
 

Inves
Ricinu

Pras

2Vila

Canc
being on
rates und
family, s
cancer c
promisin
binding 
Dehydro
sitostero
specific 
the comp
flexibilit
understa
compoun

Keywor

Cancer is de
of cells, repre
behavior. Th
and aggressi
organs1,2. Am
cancer (BC) 
types. Specif
of cancer-re
cancer. In 20
reached 14 
2035, this nu
Reports indic
will experie
Hormone dep
approximatel
75% of postm

—————— 
*Corresponden
Phone: +91-916
E-mail: prashal

stigating t
us commun

hali Shinde1*, 
1School of Ph

asrao Deshmukh
3Rajg

4Shikshan

er, characterized
ne of the most p
derscore the nee
specifically the H
ells. Targeting t

ng avenue for tr
potential of ph

ogenase 1 enzym
l, and Germanic
interactions alon
plexes, with Ka
ty, and Rutin d
anding ligand-pro
nds targeting Est

rds: Breast cance

fined as unco
esenting a per

his often lead
ive spread o
mong the pr

stands out a
fically, it hold
elated deaths 
012, the docum
million, and 

umber is expec
cate that at le
ence this dis
pendency is a
ly 60% of pre
menopausal B

nce: 
68680404 (Mob
li.shinde@gmail

I

the role of
nis in mod

Gurdeep Singh

harmaceutical Sc
 Foundation, Gr
gad Dnyanpeeth
n Prasarak Mand

Receiv

d by uncontrolla
prevalent and let
ed for innovativ
HSD17B1 enzym
this enzyme, par
reatment. Utiliz
hytoconstituents 
me. The study fo
col.Kaempferol-3
ngside docking 
aempferol-3-O-G
displaying mode
otein interaction
tradiol 17-beta-D

er, Estradiol 17-b

ontrolled and i
rsistent abnorm

ds to the inva
f cancerous 
revalent mali
as one of the

ds the second p
in women, 

mented cases 
projections 

cted to escalate
east one in ev
sease during 
a prevalent ch
emenopausal 

BC patients de

) 
l.com 

Indian Journal o
Vol. 62, J
DOI: 10.5

f phytoche
dulating e
for breast 

h1, Mohini Sal

ciences, Lovely P
roup of Institutio
h’s College of Ph
dal's College of P

ved 18 Novembe

able cell prolifer
thal forms. Desp

ve therapeutic ap
me, known for i
rticularly 17-bet
zing molecular d

from Euphorb
ocuses on compo
3-O-Glucoside a
scores. Molecul

Glucoside demo
erate structural 
ns, offering valua
Dehydrogenase i

beta-dehydrogen

immortal grow
mality in cellu
asion, metasta
cells to vario
gnancies, bre
e most comm
position in ter
following lu
of breast can
suggest that 
e to 24 million

very nine wom
her lifetime

haracteristic, w
BC patients a

emonstrating t

 
 

f Biochemistry &
July 2025, pp. 73
6042/ijbb.v62i7

 
 
 

emicals fro
estradiol 1

cancer tre

lunke2, Balaji W

Professional Uni
ons, VDF School
harmacy, Bhor, P
Pharmacy, Akluj

er 2024; revised 2

ration, poses a si
pite advancemen
pproaches. This 
its role in estrog
a-Hydroxysteroi
docking and mo

bia pulcherrima 
ounds such as R
and Stigmasterol
lar dynamics sim
nstratingstable b
fluctuations. Th
able insights for
in treatment of b

nase, Euphorbia 

wth 
ular 
asis, 
ous 
east 

mon 
rms 
ung 
ncer 

by 
n3,4. 
men 
e5,6. 

with 
and 
this 

hormo
BC an
unders
Curren
chemo
signifi
natura
more 
advan
stage 
crucia
search
medic

Bre
variou
of spe
therap
17-be
beta-H
enzym

& Biophysics 
33-742 
7.15149 

om Eupho
7-beta -de
eatment 

Wakure2, Deep

iversity, Phagwa
l of Pharmacy, L
Pune-412 206, M
j, Solapur-413 10

23 December 20

ignificant global
nts in treatment,
study focuses o

gen production a
id dehydrogenas
olecular dynami

and Ricinus c
Rutin, Kaempfero
l also show pote
mulations reveal
binding configu
his integrated a
r the design and 
breast cancer. 

pulcherrima, Ri

onal reliance. 
nd the importa
standing its 
nt cancer treat
otherapy, oft
ficant side ef
ally occurrin

effective an
ncements in c
identification 

al for reducing
h for safe a
cations is impe
east cancer is
us molecular 
ecific enzyme
pies14. One su
ta-Hydroxyst

HSD1). This 
me family a

orbia pulc
ehydrogen

pak Kardile3 & 

ara-144 411, Pun
Latur-413 531, M
Maharashtra, Indi
01, Maharashtra

024 

l health challeng
, the rising prev
on the first enzy

and its impact on
se type 1 (17-be
ics simulations, 

communis on th
ol-3-O-Glcoside

ential, emphasizi
l varying degree

uration, Stigmast
approach provid
optimization of 

icinus communis

This highligh
ance of consid

incidence 
tments, mainly
ften yield l
ffects. Resear
ng, low-tox
nd tolerable 
cancer researc
remains com

g late-stage f
and effective 
erative13. 
s a complex 
factors, and 

es is crucial f
uch enzyme o
teroid dehydr

enzyme bel
and plays a 

cherrima a
nase 1 acti

Snehal Kashid

njab, India 
Maharashtra, Ind
ia 

a, India 

ge, with breast c
valence and mor
yme of the HSD
n the spread of b
eta-HSD1), prese

we investigate
he Estradiol 17-
e, Stigmasterol, 
ing the importan
es of stability am
terol showing h
des a comprehe
f potential therap

s 

hts the diverse
dering age as 

and charact
y surgery, radi
limited bene
rch prioritize

xicity chemi
therapies10-12

ch and treatm
mmon. Early d
fatalities. Ther

cancer treat

disease influ
understandin

for developing
of significant 
rogenase typ
longs to the 

pivotal rol

and  
ivity  

d4 

dia 

ancer 
rtality 
D17B 
breast 
ents a 
d the 
-beta-
Beta-

nce of 
mong 

higher 
ensive 
peutic 

e nature of 
a factor in 
teristics7-9. 
iation, and 

efits with 
es finding 
icals for  
2. Despite 
ment, late-
etection is 
refore, the 
tments or 

uenced by 
g the role 
g targeted 
interest is 

pe 1 (17-
HSD17B 

le in the 



INDIAN J. BIOCHEM. BIOPHYS., VOL. 62, JULY 2025 
 
 

734

conversion of 17beta-hydroxysteroids, including 
oestrogens and androgens15,16. In the context of breast 
cancer, the overexpression or hyperactivity of 17-
beta-HSD1 has been linked to the accelerated spread 
of breast cancer cells through increased cell 
proliferation17-20. This suggests that targeting 17-beta-
HSD1 could potentially be a promising avenue for 
breast cancer treatment.  

Developing highly selective inhibitors of 17-beta-
HSD1 could be a critical step in designing effective and 
safe therapeutic interventions. In contemporary medical 
research, phytochemicals have garnered significant 
attention due to their potential therapeutic applications. 
These natural compounds play a vital role in the 
development of various therapeutic drugs, showcasing a 
range of positive effects on human cancer models21-24. 
Phytochemicals are bioactive compounds derived from 
plants, possessing diverse pharmacological properties25. 
The study investigates the phytochemicals derived from 
Euphorbia pulcherrima and Ricinus communis, aiming 
to unravel their potential in combating cancer. 
Euphorbia pulcherrima, commonly known as poinsettia, 
and Ricinus communis, the castor plant, are two 
botanical species that have garnered attention in recent 
years for their potential medicinal value, particularly in 
the realm of cancer research26,27. While both plants are 
widely known for their ornamental and industrial  
uses, respectively, their phytochemical components  
have become the focus of scientific investigation  
due to their promising anti-cancer properties. Poinsettia 
contains various phytochemicals, including flavonoids, 

alkaloids, terpenoids, quercetin, and kaempferol, which 
have demonstrated anti-inflammatory and anti-cancer 
properties in preclinical studies. Research on poinsettia 
extracts has shown potential anti-cancer effects, 
including inhibition of cell proliferation, induction of 
apoptosis (programmed cell death), and suppression of 
angiogenesis (the formation of new blood vessels that 
support tumor growth)28-30. These activities make 
poinsettia an intriguing candidate for further exploration 
in cancer therapy. 

Alongside, the castor plant is rich in 
phytochemicals, with its seeds containing ricin, a 
well-known toxic protein. However, castor oil, 
derived from the seeds, also contains beneficial 
components such as ricinoleic acid, flavonoids, and 
polyphenols, which exhibit anti-inflammatory and 
anti-cancer properties. Ricinoleic acid, the main 
component of castor oil, has been studied for its anti-
cancer effects. It has shown potential in inhibiting the 
growth of various cancer cell lines, inducing 
apoptosis, and disrupting cancer cell migration and 
invasion. Additionally, other castor oil components 
contribute to its overall anti-cancer activity31. Both 
Euphorbia pulcherrima and Ricinus communis show 
promise in cancer research due to their rich 
phytochemical composition. While more studies are 
needed to fully unravel their potential in combating 
cancer, the current research suggests that these plants 
may contribute valuable compounds for the 
development of novel anti-cancer therapies. It is 
important to note that the use of plant-derived 

 
 

Graphical Abstract 



SHINDE et al.: INVESTIGATING THE ROLE OF PHYTOCHEMICALS FOR BREAST CANCER TREATMENT 

 
 

735

compounds for medical purposes requires rigorous 
investigation to ensure safety and efficacy. 

In this context, the present study adopts a 
combined computational approach, integrating 
molecular docking and molecular dynamics (MD) 
simulations, to analyze the interaction and binding 
potential of phytoconstituents from Euphorbia 
pulcherrima and Ricinus communis with Estradiol 17-
beta-Dehydrogenase 1, with a focus on their 
anticancer properties. By targeting Estradiol 17-beta-
Dehydrogenase 1, these phytoconstituents may offer a 
novel avenue for breast cancer treatment. The 
findings of this research could contribute to the 
growing body of knowledge on phytochemicals as 
potential anticancer agents and may have implications 
for the development of future therapeutics. 
 
Materials and Methods 
 

Protein structure retrieval and preparation 
The x-ray crystal structure of Estradiol 17-beta-

Dehydrogenase 1 enzymeis available in the RCSB 
PDB database (https://www.rcsb.org/) with PDB ID: 
3HB532 at 2 Å resolution (Fig. 1). After downloading 
the structure in pdb file format, we have then 
performed In silico protein structure preparation using 
Protein Preparation Wizard33 of Schrodinger software. 
The process included hydrogenation, adjustment of 
protonation states, side-chain sampling, and energy 
minimization. The prepared structure was then 
validated for quality, and the final output was saved 
for subsequent molecular docking and simulation 
analyses. 
 

Ligand structure retrieval and preparation 
The 2D structures of Euphorbia pulcherrima and 

Ricinus communis phytoconstituents, including  

Rutin, Kaempferol-3-O-Glcoside, Stigmasterol, Beta-
sitosterol, and Germanicol were obtained from the 
PubChem database (https://pubchem.ncbi.nlm.nih. 
gov/). To convert these 2D structures into 3D 
structures, the OpenBabel program was employed34. 
Subsequently, the obtained 3D structures underwent 
energy minimization using the Maestro software, 
employing the OPLS-2005 force field35. This process 
aimed to achieve energetically minimized structures 
for further utilization in molecular docking studies. 
 

Binding site definition and molecular docking study 
The binding cavity of the Estradiol 17-beta-

Dehydrogenase 1 enzyme is defined using FlexX 
software36,37. As, the crystal structure of 17-beta-
Dehydrogenase 1 enzyme is available in complex 
with the inhibitor i.e., 17beta-HSD type 1: a lead 
compound, so we have defined binding site by  
taking this compound as reference for binding site 
information using FlexX software. In FlexX when we 
prompt co-crystal ligand for reference ligand to define 
the binding site it automatically selects the binding 
site residue which are involved within the 6.5 position 
of the co-crystal ligand. For 17-beta-Dehydrogenase 1 
enzyme we have selected amino acid residues viz. 
Ser12, Gly13, Gly15, Gly92, Lue93, Thr140, Tyr155, 
Lys159, Cys185, Val188, and Phe192 etc (Fig. 2).  

After defining the binding site for Estradiol 17-beta-
Dehydrogenase 1 enzyme, the prepared and 
energetically minimized ligand were subjected for 
molecular docking and binding affinity prediction  
using FlexX36 and Hyde38 software, respectively. After 
the docking and binding affinity prediction we  
have visualized the intermolecular interactions and 
subsequently performed the Molecular Dynamic (MD) 
simulation studies to see the binding stability of docked 
ligands within the binding cavity if the enzyme39.  
 

Molecular dynamic simulation 
In this investigation, molecular dynamics 

simulations were conducted using the Desmond 
software40 to explore the dynamic behavior of the 
complex system involving the Estradiol 17-beta-
Dehydrogenase 1 enzyme and five phytoconstituents: 
Rutin, Kaempferol-3-O-Glcoside, Stigmasterol, Beta-
sitosterol, and Germanicol. The simulations were 
executed under physiological conditions at 300K 
temperature, 1.01325 bar pressure, and within a cubic 
box of 10 Å. To accurately capture intermolecular 
interactions, the OPLS-2005 force field was employed, 
and solvation was achieved using TIP3P water 
molecules. The system underwent an initial energy 

 
 

Fig. 1 — The 3D structure of the Estradiol 17-beta-Dehydrogenase 1
enzyme with PDB ID: 3HB532. The helices shown in red colour,
strands are shown in cyan colour and loops are shown in gray colour 
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minimization to rectify steric clashes, followed  
by a gradual release of constraints for system 
relaxation. Equilibration stages (NVT and NPT) were 
implemented to adjust temperature and pressure 
through thermostats and barostats. Subsequently, 
production MD simulations were performed for 100 ns, 
with energy recorded at 1.2 ps intervals, and 
trajectories saved every 100 ps41-43. The simulations, 
conducted independently five times, aimed to 
scrutinize the stability and dynamics of the complex 
formed between the Estradiol 17-beta-Dehydrogenase 
1 enzyme and the five phytoconstituents. Analysis of 
resulting trajectories utilized Desmond's tools, focusing 
on parameters such as RMSD and RMSF to offer 
insights into the system's behavior. This comprehensive 
approach contributes to a thorough understanding of 
the molecular dynamics exhibited by the studied 
complex. 

Result and Discussion 
 

Intermolecular interaction analysis 
The molecular docking results provided in Table 1 

gives valuable insights into the interactions between 
the Estradiol 17-beta-dehydrogenase 1 enzyme and 
different compounds, highlighting their potential as 
ligands. The compound, Rutin stands out with a 
robust docking score of -18.61 Kcal/mol, indicating a 
strong potential for binding. Notably, despite a 
binding affinity of 0 nm, suggesting steric clashes 
between the ligand and enzyme due to which binding 
affinity is not predicted by the software, Rutin 
establishes significant interactions (Fig. 3A & B). 
Hydrogen bonds with Ser142, Asn152, and Val188 at 
bond distances of with 1.34 Å, 1.12 Å, and 1.69 Å, 
respectively. It also involves in three aromatic 
hydrogen bonds with Phe226 at bond distances of 
2.77 Å, 3.42 Å, 3.43 Å, showcase its ability to form 

 
 

Fig. 2 — The selected binding site residues of Estradiol 17-beta-Dehydrogenase 1 enzyme for molecular docking calculations 
 

Table 1 — Molecular interaction analysis of Euphorbia pulcherrima leaves and Ricinus communis  
seed phytoconstituents with Estradiol 17-beta-dehydrogenase 1 enzyme 

Sr. 
No. 

Name of the 
Compound 

Docking Score 
(Kcal/mol) 

Binding Affinity 
(Range in nm) 

Interacting 
Residues 

Interaction Type 
Bond Distance 

(Å) 

1 Rutin -18.61 0 

Ser142 HBond 1.34 
Asn152 HBond 1.12 
Val188 HBond 1.69 
His221  3.21 
Phe226 3 Ar-HBond 2.77, 3.42, 3.43 

2 
Kaempferol-
3-O-Glcoside 

-14.79 
4771073.042  
to  
474034315.5 

Cys185  2.01 
Tyr155 Pi-Pi Stacking 5.39 
Phe192 Ar-HBond 3.47 

3 Stigmasterol -8.21 21.984 to 2184.311 His221 Ar-HBond 3.05 
4 Beta-sitosterol -7.26 3.472 to 345.020 No Interactions 

5 Germanicol -3.12 
15785.265 to 
1568359.421 

No Interactions 
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stable interactions. These interactions suggest a 
favorable binding orientation despite the absence of 
measurable binding affinity. 

In comparison, Kaempferol-3-O-Glucoside exhibits a 
slightly lower docking score of -14.79 Kcal/mol.  
Its binding affinity range (4771073.042 to 474034315.5 
nm) indicates a potential variation in binding  
strength, with Pi-Pi stacking with Tyr155 at bond 
distance of 5.39 Å and an aromatic hydrogen bond  

with Phe192 (3.47 Å) contributing to its binding profile 
(Fig. 3C & D). 

Stigmasterol, with a docking score of  
-8.21 Kcal/mol and a binding affinity range of  
21.984 to 2184.311 nm, forms an aromatic hydrogen 
bond with His221 at bond distances of 3.05 Å  
(Fig. 4A & B). Although the docking score of 
Stigmasterol is lower than Rutin, the interaction with 
a key residue suggests a specific and potentially 

 
 

Fig. 3 — Intermolecular Interaction between Euphorbia pulcherrima and Ricinus communis seed phytoconstituents with Estradiol 17-
beta-dehydrogenase 1 enzyme: (A) The 3D docked pose and interaction of Rutin with Enzyme; (B) The 2D interaction of Rutin with
Enzyme; (C) The 3D docked pose and interaction of Kaempferol-3-O-Glcoside with Enzyme; and (D) The 2D interaction of Kaempferol-
3-O-Glcoside with Enzyme. The enzyme structure is sown in ribbon form while the docked ligand shown in ball and stick model. The
hydrogen bond, aromatic hydrogen bond and pi-pi stacking are shown in dashed black colored line, purple colored line, and cyan colored
line respectively in 3D diagram. Whereas, in 2D diagram the hydrogen bonds are shown in pink colored line and pi-pi stacking are shown 
in green colored line by default by Maestro program. It was observed that the aromatic hydrogen bond interactions were not able to draw 
in the 2D diagram by software 
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effective binding mode and it also shows the strong 
binding affinity.  

On the other hand, Beta-sitosterol and 
Germanicol exhibit less favorable results. Beta-
sitosterol's docking score is -7.26 Kcal/mol, with a 
binding affinity range of 3.472 to 345.020 nm,  
and no specific interactions mentioned (Fig. 4C & 
D). Germanicol, with a docking score of  
-3.12 Kcal/mol and a wide binding affinity range 
(15785.265 to 1568359.421 nm), also lacks specific 
interactions (Fig. 4E & F). These findings may 
indicate weaker binding affinities or steric clashes, 
limiting their potential as effective ligands. 

In conclusion, Rutin emerges as a promising ligand 
despite the absence of measurable binding affinity, 
with strong specific interactions. Kaempferol-3-O-

Glucoside and Stigmasterol also show potential, 
emphasizing the importance of considering both 
docking scores and specific interactions. Beta-
sitosterol and Germanicol exhibit less favorable 
results, suggesting potential challenges in achieving 
effective binding.  
 

Dynamic behavior of estradiol 17-beta-dehydrogenase 1 
enzyme and ligand binding stability by MD simulation 

From the MD simulation results, the RMSD values 
calculated from 1000 trajectories generated during 100 
nanoseconds of MD simulations for different complexes 
involving the compounds Rutin, Kaempferol-3- 
O-Glucoside, Stigmasterol, Beta-sitosterol, and 
Germanicol with Estradiol 17-beta-dehydrogenase 1 
enzyme (PDB ID: 3HB5) (Fig. 5A). The complex 
3HB5_Rutin involving Rutin demonstrates an average 

 
 

Fig. 4 — Intermolecular Interaction between Euphorbia pulcherrima leaves and Ricinus communis seed phytoconstituents with Estradiol 
17-beta-dehydrogenase 1 enzyme: (A) The 3D docked pose and interaction of Stigmasterol with Enzyme; (B) The 2D interaction of
Stigmasterol with Enzyme; (C) The 3D docked pose and interaction of Beta-sitosterol with Enzyme; (D) The 2D interaction of Beta-
sitosterol with Enzyme; (E) The 3D docked pose and interaction of Germanicol with Enzyme; and (F) The 2D interaction of Germanicol 
with Enzyme. The enzyme structure is sown in ribbon form while the docked ligand shown in ball and stick model. The aromatic 
hydrogen bond shown in dashed purple colored line in 3D diagram. Whereas, in 2D diagram, it was observed that the aromatic hydrogen 
bond interactions were not able to draw in the 2D diagram by software 
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RMSD of 3.43 Å with a standard deviation of 0.39 Å. 
This suggests a moderate level of structural fluctuation 
during the MD simulation. The lower standard 
deviation indicates relatively consistent behavior across 
the multiple trajectories, contributing to the overall 
stability of the complex. 

The complex with Kaempferol-3-O-Glucoside 
exhibits a slightly lower average RMSD of 3.28 Å, 
with a comparatively lower standard deviation of 0.24 
Å. These values collectively suggest that these 
complex experiences less structural deviation during 
the simulation, indicating a more stable binding 
configuration. In case of the Stigmasterol complex, it 
shows an average RMSD of 4.08 Å, the highest 
among the complexes in the table. The standard 
deviation of 0.48 Å suggests a notable degree of 
structural variability during the MD simulation. This 
higher RMSD may indicate that the Stigmasterol 
complex experiences more dynamic changes in its 
structure, potentially affecting its stability. For the 
Beta-sitosterol complex, the average RMSD is 3.61 
Å, with a standard deviation of 0.48 Å. This suggests 

a moderate level of structural fluctuation, like the 
Rutin complex. The comparable standard deviation 
indicates a consistent behavior across trajectories, 
contributing to the overall stability of the complex. 
The Germanicol complex demonstrates an average 
RMSD of 3.31 Å with a standard deviation of 0.32 Å. 
These values indicate a moderate level of structural 
fluctuation during the MD simulation. The lower 
standard deviation suggests a more consistent 
behavior, contributing to the overall stability of the 
complex. 

The RMSD values provide insights into the 
structural stability of the different complexes during 
the MD simulations. Kaempferol-3-O-Glucoside 
exhibits the lowest average RMSD and standard 
deviation, indicating a relatively stable binding 
configuration. Stigmasterol, on the other hand, shows 
the highest average RMSD, suggesting greater 
structural variability during the simulation. Rutin, 
Beta-sitosterol, and Germanicol complexes fall within 
a moderate range of structural fluctuation. These 
findings highlight the varying degrees of stability 

 
 

Fig. 5 — (A) Root Mean Square Deviation (RMSD); and (B) Root Mean Square Fluctuation (RMSF) plot for Estradiol 17-beta-
dehydrogenase 1 enzyme when complexed with phytoconstituents during 100 ns of MD simulation time 
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among the complexes and can guide further 
investigations into the dynamics and structural 
changes of these ligand-protein interactions.  

In evaluating the MD simulations alongside docking 
scores and binding affinities for the complexes involving 
Rutin, Kaempferol-3-O-Glucoside, Stigmasterol, Beta-
sitosterol, and Germanicol, key findings emerge. The 
complex with Rutin exhibits a high docking score and 
specific interactions, yet its MD simulation reveals 
moderate structural fluctuations, possibly indicating 
ligand flexibility during binding. In contrast, 
Kaempferol-3-O-Glucoside shows a lower docking 
score but maintains a stable binding configuration with 
the lowest RMSD, suggesting robust ligand-receptor 
interactions. Stigmasterol demonstrates the highest 
RMSD, implying greater structural variability during 
MD simulations. Despite its lower docking score and a 
broad binding affinity range, the dynamic behavior 
observed raises questions about the stability of its 
binding conformation. Beta-sitosterol and Germanicol 
exhibit comparable stability during MD simulations, 
reflected in their moderate RMSD values. While their 
docking scores and binding affinities are also moderate, 
these compounds maintain a relatively consistent 
binding configuration, suggesting potential stability in 
their interactions. 

Also, we have calculated the RMSF values for 
Estradiol 17-beta-dehydrogenase 1 enzyme when it 
binds with the phytoconstituents. The Figure 5B 
depict information on the RMSF calculated from 1000 
trajectories generated during 100 nanoseconds of MD 
simulations for different complexes involving  
Rutin, Kaempferol-3-O-Glucoside, Stigmasterol, 
Beta-sitosterol, and Germanicol. 

The complex with Rutin exhibits an average RMSF 
of 1.53 Å, with a standard deviation of 0.77 Å. These 
values suggest that the Rutin complex experiences 
moderate fluctuations in atomic positions during the 
MD simulations. The standard deviation indicates 
variability across trajectories, indicating certain 
regions may undergo more significant fluctuations. 
The Kaempferol-3-O-Glucoside complex shows a 
slightly higher average RMSF of 1.62 Å, with a 
standard deviation of 0.63 Å. Despite the slightly 
higher average RMSF, the lower standard deviation 
suggests more consistent atomic fluctuations across 
trajectories, indicating a relatively stable binding 
configuration. For the Stigmasterol complex, the 
average RMSF is 1.81 Å, with a standard deviation of 
0.85 Å. These values suggest notable fluctuations in 

atomic positions during the MD simulations. The 
higher standard deviation indicates variability in the 
extent of fluctuations across different trajectories. The 
Beta-sitosterol complex demonstrates an average 
RMSF of 1.75 Å, with a standard deviation of 0.73 Å. 
Like Rutin, it experiences moderate fluctuations,  
with some variability across trajectories as indicated 
by the standard deviation. The Germanicol complex 
exhibits an average RMSF of 1.57 Å, with a standard 
deviation of 0.60 Å. These values suggest moderate 
atomic fluctuations during the MD simulations, with a 
relatively lower standard deviation, indicating more 
consistent behavior across trajectories. 

Comparing the complexes, Kaempferol-3-O-
Glucoside and Germanicol show slightly lower 
average RMSF values, indicating relatively stable 
binding configurations. Stigmasterol exhibits the 
highest average RMSF, suggesting more dynamic 
behavior during the simulations. Rutin and Beta-
sitosterol fall within a moderate range of RMSF 
values. The RMSF values provide insights into the 
flexibility of different complexes during MD 
simulations. Kaempferol-3-O-Glucoside and Germanicol 
complexes demonstrate relatively stable binding 
configurations, while Stigmasterol exhibits higher 
flexibility. Rutin and Beta-sitosterol fall within a 
moderate range.  
 

Conclusion 
The interaction analysis identified the binding 

potential of phytoconstituents derived from 
Euphorbia pulcherrima and Ricinus communis with 
Estradiol 17-beta-dehydrogenase 1. Rutin 
hadpotential ligand properties with strong 
interactions, whereas, Kaempferol-3-O-Glucoside had 
stable and low RMSD, therefore possibly stabilizing it 
with this residue. Higher RMSD for stigmasterol 
indicates structural variability. The ligand remained 
stable and flexible as indicated by MD simulations 
and RMSF analyses and this will help design the 
therapy against this enzyme. 
 
Conflict of interest 

All authors declare no conflict of interest.  
 
References 
1 Rafeeq MM, Molecular docking analysis of phytochemicals 

with estrogen receptor alpha. Bioinformation, 18 (2022) 697. 
2 Kendre N, Salunke MA, Wakure BS & Wakte PS, HR-

LCMS based phytochemical analysis and anticancer activity 
of Triumfetta rhomboidea with molecular docking approach. 
J Appl Pharm Sci, 14 (2024) 209. 



SHINDE et al.: INVESTIGATING THE ROLE OF PHYTOCHEMICALS FOR BREAST CANCER TREATMENT 

 
 

741

3 Matada GS, Dhiwar PS, Abbas N, Singh E, Ghara A &  
Das A, Molecular docking, and molecular dynamic studies: 
screening of phytochemicals against EGFR, HER2, estrogen 
and NF-KB receptors for their potential use in breast cancer. 
J Biomol Struct Dyn, 40 (2022) 6183. 

4 Serrano D, Bonanni B & Brown K, Therapeutic cancer 
prevention: achievements and ongoing challenges - a focus 
on breast and colorectal cancer. Mol Oncol, 13 (2019) 579.  

5 Akinnusi PA, Olubode SO, Adebesin AO, Nana TA & 
Shodehinde SA, Discovery of Promising Inhibitors of 
Epidermal Growth Factor Receptor (EGFR), Human 
Epidermal Growth Factor Receptor 2 (HER2), Estrogen 
Receptor (ER), and Phosphatidylinositol-3-kinase a (PI3Ka) 
for Personalized Breast Cancer Treatment. Cancer Inform, 
21 (2022).  

6 Jallah JK, Dweh TJ, Anjankar A & Palma O, A Review of 
the Advancements in Targeted Therapies for Breast  
Cancer. Cureus, 15 (2023) e47847.  

7 Li F, Zhu Z, Xue M, He W, Zhang T & Feng L, SiRNA-
based breast cancer therapy by suppressing 17β-
hydroxysteroid dehydrogenase type 1 in an optimized 
xenograft cell and molecular biology model in vivo. Drug 
Des Devel Ther, 13 (2019) 757.  

8 Surakasula A, Nagarjunapu GC & Raghavaiah KV, A 
comparative study of pre- and post-menopausal breast 
cancer: Risk factors, presentation, characteristics, and 
management. J Res Pharm Pract, 3 (2014) 12.  

9 Kaklamani VG & Gradishar WJ, Endocrine Therapy in the 
Current Management of Postmenopausal Estrogen Receptor-
Positive Metastatic Breast Cancer. The oncologist, 22(2017) 
507.  

10 Salunke M, Wakure B, Wakte P, HR-LCMS assisted 
phytochemical screening and an assessment of anticancer 
activity of Sargassum Squarrossum and Dictyota Dichotoma 
using in vitro and molecular docking approaches. J Mol 
Struct, (2022) 1270.  

11 Debela DT, Muzazu SG, HeraroKD, Ndalama MT, Mesele 
BW, Haile DC, Kitui SK & Manyazewal T, New approaches 
and procedures for cancer treatment: Current perspectives. 
SAGE Open Med, 9 (2021) 20503121211034366.  

12 Salunke M, Mane P, Kumbhar S & Wakure B, An evaluation 
of Sargassum cinctum anticancer properties utilizing in vitro 
testing and molecular docking, with assistance from  
GC-HRMS and FTIR. J Appl Pharm Sci, 14 (2024) 169.  

13 Salunke MA, Wakure BS & Wakte PS, High-resolution 
liquid chromatography and mass spectrometry (HR-LCMS) 
assisted phytochemical profiling and an assessment of 
anticancer activities of Gracilaria foliifera and Turbinaria 
conoides using in vitro and molecular docking analysis.  
J Biomol Struct Dyn, (2022) 1.  

14 Masoud V & Pages G, Targeted therapies in breast cancer: 
New challenges to fight against resistance. World J Clini 
Oncol, 8 (2017) 120.  

15 Poutanen M, Isomaa V, Peltoketo H & Vihko R, Role of 17-
beta-hydroxysteroid dehydrogenase type 1 in endocrine and 
intracrine estradiol biosynthesis. J Steroid Biochem Mol Biol, 
55 (1995) 525.  

16 Aka JA, Zerradi M, Houle F, Huot J & Lin SX, 17beta-
hydroxysteroid dehydrogenase type 1 modulates breast cancer 
protein profile and impacts cell migration. Breast Cancer Res, 
14 (2012) 92.  

17 Kristanti AN, Aminah NS, Siswanto I, Manuhara YS, 
Abdjan MI & Wardana AP, Anticancer potential of  
β-sitosterol and oleanolic acid as through inhibition of human 
estrogenic 17beta-hydroxysteroid dehydrogenase type-1 based 
on an in silico approach. RSC Adv, 12 (2022) 19.  

18 Aka JA, Zerradi M, HouleF, Huot J & Lin SX, 17beta-
hydroxysteroid dehydrogenase type 1 modulates breast 
cancer protein profile and impacts cell migration. Breast 
Cancer Res, 14 (2012) R92.  

19 Zhang CY, Chen J, Yin DC & Lin SX, The contribution of 
17beta-hydroxysteroid dehydrogenase type 1 to the estradiol-
estrone ratio in estrogen-sensitive breast cancer cells.  
PLoS One, 7 (2012) e29835.  

20 Poirier D, Roy J & Maltais R, A Targeted-Covalent Inhibitor 
of 17β-HSD1 Blocks Two Estrogen-Biosynthesis Pathways: 
In vitro (Metabolism) and In vivo (Xenograft) Studies in  
T-47D Breast Cancer Models. Cancers, 13 (2021) 1841.  

21 Lesperance M, Barbeau X, Roy J, Maltais R, LagueP,  
& Poirier D, Chemical synthesis of C3-oxiranyl/ 
oxiranylmethyl-estrane derivatives targeted by molecular 
modeling and tested as potential inhibitors of 17β-
hydroxysteroid dehydrogenase type 1. Steroids, 140 (2018) 104.  

22 Greenwell M & Rahman PK, Medicinal Plants: Their Use  
in Anticancer Treatment. Int J Pharm Sci Res, 6 (2015) 4103.  

23 Dehelean CA, Marcovici I, Soica C, Mioc M, Coricovac D, 
Iurciuc S, Cretu OM & Pinzaru I, Plant-Derived Anticancer 
Compounds as New Perspectives in Drug Discovery and 
Alternative Therapy. Molecules 26 (2021) 1109.  

24 Barbieri R, Coppo E, Marchese A, Daglia M, Sobarzo SE, 
Nabavi SF & Nabavi SM, Phytochemicals for human 
disease: An update on plant-derived compounds antibacterial 
activity. Microbiol Res, 196 (2017) 44. 

25 Acharya R, Chacko S, Bose P, Lapenna A & Pattanayak SP, 
Structure Based Multitargeted Molecular Docking Analysis 
of Selected Furanocoumarins against Breast Cancer. Sci Rep, 
9 (2019).  

26 Isla MA, Thorstensen T & Clarke JL, Poinsettia Euphorbia 
pulcherrima Willd. Ex Klotzsch. Mol Biol, 1224 (2015) 347.  

27 Althobaiti AT, Taxonomic Studies on Family Euphorbiaceae 
Based on Some Morphological, Biochemical and Molecular 
Characteristics. J Adv Zool, (2023) 44.  

28 Dias MC, Pinto DC & Silva AM, Plant Flavonoids: 
Chemical Characteristics and Biological Activity. Molecules, 
26 (2021) 5377. 

29 Modarresi M, Chahardoli A, Karimi N & Chahardoli S, 
Variations of glaucine, quercetin and kaempferol contents in 
Nigella arvensis against Al2O3, NiO, and TiO2 nanoparticles. 
Heliyon, 6 (2020) e04265.  

30 Rehman HA, Yousaf Z, Rashid M, Younas A, Arif A, Afzal I 
& Akram W, Phytochemical relationship of Euphorbia 
helioscopia and Euphorbia pulcherrima with Lactuca sativa. 
Nat Prod Res, 28 (2014) 1725.  

31 Elkousy RH, Said ZNA, Abd El-Baseer MA & Abu El Wafa SA, 
Antiviral activity of castor oil plant (Ricinus communis) leaf 
extracts. J Ethnopharmacol, 271 (2021) 113878.  

32 Mazumdar M, Fournier D, Zhu DW, Cadot C, Poirier D & 
Lin SX, Binary and ternary crystal structure analyses of a 
novel inhibitor with 17β-HSD type 1: A lead compound for 
breast cancer therapy. Biochem J, 424 (2009) 357.  

33 Madhavi SG, Adzhigirey M, Day T, Annabhimoju R & 
Sherman W, Protein, and ligand. Comput Aided Mol Des, 27 
(2013) 221.  



INDIAN J. BIOCHEM. BIOPHYS., VOL. 62, JULY 2025 
 
 

742

34 Oboyle NM, Banck M, James CA, Morley C, 
Vandermeersch T & Hutchison GR, Open Babel: An open 
chemical toolbox. J Cheminform, 3 (2011). 

35 William LJ, Julian TR, The OPLS Potential Functions for 
Proteins. Energy Minimizations for Crystals of Cyclic 
Peptides and Crambin. J Am Chem Soc, 110 (1988) 1 

36 Rarey M, Kramer B, Lengauer T & Klebe G, A Fast Flexible 
Docking Method using an Incremental Construction 
Algorithm. J Mol Biol, 261 (1996) 470.  

37 Lokhande KB, Doiphode S, Vyas R & Swamy KV, 
Molecular docking, and simulation studies on SARS-CoV-2 
Mpro reveals Mitoxantrone, Leucovorin, Birinapant,  
and Dynasore as potent drugs against COVID-19. J  
Biomol Struct Dyn, 39 (2021) 7294.  

38 Schneider N, Lange G, Hindle S, Klein R & Rarey M, A 
consistent description of HYdrogen bond and Dehydration 
energies in protein-ligand complexes: Methods behind the HYDE 
scoring function. J Comput Aided Mol Des, 27 (2013) 15.  

39 LokhandeKB, Kale A, Shahakar B, Shrivastava A, 
Nawani N, Swamy KV, Singh A & Pawar SV  
Terpenoid phytocompounds from mangrove plant Xylocarpus 

moluccensis as possible inhibitors against SARS-CoV-2: In 
silico strategy. Comput Biol Chem, 106 (2023) 107912.  

40 Kevin JB, Edmond C, Huafeng X, Ron OD, Michael PE, 
Brent AG, John LK, Istvan K, Mark AM, Federico DS,  
John KS, Yibing S & David ES, Scalable algorithms  
for molecular dynamics simulations on commodity clusters. 
Proceedings of the ACM/IEEE Conference on Supercomputing 
(SC06), Tampa, Florida, 11 (2006) 11.  

41 Bhimanwar RS, Lokhande KB, Shrivastava A, Singh A, 
Chitlange SS & Mittal A, Identification of potential  
drug candidates as TGR5 agonist to combat type II diabetes 
using In silico docking and molecular dynamics simulation 
studies. J Biomol Struct Dyn, (2023) 4113314.  

42 More AP, Lokhande KB, Swamy KV, Nagar S & Baheti A,  
GC-MS profiling of Bauhinia variegata major phytoconstituents 
with computational identification of potential lead inhibitors of 
SARS-CoV-2 Mpro. Comput Biol Med, 147 (2022) 105679.  

43 Shrivastava A, Mathur K, Verma RK, Jayadev M, Vyas SK 
& Singh A, Molecular dynamics study of tropical calcific 
pancreatitis (TCP) associated calcium-sensing receptor single 
nucleotide variation. Front Mol Biosci, 9 (2022) 982831.  

 


