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Abstract

Background Saraca asoca (Asoka) is reported to possess phytoestrogenic components with anticancer proper-

ties. The phytoestrogens are recognized as natural agonists for ERS, which acts as an antagonist to ERa. Despite

the absence of ERa, studies have identified ERS in 50-80% of triple negative breast cancers (TNBC). Thus, the present
study is intended to reveal the role of phytoestrogens of Asoka on TNBC. The cytotoxic effect of Asoka methanol bark
extract was analyzed on different breast cancer cell lines by MTT assay. Estrogen-screen assay was employed to deter-
mine the proliferative/antiproliferative effect. Identification of phytoestrogens in Asoka was accomplished using
LC-MS analysis and in silico docking studies were performed to investigate possible interactions of phytoestrogens
with ERa and 8.

Results The extract of Asoka was found to be cytotoxic against TNBC cell line, MDAMB-231 with ICq

of 70.22 £1.89 ug/mL and towards HER™ breast cancer cell line, SKBR3 with ICs, of 98.41£2.31 ug/mL, respectively.
Whereas the extract did not show any cytotoxicity towards ERa cell line, MCF-7 even up to the concentration 300 ug/
mL. Estrogen-screen assay emphasized an estrogenic effect of the extract on MCF-7 and an anti-estrogenic/anti-
proliferative effect on MDAMB-231 cells. LC-MS analysis identified phytoestrogens such as 5-sitosterol, quercetin,
kaempferol and others. The docking results revealed good binding efficacy of phytoestrogens with ERS than ERa

and quercetin shows more affinity with the highest docking score of —9.220. Strikingly, it was found that the S. asoca
methanol extract was preferentially cytotoxic to TNBC cells.

Conclusion The study demonstrates selective anticancer properties of S. asoca methanol extract on TNBC, which
indicates a selective impact on ER subtypes. The identification of phytoestrogens, such as B-sitosterol, quercetin

and kaempferol, in the Asoka methanol bark extract provides a molecular basis for its observed effects. In silico studies
further support the view that these phytoestrogens may preferentially interact with ERS rather than ERa. Quercetin,

in particular, demonstrated the highest binding efficacy with ERS, suggesting its potential role in mediating the anti-
cancer effects observed in TNBC cells. Further research is warranted to explore the full therapeutic potential of phy-
toestrogens in breast cancer treatment.
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Background

Saraca asoca (Roxb.) De Wilde, commonly known
as Asoka, belonging to the family Fabaceae is consid-
ered one of the most ancient and holistic trees in India.
Various ethnopharmacological uses of Asoka in differ-
ent treatment aspects are well documented in Indian old
classical Ayurvedic treatises, Charaka Samhita (1000
BC), Susruta (500 BC) Vaghbatta (sixth century) Dhan-
vantari Nighantu (ninth century) and Chakradatta, (elev-
enth century) etc. In Ayurveda, the stem bark of Asoka is
used to make Asokarishta, a polyherbal decoction used
to manage various gynecological complications, espe-
cially menorrhagia [1]. This traditional practice reflects
the significance of Asoka especially in women’s health,
as emphasized in the traditional healing systems of India.
Inspired by these treatises, several studies have validated
the ethnobotanical claims and unveiled novel pharma-
cological properties [2] like antibacterial [3], antioxidant
[4], antipyretic [5] antihyperglycemic [6], anthelmintic
[7] and anticancer [8] activities. The cytotoxic activity of
S. asoca on the breast (MDAMB-231, MCF-7), cervical
(HeLa), colon (HT-29), and lung (A549) cancer cell lines
were reported [9-11]. Saraca asoca exhibits chemopre-
ventive activity against acute myeloid leukemia (AML)
and DMBA/croton oil-induced skin papilloma formation
in mice [12, 13]. The phytochemical analysis of the stem
bark revealed the presence of alkaloids, flavonoids, phe-
nols, phytosterols, saponins, tannins, steroids and terpe-
noids [14]. The phytoestrogens in this plant j3-sitosterol,
quercetin, kaempferol and catechin are reported to show
anticancer properties including breast cancers.

Breast cancer is closely dependent on estrogen in its
initiation and progression. Thus, estrogen receptors
ERa/f3 plays a pivotal role in maintaining the homeosta-
sis of the normal mammary gland [15]. ERa, the primary
receptor of estrogen activates the cell cycle and stimu-
lates proliferation, but ERS functions as a counterbal-
ance to ERa, actively inhibiting cellular proliferation and
providing a regulatory mechanism to the proliferative
effect of ERa [16]. This intrinsic counteraction creates
a dynamic interplay between ERa and ERp, influencing
the delicate equilibrium of mammary gland homeostasis.
Although ERa serves as the primary receptor for estrogen
and is vital for the homeostasis of the normal mammary
gland, its activation promotes cell cycle and stimulates
proliferation, potentially leading to the initiation and
development of cancer. Conversely, ERS functions as a
counterbalance to ERa, actively inhibiting cellular prolif-
eration and consequently, offering potential therapeutic
avenues for breast cancer [17, 18]. Various reports indi-
cate that ERf is expressed in triple-negative breast can-
cer (TNBC), accounting 50-80 % [19]. By leveraging the
inhibitory properties of ERf, researchers and clinicians
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can explore targeted interventions to modulate hormo-
nal signaling and disrupt the uncontrolled cell growth
characteristic of breast cancer [20]. Several consistent
findings have shown that ERS expression decreases in
precancerous and cancerous breast lesions [21].
Currently, the predominant focus lies in the identi-
fication of novel selective ERf agonists, with numerous
synthetic and natural molecules demonstrating high effi-
cacy in breast cancer prevention and treatment. Nota-
bly, recent studies indicate that phytoestrogens exhibit a
heightened affinity for ERB compared to ERa [22]. The
potential for phytoestrogens to accumulate in breast tis-
sue suggests significant clinical implications [23]. Among
ERp agonists, phytoestrogens offer a distinctive thera-
peutic avenue for targeting ERf [24]. Liquiritigenin [25]
and genistein [26] are notable examples, forming stable
complexes with ERp, recruiting selective co-activators,
and interacting with chromatin regulatory elements in
estrogen-responsive genes [27]. Both liquiritigenin and
genistein have been reported as protective factors against
breast cancer, demonstrating the capacity to reduce
invasiveness and growth of triple-negative breast cancer
(TNBC) through pathway modulation [28, 29]. Another
phytoestrogen kaempferol specifically inhibits the migra-
tion and invasion of TNBC cells by blocking RhoA and
Racl signaling pathways. Given these findings, the pre-
sent study aims to investigate the role of phytoconstitu-
ents in Asoka in inhibiting breast cancer cell growth,
employing MCF-7, MDAMB-231, and SKBR3 cell lines
through estrogen-screen and MTT assays. Additionally,
the binding efficacy of phytoestrogens on estrogen recep-
tors will be explored through in silico molecular docking.

Methods

Collection and preparation of extract

The stem bark of S. asoca was collected from the Thris-
sur district of Kerala, India, and its authenticity was con-
firmed by Dr. N. Sasidharan, Taxonomist, Kerala Forest
Research Institute (KFRI), Thrissur, Kerala, India. The
collected specimens have been deposited in the Her-
barium of KFRI, assigned the voucher specimen num-
ber KFRI 4725. The plant sample underwent thorough
washing with distilled water, followed by cutting into
small pieces and subsequent drying at 45-50 °C for one
week. The dried bark was then powdered using a grinder
and stored in light-resistant, airtight containers. About
20 g of the powdered sample was subjected to extraction
with 200 mL of methanol at room temperature through
overnight stirring. The resulting Asoka crude methanol
extract was filtered using Whatman No.1 filter paper. The
extraction process was repeated 2—-3 times, and the resi-
due was evaporated to dryness utilizing a vacuum con-
centrator. The weight of the dried extract was measured
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to determine the percentage yield of the soluble constitu-
ents [30].

Cell lines and animals

The triple-negative breast cancer cell line, MDAMB-
231, the HER-2 expressed breast cancer cell line, SKBR3,
and the hormone-positive breast cancer cell line, MCEF-
7, were procured from National Center for Cell Science
(NCCS), Pune, India. These cell lines were cultured in
DMEM medium supplemented with fetal bovine serum
(FBS) at a concentration of 10% v/v. For the estrogen-
screen assay, phenol red-free DMEM supplemented with
charcoal-dextran-treated FBS was employed. Both media
were also supplemented with streptomycin (100 pg/mL)
and penicillin (100 U/mL). The cell lines were incubated
at 37 °C in an incubator with 5% CO,. Murine tumor
cells, including Daltons Lymphoma Ascites (DLA) and
Ehrlich’s Ascites Carcinoma (EAC) cell lines, were grown
in the intraperitoneal cavity of Swiss albino mice and
were maintained in the animal house facility at Amala
Cancer Research Center. Prior approval was obtained
from the Institutional Animal Ethics Committee for the
use of experimental animals with Approval No: ACRC/
IAEC/17(1)/P-05 dt: 22-12-2017.

Phytochemical analysis

The crude methanol extract obtained from S. asoca was
dissolved in methanol and underwent qualitative and
quantitative analysis to identify the presence and con-
centrations of various phytochemicals. Different stand-
ard tests were employed for qualitative assessment to
identify the presence of various compounds. Flavonoids
were detected using Shinoda’s test, phenols with the fer-
ric chloride test, saponins with the Froth formation test,
sterols with Salkowski and Liebermann-Burchard tests,
tannins with the lead acetate test, and terpenoids with
Salkowski tests [31, 32]. Additionally, the S. asoca crude
extract was quantitatively analyzed using the Folin—Cio-
calteau method to determine the total phenolic content
using gallic acid as standard and expressed as mg of gal-
lic acid equivalent (GAE)/g of dry extract [33]. For the
quantification of flavonoids, the aluminium chloride
colorimetric method was employed utilizing standard
quercetin and expressed as milligrams of quercetin equiv-
alent (QE) per gram of dry extract [34]. The experiments
were meticulously conducted in triplicates to ensure
accuracy and reliability, and the results are reported as
the mean * standard deviation (SD).

Cytotoxicity assay

The short-term cytotoxic activity of the Asoka crude
extract was assessed by determining the percentage
viability of murine tumor cells such as DLA and EAC,
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employing the trypan blue exclusion method [35]. The
murine tumor cells were cultivated in the peritoneal cav-
ity of female Swiss albino mice (25-30 g, 2 months old)
through intraperitoneal injection of 1x10° cells/mL.
Cells were aspirated aseptically from the cavity of mice
after 15 days of inoculation; washed with PBS and cen-
trifuged at 1000 rpm for 5 min. Pellets were resuspended
in PBS and the cell count was adjusted to 1x10° cells/
mL. Cells were pipetted out and added into each tube
having PBS with different concentrations of the extract.
It was then incubated for 3 h at 37 °C. After incubation,
trypan blue dye was added and observed under the light
microscope using a haemocytometer. The experiments
were replicated in triplicates, and the percentage of cyto-
toxicity was assessed by enumerating the number of dead
cells relative to that of live cells and substituting in the
equation:
% of cytotoxicity = No. of dead cells x 100
Total no of cells

The dose—response curve was fitted with the Hill equa-
tion using data analysis and graphing software, OriginPro
9 software [36].

Breast cancer cell lines such as MDAMB-231, SKBR3
and MCEF-7, were employed to assess the antiproliferative
activity of the extract using the MTT assay [37]. Approxi-
mately, 1x 10° cells were seeded in 12 well plates contain-
ing medium and incubated at 37 °C for 24 h. Cells were
then incubated with different concentrations of extract at
37 °C for 24 h. The test also included a blank containing a
complete culture without cells. After incubation, 100 pL
of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) was added to each well and incubated
for 4 h. The dark blue formazan crystals were dissolved in
1 mL solubilization solution containing isopropanol, con-
centrated HCl and Triton X 100 by continuous aspiration
and re-suspension. The absorbance of the colored prod-
uct was measured at 570 nm. The cytotoxicity was deter-
mined by comparing the percentage death of the treated
cell population with the untreated control, indicated by
their respective absorbance assessed with the MTT assay.
The dose-response curve was fitted with the Hill equa-
tion [36].

E 1
Emax B 1+ (@)n

Y

where the maximum percentage of inhibition is E_,,
the half-maximal effective concentration is ECg, the
Hill coefficient is ‘n’ and the extract concentration is ‘A’
The Hill equation was computed using OriginPro 9. The
assays were performed in triplicates, and statistical analy-
sis was carried out using one-way ANOVA followed by
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Tukey’s multiple comparison test in GraphPad Prism 8
software.

Estrogen-screen assay

Breast cancer cell lines expressing ERp, including
MDAMB-231 and cell lines expressing ERa, such as
MCE-7, were used for the study. The cell lines were cul-
tivated in Dulbecco’s Modified Eagle’s Medium (DMEM)
with FBS and phenol red as pH indicators with culture
conditions of 5% CO, and 95% humidity at 37 °C. The
cells were plated in well culture plates and allowed to
attach. After 24 h, the seeding medium was removed and
replaced with phenol red-free DMEM containing char-
coal dextran treated FBS [38]. The cells were treated with
different concentrations of 17 S-estradiol (0.1-1000 pM)
and incubated at 37 °C for 3 days. After incubation,
100 pL of MTT was added to each well and incubated
for 4 h. The dark blue formazan crystals were dissolved
in 1 mL solubilization solution by continuous aspiration
and re-suspension. The absorbance of the colored prod-
uct was measured at 570 nm and the cytotoxicity was
determined by comparing the percentage death of the
treated cell population with the untreated control, indi-
cated by their respective absorbance assessed with the
MTT assay [37].

UV-visible spectroscopy

The S. asoca crude extract underwent centrifugation
at 3000 rpm for 10 min and were subsequently filtered
through the Whatman No.1 filter paper. The resulting
samples were diluted with the same solvent employed
for extraction, achieving a final concentration of 1 mg/
mL. Standard solutions of quercetin, kaempferol, and
J-sitosterol were also prepared at a concentration of
1 mg/mL of ethanol. Utilizing a UV-Vis spectropho-
tometer (PG Instruments, UK), the extract and stand-
ards were scanned across a wavelength range of 200 to
900 nm, and characteristic peaks were identified.

Fourier transform infrared spectroscopy (FTIR)

To characterize the functional group present in the sam-
ple, FTIR spectroscopy was conducted. A translucent
sample disk was created by encapsulating 10 mg of S.
asoca crude powder in 100 mg of potassium bromide
(KBr) pellets. The FTIR spectroscopy analysis was per-
formed using a Shimadzu IR Affinity 1 (Kyoto, Japan)
within the range of 500 to 4000 cm™ [39]. The obtained
raw data was employed to generate FTIR spectra using
OriginPro 9 software. The ‘spectroscopic tools’ were uti-
lized for the analysis of the FTIR spectra (https://www.
science-and-fun.de/tools/).
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LC-MS analysis

The chemical profiling of the Asoka crude extract was
done using High Resolution-Liquid Chromatography/
Mass Spectrometry. The analysis was performed on an
Agilent 6550 iFunnel Q-TOF LC/MS system (G6550A)
equipped with an Agilent 1290 Infinity Autosampler
(G4226A), an Agilent 1290 Infinity Binary Pump VL
(G4220B), and an Agilent 1200 series thermostatted col-
umn compartment. A reverse-phase analytical column
(Zorbax SB-C18, 100x 2.1 mm i.d., 1.8 um particle size)
was used for separation at a flow rate of 0.3 mL/min for
a total of 30 min. Sample injection involved 5 pL of the
sample. The mobile phases comprised aqueous 0.1% for-
mic acid (A) and 90% acetonitrile in 0.1% aqueous formic
acid (B). Mass spectroscopy utilized a dual ion source
system with full scan mode, covering a mass range of 50
to 500 m/z. Mass Hunter Qualitative Analysis software
was employed for data analysis.

Molecular docking

Molecular docking was done using Schrodinger Maestro
software to investigate the possible interactions between
[-sitosterol, kaempferol and quercetin which are spe-
cific compounds identified in S. asoca extract with the
targeted receptors, ERa and ERpB. Also, inbuilt ligand
estradiol and the classical chemotherapy drug, tamox-
ifen was used to find out the binding affinity of estrogen
receptors towards them. The structures of proteins with
PDB IDs 3ERT and 30OLL were downloaded from the
protein data bank for ERa and ERp, respectively. The
protein structures were processed before being used
as a receptor for docking. Hydrogen atoms were added,
atomic charges were assigned and water molecules that
were not involved in ligand binding were removed during
the operation. Chains and loops that were missing were
also inserted. Protein preparation was done by using
the protein preparation wizard. The pre-processing was
done with the use of the import and process tab, while
the review and modify tab was used for the generation
of tautomeric states. The structures were optimized and
minimized using the refine tab and protein was pre-
pared for further studies. The optimized structures of the
standards S-sitosterol, kaempferol and quercetin were
used after converting them to structures with.sdf exten-
sion. The imported structures were edited using the 2D
sketcher option in the Schrodinger Maestro. Then the lig-
prep wizard was employed to prepare each ligand using
the OPLS3 force field. All tautomers of the structures
were generated. Then the molecules were subjected to
conformational change to form a stable conformer with
the lowest energy. The glide receptor grid generating
wizard was used to create a three-dimensional grid with
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0.5 A spacing and a maximum size of 20 Ax20 Ax20 A.
Any type of constraint, such as accuracy constraints,
H-bond constraints, and so on, can be applied using the
receptor grid generation wizard. The XP (extra precision)
method was used for docking as it is the most powerful
and discriminating procedure. After setting the location
of the grid and ligands, docking was done with flexible
molecules, and the proteins were used as rigid molecules
[40].

Statistical analysis

The data from in vitro studies were presented as
mean * standard deviation (SD), derived from three dis-
tinct experiments. Statistical analysis was conducted
using one-way ANOVA, followed by Tukey’s multiple
comparison test in GraphPad Prism 8 software. Statistical
significance was assigned to p values <0.05% <0.01**, and
<0.001***, while p >0.05 was considered non-significant.

Results

Phytochemical analysis

The qualitative analysis of the S. asoca crude methanol
extract indicated positive results for the presence of fla-
vonoids, alkaloids, phytosterols, phenols, saponins, tan-
nins and terpenoids. The quantification of polyphenolic
content in the S. asoca crude extract, determined from
the calibration curve (R2=0.998), revealed a concentra-
tion of 120+ 6.82 mg of gallic acid equivalent (GAE) per
gram of dry extract. Additionally, the total flavonoid con-
tent in the crude extract, estimated from the calibration
curve (R2=0.999), was found to be 61.54+4.51 mg of
quercetin equivalent (QE) per gram of dry extract. These
results provide a comprehensive insight into the chemi-
cal composition of S. asoca crude methanol extract, high-
lighting its rich polyphenolic and flavonoid content.

Anticancer properties

The cytotoxic effect of S. asoca crude methanol extract
was assessed using the trypan blue assay and demon-
strated considerable cytotoxic effects on DLA and EAC
cells. The concentrations required to achieve 50% cyto-
toxicity were 42.24+3.65 and 65.44+2.89 pg/mL for
DLA and EAC cells, respectively (Fig. 1). In MTT assay,
the efficacy of S. asoca extract was evident against triple-
negative breast cancer cell lines, MDAMB-231, with an
ICs, of 70.22+£1.89 pg/mL, and HER-2 positive breast
cancer cell line, SKBR3, with an IC;, of 98.41+2.31 pg/
mL (Fig. 1). A statistically significant (p <0.05) decrease
in cell numbers was observed in both MDAMB-231 and
SKBR3 following extract treatment. Treated cells exhib-
ited a noticeable difference in morphology compared to
control cells, characterized by cell shrinkage and shift
in morphology from epithelial-like to round in both
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Fig. 1 A Cytotoxic effect of S. asoca crude methanol extract

on murine tumor cells by trypan blue assay, B Antiproliferative effect
of S. asoca on different breast cancer cells by MTT assay. The results
are expressed as mean + SD, with n=3. Statistical comparisons were
conducted using one-way ANOVA, followed by Tukey’s multiple
comparison test. Statistically significant probabilities are denoted

as *p<0.05 and **p <0.01

MDAMB-231 and SKBR3 (Fig. 2). However, the extract
did not exhibit any cytotoxicity towards MCEF-7, even at a
concentration of 300 pg/mL.

Estrogen-screen assay

In this study, the ERa expressing MCEF-7 cells exhibited
a proliferative response to 17 f-estradiol (1000 pM),
showing a 30% increase in cell count and a 7% increase in
response to crude extract within a 72-h timeframe. Along
with 17 f-estradiol, the crude extract exhibited a mild
estrogenic effect. Conversely, ERS expressing MDAMB-
231 cells demonstrated a 10% decrease in proliferation
with 17 f-estradiol treatment, and the cell population
was halved when treated with the crude extract at a
concentration of 100 pg/mL (Fig. 3). Notably, the crude
extract did not induce cytotoxicity in MCF-7 cell lines
even at higher concentrations, while they decreased the
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the estrogen-screen assay
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cell viability of MDAMB-231 cells in a concentration-
dependent manner. Consequently, the estrogen-screen
assay highlights the estrogenic impact of S. asoca crude
extract on MCF-7 and its anti-estrogenic/antiprolifera-
tive effect on MDAMB-231 cells.

Chemical profiling

Various techniques like UV-Vis spectroscopy, fourier-
transform infrared spectroscopy (FTIR) and LC-MS
were employed to evaluate the chemical profile of S.
asoca. The absorption spectrum of UV-Spectrophoto-
metric analysis of S. asoca, showed prominent peaks
at 232, 275 and 449 nm which is in good correlation
with the reported data [41]. These prominent peaks
may have arisen from the phytoestrogens. Hence-
forth, the UV-spectra of standards (quercetin, kaemp-
ferol, 3-sitosterol) were cross-checked and found that
all of the suspected phytoestrogens have three peaks
between 230 and 290 nm in the UV range and a single
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peak in a visible area (387-390 nm) (Fig. 4A). Accord-
ingly, there is a likelihood of superpositioning of these
distinct peaks in the S. asoca crude extract. The biologi-
cal activity of any molecule is influenced by its func-
tional groups which play a key role in determining the
overall physicochemical properties. In FTIR, the results
show functional groups such as alcohol, phenol, ester,
alkane, aromatic and alkene in the extract. The func-
tional groups identified in the extract are shown in
Fig. 4B and Table 1.

The LC-MS analysis identified some of the important
compounds such as caffeic acid, catechin, quercetin,
kaempferol, gallic acid, rutin, f-sitosterol, p-coumaric
acid, luteolin etc. (Fig. 5). Phytoestrogenic compounds
like f5-sitosterol, kaempferol, and quercetin present in the
extract are presumed to contribute to the proliferative/
antiproliferative effects of the S. asoca crude methanol
extract on MCF-7, MDAMB-231, and SKBR3 cancer cell
lines.
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Fig.4 A UV-visible spectrum of S. asoca crude methanol extract and phytoestrogen standards, B FTIR spectrum of S. asoca crude extract
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Table 1 FTIR interpretation of compounds of S. asoca crude

extract

Wave number Bond assigned

Functional groups
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the phytoestrogens in the plant may act as agonists for
ERB. To explore potential interactions between phytoes-
trogens and ERa/S, molecular docking was performed

The docking of the inbuilt ligand, estradiol into the 3D
structure of ERa was done using a glide dock. The amino
acid residues in the active site of 3ERT are Trp383,
Leu384, Leu387, Met388, Gly390, Lbu391, Val392,
Arg394, Met342, Met343, Leu345, Leu346, Thr347,
Asn348, Leu349, Ala350, Asp351, Glu353, Leu354,
Leu327, Phe404, Leu402, Leud28, Phe425, Ile424, Val422,
Met421, Gly420, Glu419, Val418, Met517, Ser518,
Lys520, Gly521, Met522, Glu523, Hie524, Leu525,

cm™! using Schrodinger Maestro software.
ev C-Hvibration ) Alkanes, alkenes Interaction of phytoestrogens with ERa
672 C-H and C-C stretching Alkenes, alcohol, phenol

714 C=Cand N-H stretching Alkenes, amines

841 C-Cand C-H stretching Amides, aldehydes

101 C-0O stretching Alcohol

1065 C-0 stretching Alcohol, aromatic

1125 C-0 stretching Alcohol

1393 C-0and C-H stretching Phenol, aldehydes

1660 C-C stretching Phenols

2230 C=C stretching Conjugated alkene

3398 O-H stretching Alcohol

Molecular docking

The studies suggest that certain phytoestrogens act as
natural agonists for ERfS, making them promising drug
candidates for their ability to modulate the cell cycle,
influence epigenetic events, and induce apoptosis. Inter-
estingly, in the current investigation, the extract exhibits
specific cytotoxicity towards ERfS expressing cells, not
affecting ERa. This raises the intriguing possibility that

Met528, Lys529, Cys530, Val533, Leu536, Leu539. The
estradiol was docked into the active site region and inter-
actions were made with the residues by hydrogen bond-
ing with GLU353 and ARG394 and electrostatic bonding
with ASP351. The inbuilt ligand shows a docking score
of —12.17 and binding energy of —125.19 kcal/mol. The
quercetin was docked into the active site region mak-
ing interactions with the residues by hydrogen bonding
with ASP351. The docking score and binding energy were
found to be —6.945 and —47.026 kcal/mol which was
more compared to kaempferol (—6.93). Tamoxifen shows

%10 7 | +*ESI BPC Scan Frag=175.0V CMSA.d
1.341
1.25 Compound label RT Mass DB diff (ppm)
1.2+ Meperidine N-oxide 2584  263.1529 2.8
1.154 Tannic acid 2945  282.0878 5.16
1.1 Gallic acid 3.355 170.0213 1.54
1.054 Caffeic acid 5.181  180.041 697
14 p-Coumaric acid 5.782  164.0475 -0.65
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a docking score of —10.512 and f-sitosterol did not dock
with the binding pocket of ERa. The 3D interaction pic-
ture of the study is shown in Fig. 6A and their docking
score and binding energy are tabulated in Table 2.

The 2D image (Fig. 6A) reveals the type of interaction
between the ligands and amino acids in the active sites of
ERa. The inbuilt ligands estradiol, tamoxifen, kaempferol
and quercetin form p bonds from their aromatic ring to
Phe 404 but the number and nature of hydrogen bonds

=4

/ g (ah
3 “ e e s
\\ af \ﬁ‘\A.\ﬂ{JV rz/
% B
a) Inbuilt ligand b) Tamoxifen
T G

o8

B, ~ / /) | l
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¢) Kaempferol

g

d) Quercetin

¢) Kaempferol
Fig. 6 A 2D and 3D image of the interaction between ERa and ligands, B 2D and 3D image of the interaction between ERS and ligands
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vary with ligands. Estradiol, kaempferol and quercetin
form three hydrogen bonds with Glu353, Hie524 and
Arg394, and tamoxifen only once with Asp351.

Interaction of phytoestrogens with ERf3

The amino acid residues in the active site of ER3 (PDBID:
30LL) are Val280, Met295, Ser297, Leu298, Thr299,
Leu301, Ala302, Asp303, Glu305, Trp335, Met336,
Leu339, Met340, Gly342, Leu343, Met344, Arg346,

¢ Kaempferol d) Quercetin
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Table 2 Docking score and binding energy of estrogen receptors and ligands

Molecule ERa ERB
Docking score Binding energy (kcal/mol)  Docking score Binding

energy (kcal/
mol)

Inbuilt ligand-Estradiol -12.17 -125.19 -105 —85.248

Quercetin —6.945 —47.026 -9.220 —66.945

Kaempferol -6.93 —45.07 —8478 —58435

Tamoxifen -10512 —103.53 -8.023 —22.203

Leu354, Phe356, Val370, Gly372, 1le373, 1le376, Phe377,
Leu380, Ala468, Serd69, Lys471, Gly472, Met473, Hie475,
Leu476, Leud77, Met479, Val485, Leud91, Leud95.

The inbuilt ligand was bound deep into the active
site area, making hydrogen bonding interactions with
Hie475, Arg346, Glu305 and m—m stacking interactions
with Phe356. The inbuilt ligand shows a docking score
of —10.5 and binding energy of —85.248 kcal/mol. The
docking of ERS with quercetin showed the highest dock-
ing score of —9.220 and binding energy of —66.945 kcal/
mol. Quercetin makes hydrogen bond interactions with
Arg346, Glu305, Hie475 and m—r stacking with Phe356.
Quercetin shows the highest affinity followed by kaemp-
ferol (—8.478) and tamoxifen (—8.023). Here also,
B-sitosterol did not dock with the binding pocket of ER
B. The 3D and 2D figures of other ligands are given in
Fig. 6B. The docking score and binding energy of other
ligands are given in Table 2.

The 2D image (Fig. 6B) reveals the type of interaction
between the ligands and amino acids in the active sites of
ERB. The inbuilt ligands estradiol, tamoxifen, kaempferol
and quercetin form p bonds from their aromatic ring to
Phe 356 but the number and nature of hydrogen bonds
vary with ligands. Estradiol, kaempferol and quercetin
form three hydrogen bonds with Glu305, Hid475 and
Arg346, and tamoxifen only once with Asp351.

Discussion

The study emphasizes the considerable antiprolifera-
tive potential of crude extract from Saraca asoca against
breast cancer cells, particularly targeting triple negative
breast cancers. Specifically, the plant demonstrated selec-
tive cytotoxicity towards breast cancer cells expressing
ERp, while sparing those expressing ERa. The estrogen-
screen assay conducted on MDAMB-231 breast cancer
cells revealed a pronounced antiproliferative effect, in
contrast to MCF-7 cells, which exhibited a proliferative
response to estrogen and the extract. The LC-MS analysis
identified phytoestrogens such as f3-sitosterol, quercetin,
kaempferol, and others in the plant. In in-silico docking
analysis, these phytoestrogens showed higher binding
affinity towards ERS compared to ERa receptors, except

for pB-sitosterol. Therefore, the observed preferential
cytotoxicity of S. asoca towards ERS expressing breast
cancers holds significant clinical relevance, given that tri-
ple negative breast cancers represent the most aggressive
form of cancer with limited treatment options.

Triple-negative breast cancer (TNBC) is characterized
by the absence of expression of ERa, progesterone recep-
tor (PR), and human epidermal growth factor receptor-2
(HER-2) [42]. In recent research on the immunological
profile of these TNBC cell lines, the presence of estrogen
receptor isoform ERp, which acts as an opponent of ERa,
in 50-80% of TNBCs was found [ 19]. In cytotoxic assays
conducted in this study, Asoka exhibited significant cyto-
toxicity towards various cancer cells of both murine and
human origin. This was evidenced by a concentration-
dependent increase in the percentage of dead cells, par-
ticularly in DLA and EAC murine cancer cells. Notably,
previous research has already reported comparable cyto-
toxic effects against mouse tumor cells [43]. Interestingly,
despite the use of high concentrations, the extract did not
induce cytotoxic effects on breast cancer cells express-
ing ERa, such as MCF-7, as observed in the MTT assay.
However, the extract did exhibit cytotoxic effects on
breast cancer cell lines expressing ERf3, such as MDAMB-
231 and SKBR3. Prior investigations have suggested the
antiproliferative effects of S. asoca on MDAMB-231 and
also on MCF-7 cell lines [11]. However, in our study,
MCE-7 cell lines did not exhibit any cytotoxicity even
at higher concentrations of the extract. This interesting
contrast in cytotoxicity between ERa and ERf express-
ing breast cancer cells in our study corresponds with
earlier findings which mention ERa activation leading to
cell proliferation, while ERf activation exhibiting an anti-
proliferative effect [15, 18].

The proliferative/anti-proliferative effect of the S.
asoca crude extract was evaluated through an estrogen-
screen assay on various breast cancer cell lines, with
17B-estradiol as a reference. This bioassay determines the
increase or decrease in cell number in response to estro-
gen, resembling an increase in mitotic activity within
reproductive system-associated tissues [44]. Our inves-
tigation revealed that Asoka demonstrates a moderate
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anti-proliferative effect on the MDAMB-231 cell line
expressing ERfS, while it induces proliferation in the
MCE-7 cell line expressing ERa. The presence of phytoes-
trogens such as quercetin, kaempferol, and f3-sitosterol,
among others, was reported in Asoka by LC-MS. Addi-
tionally, there are reports of flavonoids like quercetin,
chrysin, and 3-hydroxyflavone with known anti-prolifer-
ative properties [45]. Therefore, it is likely that the phy-
toestrogens in Asoka may act as agonists for ERS due to
their specific affinity for ERS expressing cells.

The results of our docking experiments also have dem-
onstrated the potent affinity of phytoestrogens towards
ERB in comparison to the ERa. Both quercetin and
kaempferol exhibited significantly higher docking scores
and binding energies than tamoxifen, a commonly used
chemotherapeutic medication. Remarkably, quercetin’s
docking score was close to that of estradiol, the endog-
enous ligand for estrogen receptors. Furthermore, there
have been reports highlighting the robust binding affin-
ity of S. asoca flavonoids to human estrogen receptors. In
a molecular simulation research involving Asoka flavo-
noids and estrogen receptors, the binding scores indicate
their exceptional ability to form strong interactions with
these receptors. Molecular orbital analysis and pharma-
cokinetic parameters further support their efficacy [46].
Notably, our study revealed high binding affinity values
of phytoestrogens binding with estrogen receptors which
surpassed that reported in a previous investigation on
Asoka flavonoids [47]. This increased affinity of phytoes-
trogens, particularly for ERS, holds significant implica-
tions, as it appears to underpin their antiproliferative
effects. This interaction with estrogen receptors, notably
ERp, may give rise to a wide array of biological responses
[22].

Conclusion

The study highlights the preferential cytotoxicity of the
S. asoca crude methanol extract towards ERS express-
ing cells, particularly to triple negative breast cancers, a
highly aggressive and therapeutically challenging type.
The observed antiproliferative effects on breast can-
cer cells may be attributed to the action and interaction
of phytoestrogens present in Asoka with ERS. Notably,
quercetin and kaempferol among the identified phytoes-
trogens exhibit high docking into the binding sites of
active amino acids in the ERf. These findings suggest that
the phytoestrogens in Asoka may act as agonists to ERf,
offering promising prospects for the development of tar-
geted therapies for triple negative breast cancer, thereby
opening new avenues in the currently limited treatment
landscape.

Abbreviations
MTT  3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
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EAC  Ehrlich’s Ascites Carcinoma
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