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Deciphering the anti-neoplastic et

potential of Allium ascalonicum in averting

the proliferation and epithelial-mesenchymal
transition of triple-negative breast cancer
through virtual docking and In Vitro approaches
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Abstract

Background Universally, Allium ascalonicum (Shallots) is a well-known flavouring agent in many cuisines. Though, it's
been proved for its health benefits due to the presence of alkaloids, flavonoids, terpenoids, phenols and coumarins, its
role as an anti-neoplastic agent still requires comprehensive investigation. In our study, we have investigated the pres-
ence of potential anti-neoplastic phytocompounds, anti-inflammatory, cytotoxicity and anti-metastatic activity

of Shallots against Triple-Negative Breast Cancer cell line, MDA-MB-231.

Methods Phytocompounds of aqueous Allium ascalonicum extract (AAE) derived from GC-MS and LC-MS analysis
were docked with an inflammatory marker, Interleukin-18 (IL-18); anti-apoptotic proteins, B-cell Lymphoma-2 (BCL-
2) and Myeloid Cell Leukemia-1 (MCL-1); and metastatic marker, Vimentin using PyRx (Version 0.9.9). Subsequently,
the anti-inflammatory property of AAE was determined using Bovine Serum Albumin (BSA) Denaturation Assay

and the chemotherapeutic potential of AAE was determined using 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazo-
lium Bromide (MTT) assay on MDA-MB-231 and HEK293T cell lines. Additionally, to determine the synergistic effect
of Doxorubicin Hydrochloride (Standard) and AAE, MTT assay was performed on MDA-MB-231 cell lines treated

with the combination therapy. Furthermore, the anti-metastatic property of AAE was determined using cell migra-
tion and clonogenic assays. Finally, Dual Acridine Orange/Ethidium Bromide fluorescence staining method was used
to determine if AAE has the ability to induce apoptosis and necrosis in MDA-MB-231 cells.

Results Molecular docking results using the compounds obtained from LC-MS and GC-MS with the target proteins
revealed promising anti-neoplastic bioactive compounds. BSA Denaturation assay proved that AAE has anti-inflam-
matory property, with the highest, 85.78% observed at 2 mg/ml of AAE. Moreover, MTT assay proved that AAE exhib-
ited cytotoxic effect on MDA-MB-231 in a dose-dependent manner, with an ICs, observed at 1.23 mg/ml (**p <0.005)
and non-toxic to HEK293T cells. Combination therapy of the standard with AAE reduced the ICy, of the standard

by 65.5%. Consecutively, the anti-metastatic property of AAE was proved using cell migration and clonogenic assays,
suggesting suppression of epithelial-mesenchymal transition. Finally, Dual Acridine Orange/Ethidium Bromide fluores-
cence staining method displayed that, AAE has the ability to induce apoptosis and necrosis in TNBC cells.
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Conclusion The outcomes from in vitro assays corroborated with the molecular docking results and hence,
on authenticating the potentiality of AAE's anti-neoplastic effect via. in vivo models, pre-clinical and clinical trials,
Allium ascalonicum can be articulated to a prospective anti-neoplastic drug for treating TNBC.
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Introduction
TNBC is a miscellaneous disease with varied clinical
and biological characteristics, commonly reported to be
occurring in younger women and women with BRCA1
gene mutation. Moreover, TNBC accounts for nearly
15% of the newly diagnosed neoplasms of the breast [1]
and several gene-expression-based TNBC classifications
were developed during the past few decades [2, 3]. The
five-year survival rate of TNBC was reported to be 77%,
contrary to the 93% observed in the other breast cancer
sub-types, as per the statistical report based on 2012—
2018 cases by the American Cancer Society [4]. The
absence of broad-spectrum therapeutic agents for TNBC
due to the deficiency in the expression of HER2 and tar-
getable hormonal receptors, progesterone and estrogen,
in addition to the poor prognosis has enthralled breast
cancer researchers [5]. Precisely, TNBC is functionally
defined, as an array with varied clinical and biological
behavior with specific differences in histology, transcrip-
tion and genetics among breast cancer cases [6]. Due to
the heterogenous nature of the disease, nominating a
particular treatment option based on the carcinoma pro-
file of the breast neoplasm patients is quite complicated.
Commonly used treatment preferences to manage the
severity of TNBC include, using taxanes for p53 mutated

tumors, targeting DNA repair complex using plati-
num compounds and taxanes, tumor cell proliferation
with the help of anthracyclines and many more targeted
approaches [7]. Chemotherapeutic drug, tamoxifen, has
reports of enhancing uterine cancer and thromboembo-
lism [8]. Distinguishable side-effects of chemotherapy
observed in patients with breast neoplasms include, loss
of appetite, fatigue, nausea and vomiting, anemia, mus-
cle/joint pain, sleep disorders, alopecia (due to anthra-
cyclines) etc. [9]. Similarly, radiation therapy has its own
toxic side-effects, namely, edema, skin changes, tender-
ness, fatigue, hair loss etc. [10]. Hence, there is a crucial
need for the development of novel drugs from the bio-
active components of the plant-based resources that are
efficacious and safe.

In this study, Shallots (Allium ascalonicum) belong-
ing to the group, Allium vegetables was extensively
researched to determine its cytotoxic activity against
TNBC. Since traditional times, Shallots have been
broadly used as herbal supplements [11]. Referred as
bulb crops and are used as special culinary ingredients,
because of their distinct aroma generated (from organic
sulfur compounds) during the enzymatic degradation of
the precursors (S-alk(en)yl cysteine sulfoxide), present in
the cells (by allinase and lachrymatory factor synthase).



Ravindranath and Srinivasan BMC Cancer (2025) 25:414

This breakdown releases sulfur compounds and other
bioactive substances (flavonols and other phenols) that
have the ability to prevent and treat a variety of human
illnesses, including microbial infections, cancer and
degenerative disorders [12]. The anti-microbial, anti-
protozoal, antioxidant and anti-inflammatory properties
of Shallots have also been well studied and proved [12].
Anti-carcinogenic activity of aqueous shallot extracts
has been demonstrated in liver cancer cell lines (HepG2)
[13], K562 and Jurkat cell lines [14] and also in breast
cancer cell lines (MCF-7) [15] with significant cytotoxic
effects. However, its cytotoxic activity against TNBC is
not yet established and hence in this research work, we
have attempted to determine the anti-neoplastic poten-
tial of Allium ascalonicum in TNBC.

Primarily, in our current research work, the presence of
anti-neoplastic phytocompounds in Allium ascalonicum
was studied using Gas chromatography-Mass spectrom-
etry (GC-MS) [15] and Liquid chromatography-Mass
spectrometry (LC—MS). These phytocompounds and a
standard anti-neoplastic drug, Gemcitabine, were docked
with IL-18 (an inflammatory cytokine), BCL-2 and
MCL-1 (anti-apoptotic proteins involved in TNBC malig-
nancy) and Vimentin (a metastatic marker) for the iden-
tification of influential anti-neoplastic phytocompounds
in treating TNBC through in silico approaches. In our
previous research work published [15], we had already
proved that the aqueous extract of Allium ascalonicum
is effective against breast cancer cell line, MCF-7. Hence,
in our current research study, we had extended our work
further and therefore, the lyophilized sample of aque-
ous extract of Allium ascalonicum was analyzed for the
determination of anti-inflammatory activity, cytotoxic
effect and anti-metastatic activity (cell migration and clo-
nogenic assays) on TNBC cell line, MDA-MB-231 based
on the hypothesis that Allium ascalonicum possess anti-
neoplastic activity against TNBC.

Materials and methods

Preparation of Allium ascalonicum Extract (AAE)

The bulbs of Allium ascalonicum were thoroughly
washed to remove the unwanted dirt and sand. The bulbs
were crushed well and then grinded using double dis-
tilled water. The grounded contents were then filtered
using Whatman No. 1 Filter paper and then freeze-dried
using lyophilizer (Martin Christ Alpha 2-4 LD Plus
Freeze-Dryer, Germany). The freeze-dried AAE was then
used for subsequent in vitro assays.

Gas-chromatography mass spectrometry analysis of Allium
ascalonicum

GC-MS apparatus (Shimadzu Corporation, Kyoto,
Japan) was used for characterization of phytocompounds
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in Allium ascalonicum, as reported by Mir and Bashir
et al, 2020 [16]. The capillary column with an inner
diameter of 15 m length x 250 um, coated with a 0.25 pm
film thickness stationary phase (Rtx-5MS, Restek cor-
poration, Bellefoente PA, USA) was used for segregat-
ing the plant sample components. The gas carrier used
was 99.99% Helium, with the linear velocity of 36.2 cm/
sec. An autoinjector was used to inject 2 pl of the plant
sample on splitless mode at 300°C. Initially, the GC oven
was programmed at 60°C for 1 min and then heated at
40°C/min, until 300°C and held for 10 min with an equi-
libration time set to 0.5 min. The pressure and the flow
rate were set to 9.3508psi and 1 mL/min to 1.2 mL/min
respectively. The peak compounds were identified using
the total ion chromatogram (TIC) obtained after analysis
along with the corresponding peak area. National Insti-
tute of Standards and Technology (NIST) database was
used for comparing and identifying peak compounds in
GC mass spectra. The number of counts for each compo-
nent per unit time (mins) obtained during GC operation
was used to estimate the area of the peak compounds.

Liquid-chromatography mass spectrometric analysis

of Allium ascalonicum

A sophisticated analytical instrument, Xevo G2-XS
QTof, Waters, USA with a 1525 microns Binary pump
was used for performing LC-MS analysis of Allium
ascalonicum. The column packed with Accucore C18,
50X 4.6 mm, 5micron particle size (Thermo Scientific)
was used with 0.1% Formic acid in water as mobile
phase-A, Acetonitrile as mobile phase-B at a flow rate
of 0.5 ml/min. Gradient elution analysis was performed
and represented as (Time-A/B): 0 min-95/5, 1 min-
95/5, 8 min-50/50, 12 min-5/95, 17 min-5/95, 18 min-
95/5 and 20 min-95/5. Further parameters include,
the capillary voltage at 3 kV; Collision Energy at 20 V;
Ramp Collision Energy at 30-90 V; Source Tempera-
ture 150°C; Desolvation Temperature 450°C; Cone gas
50L/hr; Desolvation Gas Flow 800L/hr and the process-
ing software was MassLynxV4.1 [17]. Nearly, 10 pl of
the methanolic extract of Allium ascalonicum was fil-
tered and injected. On the basis of the retention time
and mass spectra, the phytocompounds of Allium
ascalonicum were identified. Time-of-flight analyzers
and hybrid quadruple [17] were used for both positive
mode and negative mode mass spectral analysis (Addi-
tional File 1, Figures S1 and S2). Vaniya/Fiehn Natural
product library (University of California, Davis, US)
MS m/z database was used to analyze the elemental
composition of ions, to facilitate the recognition of the
phytocompounds present in the Allium ascalonicum
extract (Additional File 1, Table S1).
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Virtual docking analysis

A comprehensive literature survey of the list of phyto-
compounds obtained from GC-MS [15] and LC-MS
(Additional File 1, Figures S4 and S5, Table S1) was per-
formed initially and then, the compounds were selected
based on the anti-carcinogenic properties reported in the
literature. The selected compounds were then screened
for ADME properties using SwissADME (http://www.
swissadme.ch/) and only those compounds that obeyed
Lipinski’s Rule of Five were considered for molecular
docking studies (Additional File 1, Table S2). Anti-neo-
plastic compounds obtained from the mass spectrometric
analysis of Allium ascalonicum were docked with the tar-
get proteins, IL-18, BCL-2, MCL-1 and Vimentin (Addi-
tional File 1, Figure S3) whose Protein Data Bank (PDB)
IDs are 3W0O4, 4AQ3, 5FDR and 3KLT respectively. The
holographic structure of the target proteins and that of
the anti-neoplastic compounds were obtained from PDB
database (https://www.rcsb.org/) and PubChem (https://
pubchem.ncbi.nlm.nih.gov/) correspondingly. It was then
proceeded further, for docking analysis using a multi-

% Viability of MDA — MB — 231 and HEK293T cells = (

Page 4 of 16

Cytotoxicity analysis of AAE, Doxorubicin Hydrochloride
and combination of IC;, dose of AAE with Doxorubicin
Hydrochloride on MDA-MB-231 cell line

Protocol described in our previous research work, Ravin-
dranath et al,, 2023 [15] was followed, in order to deter-
mine the cytotoxic impact of AAE on MDA-MB-231
(TNBC) and HEK293T (Human Embryonic Kidney) cell
lines purchased from National Centre for Cell Science,
Pune, India. DMEM complete media was used to culture
the cell lines in a humidified incubator chamber sup-
plied with 5% CO, at 37°C. The cytotoxicity experiment
was performed in triplicates with the MDA-MB-231 cells
treated with different concentrations of AAE (varying
from 0 pg/ml to 2000 pg/ml) and HEK293T cells (vary-
ing from 0 pg/ml to 1400 pg/ml), using a 96-well tissue
culture plate. MTT at 0.5 mg/ml was added and DMSO
was used to solubilize the purple formazan crystals. The
absorbance values were read using a multi-mode plate
reader (PerkinElmer EnSpire, USA) at test wavelength
of 570 nm and reference wavelength of 620 nm for the
determination of % Viability of MDA-MB-231 cells and
HEK293T cells using the equation below,

AAAE

— | x 100%
A.Control) )

ligand docking program named, PyRx (Version 0.9.9)
[18]. The holographic and two-dimensional representa-
tive images were visualized using BIOVIA Discovery Stu-
dio Visualizer 2021.

Bovine serum albumin denaturation assay
Anti-inflammatory activity of AAE was determined using
protocol described by Kola et al., 2022 [19] with slight
modifications. Experiment was performed as triplicates
in a 96-well plate using varying concentrations of AAE
and the standard (Diclofenac Sodium) ranging from
6.25 pg/ml to 2000 pg/ml and then treated with 0.2% of
BSA dissolved in Tris-Buffered Saline (TBS) at pH 6.8.
The standard drug treated with 0.2% of BSA served as a
positive control. The 96-well plate was then kept for incu-
bation at 37 °C and 72 °C for 15 min and 5 min respec-
tively. The plate appearing turbid was then read using a
multimode plate reader (PerkinElmer EnSpire, USA) at
660 nm to determine the % Anti-Denaturation Activity of
AAE using the equation below,

APC — AAAE

% Anti — Denaturation Activity = { APC

} x 100%

where, A. PC =Positive Control (Absorbance) and
A. AAE=Allium ascalonicum extract (Absorbance)

where, A. AAE=Absorbance of Allium ascalonicum
extract and

A. Control = Absorbance of Control

MTT assay was also performed by treating TNBC cells
with Doxorubicin Hydrochloride standalone ranging
from 0 pg/ml to 10 pg/ml to determine its ICy,. Subse-
quently, combination treatment with ICy, concentration
of AAE with different concentrations of Doxorubicin
Hydrochloride (0, 0.01, 0.05, 0.1, 0.25, 0.5 and 1 pg/
ml), was used to treat TNBC cells in order to determine
its cytotoxicity and reduction in the dosage of IC;, of
Doxorubicin Hydrochloride using MTT procedure as
described above. ICy, the half maximal inhibitory con-
centration was also estimated for all types of treatment
using a linear regression plot through extrapolation.

Cell migration assay

The anti-metastatic activity was determined by the ability
of AAE (IC,,) treated MDA-MB-231 cells to migrate into
the fabricated wounds created in tissue culture plates,
referred as cell migration or wound healing assay. The
protocol by Park et al., 2013 [20] for cell migration assay
was followed with least modifications. MDA-MB-231
cells were seeded in a 6 well plate at a density of 0.3 x 10°
cells/well and then allowed for adherence and prolifera-
tion for 24 h in a humidified, 5% CO, incubator at 37°C.
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On observing 80% confluency, a scratch was artificially
created using a sterile microtip. The cell remains were
then discarded using PBS and treated with AAE at IC,
concentration for another 24 h. Cells unexposed to treat-
ment were considered as control. Cell fixation was per-
formed using 75% methanol and further washed with
cold PBS. Images of the injured section and area of cell
migration were taken at 0 h and 24 h respectively using
microscope (Carl Zeiss Axio Vert. Al, Germany). The
images were then analysed using the Image] software to
measure the width of the scratch at 0 h and 24 h in both
the control and the IC50 AAE treated group of MDA-
MB-231 cells. The percentage of cell migration was eval-
uated using the formula,

SA 0 hrs — SA 24hrs
SA 0 hrs

% Cell migration = x 100%
where, SA 0 hrs = Scratch Area at 0 hours and
SA 24 hrs = Scratch Area after 24 hrs

Clonogenic assay

The anti-metastatic activity of AAE can also be con-
firmed by culturing minimum number of ICy, treated
MDA-MB-231 cells in a fresh tissue culture plate with
DMEM complete media, to observe if AAE could inhibit
the proliferation as well as its ability to form clones. The
potential of individual MDA-MB-231 cells to maintain
its capability to proliferate and expand into a colony was
assessed using Clonogenic assay as described by Rafehi
et al, 2011 [21] and Fazeela et al., 2018 [22]. 0.3x10°
cells were seeded in a single well of a 6-well plate and
on attaining confluency, TNBC cells were treated with
AAE at IC;, concentration and the untreated cells were
used as control. After 24 h, the cells were trypsinized to
obtain individual cell suspension. 500 cells from the cell
suspension were seeded onto a fresh plate and were then
left undisturbed for a week. DMEM complete media was
then discarded and cleansed using PBS and fixed with
ice-cold 70% Methanol at 4°C for 10-15 min. Trypan
blue was then added to visualize the colony formation/
non-formation of MDA-MB-231 cells using Carl Zeiss
Axio Vert. A1 microscope, Germany.

Dual acridine orange/ Ethidium Bromide (AO/EtBr)
fluorescent staining assay

In brief, TNBC cells were seeded at a density of 0.3 x 10°
cells per well in a 6 well plate. On achieving 70%—80%
confluency, the cells were treated with IC,, of AAE for
24 h and the untreated cells were used as control. The
dual AO/EtBr fluorescent staining assay was performed
as per the protocol described by Liu et al., 2015 [23] and
Kepekgi et al., 2021 [24]. The untreated and the treated
cells were then trypsinized and 25 pl of cell suspensions

Page 5 of 16

were transferred on to the glass slides. 1 pl of the equally
mixed, 100 pug/ml AO and 100 pg/ml of EtBr was added
on to the suspended cells in the glass slides, mixed well
and then covered with a cover slip. The various stages of
apoptosis and necrotic TNBC cells were observed under
the fluorescence microscope (Carl Zeiss Axio Vert. Al,
Germany), within a maximum time period of 20 min,
after addition of the dye. The percentage rate of apoptotic
cells was determined using the quantity of cells observed
within the microscopic range of both the control and ICj,
AAE treated cells.

Data interpretation and validation

Experimental data obtained, mean +standard deviation
was interpreted statistically and validated using Student’s
T-test using Microsoft Excel program with probability
values, <0.05,<0.005 and <0.001 represented as *p (sta-
tistically significant), **p (high statistical significance) and
#p (highest statistical significance) respectively.

Results

Recognition of potential anti-neoplastic phytocompounds
Molecular docking of anti-neoplastic phytocompounds
with target proteins, IL-18, BCL-2, MCL-1 and Vimen-
tin helped us to recognize potential anti-neoplastic phy-
tocompounds that could be playing a significant role in
inhibiting the progression of TNBC. Basically, ligands
exhibiting binding affinity values<—6.0 kcal/mol are
considered best [15] and hence the phytocompounds
with binding affinity values lower than that of the stand-
ard drug, Gemcitabine were identified and tabulated
along with the interacting aminoacid residues (Table 1
and Table 2). Gemcitabine kills breast cancer cells;
however, it is also known to cause definite side-effects,
namely, enhanced risk of infection, breathlessness, bruis-
ing, nosebleeds, feeling sick, abnormal liver changes, flu,
hair loss, fatigue, skin rash, blood and protein in urine,
etc. [25]. These side-effects were prone to affect every-
day lives of afflicted patients majorly. Hence, this drug
has been used as a standard ligand in docking analysis
for comparative studies on binding association values of
anti-neoplastic phytocompounds of Allium ascalonicum.
On comparing the binding affinity values of Gemcitabine
with the anti-neoplastic compounds of AAE, we could
infer that, the phytocompounds of AAE interact with the
target receptors and form more stable interactions when
compared to the standard and, thereby, validating signifi-
cant anti-neoplastic potential of AAE.

According to the molecular docking results of GC-MS
compounds (Table 1), the phytocompound, Isoquino-
line, 1-[3,5-benzyloxybenzyl]—6-methoxy-N-methyl- has
the best binding affinity values of —8.1, —8.7, —9.3 and



Ravindranath and Srinivasan BMC Cancer (2025) 25:414

Page 6 of 16

Table 1 Identification of potential GC-MS anti-neoplastic compounds of Allium ascalonicum based on binding affinity values and the
list of amino acid residues present in the target proteins that interact with them

Target Proteins Ligands Amino acid residues involved Binding
Affinity
(Kcal/
mol)
IL-18 (Interleukin-18) Gemcitabine Chain A: LYS112, HIS109, GLY108; -7.0
a) Isoquinoline, 1-[3,5-benzyloxybenzyl]—6- Chain B: ARG210, LYS134,LYS128; -8.1
methoxy-N-methyl- Chain C: GLU210 -76
b) Succinic acid, diamide, N, N'-diethylI-N, Chain B: GLY274, ASP209, GLU244;
N'-diphenyl- Chain C: LYS313, THR 247, LEU 249
Chain A: HIS109; Chain B: LYS134,
ARG210,ILE129
BCL-2 (B-Cell Lymphoma-2) Gemcitabine Chain B: PHE71, SER64, ARG68, —-6.3
a) Isoquinoline, 1-[3,5-benzyloxybenzyl]—6- VAL115, GLU111 -8.7
methoxy-N-methyl- Chain B:VAL92, ASN102, PHEG3, —6.5
b) Succinic acid, diamide, N, N'-diethyl-N, ARG105, ALAT08, LEU96, TYR67,
N'-diphenyl- MET74, PHE71
Chain B: PHE89, ALA90
MCL-1 (Myeloid Cell Leukemia-1)  Gemcitabine Chain D: MET250, PHE270 —6.5
a) Isoquinoline, 1-[3,5-benzyloxybenzyl]—6- Chain C: ARG263, VAL274, PHE270, -93
methoxy-N-methyl- MET250, LEU246, LEU267, VAL253 -83
b) Succinic acid, diamide, N, N'-diethyl-N, Chain B: ALA227, LEU235, LEU246, -7.2
N’-diphenyl- PHE270, VAL249, MET250, VAL253, -7.2
) 2-Amino-4-phenylpyrimidine LEU267, MET231 -6.8
d) Pyrrole, 2-methyl-5-phenyl- Chain D:VAL253, LEU267, PHE270,
e) 6-Indolizinecarbonitrile, 2-methyl- VAL249, MET250
Chain B: LEU235, MET250, LEU246, VAL249,
VAL253, PHE270, LEU267
Chain D: LEU267, PHE270, LEU235, LEU246,
VAL249, MET250
Vimentin Gemcitabine Chain D: TYR276, ARG 273 —6.7
a) Isoquinoline, 1-[3,5-benzyloxybenzyl]—6- Chain A: ASN283, VAL279, ALA280; -10.1
methoxy-N-methyl- Chain B: TYR276, ALA280, LEU284, -80
b) Pyrrole, 2-methyl-5-phenyl- VAL279; Chain C: TRP290, TYR291, -7.8
) 2-Amino-4-phenylpyrimidine LEU284; Chain D: TYR291, GLU286, -74
d) Succinic acid, diamide, N, N'-diethyl-N, ALA287,TRP290 -7.2
N'-diphenyl- Chain A: TYR291, PHE295; -70

e) 6-Indolizinecarbonitrile, 2-methyl
f) N-(4-Bromomethylphenyl)acetamide

Chain D: ARG273, TYR276

Chain A: TYR291; Chain B: TYR291;

TYR276

Chain A: VAL279; Chain B: VAL279;

Chain C: ALA287, TRP290, TYR291;

Chain D: TYR291, ALA287

Chain A: PHE295; Chain D: TYR276, ARG273
Chain A: TYR291; Chain B: TYR291; Chain C:
TYR276, VAL272; Chain D: TYR276, ARG273

" Italicized amino acid residues gives information about the similar residue interactions between the standard and the potential anti-neoplastic compounds

LYS Lysine, HIS Histidine, GLY Glycine, ARG Arginine, GLU Glutamic acid, GLY Glycine, ASP Aspartic acid, THR Threonine, LEU Leucine, ILE Isoleucine, PHE Phenylalanine,
SER Serine, VAL Valine, ASN Asparagine, ALA Alanine, TYR Tyrosine, MET Methionine, TRP Tryptophan

—10.1 kcal/mol with all the four target proteins, IL-18,
BCL-2, MCL-1 and Vimentin respectively when com-
pared to the standard, Gemcitabine. Succinic acid,
diamide, N, N'-diethyl-N, N'-diphenyl- demonstrated
as the second best phytocompound during its interac-
tion with IL-18, BCL-2 and MCL-1, whereas, Pyrrole,
2-methyl-5-phenyl- displayed as the second best phyto-
compound for Vimentin.

In accordance with the molecular docking results of
LC-MS compounds (Table 2), the phytocompound,

Rhusflavone proved to be the best in terms of binding
affinity scores, —9, —8.3 and —11 kcal/mol for the tar-
get proteins, IL-18, BCL-2 and Vimentin respectively.
The second best phytocompound observed was Epigallo
Catechin Gallate with binding affinity scores of —8.3,
—6.8, —9.4 and —8.4 kcal/mol for IL-18, BCL-2, MCL-1
and Vimentin respectively. The best compounds were
selected based on comparison of the binding affinity
values of the phytocompounds with that of the stand-
ard, Gemcitabine. The 3D holographic images of the
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Table 2 Identification of potential LC-MS anti-neoplastic compounds of Allium ascalonicum based on binding affinity values and the
list of amino acid residues present in the target proteins that interact with them

Target Proteins Ligands Amino acid residues involved Binding
Affinity (Kcal/
mol)

IL-18 (Interleukin-18) Gemcitabine Chain A: LYS112, HIS109, GLY108; -7.0

a) Rhusflavone Chain B: ARG210, LYS134,LYS128; -9.0
b) Myricitrin Chain C: GLU210 -84
¢) Epigallo Catechin Gallate Chain B: GLU208, ARG210, GLU243, -83
d) Phylloquinone GLU244, GLY274; Chain C: LYS248 =77
e) Obtusinin Chain C: SER158, ARG37, GLN150, 75
f) Pantoyl Lactone Glucoside ASN152, ALA153, GLU40, ALA159 -73
g) Trehalose Chain C: SER158, ALA153, SER179, —7.2
CYS180, SER177, SER35, GLU40, ARG37
Chain A: LYS112; Chain B: LYS134,
ARG210, GLU131, LYS128, ILE129
Chain A: LYS112,GLY108, ASN111;
Chain B: LYS128, ARG210, GLU131
Chain A: LYS112, GLY108; Chain B:
ARG210, GLU131, LYS134;
Chain C: GLU210
Chain A: LYS112, ASN111;
Chain B: GLU131, PHE135, ILE129; Chain C: GLU210, GLY168
BCL-2 (B-Cell Lymphoma-2) Gemcitabine Chain B: PHE71, SER64, ARG68, —6.3
a) Rhusflavone VAL115,GLU111 -83
b) Phylloquinone Chain A: ARG98, PHE89, TYR130, -73
¢) Epigallo Catechin Gallate VAL93, ALA90 —6.8
d) Myricitrin Chain A: ARG98, HIS143, ARG142, -6.8
e) Obtusinin TYR139,VAL93, ALA9O, TRP135, -6.3
PHE89, ARG86
Chain A: ARG86, GLU138, TRP135,
PHE89
Chain B: VALT15, ARG68, SER75, ASN122, GLU119, ARG26, VAL118
Chain B: ARG26, VALT15,GLU119,
VAL118, ARG68, LYS22
MCL-1 (Myeloid Cell Leukemia-1) Gemcitabine Chain D: MET250, PHE270 —-6.5
a) Epigallo Catechin Gallate Chain B: ALA227,VAL253, MET250, -94
b) Rhusflavone PHE270 -9.1
) Phylloquinone Chain C: PHE270, MET250, LEU267, -8.1
d) Myricitrin ARG263, VAL253, THR266 -75
e) Obtusinin Chain A: ARG222, ASN223; Chain B: —74
) Trehalose PHE270, LEU267, VAL253, HIS224 -6.8
Chain B: SER293, GLU292, LYS244;
Chain C: SER245, ASP236, LEU235
Chain C: PHE270, GLY271, LEU246,
VAL274, VAL249, MET250, VAL253,
MET231
Chain A: GLU225, THR226, ARG222;
Chain B: ASP256; Chain C: HIS252
Vimentin Gemcitabine Chain D: TYR276, ARG 273 —-6.7
a) Rhusflavone Chain A: ALA287, TYR291, GLU288; -11.0
b) Epigallo Catechin Gallate Chain B: ASN283, TYR291, ALA287; -84
¢) Phylloguinone Chain C: ALA280; Chain D: ALA280, TYR276 -78
d) Myricitrin Chain A: ASN283, ALA280; Chain C: -77
e) Obtusinin TYR 291, ALA287, GLU286 -7.0
f) Cinnamic acid Chain A: ASN283, ALA280, VAL279; —6.7

Chain B:VAL279, TYR276; Chain C:
TYR291, ALA287, TRP290;

Chain D: TYR291

Chain B:TYR291, ALA287, ASN283,
LEU284; Chain D: VAL279

Chain B:VAL279, TYR276;

Chain D: GLU286, ALA287, TRP290,
TYR291, ASN282

Chain D: ARG273, TYR276

" Italicized amino acid residues gives information about the similar residue interactions between the standard and the potential anti-neoplastic compounds

LYS Lysine, HIS Histidine, GLY Glycine, ARG Arginine, GLU Glutamic acid, GLY Glycine, ASP Aspartic acid, THR Threonine, LEU Leucine, ILE Isoleucine, PHE Phenylalanine,
SER Serine, VAL Valine, ASN Asparagine, ALA Alanine, TYR Tyrosine, MET Methionine, TRP Tryptophan
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L. IL-18

Il. BCL-2

1l. MCL-1

IV. VIMENTIN

Fig. 1 Holographic interaction images of target proteins with standard and best phytocompounds from GC-MS and LC-MS. . IL-18 (Interleukin-18)
with a. Gemcitabine b. Isoquinoline, 1-[3,5-benzyloxybenzyl]-6-methoxy-N-methyl- c. Succinic acid, diamide, N, N'-diethyl-N, N'-diphenyl- d.
Rhusflavone e. Myricitrin II. BCL-2 (B-Cell Lymphoma-2) with a. Gemcitabine b. Isoquinoline, 1-[3,5-benzyloxybenzyl]-6-methoxy-N-methyl- c.
Succinic acid, diamide, N, N'-diethyl-N, N'-diphenyl- d. Rhusflavone e. Phylloquinone Ill. MCL-1 (Myeloid Cell Leukemia-1) with a. Gemcitabine b.
Isoquinoline, 1-[3,5-benzyloxybenzyl]-6-methoxy-N-methyl- c. Succinic acid, diamide, N, N'-diethyl-N, N'-diphenyl- d. Epigallo Catechin Gallate

e. Rhusflavone IV. Vimentin with a. Gemcitabine b. Isoquinoline, 1-[3,5-benzyloxybenzyl]-6-methoxy-N-methyl- c. Pyrrole, 2-methyl-5-phenyl- d.

Rhusflavone e. Epigallo Catechin Gallate

interactions of the best phytocompounds (GC-MS and
LC-MS) with the standard and the target proteins were
represented (Fig. 1).

Additionally, Tables 1 and 2 provide information about
the amino acid residues that interact between the target
proteins and the ligands. It was also observed that, there
are similar interacting amino acid residues for both the
standard drug and the ligands with the target proteins.
However, the ligands interact with a much lower bind-
ing affinity value when compared to the standard drug,
hence, confirming more stable interactions of phy-
tocompounds of AAE with the target proteins, thus,
emphasizing the presence of potential therapeutic phyto-
compounds in AAE.

AAE exhibits anti-inflammatory potential

The anti-inflammatory capability of AAE was examined
by observing its ability to prevent the denaturation of
BSA at different concentrations. The anti-denaturation
activity of AAE was higher, when compared to the stand-
ard, Diclofenac Sodium at lower concentrations from
6.25 pg/ml to 50 pg/ml, whereas, from 100 pg/ml till
2000 pg/ml, the standard dominated the anti-denatur-
ation activity. The highest anti-denaturation activity of

AAE, 85.78% was observed at 2000 pg/ml, whereas, the
standard exhibited 97.53% at the same concentration,
confirming the dose-dependent response curves for both
standard and AAE, as represented in Fig. 2. The assay
also proves the fact that AAE possess significant anti-
inflammatory potential.

AAE induced chemotherapeutic effect on MDA-MB-231
cells and not on HEK293T cells

The graph (Fig. 3a), clearly demonstrates, that as the
concentration of AAE increases, the percentage viability
of the MDA-MB-231 cells decreases in a dose-propor-
tional fashion, validating the fact that AAE has inherent
capability to induce apoptosis of TNBC cells. Moreover,
the half-maximal inhibitory concentration of AAE (ICs)
was estimated using the straight-line equation of the lin-
ear regression curve along with R? that is, correlation
coefficient. The IC;, of AAE was obtained at 1.23 mg/
ml (**p <0.005) and R? was 0.84 (Fig. 3b), indicating the
presence of very good correlation between the percent-
age viability of TNBC cells and concentration of AAE.
HEK293T cells exhibited 77% viability at 1.2 mg/ml of
AAE (Fig. 3c) proving the fact that AAE is not as toxic
to normal Human Embryonic Kidney cell lines when
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Fig. 2 Anti-Denaturation activity of Allium ascalnonicum using BSA Denaturation Assay. *p < 0.05 denotes statistical significance and **p <0.005
represents high statistical significance of the experiment with the positive control group and error bar in the graphs are represented
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Fig. 3 a Cytotoxicity evaluation on MDA-MB-231 cell line to determine the percentage viability using MTT assay. b ICs, calculation of TNBC cells
treated with Allium ascalonicum using linear line equation, y=mx+c, R?=0.84 and ICs,=1.23 mg/ml. c. Cytotoxicity evaluation on HEK293T cell
lines to determine the percentage viability using MTT assay. *p <0.05 (statistically significant) and **p <0.005 (high statistical significance). Error bars

in the graphs represent Mean + Standard Deviation. (n=3)

compared to the TNBC cell line. Observation of the
cells under phase contrast inverted microscope (Fig. 5a),
clearly demonstrates that, TNBC cells treated with ICs,
concentration of AAE, exhibited loss in the quantity of
cells and its structural features greatly deviated from the
normal morphology, in contrast to the HEK293T cells
that exhibited a minimal reduction in the number of
cells with no significant morphological change (Fig. 5a)
as those observed in TNBC cell lines.

AAE reduces IC;, dosage of standard drug, Doxorubicin
Hydrochloride in TNBC

MDA-MB-231 cells treated with Doxorubicin Hydro-
chloride as a standalone had an ICg, of 2.031 pg/ml
(Fig. 4a). However, when these cells were treated with
a combination of Doxorubicin Hydrochloride and IC,,
of AAE, the IC,, value of the combination therapy was
observed at 0.701 pg/ml+ (IC5,=1.23 mg/ml) of AAE
(Fig. 4b). Hence, the dosage of the standard drug (IC;)
reduced by 65.5%, from 2.031 pg/ml (Doxorubicin
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b. IC5, calculation of the combination of varied
concentrations of Doxorubicin Hydrochloride
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Fig. 4 a Cytotoxicity and ICy, calculation of TNBC cells treated with the standard, Doxorubicin Hydrochloride b Cytotoxicity and ICy, calculation
of TNBC cells treated with varied concentrations of Doxorubicin Hydrochloride and ICs, concentration of AAE. *p < 0.05 (statistically significant),
**p <0.005 (high statistical significance) and # (highest statistical significance). Error bars in the graphs represent Mean + Standard Deviation (n=3)

a. Control

MDA-MB-231

HEK293T

1200pg/ml AAE

b 2ug/ml Doxorubicin
= Control Hydrochloride

MDA-MB-231

0.5pug/ml Doxorubicin
Hydrochloride+ICs, AAE

Fig. 5 a Microscopic observation (10X magnification) of morphological changes within MDA-MB-231 cells and HEK293T cells treated using ICs,
concentration of AAE when compared to the control (untreated). It can be clearly observed that in AAE treated cells, MDA-MB-231 cells loses its
spindle shaped morphology, transforming into more dark and circular apoptotic bodies, whereas, no significant morphological changes were
observed in HEK293T cells. b Microscopic observation (10X magnification) of morphological changes within MDA-MB-231 cells treated with ICs
concentration of Doxorubicin Hydrochloride as a standalone and a combination of ICs, concentration of Doxorubicin Hydrochloride and AAE
when compared to the control (untreated). Significant morphological changes were observed in the treated cells when compared to the untreated

cells (control)

standalone treatment) to 0.701 ug/ml (combination
therapy) proving the synergistic effect of the standard
drug with the anti-neoplastic potential of AAE. Micro-
scopically, a clear distinction between the control and
the treated cells were also observed as represented
(Fig. 5b).

AAE inhibits cell migration and clone formation

The anti-metastatic activity of AAE was determined
by the ability of AAE treated (IC;)) MDA-MB-231 cells
to migrate into the area of wound creation and also by
its ability to form clones from single cell suspensions.
From the microscopic images (Fig. 6a), it can be clearly
observed that after 24-h treatment period of MDA-
MB-231 cells with IC;, concentration of AAE, hardly
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0 hours 24 hours

Fig. 6 a Cell migration Assay (10X magnification). At 0 h, the control and AAE treated cells had a clear pathway in the wounded area, whereas,
after 24 h, cell migration to the wounded area was distinctly visible in the control cells, unlike the ICs, AAE treated cells, where only very few cells
seem to have migrated in the wounded area. b Percentage cell migration. After 24 h of treatment period, 2.66% cell migration observed in ICs, AAE
treated cells, unlike in Control, where 95.01% was observed. *p <0.05 denotes statistical significance of the experiment and error bars in the graph
represent Mean = Standard Deviation (n=3). c. Clonogenic Assay (10X magnification). Control cells displayed formation of clones, whereas, ICs, AAE
treated cells, exhibited dark and circular patch of cells, confirming absence of clone formation

a few cells have migrated into the wound area, that is
only about 2.66% cell migration was observed, unlike
the ones observed in the untreated control cells, where,
95.01% cell migration was observed. The percentage of
cell migration was determined using Image] analysis and
represented as a graph (Fig. 6b).

Similarly (Fig. 6¢), it can be visualized that clones have
been formed in the control cells, whereas, in the treated
ones, the TNBC cells have lost its ability to form clones and
hence the picture displays cells as dark patches. Thus, it can
be concluded that, MDA-MB-231 cells treated with AAE
loses the metastatic property and hence has the ability to
prevent the development of advanced stages of TNBC.

AAE treatment induces apoptosis and necrosis

of MDA-MB-231 cells

Induction of apoptosis and necrosis by AAE on MDA-
MB-231 cells can be clearly observed when both AAE
treated at IC;, and untreated cells were stained using
AOQO/EtBr as depicted (Fig. 7). The nucleus of the live cells
does not show any condensation, whereas, the nucleus of
the early apoptotic cell exhibited either granular or cres-
cent shape and established towards one side of the cell.
The nucleus of the cells at the late apoptotic stage dis-
played orange fluorescence generated from EtBr staining

and are found to be concentrated at a specific location.
The necrotic cells were found to exhibit orange fluores-
cence with an increased cell volume and an undefined
outline due to membrane disintegration [23, 24]. Table 3,
represents the percentage rate of apoptotic cells deter-
mined in the control and the IC;, of AAE treated group
of MDA-MB-231 cells. Thus, dual AO/EtBr fluorescence
staining assay confirmed that AAE has the capacity to
induce apoptosis and necrosis in MDA-MB-231 cells that
can be formulated suitably to treat TNBC.

Discussion

The protein targets used in our in silico study has distinct
functional characteristics and each one of them play a
very crucial role in the etiology of cancer. A multimeric
protein complex, NLRP3 (Nucleotide-Binding Domain,
Leucine-Rich—Containing Family, Pyrin Domain—Con-
taining-3) inflammasome, gets activated in response to
certain cellular disturbances leading to the pathogen-
esis of inflammation associated diseases, such as Cancer
[26]. These in turn activate the release of inflammatory
cytokines, like, IL-18, described to be overly expressed
in inflammatory breast cancer [26, 27]. IL-18 was also
reported to correlate positively with metastasis of lymph
nodes in patients with breast neoplasms [28], making it
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Fig. 7 Observation of MDA-MB-231 cells after Dual Acridine Orange/Ethidium Bromide (AO/EtBr) fluorescence staining. Uniform distribution

of green fluorescence in live cells can be observed in control, whereas, in ICs, AAE treated cells, live cells, early apoptotic cells (nucleus-granular

or crescent shape), late apoptotic cells (nucleus stained red and the remaining portion of the cell had stained light green) and necrotic cells (huge
cell volume, orange-red coloured with undefined outer membrane implying membrane disintegration) were observed

Table 3 Percentage rate of apoptosis in the Control and ICg, of
AAE treated MDA-MB-231 cells

Group Types of cells Percentage of Rate of
cells (%) apoptosis
(%)

Control Live cells 100 0
ICs, treated MDA-  Live cells 16.67 8334
MB-231 cells Early apoptotic cells 50

Late apoptotic cells 16.67

Necrotic cells 16.67

one of the most targetable inflammatory cytokines to
inhibit the progression of breast cancer malignancy.

A crucial biological process that occurs in response
to cellular stress or developmental cues is apoptosis. In
addition to being a major factor in the genesis of can-
cer, impaired apoptosis also lessens the effectiveness
of conventional cytotoxic treatments. BCL-2 family of
proteins, play a critical role in regulating pro- and anti-
apoptotic activities, leading to subtle balance in healthy
cells, however, in tumor cells, BCL-2 protein (anti-apop-
totic) belonging to the sub-group of BCL-2 family, were
found to be overexpressed than in normal cells. In order
to enhance apoptosis of tumor cells and also to overcome
the chemotherapeutic resistance, BCL-2 can be one of
the significant targets for drug development [29].

MCL-1 (Myeloid Cell Leukemia-1) is another sig-
nificant anti-apoptotic protein that binds to the pro-
apoptotic subgroup of BCL-2 protein family to prevent
apoptosis. Enhanced expression of MCL-1 has been
observed in numerous tumor types and is linked with
cell neoplastic transformation, defective prognosis and

resistance to chemotherapeutic drugs [30]. MCL-1 was
also observed to play a vital part in regulating the apop-
totic pathway of mitochondria and hence it is a fascinat-
ing target for breast cancer therapy [30].

Vimentin is a type of Intermediate Filament, often
found to be overly expressed in advanced neoplasms,
enabling them for cell migration and invasion, leading
to metastasis. It was also found to correlate with stimu-
lating epithelial to mesenchymal cell transition (EMT
pathway) and diminished patient survival, making it one
of the interesting targets for advanced neoplasms of the
breast [31, 32]. Hence, targeting these specific proteins
involved in key cellular processes is critical for inhibiting
cancer progression. Phytocompounds derived from natu-
ral sources, with the capacity to selectively target these
proteins, hold significant potential for the development
of novel therapeutic strategies in treating TNBC.

Scientific reports have already been established that,
Isoquinoline derivatives possess moderate cytotoxic
effect on Human Leukemia cell line (HL60) and Human
colorectal carcinoma cell line (HCT116) and low toxicity
against normal cell line, human lung fibroblast (MRC5).
It also stated that benzyloxy group in the Isoquinoline,
1-[3,5-benzyloxybenzyl] —6-methoxy-N-methyl- was
majorly responsible for the cytotoxic effect on cancer
cell lines [33]. Furthermore, research works have sug-
gested that succinic acid demonstrated anti-neoplastic
effect on cancer cell lines by inducing apoptosis in renal
cancer cell lines with no cytotoxic effect on normal cell
line, MRC-5 [34]. Hence, Succinic acid, diamide, N,
N'-diethyl-N, N'-diphenyl-, identified as a potential phy-
tocompound through molecular docking studies can be a
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potential option for cancer treatment. Similarly, a pyrrole
derivative was found to possess good apoptotic induc-
ing effect against three cell lines of breast carcinomas,
T47-D, MCF-7 and MDA-MB-231 [35]. Another study
reported that a pyrrole imidazole polyamide can be effec-
tive against cervical cancer through DNA-alkylation of
tumor cells [36]. Therefore, Pyrrole, 2-methyl-5-phenyl-
can serve as one of the significant treatment options for
averting the progression of TNBC.

The three significant bioactive compounds, Isoqui-
noline, 1-[3,5-benzyloxybenzyl]—-6-methoxy-N-methyl-;
Succinic acid, diamide, N, N'-diethyl-N, N'-diphenyl- and
Pyrrole, 2-methyl-5-phenyl- have been found to effec-
tively interact with target proteins, implying the fact that
these compounds would be playing a major role as an
anti-inflammatory, cytotoxic and anti-metastatic thera-
peutic agent prohibiting the progression of TNBC stages.

The best phytocompound in terms of binding affinity
scores among the anti-neoplastic compounds obtained
through LC-MS, Rhusflavone, previously isolated from
the fruit of Rhus parviflora demonstrated cytotoxic activ-
ity against HCT-116, MCF-7 and HeLa with IC, values
ranging between 17-19 uM for each of these cell lines.
The puckered conformation of the C ring in the flavone
with C2 and C3 carbons lying on the opposite sides of the
planar A ring was found to be responsible for the signifi-
cant cytotoxicity against the three cell lines [37]. Hence,
from the above work, we confirm that Rhusflavone would
be one the best anti-neoplastic phytocompounds in pre-
venting the progression of TNBC. The second best phy-
tocompound, Epigallo Catechin Gallate, known for its
abundance in green tea, were reported to possess preven-
tive activity of inflammation-derived DNA damage and
carcinogenesis [38]. It has also been proved to antago-
nize the progression of digestive tract tumors [39]. The
compound was also found to regulate and inhibit various
signaling pathways, namely, EGFR, JAK-STAT, MAPKs,
NF-«B, PI3K-AKT-mTOR [40] involved in the regulation
of proliferation, apoptosis and angiogenesis in cancers
of cervix, breast, ovary, endometrium, pancreas, gastric,
liver, colon, bile duct, renal, prostrate, urinary bladder,
head and neck, oral, leukemia, lymphoma, oesophagus,
melanoma, lung, myeloma, osteosarcoma, brain, retina,
endocrine etc. [41].

The protein complexes of the innate immune sys-
tem known as inflammasomes cause inflammation in
response to endogenous danger signals or externally
invading microroganisms. Three proteins make up
inflammasome multiprotein complex: pro-caspase-1, an
adapter and a sensor protein. When the inflammasome
is activated, caspase-1 is triggered resulting in cleavage
of the pro-inflammatory cytokines like, IL-1p (Interleu-
kin 1-Beta) and IL-18, causing pyroptosis. Disorders of
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the neurodegenerative system, cancer, certain metabolic
and cardiovascular dieseases have all been linked to
abnormal signaling of the inflammasome [42]. Functional
abnormality of the inflammasome has also been reported
to be responsible for overexpression of IL-18 in inflam-
matory breast cancer [27]. Hence, it has become crucial
for the anti-neoplastic drugs to possess the property of
anti-inflammation. Through molecular docking studies, it
was already proved that phytocompounds of AAE target
IL-18. Additionally, this in vitro assay validated the fact
that, AAE possess anti-inflammatory property, making
AAE one of the significant, non-toxic drugs that can be
used for treating TNBC.

The outcomes from MTT assay, exhibited the fact, that
the spindle-shaped normal TNBC cells (untreated cells-
control), depicted more circular shaped apoptotic bod-
ies on treatment with AAE. Treatment of TNBC cells
with AAE proved to be more toxic than its treatment
to normal human embryonic kidney cell line, validat-
ing the fact that AAE has chemotherapeutic effect only
on cancer cells, sparing the normal cells and hence can
serve as one of the excellent chemotherapeutic drugs
with minimal toxic side-effects. Subsequently, the com-
bination of treating TNBC cells with AAE and Doxoru-
bicin hydrochloride (standard), reduced the dosage of the
standard significantly, exhibiting synergistic effect and
also reduced use of conventional drugs for treating the
disease. Dual fluorescent staining of MDA-MB-231 cells
using AO/EtBr also reflected the induction of apoptosis
and necrosis in AAE treated cells. Additionally, molecu-
lar docking studies revealed that phytocompounds of
AAE could interact with anti-apoptotic proteins, BCL-2
and MCL-1, that might probably interrupt its function,
facilitating increased apoptosis of cancer cells. MTT
and dual fluorescent staining assays performed in our
research work, also authenticated the same findings,
validating the fact that, AAE possess chemotherapeutic
potential by inducing anti-proliferative and apoptosis in
MDA-MB-231 cells.

In silico, molecular docking studies, identified that phy-
tocompounds of AAE could inhibit the activity of inter-
mediate filament, Vimentin, which would otherwise, help
the cells to gain mobility, facilitating them to metastasize
through EMT pathway [31, 32]. Additionally, in vitro assays,
such as cell migration and clonogenic assays substantiated
the molecular docking results, revealing the fact that, AAE
could act as an excellent anti-neoplastic drug for TNBC.

Furthermore, in vitro assays suggested that IC;, con-
centration of AAE induces both apoptosis and inhibition
of cell migration. While apoptosis and inhibition of cell
migration are distinct processes, they are not mutually
exclusive, and it is possible for a compound to influence
both simultaneously through different mechanisms. AAE
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may induce apoptosis by activating intrinsic or extrinsic
apoptotic pathways, while simultaneously inhibiting cell
migration by interfering with key signaling molecules or
the cellular machinery involved in migration. Hence, we
hypothesize that, this dual effect of AAE might be attrib-
uted to distinct co-existing mechanisms, which can fur-
ther be explored in near future, through gene expression
studies and in vivo animal models.

Conclusion

Our research work on understanding the anti-neoplastic
potential of Allium ascalonicum in treating TNBC was
performed through both, in silico and in vitro assays.
Molecular docking results recognized three significant
potential bioactive compounds obtained through GC-
MS, Isoquinoline, 1-[3,5-benzyloxybenzyl]—6-methoxy-
N-methyl-; Succinic acid, diamide, N, N'-diethyl-N,
N'-diphenyl- and Pyrrole, 2-methyl-5-phenyl- and five
significant bioactive compounds obtained through LC-
MS, namely, Rhusflavone, Epigallo Catechin Gallate, Phyl-
loquinone, Myricitrin and Obtusinin that have the ability
to act as an anti-inflammatory, anti-proliferative, cyto-
toxic and anti-metastatic agents by targeting IL-18, BCL-
2, MCL-1 and Vimentin through appropriate interactions
and hence regulating its expression. The same results
were also authenticated through relevant in vitro assays.
AAE extract proved to be cytotoxic against MDA-MB-231
cells and not against HEK293T cells. In addition, TNBC
cells treated with the combination of AAE extract and the
standard drug, Doxorubicin Hydrochloride, reduced the
IC,, value of the standard by 65.5% and hence averting the
ill-effects of the conventional treatment. Furthermore, cell
migration assay and clonogenic assay proved that AAE
suppresses cell migration and clone formation, proving
its therapeutic potential at the metastatic stage of TNBC.
On a broader perspective, animal model experiments
and consequently pre-clinical and clinical trials would
be required to confirm the efficacy of the anti-neoplastic
bioactive compounds of Allium ascalonicum, so that, they
can be standardized as an appropriate formulation for the
treatment of Triple-Negative Breast Cancer. It can also be
said that, Shallots, one of the commonly used ingredients
in various cuisines throughout the world, has the capabil-
ity to provide us the essential nutrition to combat TNBC
when consumed on a regular basis, proving its worth.

Abbreviations

AAE Aqueous Alliumascalonicum extract

GC-MS Gas Chromatography-Mass Spectrometry
LC-MS Liquid Chromatography-Mass Spectrometry
IL-18 Interleukin-18

BCL-2 B-cell Lymphoma-2

MCL-1 Myeloid Cell Leukemia-1

BSA Bovine Serum Albumin

TNBC Triple-Negative Breast Cancer
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MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide
MDA-MB-231  MD Anderson-Metastatic Breast-231 Cells
HEK293T Human embryonic kidney 293 T cells
AO/EtBr Acridine Orange/Ethidium Bromide
BRCA1 Breast Cancer gene 1
HER2 Human Epidermal Growth Factor Receptor 2
NLRP3 Nucleotide-Binding Domain, Leucine-Rich-Containing Fam-
ily, Pyrin Domain—-Containing-3
PDB Protein Data Bank
ADME Absorption, Distribution, Metabolism and Excretion
TBS Tris-Buffered Saline
DMEM Dulbecco’s Modified Eagle Medium
DMSO Dimethy! Sulfoxide
1Cs Half-maximal inhibitory concentration
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