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ABSTRACT 
White radish (Raphanus sativus L.) 
contains various bioactive compounds that 
may contribute to different biological 
activities. This study aimed to evaluate the 
interaction of selected white radish 
compounds with the progesterone receptor 
(PRG) using an in silico molecular docking 
approach as a preliminary step for 
anticancer screening. Molecular docking 
was performed using AutoDock 4, BIOVIA 
Discovery Studio, and PyMOL to assess 
binding affinity, Root Mean Square Deviation (RMSD), and amino acid interactions. Among the five tested 
white radish compounds, glucoraphanin had the best docking score (–4.8 kcal/mol) for the progesterone 
receptor. However, this binding affinity remained weaker than that of the control ligand tamoxifen (–6.19 
kcal/mol). Molecular interaction analysis indicated that glucoraphanin formed interactions with several key 
amino acid residues within the receptor binding site. Docking validation produced an RMSD value of <2 
Å, indicating acceptable docking reliability. These findings suggest that glucoraphanin from white radish 
may interact with the progesterone receptor and warrant further investigation. Nevertheless, further 
experimental studies are required to confirm its potential biological activity. 
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INTRODUCTION 

Cancer remains one of the leading 

causes of death worldwide, accounting for 

approximately 10 million deaths in 2020, 

according to the World Health Organization 

(WHO) [1] . Among various cancer types, breast 

cancer is the most frequently diagnosed 

malignancy in women and represents a major 

global public health concern, with an estimated 

2.3 million new cases reported annually [2][3]. 

The development and progression of breast 

cancer are strongly influenced by hormonal 

signaling pathways, particularly those involving 

estrogen and progesterone receptors [4][5].  

The progesterone receptor (PRG) plays 

an important role in regulating cell proliferation 

and differentiation in hormone-dependent 

breast cancer [6-8]. PRG expression has been 

reported in approximately 60–70% of invasive 

breast cancer cases, highlighting its 
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significance as both a prognostic biomarker and 

a therapeutic target  [9][10]. Hormone-based 

therapies such as tamoxifen have been widely 

used in the treatment of receptor-positive breast 

cancer and have significantly contributed to 

reducing mortality rates [11][12]. However, 

long-term use of tamoxifen may cause several 

adverse effects, including mood changes, 

nausea, hypertension, and cardiovascular 

complications [13-15], which necessitate the 

exploration of alternative compounds with 

potentially improved safety profiles. 

Plant-derived bioactive compounds 

represent a promising source of new 

therapeutic candidates. One plant of interest is 

white radish (Raphanus sativus L.), a member 

of the Brassicaceae family that contains various 

phytochemicals such as glucosinolates, 

flavonoids, tannins, and other secondary 

metabolites [16-18]. Previous studies have 

reported that extracts of white radish exhibit 

antioxidant  and anticancer activities against 

several cancer cell lines, which are attributed to 

compounds such as sulforaphane and other 

glucosinolate derivatives [19-21]. Despite these 

findings, the potential interaction of specific 

white radish compounds with the progesterone 

receptor (PRG) has not been widely explored. 

Molecular docking has emerged as an 

important computational tool in early-stage drug 

discovery because it enables the prediction of 

ligand–receptor interactions and binding 

affinities before experimental validation [22--

25]. This approach has been widely applied to 

screen plant-derived compounds against 

various therapeutic targets, including hormone 

receptors involved in breast cancer 

progression. In addition to docking analysis, the 

evaluation of pharmacokinetic and toxicity 

properties through in silico ADMET (Absorption, 

Distribution, Metabolism, Excretion, and 

Toxicity) prediction has become increasingly 

important to assess the drug-likeness and 

safety profile of candidate compounds at an 

early stage [26-28]. 

Studies investigating the interaction of 

specific bioactive compounds from white radish 

with the progesterone receptor (PRG) are still 

limited. Furthermore, comparative evaluations 

involving these compounds alongside native 

ligands and established therapeutic agents 

such as tamoxifen within a unified 

computational framework, including both 

docking and ADMET analysis, remain scarce. 

This study aims to perform an initial 

computational screening of selected bioactive 

compounds from white radish (Raphanus 

sativus L.) against the progesterone receptor 

(PRG) using molecular docking and ADMET 

analysis. The study evaluates binding affinity, 

inhibition constants, molecular interaction 

patterns, and pharmacokinetic properties to 

identify compounds that may interact with the 

receptor and serve as candidates for further 

investigation. 

 
METHODS   

1. Materials and Software 

The three-dimensional structure of the 

progesterone receptor (PRG) (PDB: 1A28) was 

obtained from the Protein Data Bank. The 

structure was selected due to its high resolution 

(1.80 Å), allowing accurate atomic-level 

analysis. The receptor contains two chains 

(chain A and chain B), each bound to the native 

ligand progesterone. Ligand structures of active 

compounds from white radish (Raphanus 

sativus L.) were retrieved from public chemical 
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databases. The ligands used in this study 

included 2-methoxyphenol-4-vinyl, 2,4-

dimethylphenol, violaxanthin, squalene, and 

glucoraphanin, with tamoxifen used as the 

reference ligand. Ligand structures were 

retrieved from the PubChem database. 

Tamoxifen was included as the 

pharmacological reference ligand. 

Computational analysis was performed using 

BIOVIA Discovery Studio 2024 Client, 

AutoDock Tools, AutoDock 4, Avogadro, 

ChemDraw 3D, Notepad, pkCSM, and PyMOL 

 
2. Receptor Ligand Screening Using 

Lipinski’s Rule of Five 

Drug-likeness screening of the selected 

white radish (Raphanus sativus L.) bioactive 

compounds was conducted using Lipinski’s 

Rule of Five before molecular docking analysis, 

as summarized in Table 1. This screening 

aimed to identify compounds with favorable oral 

drug-likeness properties based on molecular 

mass, lipophilicity, hydrogen bond donor 

capacity, hydrogen bond acceptor capacity, and 

molar refractivity. 

All candidate compounds were pre-

screened using Lipinski's Rule of Five to 

evaluate their oral drug-likeness before 

docking. Parameters evaluated included 

molecular weight (MW ≤ 500 Da), lipophilicity 

(Log P ≤ 5), hydrogen bond donors (HBD ≤ 5), 

hydrogen bond acceptors (HBA ≤ 10), and 

molar refractivity (MR: 40–130). Compounds 

satisfying these criteria were considered 

suitable for further computational analysis. 

Squalene was retained for docking despite its 

elevated Log P to allow comparative analysis, 

with its pharmacokinetic limitations explicitly 

noted in the ADMET evaluation. 

 

Table 1. Results of Lipinski’s Rule of Five 
Evaluation for Bioactive Compounds of 
White Radish (Raphanus sativus L.) 

 
3. Receptor Preparation 

The receptor structure was prepared 

using BIOVIA Discovery Studio by removing 

water molecules and native ligands to prevent 

interference during docking simulations. The 

cleaned structure was saved in “.pdb” format. 

The PRG structure consists of two chains (chain 

A and chain B), each bound to progesterone. 

One chain was selected as the primary 

reference based on redocking validation results, 

particularly the lowest RMSD value, ensuring 

consistency and reliability in subsequent 

docking analysis. 

 
4. Ligand Preparation and Optimization 

Ligand structures downloaded from 

PubChem in .sdf format were first converted 

to .pdb format. Optimization was performed 

sequentially as follows: (1) hydrogen atoms 

were added and initial geometry was set using 

Avogadro; (2) energy evaluation and geometry 

optimization were then performed using the 

MMFF94 force field in ChemDraw 3D, yielding 

the lowest-energy conformation for each ligand; 

(3) the optimized structures were saved in .pdb 

Ligand Molec
ular 

mass 

Lo
g P 

HB
D 

HB
A 

MR 

2-
methoxyp
henol-4-

vinyl 

150.00 2.0
43 

1 2 44.7
4 

2,4-
dimethylp

henol 

122.00 2.0
09 

1 1 37.5
8 

Squalene 410.00 10.
60 

0 0 140.
06 

Glucoraph
anin 

435.00 0.2
71 

5 11 94.0
4 

Violaxanth
in 

312.00 -
0.0
53 

5 6 77.1
4 
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format; and (4) the .pdb files were converted 

to .pdbqt format using AutoDock Tools, which 

assigns Gasteiger partial charges and defines 

rotatable bonds. The same preparation 

procedure was applied uniformly to all test 

ligands and to the native ligand (progesterone) 

to ensure methodological consistency. 

 
5. Redocking Validation 

The reliability of the docking protocol was 

validated by redocking the native ligand 

(progesterone) back into the binding site of 

each receptor chain. The grid box was defined 

based on the spatial coordinates of the co-

crystallized progesterone molecule to 

accurately represent the active binding site. 

Grid dimensions were set to 20 × 20 × 20 grid 

points with a spacing of 1.0 Å. Docking accuracy 

was evaluated using the root mean square 

deviation (RMSD) between the redocked pose 

and the original crystallographic pose, with 

RMSD ≤ 2 Å accepted as a valid reproduction 

of the experimental binding mode. Chain A 

produced an RMSD of 0.408 Å and was 

selected for all subsequent analyses. Full grid 

box coordinates for both chains are reported in 

Table 2. 

Table 2. Grid box parameters and redocking 
validation results 

 

 

6. Docking Protocol 

Molecular docking was performed using 

AutoDock 4 with the Lamarckian Genetic 

Algorithm (LGA) to predict ligand–receptor 

interactions. AutoDock4 employs a physics-

based scoring function to estimate binding 

affinity and identify optimal ligand 

conformations [29]. The docking protocol was 

carried out using 100 genetic algorithm runs to 

enhance conformational sampling and improve 

the reliability of the results. This approach is 

consistent with commonly applied molecular 

docking procedures and has been widely used 

in structure-based drug discovery studies [30]. 

These parameters were selected to ensure 

sufficient conformational sampling and 

reproducibility of the docking results. The 

docking protocol followed standard procedures 

commonly applied in molecular docking studies 

[31-33] and established AutoDock 

methodologies [34][35]. All ligands were docked 

using the same grid box configuration centered 

on the active site to ensure consistency and 

comparability of the results. 

 
7. Visualization and Superimposition 

Docking results were visualized using 

BIOVIA Discovery Studio and PyMOL in both 

2D and 3D formats. Interaction analysis was 

conducted to identify hydrogen bonds, 

hydrophobic interactions, and other non-

covalent interactions between ligands and 

receptor residues. Structural superimposition 

between the best-performing ligand, 

glucoraphanin, and the native ligand was also 

performed to evaluate binding mode similarity 

within the PRG binding pocket. This step was 

used to assess whether glucoraphanin 

occupied a comparable binding region and 

interacted with key amino acid residues 

Ligand Native 
Ligand 
(PRG) 

Chain A Chain B 

Number 
Grid Point 

X 20 20 

Y 20 20 

Z 20 20 

Coordinate 
Grid Point 

X 22,853 36.380 

Y 10.139 33.660 

Z 60.282 42.749 

Spacing 
Grid Point 

 1.000 Å 1.000 Å 

RMSD  0.408 Å 0.588 Å 

ΔG  -11.48 
kcal/ mol 

-11.50 
kcal/ mol 

https://doi.org/10.1021/acs.jcim.4c00136
https://doi.org/10.3390/ijms221910801
https://doi.org/10.2174/157340911795677602
https://doi.org/10.20961/jkpk.v6i3.51995
https://doi.org/10.1002/jcc.21256
https://doi.org/10.1038/nprot.2016.051
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involved in ligand recognition. The similarity of 

binding orientation and residue interaction 

patterns was considered as supporting 

evidence for the potential relevance of 

glucoraphanin as a candidate ligand for PRG. 

 
8. ADMET Prediction 

For further evaluation of the drug-

likeness of the screened compounds, ADMET 

(Absorption, Distribution, Metabolism, 

Excretion, and Toxicity) prediction was 

conducted using pkCSM. Parameters analyzed 

included solubility, lipophilicity, gastrointestinal 

absorption, blood–brain barrier permeability, 

cytochrome P450 interactions, and toxicity 

profiles. This analysis was performed to 

complement the docking results by providing 

insight into the pharmacokinetic properties and 

safety profiles of the compounds. 

 
RESULTS AND DISCUSSION 

1. Receptor Preparation 

The progesterone receptor (PRG) with 

PDB code 1A28 was obtained from the RCSB 

PDB database. This receptor contains two 

chains (A and B), with the natural ligand 

progesterone, which binds via hydrogen 

bonding and hydrophobic interactions. The 

structure was chosen because it is suited for 

docking analysis and has a high resolution (1.80 

Å), which allows for thorough atomic 

visualization. At the molecular level, PRG is one 

of the estrogen target genes that contributes to 

breast cancer cell proliferation and also acts as 

a prognostic marker [36][37]. Meanwhile, in 

clinical practice, PRG and estrogen receptors 

are used as international standard biomarkers 

for diagnosis, hormone status evaluation, and 

breast cancer therapy determination, as 

recommended in the American Society of 

Clinical Oncology (ASCO)/College of American 

Pathologists (CAP) Guideline update [38]. 

Receptor preparation was carried out using 

Biovia Discovery Studio by eliminating water 

molecules and the native ligand to prevent 

interference with test ligand interactions.  

Before   After 

Figure 1. Structure of the progesterone 
receptor (PRG) with PDB ID: 1A28 

2. Ligand and Native Ligand Preparation 

Ligand preparation incorporated energy 

minimization to obtain the most 

thermodynamically stable conformation for 

each compound, thereby improving the 

reliability of predicted binding poses [39]. The 

preparation process also included the native 

ligand (progesterone) to guarantee that the 

observed interactions originated solely from the 

test ligands, without interference from existing 

bonds that could affect docking results [40]. The 

docking protocol was validated through 

redocking, yielding an RMSD value of 0.408 Å. 

This validation ensured that the parameters 

used could accurately reproduce the ligand’s 

original position [41]. A grid box was defined as 

the binding region, adjusted through grid size 

and grid center (coordinates along the x, y, and 

z axes) to ensure docking simulations were 

focused on the receptor’s active site [42]. 

The accuracy of the method was 

confirmed by calculating the Root Mean Square 

Deviation (RMSD), with values ≤ 2 Å considered 

valid [43][44], confirming that the AutoDock 4 

https://doi.org/10.2147/DDDT.S336643
https://doi.org/10.1186/1471-2407-12-553
https://doi.org/10.1200/JCO.19.02309
https://doi.org/10.1155/2024/6647757
https://online-journal.unja.ac.id/chp/article/view/12980
https://doi.org/10.22146/farmaseutik.v17i2.59297
https://doi.org/10.63004/snsmed.v3i1.462
https://doi.org/10.55606/jurrikes.v4i1.4575
https://doi.org/10.1021/jm051197e
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protocol reliably reproduces the crystallographic 

binding pose under the defined grid box 

parameters. Although progesterone is bound to 

both chains A and B in the crystal structure, 

subtle differences in ligand orientation between 

the two chains result in distinct grid coordinates 

and different redocking outcomes (RMSD: 

chain A = 0.408 Å; chain B = 0.588 Å). Chain A 

was therefore selected as the sole reference 

receptor to ensure consistency of the binding 

site definition across all docking simulations. 

 
 
Figure 2. Validation Results of the Native 

Ligand (Progesterone) in the PRG (Blue: 
before re-docking & Pink: after re-
docking) 
 

3. Docking Performance and Comparative 

Analysis 

 The docking data were analyzed 

according to each compound's binding affinity, 

where lower binding free energy indicates 

easier ligand-receptor binding and greater 

interaction stability [45]. The binding affinities 

and inhibition constants (Ki) obtained from 

molecular docking of all ligands against the 

PRG active site are summarized in Table 3. 

The molecular docking results 

demonstrated that all tested compounds were 

able to interact with the progesterone receptor 

(PRG), with varying binding affinities (Table 3). 

Among the screened ligands, glucoraphanin 

showed the most favorable binding affinity 

compared to other compounds derived from 

white radish. However, its binding energy 

remained weaker than that of the native ligand 

and the control drug tamoxifen, indicating that 

its interaction strength is still limited. 

Table 3. Docking results of bioactive 
compounds with the progesterone 
receptor (PRG). 

Ligand Binding 
Affinity 

Inhibition 
constant 

(Ki) 

Native ligand 1 ‐11.18 
kcal/mol 

6.39 nM 

Tamoxifen -6.19 
kcal/mol 

29.25 µM 

2-
methoxyphenol-
4-vinyl 

-4.27 
kcal/mol 

739.12 µM 

2,4-
dimethylphenol 

-4.44 
kcal/mol 

556.56 µM 

Squalene -4.50 
kcal/mol 

504.37 µM 

Glucoraphanin -4.85 
kcal/mol 

278.66 µM 

Violaxanthin +1.18e+003 - 

 

The estimated inhibition constant (Ki) 

further supported this finding, where 

glucoraphanin was in the micromolar range, 

whereas effective ligand–receptor interactions 

are typically associated with nanomolar values. 

This suggests that, although glucoraphanin is 

the best among the tested natural compounds, 

it cannot yet be considered a strong binder to 

the PRG receptor.  

Violaxanthin showed a highly positive 

binding energy, indicating an unstable 

interaction with the receptor. This may be 

attributed to steric incompatibility or an inability 

to fit properly within the binding pocket, resulting 

in unfavorable docking poses. Squalene, on the 

other hand, demonstrated moderate binding 

affinity but exhibited high lipophilicity, which 

may affect its solubility and bioavailability. 

These findings highlight that favorable docking 

results alone do not guarantee drug-like 

properties.  

https://journal.unhas.ac.id/index.php/mff/article/view/13648/7291
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This finding indicates that while 

glucoraphanin demonstrates relatively better 

interaction compared to other tested natural 

compounds, its binding strength is still 

considerably weaker than established ligands. 

As binding affinity reflects the stability of ligand–

receptor interactions, more negative values 

correspond to stronger binding due to lower free 

energy states  [46][47]. 

 
(a) Native ligand 1 (Progesterone A) 

 
(b)Tamoxifen 

 
(c)2-methoxyphenol-4-vinyl 

 
(d) 2,4-dimethylphenol 

 
(e) Squalene 

 
(f) Glucoraphanin 

 
(g) Violaxanthin 

Figure 3. 2D Visualization of Molecular Docking Results 

https://doi.org/10.3390/molecules29153478
https://doi.org/10.1007/s10822-010-9363-3
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Table 4. Frequency of amino acid residues interacting with ligands 

Residue Type of interaction Number of 
ligands 

Ligands involved 

Arg766 H-bond 2 Native ligand 1 (Progesteron A), 
Glucoraphanin. 

Hydrophobic 3 Tamoxifen, 2-methoxyphenol-4-vinyl, 
2,4-dimethylphenol. 

Leu718 H-bond 1 2,4-dimethylphenol. 

Hydrophobic 5 Native ligand (Progesteron A), 
Tamoxifen, Squalene, Glucoraphanin, 
Violaxanthin. 

Met801 Hydrophobic 4 Tamoxifen, 2,4-dimethylphenol, 
Squalene, Glucoraphanin. 

Leu763 Hydrophobic 6 Native ligand 1 (Progesterone A), 
Tamoxifen, 2-methoxyphenol-4-vinyl, 
2,4-dimethylphenol, Squalene, 
Glucoraphanin. 

Phe794 π–π stacking 3 Tamoxifen, Squalene, Violaxanthin. 

Asp590 H-bond 1 Violaxanthin 

Ser754 H-bond 1 Violaxanthin 

4. Binding Interaction and Residue 

Analysis 

Interaction analysis revealed that 

several amino acid residues contributed to 

ligand binding within the PRG active site. 

Among these, Arg766 was consistently 

observed in interactions involving both the 

native ligand and glucoraphanin. This residue 

is known to contribute to binding stabilization 

through hydrogen bonding, suggesting that 

glucoraphanin partially mimics the interaction 

pattern of the native ligand. However, it is 

important to note that the presence of shared 

residues does not necessarily indicate 

identical binding mechanisms. Instead, it 

reflects only partial overlap in binding 

interactions, which may not fully translate into 

comparable biological activity. 

The molecular interaction analysis 

demonstrated that glucoraphanin showed 

binding activity, showing partial similarity with 

the native ligand, particularly through its 

interaction with the Arg766 residue of the 

progesterone receptor. This similarity 

suggests that glucoraphanin adopts a binding 

mode resembling that of the native ligand, 

highlighting its potential to interact with the 

receptor. These results align with previous 

soaking studies on progesterone receptors. 

For example, Mathew et al., [48] reported that 

reference ligands interacted with residues 

Arg766, Val760, and Phe778. Similarly, 

Shahab et al., [49] emphasized the role of 

Arg766 in stabilizing the ligand-receptor 

complex through hydrogen bonding, thereby 

enhancing ligand affinity. Moreover, Khan et 

al., [50]  demonstrated that conserved 

residues among steroid receptors interact 

with the steroid A-ring, influencing the 

transcriptional activity of progesterone. 

Interaction analysis revealed that 

several ligands shared common amino acid 

residues with the native ligand, including key 

residues such as Arg766. The presence of 

shared residues suggests partial similarity in 

binding location; however, this does not 

necessarily indicate an identical binding 

mechanism. Superimposition analysis 

(f)  

https://doi.org/10.22159/ijpps.2023v15i7.47421
https://doi.org/10.1038/s41598-024-55321-0
https://doi.org/10.1039/d4cb00002a
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showed that glucoraphanin partially overlaps 

with the native ligand within the binding 

pocket, although differences in overall 

conformation indicate that the binding mode 

is not identical. This suggests that similarity 

in interacting residues alone is insufficient to 

confirm comparable biological activity. This 

finding highlights that similarity in interacting 

residues alone is insufficient to confirm 

comparable biological activity, as ligand 

conformation and interaction geometry also 

play crucial roles in receptor binding. 

 

 

Figure 4. Superimposition of glucoraphanin 
(blue) and native ligand (yellow) within 
PRG binding pocket. 

 
5. ADMET Analysis and 

Pharmacokinetic Evaluation 

ADMET analysis was used to assess 

the pharmacokinetic characteristics of the 

selected ligands in order to supplement the 

docking results, including acceptable 

molecular weight, hydrogen bond donors and 

acceptors, and good predicted solubility. 

Glucoraphanin exhibited low membrane 

permeability and extremely low intestinal 

absorption, indicating poor oral 

bioavailability. This limitation is likely 

associated with its high polarity, which 

restricts passive diffusion across biological 

membranes [51]. The compound also 

demonstrated a favorable safety profile, with 

no significant indications of hepatotoxicity or 

mutagenicity based on in silico predictions.  

In contrast, squalene demonstrated 

better membrane permeability due to its 

lipophilic nature but showed poor aqueous 

solubility, indicating a trade-off between 

permeability and solubility. This highlights a 

common challenge in drug development, 

where improving one physicochemical 

property may negatively affect another [52]. 

Additionally, several compounds were 

predicted to be substrates of P-glycoprotein 

(P-gp), suggesting that efflux mechanisms 

may further reduce intracellular drug 

accumulation and overall bioavailability. This 

illustrates the classical solubility permeability 

trade-off that must be managed during lead 

optimization. 

Furthermore, the Lipinski rule of five 

analysis suggested that glucoraphanin is 

within an acceptable range for oral 

bioavailability, although slight deviations 

related to polarity may occur. Overall, these 

findings suggest that glucoraphanin 

possesses acceptable pharmacokinetic and 

safety characteristics, supporting its potential 

for further investigation as a bioactive 

compound. 

 
6. Comparative Evaluation of Key 

Compounds 

The combined analysis of docking and 

ADMET results indicates that glucoraphanin 

is the most promising compound among the 

screened white radish constituents in terms 

of receptor interaction. However, its 

pharmacokinetic limitations, particularly poor 

absorption and low permeability, significantly 

reduce its potential as an orally active drug 

candidate. Conversely, squalene exhibited 

https://doi.org/10.3390/pharmaceutics15020380
https://doi.org/10.3390/pharmaceutics16020184
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better membrane permeability but insufficient 

solubility, which may limit its application 

without formulation optimization. 

These findings suggest that none of 

the tested compounds fully satisfy both 

binding affinity and pharmacokinetic 

requirements. Therefore, they should be 

positioned as early-stage lead compounds 

rather than fully developed drug candidates. 

This study has several limitations. The 

docking approach employed a rigid receptor 

model, which does not account for protein 

flexibility. In addition, ADMET predictions 

were based on computational models and 

require experimental validation. Furthermore, 

no molecular dynamics simulations were 

performed to evaluate the stability of ligand–

receptor complexes over time. 

 
Table 5. ADMET prediction results of all ligands using pkCSM 

Name 
Model 

Gluco-
raphanin 

2Methoxy 
phenol-
4vinyl 

2,4-Dimethyl 
phenol 

Squalene Violaxanthin Tamoxifen 

A1 -2.338 -1.958 -1.224 -8.401 -6.461 -5.929 

A2 -0.681 1.499 1.611 1.193 0.384 1.065 

A3 0 91.965 92.865 89.002 90.257 96.885 

A4 -2.735 -2.262 -1.763 -2.763 -2.855 -2.737 

A5 Yes No No No No Yes 

A6 No No No No Yes Yes 

A7 No No No Yes Yes Yes 

D1 -0.564 0.118 0.302 0.35 -0.444 0.83 

D2 0.692 0.322 0.459 0 0 0.093 

D3 -1.761 0.289 0.339 0.965 -0.175 1.329 

D4 -3.913 -2.0442 -1.944 -0.935 -1.561 -1.473 

M1 No No No No No No 

M2 No No No Yes Yes Yes 

M3 No Yes No No No Yes 

M4 No No No No No No 

M5 No No No No No No 

M6 No No No No No Yes 

M7 No No No No No No 

E1 0.39 0.233 0.227 1.791 0.511 0.556 

E2 No No No No No No 

T1 No Yes No No No Yes 

T2 1.225 1.067 0.458 -0.533 -0.85 0.313 

T3 No No No No No Yes 

T4 No No No Yes No Yes 

T5 2.197 2.076 2.204 1.893 2.259 2.285 

T6 3.136 2.019 2.046 0.911 1.991 0.41 

T7 No No No No No No 

T8 No Yes Yes No No No 

T9 0.285 0.071 0.169 0.483 0.304 0.316 

T10 5.557 1.957 1.654 -3.275 -2.227 0.6 
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CONCLUSION 

This study demonstrated that active 

compounds from white radish are capable of 

interacting with the progesterone receptor, 

although with relatively weaker binding 

affinity compared to the native ligand and 

tamoxifen. Among the tested compounds, 

glucoraphanin showed the most favorable 

docking results; however, ADMET analysis 

revealed significant pharmacokinetic 

limitations, particularly poor absorption and 

low membrane permeability. Therefore, 

glucoraphanin may serve as an early-stage 

lead compound for further investigation, but 

additional optimization and experimental 

validation are required before it can be further 

evaluated as a viable drug candidate. 

 

REFERENCES  

[1] J. Salomon and B. Aylward, “WHO 
Global Survey on the Inclusion of 
Cancer Care in Health-Benefit 
Packages,” Switzerland, 2020. 

[2] H. Sung et al., “Global Cancer 
Statistics 2020: GLOBOCAN 
Estimates of Incidence and Mortality  
Worldwide for 36 Cancers in 185 
Countries.,” CA. Cancer J. Clin., vol. 
71, no. 3, pp. 209–249, May 2021, doi: 
10.3322/caac.21660. 

[3] S. Lei et al., “Global patterns of breast 
cancer incidence and mortality: A 
population-based  cancer registry 
data analysis from 2000 to 2020.,” 
Cancer Commun. (London, England), 
vol. 41, no. 11, pp. 1183–1194, Nov. 
2021, doi: 10.1002/cac2.12207. 

[4] L. Clusan, F. Ferrière, G. Flouriot, and 
F. Pakdel, “A Basic Review on 
Estrogen Receptor Signaling 
Pathways in Breast Cancer,” 2023. 
doi: 10.3390/ijms24076834. 

[5] P. Miziak et al., “Estrogen Receptor 
Signaling in Breast Cancer,” 2023. 
doi: 10.3390/cancers15194689. 

[6] A. Pecci, M. F. Ogara, R. T. Sanz, and 
G. P. Vicent, “Choosing the right 
partner in hormone-dependent gene 
regulation: Glucocorticoid and 
progesterone receptors crosstalk in 
breast cancer cells,” Front. 
Endocrinol. (Lausanne)., vol. 13-
2022, doi: 10.3389/ 
fendo.2022.1037177. 

[7] Y. Miki, “Hormone-Dependent 
Cancers: New Aspects on 
Biochemistry and Molecular 
Pathology,” 2023. doi: 
10.3390/ijms241310830. 

[8] C. H. Diep, A. Spartz, T. H. Truong, A. 
R. Dwyer, D. El-Ashry, and C. A. 
Lange, “Progesterone Receptor 
Signaling Promotes Cancer-
Associated Fibroblast-Mediated 
Tumorigenicity in ER+ Breast 
Cancer,” Endocrinology, vol. 165, no. 
9, p. bqae092, Sep. 2024, doi: 
10.1210/endocr/bqae092. 

[9] A. Shah et al., “Correlation Between 
Age and Hormone Receptor Status in 
Women With Breast Cancer.,” 
Cureus, vol. 14, no. 1, p. e21652, Jan. 
2022, doi: 10.7759/cureus.21652. 

[10] S. K. Sohail, R. Sarfraz, M. Imran, M. 
Kamran, and S. Qamar, “Estrogen 
and Progesterone Receptor 
Expression in Breast Carcinoma and 
Its  Association With 
Clinicopathological Variables Among 
the Pakistani Population.,” Cureus, 
vol. 12, no. 8, p. e9751, Aug. 2020, 
doi: 10.7759/cureus.9751. 

[11] N. N. Zulkipli, R. Zakaria, and W. R. 
Wan Taib, “Bibliometric Analysis of 
The Global Research Trends on The 
Application of  Tamoxifen in The 
Treatment of Breast Cancer Over The 
Past 50 Years.,” Malays. J. Med. Sci., 
vol. 32, no. 1, pp. 35–55, Feb. 2025, 
doi: 10.21315/mjms-06-2024-452. 

[12] P. Afladhanti, H. Hamzah, M. 
Despriansyah Romadhan, S. Putri, E. 
Angelica, and T. Theodorus, 
“Etlingera elatior Compounds as 
Anticancer Agents of Breast Cancer 
Through Inhibition of Progesterone 
Receptor: An In Silico Study,” 
Indones. J. Cancer Chemoprevention, 
vol. 14, p. 94, Dec. 2023, doi: 
10.14499/indonesianjcanchemoprev1

https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/cac2.12207
https://doi.org/10.3390/ijms24076834
https://doi.org/10.3390/cancers15194689
https://doi.org/10.3389/%20fendo.2022.1037177
https://doi.org/10.3389/%20fendo.2022.1037177
https://doi.org/10.3390/ijms241310830
https://doi.org/10.1210/endocr/bqae092
https://doi.org/10.7759/cureus.21652
https://doi.org/10.7759/cureus.9751
https://doi.org/10.21315/mjms-06-2024-452
https://doi.org/10.14499/indonesianjcanchemoprev14iss2pp94-104


12 A. H. Saputri et al., Molecular Docking Study of White Radish...........          

 

4iss2pp94-104. 

[13] K. E. Dibble, R. N. Baumgartner, S. D. 
Boone, K. B. Baumgartner, and A. E. 
Connor, “Treatment-related side 
effects among Hispanic and non-
Hispanic white long-term breast 
cancer survivors by tamoxifen use 
and duration,” Breast Cancer Res. 
Treat., vol. 199, no. 1, pp. 155–172, 
2023, doi: 10.1007/s10549-023-
06900-8. 

[14] S. J. Lee, C. D. Cha, H. Hong, Y. Y. 
Choi, and M. S. Chung, “Adverse 
effects of tamoxifen treatment on 
bone mineral density in 
premenopausal patients with breast 
cancer: a systematic review and 
meta-analysis,” Breast Cancer, vol. 
31, no. 4, pp. 717–725, 2024, doi: 
10.1007/s12282-024-01586-2. 

[15] M. Hammarström et al., “Side effects 
of low-dose tamoxifen: results from a 
six-armed randomised controlled trial 
in healthy women,” Br. J. Cancer, vol. 
129, no. 1, pp. 61–71, 2023, doi: 
10.1038/s41416-023-02293-z. 

[16] M. Gamba et al., “Nutritional and 
phytochemical characterization of 
radish (Raphanus sativus): A 
systematic review,” Trends Food Sci. 
Technol., vol. 113, pp. 205–218, 
2021, doi: 
https://doi.org/10.1016/j.tifs.2021.04.
045. 

[17] E. O. Keyata, Y. B. Tola, G. Bultosa, 
and S. F. Forsido, “Phytochemical 
contents, antioxidant activity and 
functional properties of  Raphanus 
sativus L, Eruca sativa L. and 
Hibiscus sabdariffa L. growing in 
Ethiopia.,” Heliyon, vol. 7, no. 1, p. 
e05939, Jan. 2021, doi: 
10.1016/j.heliyon.2021.e05939. 

[18] C. H. Park, W. Ki, N. S. Kim, S.-Y. 
Park, J. K. Kim, and S. U. Park, 
“Metabolic Profiling of White and 
Green Radish Cultivars (Raphanus 
sativus),” 2022. doi: 
10.3390/horticulturae8040310. 

[19] O. Noman et al., “Comparative study 
of antioxidant and anticancer activities 
and HPTLC quantification of rutin in 
white radish ( Raphanus sativus L.) 
leaves and root extracts grown in 
Saudi Arabia,” Open Chem., vol. 19, 

pp. 408–416, Mar. 2021, doi: 
10.1515/chem-2021-0042. 

[20] K. Matra et al., “Antioxidant activity of 
mustard green and Thai rat-tailed 
radish grown from cold plasma 
treated seeds and their anticancer 
efficacy against A549 lung cancer 
cells,” Not. Bot. Horti Agrobot. Cluj-
Napoca, vol. 50, no. 2, p. 12751, May 
2022, doi: 10.15835/nbha50212751. 

[21] B. Lan L, “Isolation of Sulforaphene 
and Sulforaphane, The Novel 
Anticancer Reagent, from Raphanus 
sativus,” Bioequivalence Bioavailab. 
Int. J., vol. 1, no. 2, pp. 16–17, 2017, 
doi: 10.23880/beba-16000111. 

[22] P. C. Agu et al., “Molecular docking as 
a tool for the discovery of molecular 
targets of  nutraceuticals in diseases 
management.,” Sci. Rep., vol. 13, no. 
1, p. 13398, Aug. 2023, doi: 
10.1038/s41598-023-40160-2. 

[23] A. R. Lubis, W. Y. Solikah, D. 
Estiningsih, and N. Jannah, 
“Molecular Docking Study of Active 
Compounds in White Radish 
(Raphanus sativus L.) on 
Cyclooxygenase-2 (COX-2) Receptor 
as an Anti-Inflammatory Agent,” JKPK 
Jurnal Kim. dan Pendidik. Kim., vol. 
10, no. 1, p. 70, 2025, doi: 
10.20961/jkpk.v10i1.99982. 

[24] H. K. Nivatya et al., “Assessing 
molecular docking tools: 
understanding drug discovery and 
design,” Futur. J. Pharm. Sci., vol. 11, 
no. 1, p. 111, 2025, doi: 
10.1186/s43094-025-00862-y. 

[25] R. N. Sahoo, S. Pattanaik, G. 
Pattnaik, S. Mallick, and R. 
Mohapatra, “Review on the use of 
Molecular Docking as the First Line 
Tool in Drug Discovery and 
Development,” Indian J. Pharm. Sci., 
vol. 84, no. 5, pp. 1334–1337, 2022, 
doi: 10.36468/pharmaceutical-
sciences.1031. 

[26] J. A. Pradeepkiran, S. B. Sainath, and 
K. V. L. Shrikanya, “Chapter 5 - In 
silico validation and ADMET analysis 
for the best lead molecules,” J. A. 
Pradeepkiran and S. B. B. T.-B. M. 
Sainath, Eds., Academic Press, 2021, 
pp. 133–176. doi: 
https://doi.org/10.1016/B978-0-323-

https://doi.org/10.14499/indonesianjcanchemoprev14iss2pp94-104
https://doi.org/10.1007/s10549-023-06900-8
https://doi.org/10.1007/s10549-023-06900-8
https://doi.org/0.1007/s12282-024-01586-2
https://doi.org/10.1038/s41416-023-02293-z
https://doi.org/10.1016/j.tifs.2021.04.045
https://doi.org/10.1016/j.tifs.2021.04.045
https://doi.org/10.1016/j.heliyon.2021.e05939
https://doi.org/10.3390/horticulturae8040310
https://doi.org/10.1515/chem-2021-0042
https://doi.org/10.15835/nbha50212751
https://doi.org/10.23880/beba-16000111
https://doi.org/10.1038/s41598-023-40160-2
https://doi.org/10.20961/jkpk.v10i1.99982
https://doi.org/10.1186/s43094-025-00862-y
https://doi.org/10.36468/pharmaceutical-sciences.1031
https://doi.org/10.36468/pharmaceutical-sciences.1031
https://doi.org/10.1016/B978-0-323-85681-2.00008-2


 JKPK (Jurnal Kimia dan Pendidikan Kimia), Vol. 11, No. 1, 2026,  pp. 1-14         13 

  

85681-2.00008-2. 

[27] L. L. G. Ferreira and A. D. 
Andricopulo, “ADMET modeling 
approaches in drug discovery,” Drug 
Discov. Today, vol. 24, no. 5, pp. 
1157–1165, 2019, doi: 
https://doi.org/10.1016/j.drudis.2019.
03.015. 

[28] L. Guan et al., “ADMET-score – a 
comprehensive scoring function for 
evaluation of chemical drug-likeness,” 
Med. Chem. Commun., vol. 10, no. 1, 
pp. 148–157, 2019, doi: 
10.1039/C8MD00472B. 

[29] B. Ni, H. Wang, H. K. S. Khalaf, V. 
Blay, and D. R. Houston, “AutoDock-
SS: AutoDock for Multiconformational 
Ligand-Based Virtual Screening,” J. 
Chem. Inf. Model., vol. 64, no. 9, pp. 
3779–3789, May 2024, doi: 
10.1021/acs.jcim.4c00136. 

[30] J. Dickerhoff, K. R. Warnecke, K. 
Wang, N. Deng, and D. Yang, 
“Evaluating Molecular Docking 
Software for Small Molecule Binding 
to G-Quadruplex DNA,” 2021. doi: 
10.3390/ijms221910801. 

[31] X.-Y. Meng, H.-X. Zhang, M. Mezei, 
and M. Cui, “Molecular docking: a 
powerful approach for structure-
based drug discovery.,” Curr. 
Comput. Aided. Drug Des., vol. 7, no. 
2, pp. 146–157, Jun. 2011, doi: 
10.2174/157340911795677602. 

[32] A. R. Lubis, W. Y. Solikah, and D. 
Estiningsih, “Molecular Docking Study 
of Active Compounds in White Radish 
(Raphanus sativus L.) on 
Cyclooxygenase-2 (COX-2) Receptor 
as an Anti-Inflammatory Agent,” JKPK 
(Jurnal Kim. dan Pendidik. Kim., vol. 
10, no. 1, pp. 70–86, 2025. 

[33] D. Utami, W. Y. Solikah, and N. 
Mahfudh, “Antioxidant Potency of 
Cassumunin A-C Compounds from 
Bangle Rhizome (Zingiber 
cassumunar) by Molecular Docking 
on Human ROS-1 kinase Receptors,” 
JKPK (Jurnal Kim. dan Pendidik. 
Kim., vol. 6, no. 3, p. 292, 2021, doi: 
10.20961/jkpk.v6i3.51995. 

[34] G. M. Morris et al., “AutoDock4 and 
AutoDockTools4: Automated docking 
with selective receptor flexibility,” J. 

Comput. Chem., vol. 30, no. 16, pp. 
2785–2791, Dec. 2009, doi: 
https://doi.org/10.1002/jcc.21256. 

[35] S. Forli, R. Huey, M. E. Pique, M. F. 
Sanner, D. S. Goodsell, and A. J. 
Olson, “Computational protein-ligand 
docking and virtual drug screening 
with the AutoDock suite.,” Nat. 
Protoc., vol. 11, no. 5, pp. 905–919, 
May 2016, doi: 
10.1038/nprot.2016.051. 

[36] Z. Li, H. Wei, S. Li, P. Wu, and X. Mao, 
“The Role of Progesterone Receptors 
in Breast Cancer.,” Drug Des. Devel. 
Ther., vol. 16, pp. 305–314, 2022, doi: 
10.2147/DDDT.S336643. 

[37] M. Lenhard et al., “Steroid hormone 
receptor expression in ovarian 
cancer: progesterone receptor B as 
prognostic marker for patient 
survival,” BMC Cancer, vol. 12, no. 1, 
p. 553, 2012, doi: 10.1186/1471-
2407-12-553. 

[38] K. H. Allison et al., “Estrogen and 
Progesterone Receptor Testing in 
Breast Cancer: ASCO/CAP Guideline  
Update.,” J. Clin. Oncol.  Off. J. Am. 
Soc.  Clin. Oncol., vol. 38, no. 12, pp. 
1346–1366, Apr. 2020, doi: 
10.1200/JCO.19.02309. 

[39] M. Sugumar et al., “Molecular 
Docking, Dynamics Simulations, 
ADMET, and DFT Calculations: 
Combined In Silico Approach to 
Screen Natural Inhibitors of 3CL and 
PL Proteases of SARS-CoV-2,” Cell. 
Microbiol., vol. 2024, pp. 1–19, Jan. 
2024, doi: 10.1155/2024/6647757. 

[40] N. Frimayanti, A. Lukman, and L. 
Nathania, “Studi molecular docking 
senyawa 1,5-benzothiazepine 
sebagai inhibitor dengue DEN-2 
NS2B/NS3 serine protease”, 
chempublish, vol. 6, no. 1, pp. 54–62, 
Dec. 2021. 

[41] A. Pratama, R. Herowati, and H. 
Ansory, “Studi Docking Molekuler 
Senyawa Dalam Minyak Atsiri Pala 
(Myristica fragrans H.) Dan Senyawa 
Turunan Miristisin Terhadap Target 
Terapi Kanker Kulit,” Maj. Farm., vol. 
17, p. 233, Apr. 2021, doi: 
10.22146/farmaseutik.v17i2.59297. 

[42] M. Khudzaifi, S. Kalsum, and A. 

https://doi.org/10.1016/B978-0-323-85681-2.00008-2
https://doi.org/10.1016/j.drudis.2019.03.015
https://doi.org/10.1016/j.drudis.2019.03.015
https://doi.org/10.1039/C8MD00472B
https://doi.org/10.1021/acs.jcim.4c00136
https://doi.org/10.3390/ijms221910801
https://doi.org/10.2174/157340911795677602
https://doi.org/10.20961/jkpk.v6i3.51995
https://doi.org/10.1002/jcc.21256
https://doi.org/10.1038/nprot.2016.051
https://doi.org/10.2147/DDDT.S336643
https://doi.org/10.1186/1471-2407-12-553
https://doi.org/10.1186/1471-2407-12-553
https://doi.org/10.1200/JCO.19.02309
https://doi.org/10.1155/2024/6647757
https://doi.org/10.22146/farmaseutik.v17i2.59297


14 A. H. Saputri et al., Molecular Docking Study of White Radish...........          

 

Nisak, “Molecular Docking Senyawa 
Flavonoid Daun Sirsak (Annona 
muricata L.) Terhadap Reseptor 
Estrogen Alfa (RE-α) Sebagai 
Kandidat Obat Antikanker Payudara,” 
Sains Med., vol. 3, pp. 1–9, Oct. 2024, 
doi: 10.63004/snsmed.v3i1.462. 

[43] N. Kamila, S. Amin, A. Sriwahyuni, 
and A. Januar, “Prediksi Aktivitas 
Antikanker Babandotan dengan 
Pendekatan Kimia Medisinal dan 
Komputasi In Silico,” J. Ris. RUMPUN 
ILMU Kesehat., vol. 4, pp. 345–351, 
Apr. 2025, doi: 
10.55606/jurrikes.v4i1.4575. 

[44] R. Thomsen and M. H. Christensen, 
“MolDock:  A New Technique for High-
Accuracy Molecular Docking,” J. Med. 
Chem., vol. 49, no. 11, pp. 3315–
3321, Jun. 2006, doi: 
10.1021/jm051197e. 

[45] D. Dwirosalia, I. Yustisia, A. Arsyad, 
R. Natsir, M. H. Cangara, and I. 
Patellongi, “Studi In Silico Potensi Anti 
Kanker Senyawa Turunan Kumarin 
terhadap Protein BCL-2,” Maj. Farm. 
dan Farmakol., vol. 25, no. 2, pp. 80–
83, 2021, doi: 
10.20956/mff.v25i2.13648. 

[46] E. Ergan, R. Çakmak, E. Başaran, S. 
Mali, S. Akkoç, and S. Annadurai, 
“Molecular Hybrid Design, Synthesis, 
In Vitro Cytotoxicity, In Silico ADME 
and Molecular Docking Studies of 
New Benzoate Ester-Linked 
Arylsulfonyl Hydrazones,” Molecules, 
vol. 29, Jul. 2024, doi: 
10.3390/molecules29153478. 

[47] J. Michel and J. W. Essex, “Prediction 
of protein–ligand binding affinity by 
free energy simulations: assumptions, 

pitfalls and expectations,” J. Comput. 
Aided. Mol. Des., vol. 24, no. 8, pp. 
639–658, 2010, doi: 10.1007/s10822-
010-9363-3. 

[48] C. Mathew, N. Lal, L. S., T. Aswathy, 
and J. Varkey, “Antioxidant, 
Anticancer And Molecular Docking 
Studiesof Novel 5-Benzylidene 
Substituted Rhodanine Derivatives,” 
Int. J. Pharm. Pharm. Sci., pp. 7–19, 
Jul. 2023, doi: 
10.22159/ijpps.2023v15i7.47421. 

[49] M. Shahab et al., “Targeting human 
progesterone receptor (PR), through 
pharmacophore-based screening  
and molecular simulation revealed 
potent inhibitors against breast 
cancer.,” Sci. Rep., vol. 14, no. 1, p. 
6768, Mar. 2024, doi: 
10.1038/s41598-024-55321-0. 

[50] S. H. Khan et al., “Ancient and modern 
mechanisms compete in 
progesterone receptor activation,” 
RSC Chem. Biol., vol. 5, no. 6, pp. 
518–529, 2024, doi: 
10.1039/d4cb00002a. 

[51] C. Butnarasu, O. V Garbero, P. 
Petrini, L. Visai, and S. Visentin, 
“Permeability Assessment of a High-
Throughput Mucosal Platform,” 2023. 
doi: 
10.3390/pharmaceutics15020380. 

[52] T. Volkova, O. Simonova, and G. 
Perlovich, “Mechanistic Insight in 
Permeability through Different 
Membranes in the Presence of 
Pharmaceutical Excipients: A Case of 
Model Hydrophobic Carbamazepine,” 
Pharmaceutics, vol. 16, p. 184, Jan. 
2024, doi: 
10.3390/pharmaceutics16020184. 

 

https://doi.org/10.63004/snsmed.v3i1.462
https://doi.org/10.55606/jurrikes.v4i1.4575
https://doi.org/10.1021/jm051197e
https://doi.org/10.20956/mff.v25i2.13648
https://doi.org/10.3390/molecules29153478
https://doi.org/10.1007/s10822-010-9363-3
https://doi.org/10.1007/s10822-010-9363-3
https://doi.org/10.22159/ijpps.2023v15i7.47421
https://doi.org/10.1038/s41598-024-55321-0
https://doi.org/10.1039/d4cb00002a
https://doi.org/10.3390/pharmaceutics15020380
https://doi.org/10.3390/pharmaceutics16020184

