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INTRODUCTION

In 2022, there were an estimated 2296.8 thousand new 
cases and 666.1 thousand deaths from breast cancer 

worldwide. An estimated 985.4 thousand new cases 
and 315.1 thousand deaths were reported in Asia, which 
corresponds to an age-standardized incidence of 34.3 per 
100,000 and an age-standardized mortality of 10.5 per 
100,000, respectively. Breast cancer is currently the most 
common cancer among Asian women1. They may not be 
lethal during early stages, but if left untreated, the tumors 
will metastasize all over the body and lead to death2.

Estrogen regulates various biological processes 
by binding to estrogen receptors (ERs). ERs have been 
classically known as transcription factors that control 

the expression of target genes. But evidence for rapid 
actions of estrogen in various tissues has been increasing 
and mechanisms of signal transduction other than the 
transcription factor mechanism have been suggested3. 
Estrogen signaling is a balance between two opposing 
forces in the form of two different receptors (ERα and 
ERβ) and their splice variants. These two pathways can 
be selectively stimulated or inhibited with subtype-selective 
drugs, representing new and promising therapeutic 
opportunities in clinical fields as diverse as hormone 
replacement, autoimmune disorders, prostate and breast 
cancer and depression4. The breast cancer conventional 
treatments mainly include surgery, chemotherapy, and 
radiotherapy. These, however, are usually linked with 
serious side effects and a reduced quality of life. However, 
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Breast cancer remains a major cause of mortality among women globally, underscoring the continuous need for more efficacious and safer 
drugs. The structural diversities as well as biological activities of phytochemicals and marine-derived natural products render them excellent 
targets for drug discovery. In the present article, bioactive phytochemicals are screened as potential estrogen receptor (ER) inhibitors via in 
silico molecular docking and pharmacokinetic studies. 3ERT protein fold of the ERα ligand binding domain was used as the docking target 
with AutoDock Vina, visualized by Biovia Discovery Studio and active site was predicted by CASTp. 100 plant extracted compounds were 
screened and 10 of them were selected on the basis of their lowest binding energies. Docking showed binding energies between –7.1 to 
–9.1 kcal/mol, which is an indicator of thermodynamically stable complexes. Echinocystic acid and celastrol exhibited the strongest binding 
affinity (–9.0 kcal/mol): forming key interactions with residues TRP383, LEU525, CYS530, VAL533 and MET528, suggesting its potential 
as a potent ER inhibitor. Lipinski’s Rule of Five and ADMET analyses further supported the drug-likeness and bioavailability of most of all 
selected ligands. The computational screening showed plant extracted compound as potent breast cancer agents. The molecular dynamics 
simulations, in vitro receptor inhibition, and in vivo pharmacokinetics should be used to determine clinical significance. 
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despite of the advanced therapies a large number of 
patients are at risk due to the side effects of the current 
clinical drugs5. 

Phyto-bioactive compounds are plant secondary 
metabolites and bioactive compounds abundantly present in 
medicinal plants, having tremendous therapeutic potential. 
Oxidative stress and antibiotic resistance are major causes 
of present-day ailments such as diabetes, atherosclerosis, 
cardiovascular disorders, cancer, and inflammation. Phyto-
bioactive compounds are the compounds present in plants 
that provide protection against various diseases. These 
compounds obtained from plants having distinct structural 
and functional properties are referred to as phytochemicals 
or secondary metabolites of plants6. Some of the numerous 
bioactive compounds contained in medicinal plants are 
alkaloids, flavonoids, terpenoids, phenolics and essential 
oils. Pharmacological properties of these compounds, 
including their antibacterial, antioxidant, anti-inflammatory, 
anticancer and immunomodulatory activities, have been 
extensively studied7-9. 

Despite advances in cancer therapies, their side 
effects and the development of long-term treatment 
resistance remain significant challenges. Therefore, there 
is a constant need to develop appropriate therapeutic 
strategies. Nature represents a valid source of bioactive 
compounds that can be of value for the development of 
new drugs. Plants, particularly, produce a wide spectrum of 
secondary metabolites that can be potential prototypes for 
innovative therapeutic agents10.

In contemporary drug discovery, molecular docking 
analysis is commonly applied to determine the interaction 
of a drug molecule with a target protein. Traditional herbal 
medicines have long been employed as natural drugs 
for the treatment of different infectious diseases. The 
ligand binding efficiency was scored with respect to their 
predicted pharmacological interactions along with binding 
energy estimations11. In silico molecular docking determine 
information to comprehend the interaction of phytochemical 
ligands with targeted protein biding domains and must 
be done before wet screening of any phytochemicals for 
its stability and safety profiles12,13. The present research 
aimed to screen phytoactive compounds of plant origin as 
estrogen receptor inhibitors against breast cancer receptor 
3ERT.

MATERIALS AND METHODS

Virtual screening was performed and 100 plant 
compounds were targeted against human estrogen receptor 
(3ERT) protein. A total of 10 compounds were selected for 
their lowest binding energies and ADMET profiling.

Protein and ligand preparation
The target protein 3ERT was retrieved from RCSB 

PDB database. It was prepared by a step-by-step procedure 
via AutoDock vina as discussed previously14. The selected 

14 bioactive compounds were retrieved through online 
database PubChem and downloaded in .sdf format and 
was prepared by following the steps as described in our 
studies14,15.

Molecular docking and visualization 
The blind docking was performed for all the selected 

ligands and protein. Grid box was formulated with x, y and 
z center as 22.396, 5.644 and 21.988 and dimensions 
40, 40 and 40Å, respectively. Total nine possess were 
generated for each ligand and the best pose with lowest 
binding energy was selected for further analysis. The 
docked complexes were then visualized via Pymol and 
Biovia Discovery Studio Visualizer 2024 (DSV).

Active site prediction
CASTp was used to determine the binding domains 

for the drug and protein interactions. It is a web tool that 
detects 3D protein surfaces16. It provides detailed and 
global quantitative description of the protein topography17. 

Physiochemical properties
Web tools SwissADME and pkCSM were used to 

determine the Lipinski rule of five, ADMET analysis and 
drug toxicity. The single canonical smiles for all the ligands 
were retrieved from PubChem, and ADMET analysis and 
toxicity information was retrieved from SwissADME and 
pKCSM.

RESULTS

Active site prediction
A total of 33 binding sites were predicted with the 

effective interactive amino acids including GLY521, 
GLY420, His 420, GLU353, LEU349, ILE326, ARG394, 
PRO324, MET522, LEU536, GLY 390, LYS 449 etc. Most 
of studied ligands are docked to the binding pocket 1 while 
some at binding pocket 6 as shown in Figure 1. 

Molecular docking analysis
The targeted protein 3ERT was docked with the 

selected ligands. The best pose with the lowest binding 
energy was selected and visualized via pymol and BDSV. 
The ligands’ negative binding energy values range from 
–7.1 to –9.1 kcal/mol, indicating thermodynamically stable 
complexes. The compounds with the lowest binding 
energies are pseudocoptisine (PubChem ID: 15520811) 
at -8 kcal/mol, echinocystic acid (PubChem ID: 73309): 
xanthohumol I and B (PubChem ID: 12986068 and 
9799506) at -8.0 kcal/mol, and koumine (PubChem ID: 
44583834). Lastly, Celastrol (PubChem ID: 122724) has 
the highest binding affinity at -9.1 kcal/mol. The majority 
of noncovalent interactions involve hydrophobic and 
hydrogen bonding interactions. Strong hydrogen bonds, 
typically between 2.3 and 3.5 Å, are formed by the majority 
of these identified ligands, indicating stable and specific 
bindings (Table I). 

http://cast.engr.uic.edu
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Fig. 1., a) Image obtained via DSV indicates that all the studied ligands are docked in binding pocket 1., b) CASTp 
predicted total 33 binding pockets of the protein (3ERT) of which two binding pockets 1 and 6 are shown high 
highlighted green and red color. 

Table I. Protein (3ERT) interaction with respective ligands and amino acid residues with their distances and binding 
energies.

Ligand name 
(PubChem ID)

Interaction amino acid residues (Distance: Å) Binding energy 
(Kcal/mol) Hydrogen bond  Hydrophobic Electrostatic interaction Other

Piperine (638024) THR347(2.82) ALA350(4.25) ASP351(3.57)   -7.8
LEU525(4.87)
LEU525(4.81)
LEU536(4.22)
LEU539 (5.04)
LEU536(5.3)

Berberine (2353)   LYS529(3.4)     -7.6
TYR526(5.1)
LYS529( 4.61)
LYS529(4.49)
CYS530(4.84)
MET522(4.94)

Koumine 
(44583834)

MET522(3.43) LEU536(3.57)     -8.0
MET522(3.39) LEU536(4.43)

Xanthohumol I 
(12986068)

GLU380(2.16) TRP383(5.42)     -8.0
ASP351(2.3) MET522(5.42)
MET522(2.33) MET522(5.17)
MET522(2.32) MET522(5.32)
LEU525(3.63) LEU536(4.77)

LEU525(4.63)
TRP383(5.25)
LEU536(4.15)

Table continues on next page.....
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Ligand name 
(PubChem ID)

Interaction amino acid residues (Distance: Å) Binding energy 
(Kcal/mol) Hydrogen bond  Hydrophobic Electrostatic interaction Other

Xanthohumol 
B(9799506) 

VAL534(2.56) TRP383(5.24) ASP351(3.78)   -8.0
ALA350(2.62) TRP383(3.85)
MET522(3.74) LYS529(4.1)
MET522(3.71) PRO535(5.12)

VAL533(5.43)
MET522(4.35)
LEU525(4.77)
ALA350(4.68)
LEU354(5.35)

Echinocystic acid 
(73309)

TRP383(2.30) LEU525(5.46)     -9.0
CYS530(4.61)
VAL533(4.80)
LEU536(4.88)
MET528(5.46)
TYR526(4.86)

Gelselegine 
(102061673)

CYS530(2.72) TRP383(5.31) ASP351(4.70)   -7.4
LYS529(5.18)
CYS530(4.78)
VAL533(5.40)
VAL533(4.27)
ALA350(5.25)
LEU525(4.57)

Pseudocoptisine 
(15520811)

LEU525(3.56) TRP383(5.37)     -8.5
TRP383(4.13)
ALA350(4.51)
LYS529(4.92)
LEU354(5.20)
TRP383(5.35)
TRP383(5.35)
TRP383(3.96)
LYS529(5.2)
LEU536(5.29)

Sinomenine 
(5459308)

LEU525(2.2) TRP383(3.77)   CYS530(5.91) -7.1
MET528(5.29)
CYS530(3.83)
LYS529(4.82)
VAL533(5.45)

Celastrol (122724) GLU380(2.28) TRP383(5.18)   -9.1
LYS529(4.88)
LYS529(3.94)
LEU536(4.88)

TYR526(4.56)
LEU536(4.39)
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Of the compounds screened, Echinocystic acid and 
celastrol showed the lowest binding energies of –9.0kcal/
mol and -9.1kcal/mol, respectively. The ligand echinocystic 
acid and celastrol formed a conventional hydrogen bond 
with TRP383 and GLU380, respectively while hydrophobic 
interactions were shown with LEU525, CYS530, VAL533, 
LEU536, MET528, TRP383, ALA350, LYS529 and TYR526 
amino acid residues Figure. Koumine and xanthohumol 
derivatives also exhibited low binding energies of -7.9kcal/
mol and –8.0 kcal/mol, respectively. Koumine showed 
hydrophobic interactions with MET522 LEU525 and 
LEU536 while hydrogen bond with CYS530. However, 
xanthohumol I compounds exhibit conventional hydrogen 
bond with GLU380, MET522, and ASP351 while carbon 
hydrogen bond with LEU525. Xanthohumol B exhibit 
conventional hydrogen bond with VAL534, ALA350, 
carbon hydrogen bond with MET522 while hydrophobic 
interactions with LYS529, VAL533, PRO535, LEU525, 
LEU354, TRP383 Similarly, pseudocoptisine possess 
binding energy –8.5kcal/mol exhibiting carbon hydrogen 
bond with LEU525 and hydrophobic interactions with 
LEU536, LEU354, TRP383, ALA350, LYS529. 

Moderate binding energies of piperine (–7.8 kcal/mol): 
berberine (–7.6 kcal/mol): and gelselegine (–7.4 kcal/mol) 
were observed, piperine and gelselegine showed hydrogen 
bond with THR347, and CYS530, respectively. However, 
piperine and berberine showed hydrophobic interactions 
are expressed with LEU525, LEU536, LEU539, ALA350, 
LYS525, MET522, TYR526, CYS530. Gelselegine showed 
electrostatic pi-anion with ASP351. The sinomenine 
possessed binding energy –7.1 kcal/mol with hydrogen 
bond interaction with active residues LEU525, and 
hydropobic interactions with TRP383, VAL535, MET528, 
and LYS529 while pi-sulphur bond with CYS530. Together, 
the docking outcomes underscore the importance of 
MET522, LEU525, TRP383, CYS530, ASP351, and 
LYS529 as key residues in ligand binding and stabilization 
in the 3ERT active site. Echinocystic acid proved to be the 
strongest binder, indicating its high potential as an effective 
inhibitor directed against the 3ERT protein (Fig. 2).

Drug likeness and toxicity
The rule of five by Lipinski is one of the most 

important guidelines used in assessing the drug-likeness of 
compounds, and most importantly their oral bioavailability18. 
All the selected ligands followed Lipinski’s rule of five with 
zero violation (Table II). Using the SwissADME and pkCSM 
online server we determine the ADMET (absorption, 
distribution, metabolism, excretion, and toxicity) profile for 
each ligand as shown in Table III. All compounds exhibit 
poor to very poor aqueous solubility (LogS range: –4.35 
to –2.80). The most soluble are gelselegine (–2.80) and 
sinomenine (–2.92): whereas pseudocoptisine (–4.35) and 
koumine (–4.02) are the least soluble. Most compounds 

show excellent predicted absorption (>94 % absorbed). 
Echinocystic acid (99.1 %): pseudocoptisine (99.1 %): and 
celastrol (100 %) are essentially completely absorbed, 
while xanthohumol I and B showed ~75 %. Piperine, 
koumine, xanthohumol I and xanthohumol B are predicted 
P-gp I inhibitors, whereas berberine, xanthohumol I/B, 
echinocystic acid, and pseudocoptisine inhibit P-gp 
II. Berberine, gelselegine, sinomenine, celastrol lack 
significant P-gp inhibitory activity for at least one isoform, 
potentially favoring better oral bioavailability.

For volume of distribution (VDss): values range 
widely from very low (echinocystic acid –1.137 log L/
kg and celastrol –1.329 log L/kg, indicating limited tissue 
distribution) to high (koumine 1.589 log L/kg, suggesting 
extensive tissue penetration). Only berberine (log BB 
0.198): koumine (0.251): pseudocoptisine (0.css343): 
and celastrol (0.078) are predicted to cross the Blood–
brain barrier (BBB) permeability to a relevant extent (log 
BB > 0). Xanthohumol I and B show the poorest BBB 
penetration (–1.053). All compounds have low predicted 
CNS penetration (log PS < –2, mostly < –1.5): indicating 
limited central nervous system exposure. Xanthohumol 
I/B (–2.98) and gelselegine (–2.58) are particularly CNS-
impermeable. Moreover, all ten compounds are predicted 
substrates of CYP3A4, highlighting a high likelihood of 
first-pass metabolism and potential drug–drug interactions 
with CYP3A4 modulators. Berberine, xanthohumol I/B, 
and pseudocoptisine are CYP3A4 and CYP2D6 inhibitors. 
Moreover, highest total clearance is predicted for berberine 
and pseudocoptisine elimination while echinocystic acid 
and celastrol show very low clearance (–0.04 to –0.09).  
Berberine, koumine, pseudocoptisine, and sinomenine 
are predicted to be AMES-positive (potential mutagens): 
while piperine, berberine, koumine, and celastrol carry a 
hepatotoxicity risk. Echinocystic acid, xanthohumol I/B, 
gelselegine, and celastrol show the good profile with no 
mutagenicity and (except celastrol) no hepatotoxicity.

DISCUSSION

The present in silico screening of 100 phytoactive 
compounds against the estrogen receptor alpha (ERα) 
structure (PDB: 3ERT) identified ten promising candidates 
with binding affinities ranging from -7.1 to -9.1 kcal/mol, 
underscoring their potential as selective ERα inhibitors for 
estrogen-dependent breast cancer. Among these, celastrol 
and echinocystic acid emerged as the most potent, with 
binding energies of -9.1 and -9.0 kcal/mol, respectively, 
comparable to established phytoestrogens like genistein (-8.5 
to -9.0 kcal/mol) in prior docking studies19,20. These affinities 
showed thermodynamically favorable interactions that is 
hydrogen bonds in celastrol with Phe404 and Gly521and 
echinocystic acid with Trp383 and hydrophobic interactions 
with residues such as Leu525, Met522, and Cys530, which
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Fig. 2. Binding interactions of phytoactive compounds and ERα complexes. The interactions were obtained via DSV 
and the interaction types are represented via different colors. 1) Piperine, 2) Berberine, 3) Koumine, 4) Xanthohumol I, 
5) Xanthohumol B, 6) Echinocystic acid 7) Gelselegine, 8) Pseudocoptisine, 9) Sinomenine, 10) Celastrol. 
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Table II. Lipinski rule of five analysis of selected ligands predicted via SwissADME.

Sr. 
No

Ligands Plant source Molecular 
weight < 500 (g/
mol)

H-bond ac-
ceptor < 10

H-bond 
donors < 5

logP<5 
(WLOGP)

Polar sur-
face area 
(Å2)

1 Piperine (638024) Piper longum L. 285.343 3 0 2.51 38.8

2 Berberine (2353) Coptis chinensis French. 336.36 4 0 3.10 40.80

3 Koumine (44583834) Gelsemium elegans
(Gardner & Chapm) Benth.

306.40 3 0 2.17 24.83

4 Xanthohumol I 
(12986068)

Humulus lupulus L. 370.40 6 3 2.97 96.22

5 Xanthohumol B(9799506)  Humulus lupulus L. 370.40 6 3 2.97 96.22

6 Echinocystic acid (73309) Luffa cylindrica (L.) M. Roem. 472.70 4 3 6.20 77.76

7 Gelselegine (102061673) Gelsemium elegans (Gardner 
& Chapm) Benth

372.46 5 1 0.95 62.24

8 Pseudocoptisine 
(15520811)

Corydalisturts chaninovii 
Besser

320.32 4 0 2.81 40.80

9 Sinomenine (5459308) Sinomenium acutum (Thunb) 
Rehder & E.H. Wilson

329.39 5 1 1.64 59.00

10 Celastrol (122724) Tripterygium wilfordii Hook.f. 450.61 4 2 6.70 74.60

Table III. Drug likeness prediction using pkCSM online database server for the selected ligands.

ADMET Piper-
ine

Ber-
berine

Kou-
mine 

Xantho-
humol I 

Xantho-
humol B

Echino-
cystic
acid

Gelsel-
egine

Pseu-
docop-
tisine

Sinome-
nine

Celas-
trol

Absorp-
tion

Water solubility (LogS)ml/L  -3.46  -3.97  -4.023 -3.34  -3.34  -3.317  -2.804  -4.354  -2.92 -3.31

Intestinal absorption (human)
(%Absorption)

 94.44  97.15  98.058 75.29  75.297  99.114  96.091  99.13  95.58 100

P-Glycoprptein I inhibitors  Yes  No  Yes Yes  Yes  No  No  No  No No

P-Glycoprptein II inhibitors  No  Yes  No Yes  Yes  Yes  No  Yes  No No

Distribu-
tion

VDss (human) (logL/kg)  0.158  0.58  1.589 0.672  0.672  -1.137  0.555  0.612  0.74 -1.33

BBB permeability  -0.102  0.19  0.251 -1.053  -1.053  -0.492  -0.552  0.343  -0.69 0.08

CNS permeability  -1.87  -1.54  -1.924 -2.978  -2.978  -1.531  -2.584  -1.54  -2.35 -1.28

Metabo-
lism

CYP2D6 substrate  No  No  Yes No  No  No  No  No  No No

CYP3A4 substrate  Yes  Yes  Yes Yes  Yes  Yes  Yes  Yes  Yes Yes

CYP2D6 inhibitor  No  Yes  Yes No  No  No  No  No  No No

CYP 3A4 inhibitor  No  Yes  No Yes  Yes  No  No  Yes  No No

Excre-
tion

Total clearance (Log ml/min / kg)  0.23  1.27  1.034 0.21  0.21  -0.043  1.011  1.26  0.96 -0.09

Renal OCT 2 substrate  Yes  No  Yes No  No  No  Yes  Yes  Yes No

Toxicity AMES toxicity categorical (Yes 
No/)

 No  Yes  Yes No  No  No  No  Yes  Yes No

Max. tolerable dose (log mg/kg/
day)

 -0.38  0.14  -0.591 -0.333  -0.333  -0.033 0.088  -0.17  -0.46 0.19

Hepatotoxicity  Yes  Yes  Yes No  No  No  No  No  No Yes
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are critical for ligand stabilization. These residue interactions 
align with structural analyses of ERα antagonists, where 
Trp383 and Leu525 facilitate π-π stacking and van der 
Waals forces are essential for inhibition21. Xanthohumol I 
and B (-8.0 kcal/mol) formed hydrogen bonds with Glu380, 
Asp351, and Val534. Pseudocoptisine (-8.5 kcal/mol) and 
koumine (-8.0 kcal/mol). Berberine (-7.6 kcal/mol) showed 
moderate affinity but notable hydrophobic engagement 
with LYS529 and MET522. Piperine, sinomenine, and 
gelselegine exhibited moderate bindings (-7.8, -7.1, and 
-7.4 kcal/mol): with THR347 and CYS530 with ERα active 
domain. Overall, the predominance of binding in pocket 
1 (as predicted by CASTp) emphasizes the compounds’ 
convergence on the canonical AF-2 helix interface, a 
hotspot for selective ER modulators (SERMs) that prevent 
coactivator expression22.

Moreover, ADMET profiling showed favorable 
pharmacokinetics for clinical use. All ligands followed 
Lipinski’s rule of five, predicting high oral bioavailability. 
Human intestinal absorption is near to 100 for most of the 
compounds comparable to optimized natural ERα inhibitors 
like quercetin derivatives23. Low aqueous solubility (LogS 
-4.35 to -2.80) is a common limitation of triterpenoids 
and alkaloids, but this is counterpoised by P-glycoprotein 
inhibition as this study provides piperine and xanthohumols 
as both I/II inhibitors24. Distribution profiles varied, with low 
VDss for echinocystic acid and celastrol (-1.137 and -1.329 
log L/kg) indicating plasma retention suitable for targeted 
oncology, while koumine’s high VDss (1.589 log L/kg) 
suggests broad tissue penetration25. Excretion via renal 
OCT2 showed efficient clearance, with low total clearance 
for echinocystic acid and celastrol (-0.04 to -0.09 log mL/
min/kg). Toxicity assessments showed Echinocystic acid, 
xanthohumols, and gelselegine showed AMES-negative 
and non-hepatotoxic, consistent with triterpene and 
prenylflavonoid tolerability in preclinical breast cancer 
models26. This study has some limitations such as the 
static nature of docking and use of predictive ADMET tools 
without isoform-specific validation. Future studies should 
integrate molecular dynamics simulations, in-vivo and in-
vitro analysis for its validation and clinical efficacy. 

CONCLUSION

This research identifies the therapeutic efficacy 
of phytoactive molecule from natural resources as 
potential estrogen receptor inhibitors. Molecular docking 
studies against the 3ERT protein showed celastrol and 
echinocystic acid possess lowest binding energy –9.1 and 
-9.0kcal/mol followed by koumine, xanthohumol derivatives 
and Pseudocoptisine. These ligands bound to active site 
residues MET522, LEU525, TRP383, CYS530, ASP351, 
and LYS529, predicting their capability to potentially 
inhibit receptor activity efficiently. ADMET profiling further 
confirmed good intestinal absorption and moderate 

blood–brain barrier permeability for most compounds, with 
echinocystic acid and xanthohumol B exhibiting favorable 
safety profiles compared to hepatotoxic compounds 
like koumine and Berberine. Subsequent research 
should encompass in vitro and in vivo pharmacokinetic 
examinations to confirm their therapeutic applications in 
the treatment of breast cancer.
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