 
least two of the five criteria [28]. Thus, based on screening 
outcomes (Table 4), these three compounds demonstrate 
a favorable drug similarity profile. 

3.7. Predicted Pharmacokinetic and Toxicity Profile 

Pharmacokinetic and toxicity profiles are used in the 
research and development of new drugs to evaluate the 
effectiveness and potential side effects of drug 
candidates. This assessment relies on a number of 
parameters, such as Caco-2, intestinal absorption, VDss, 
blood-brain barrier (BBB), activity as CYP3A4 substrate 
and inhibitor, organic cation transporter 2 (OCT2), AMES 
toxicity, hepatotoxicity, and LD50. Table 5 presents the 
results of the prediction of pharmacokinetic and toxicity 
profiles based on these parameters, providing an 
overview of the possible performance and risks associated 
with the test ligands. 

The Caco-2 cell line, derived from colorectal 
adenocarcinoma epithelial cells, is commonly used as an 
in vitro model for studying human intestinal mucosa and 
predicting oral drug absorption. A drug is considered to 
have good absorption when its Caco-2 value exceeds 0.9. 
Since all tested ligands have Caco-2 values above this 
threshold, they can be regarded as having good 
permeability. In addition to the Caco-2 value, a drug's 
absorption capability can also be evaluated through its 
intestinal absorption value. This metric predicts 
absorption in the human small intestine, with values over 
80% indicating good absorption and values below 30% 
indicating poor absorption. Each tested ligand has an 
intestinal absorption value above 80%, leading to the 
conclusion that they exhibit good absorption in the small 
intestine [24]. 

VDss, or volume of distribution, represents the 
volume needed to disperse a dose to achieve a 
concentration similar to blood plasma. A higher VD 
indicates more distribution in tissues compared to 
plasma, potentially leading to effects like renal failure 
and dehydration. Logarithmically, a low VD is indicated 
when log VD < -0.15, while a high VD is when log VD > 
0.45. The BBB serves as protection against foreign 
substances in the brain. Evaluation of a drug’s capability 
to penetrate the brain becomes a crucial parameter in 
efforts to reduce side effects and toxicity or improve 
treatment effectiveness through pharmacological 
intervention within the brain. In certain contexts, 
molecules with a logBB value > 0.3 are considered to be 
able to easily penetrate the BBB, while those with a logBB 
< -1 are considered to have a more limited penetration 
ability into the brain. 

Based on the data in Table 5, the radioligand is 
categorized as having limited brain distribution, as 
indicated by its LogBB value of -1.077, which is below the 
threshold of -1. In contrast, the other compounds fall 
within the range that suggests varying degrees of brain 

penetration, from easily penetrating to less dispersed 
[24]. 

The metabolic profile of a compound can be 
represented through several parameters that evaluate its 
interaction with cytochrome enzymes. Cytochrome P450, 
an enzyme commonly found in the liver, plays a vital role 
in the detoxification of the body by oxidizing xenobiotics 
and converting drug compounds into inactive forms. 
Parameters such as CYP3A4 inhibitors are used to assess 
the inhibition of drug molecules against cytochrome 
P450. In contrast, the CYP3A4 substrate is used to 
determine whether or not the compound is a substrate of 
this cytochrome enzyme [20]. All test ligands functioned 
as CYP3A4 substrates, and only the original ligand did not 
act as a CYP3A4 substrate. 

The renal transporter OCT2 plays a vital role in drug 
delivery and eliminating natural compounds from the 
body. Combining OCT2 substrates with inhibitors can lead 
to adverse reactions. Evaluating a drug's interaction with 
OCT2 not only informs about its clearance but also 
highlights potential contraindications [20]. The three 
compounds looked at did not interact with this OCT2 
substrate and did not affect the clearance and disposition 
of the compound within the kidney. 

The Ames test is a widely used method to assess the 
mutagenicity of compounds in bacteria. A positive test 
indicates that the compound is mutagenic and can cause 
cancer. All three compounds gave positive results. Besides 
the Ames test, another toxicity parameter used is liver 
toxicity. A significant safety issue in drug development is 
hepatotoxicity caused by the use of drugs. It is a major 
focus of attention as its impact on the liver can be harmful 
to health. A compound is considered hepatotoxic if it 
causes at least one pathological or physiological event 
that is closely associated with disruption of normal liver 
function [24]. Based on Table 5, only the original ligand 
gave positive results. 

This research identified and characterized the 
radioligand compound that demonstrates superior 
binding affinity and stability at the GRPR receptor, as 
evidenced by the most favorable free energy and 
inhibition constant among the tested ligands. This work 
provides a significant advancement in the development of 
targeted radiopharmaceuticals, particularly in the 
context of breast cancer treatment. The detailed 
molecular dynamics analysis underscores the 
compound’s potential as a viable candidate for drug 
development, with comparable RMSD, RMSF, and 
stability metrics to the native ligand, indicating its 
robustness under physiological conditions. Looking 
ahead, the radioligand compound’s unique properties 
position it as a promising candidate for commercial 
development, offering a novel therapeutic option in the 
realm of precision medicine for breast cancer. Future 
studies could focus on further preclinical evaluations, 
optimization of radiolabeling techniques, and 
exploration of its efficacy and safety in clinical settings to 
fully realize its potential as a commercial 
radiopharmaceutical drug. 
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4. Conclusion 

The radioligand compound demonstrated the most 
favorable energy with a free energy of -11.31 kcal/mol and 
an inhibition constant of 0.00511 μM, surpassing other 
tested ligands, including the original ligand and 
tamoxifen, as evidenced by extensive 100 ns molecular 
dynamics simulation. Notably, molecular dynamics 
analysis revealed that the radioligand compound exhibits 
comparable RMSD, RMSF, and stability metrics to the 
native ligand at the GRPR receptor. These findings 
suggest promising avenues for further investigation into 
the potential of the radioligand compound for the 
development of radiopharmaceutical drugs targeting 
breast cancer. 
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