Journal of Cancer Research Updates, 2026, 15, 391-413 391

Gelasia Tomentosa Butanolic Extract Exhibits Antiproliferative
Activity Against MCF-7 Breast Cancer Cells: Mechanistic Insights
into Synergistic EGFR and TOP2A Targeting
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Abstract: Objective: This preliminary study investigated the in vitro cytotoxicity and selectivity of the Gelasia tomentosa butanolic
extract (Gt-BuOH) against MCF-7 breast cancer cells, using HFF fibroblasts as a non-malignant control, and explored
associations between treatment and changes in p-EGFR, TOP2A, and TNF-a protein levels. Molecular docking was performed
to generate hypotheses.

Materials and Methods: Gt-BuOH (13.6% w/w fatty extract) was prepared by liquid-liquid partitioning of 650 g of powdered aerial
parts. Chemical composition was characterized by GC-MS with retention index matching; compounds with similarity index 270%
were tentatively identified. Cytotoxicity was determined using the MTT assay for cell viability at 0.1—1000 pyg/mL in the MCF-7
cancer cell line and healthy HFF cells after 24 h and 72 h of incubation. Quantification of p-EGFR, TOP2A, and TNF-a was
performed by ELISA. Key phytoconstituents were docked against these targets, with binding affinities estimated using AutoDock
Vina.

Results: Gt-BuOH inhibited MCF-7 cells in a concentration- and time-dependent manner (2.0 + 0.2% to 75.0 £ 0.3% at 72 h; ICs,
= 431.8 pg/mL) with low toxicity towards HFF (ICs, > 1000 pg/mL; selectivity index > 2.32). GC-MS identified methyl oleate
(71.62% of total ion chromatogram area), propanoic anhydride, and methyl butyrate as the principal constituents; the profile is
dominated by fatty-acid derivatives rather than phenolics. Gt-BuOH treatment was associated with reduced p-EGFR, TOP2A,
and TNF-a levels in MCF-7 cells but not in HFF cells. Docking predicted weaker individual binding affinities for the three
constituents than for reference inhibitors; no synergy or multi-target advantage is claimed.

Conclusion: These preliminary findings support further investigation of Gt-BuOH as a source of fatty-acid-derived antiproliferative
agents, but bioassay-guided fractionation, additional cell lines, and functional validation are required before any therapeutic

claims can be made.
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1. INTRODUCTION

Breast cancer is the most common malignancy in
women worldwide and second leading cause of cancer
related death, with approximately 2.3 million new cases
and 685,000 deaths annually [1]. Hormone-dependent
subtypes are especially counterproductive in this
context, with the MCF-7 luminal A phenotype exhibiting
considerable therapeutic challenges due to acquired
drug resistance mechanisms, heterogeneous clinical
responses, and off-target toxicities from conventional
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cytotoxic agents [2]. Although approaches such as
early detection and targeted therapies have made
substantial progress in these aspects, the molecular
heterogeneity of breast cancer remains a major
challenge for treatment success, highlighting an urgent
need to develop better anticancer agents that are safer,
more selective and mechanistically diverse or able to
bypass resistance pathways while minimizing systemic
toxicity [31. Conventional platinum-based
chemotherapeutics remain fundamental to the
treatment of breast cancer; nonetheless, their clinical
use is severely limited by dose-limiting toxicities
(nephrotoxicity, neurotoxicity, ototoxicity and
myelosuppression), as well as intrinsic and acquired
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resistance mechanisms which significantly reduce
therapeutic effectiveness [4]. Cisplatin is also unstable
in aqueous solutions, requiring careful handling and
preparation shortly before use, which can contribute to
variable experimental results [5]. However, the narrow
therapeutic window of these agents often leads to
suboptimal dosing that is insufficient to control tumor
growth while their non-selective cytotoxicity causes
significant collateral damage to rapidly dividing normal
tissues, emphasizing the urgent need for new
therapeutic strategies with the ability to preferentially
kill malignant cells while preserving host tissue integrity
and physiological function [5,6]. Plants have always
been an important source of antimicrobial and
anticancer agents, with natural products accounting for
around 60% of all clinically useful antineoplastic agents
in use today (e.g., paclitaxel, vincristine, camptothecin
and epipodophyllotoxins) [7]. Plant secondary
metabolites are characterized by their unique structural
complexity and stereochemical diversity that gives
them some key advantages compared with synthetic
compounds, such as the ability to target multiple
molecular targets simultaneously [8], avoid classical
resistance mechanisms, and display a favorable
toxicity that often exceeds those of synthetic
chemotherapeutics [9]. Although this is an established
precedence, most plant species — particularly those
from underrepresented genera — have not been
assayed for their anticancer activity, constituting a large
resource pool of potential lead compounds in the drug
discovery/development pipeline [10,11].

Gelasia tomentosa (L.) Zaika, Sukhor. The
herbaceous perennial species with lanceolate to
ensiform leaves and yellow ray florets, previously
classified under Scorzonera tomentosa L (Scorzonera)
is currently described within the genus
Arctium(Compositae—Asteraceae), in tribe Cichorieae
[12], sprawling predominantly from Western Asia [13].
The genus Scorzonera sensu lato have been
conventionally utilized as folk medicine by the local
people e.g. to treat inflammatory disease, fever and in
wound healing processes or to improve digestion [14];
however, systematic studies with regard to
phytochemical and pharmacological properties have
essentially not been done until now. Phytochemical
studies of Scorzonera species have identified various
secondary metabolites, including sesquiterpenes,
triterpenes, flavonoids, phenolic acids, and fatty-acid
derivatives, some with promising biological activities,
including cytotoxic activity [15]. antioxidant and anti-
inflammatory effects. [16] To date, no extensive study
in the literature has examined the anticancer activity of

the polar and non-polar fractions of G. tomentosa
against breast cancer cell lines; therefore, this study
represents a first commitment to conducting.

phytopharmacological characterization of this
species. The butanolic extract characterized here by
GC-MS is dominated by fatty-acid methyl esters and
short-chain organic acid derivatives rather than
phenolic compounds. GC-MS without derivatization is
poorly suited for detecting polar phenolics, and the
chemical profile reported here should not be interpreted
as evidence of phenolic enrichment. Long-chain
unsaturated fatty acid methyl esters, mainly derived
from oleic acid, are chemotaxonomic markers of the
Asteraceae family and have also been characterized as
having pharmacological properties; indeed, it has been
established that these compounds possess anticancer
effects mediated through induction of apoptosis [18].
Inhibition of proliferation and regulation of lipid
metabolism in neoplastic cells [19]. Furthermore,
despite being less relevant to the total quantity, short-
chain organic acids and anhydride concentrations can
act as synergistic agents with biological activity in
additive or supplementary mechanisms, potentially
increasing crude plant extracts' therapeutic efficacy
[21].

Epidermal growth factor receptor (EGFR) is a
receptor tyrosine kinase often overexpressed and
constitutively activated in breast cancer cell lines,
including MCF-7 cells, and can orchestrate pro-survival
signaling cascades that are critical for tumor
proliferation (PI3K), angiogenesis, and metastasis with
the PI3K/AKT pathway and MAPK/ERK pathways;
therefore, it is a well-established clinically actionable
therapeutic target. Phosphorylation of EGFR at
Tyr1068 is a marker of receptor activation, and reduced
p-EGFR levels have been associated with decreased
cell proliferation and increased apoptosis in breast
cancer models [22]. Topoisomerase lla (TOP2A) is a
nuclear enzyme that relieves DNA supercoils and
catenanes arising from replication and transcription,
and its inhibition generates irreversible double-stranded
DNA breaks that lead to apoptosis, making it a clinically
validated target for anticancer therapy [23].
Nevertheless, quantification of overall TOP2A protein
level with ELISA is not directly reflective of enzymatic
activity; functional assays (i.e., DNA relaxation or
decatenation assays) would be necessary to verify
whether TOP2A catalytic activity was inhibited [24].
Tumor necrosis factor-alpha (TNF-a), a pleiotropic pro-
inflammatory cytokine with both tumor-promoting
inflammatory signaling and important roles in normal
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immune homeostasis, is an attractive therapeutic target
that can be selectively modulated within cancer cells
without interfering with physiological immune function
[25]. Importantly, measurement of intracellular TNF-a
levels will not include the secreted fraction, which is
also important but would mediate paracrine effects in
the tumor microenvironment.

Molecular docking is of key computational
technique; it has become a pivotal tool for predicting
binding conformations, interaction energies, and affinity
profiles between small-molecule ligands and their
protein targets, with the goal of generating hypotheses
about the molecular mechanisms underlying biological
activities [26]. Docking algorithms like AutoDock Vina
facilitate the systematic screening of phytoconstituents
against several therapeutic targets, offering important
structural insights into hydrogen-bonding networks,
hydrophobic interactions, and electrostatic
complementarity involved in ligand-receptor interaction
in silico [27]. Combined with experimental strategies
such as cytotoxicity assays and enzyme-linked
immunosorbent assays, molecular docking supports
hypothesis-generating  mechanistic  inference  of
aligning predicted binding affinities with experimental
effects, providing additional validation of computational
predictions and increasing the overall translational
relevance of findings [28].

In contrast to the established ethnopharmacological
relevance of Scorzonera species, a systematic
screening of Gelasia tomentosa against breast cancer
cell lines has so far not been conducted in the
literature, marking a substantial research river this
study aims to bridge. Thus, the present study aims at a
preliminary in vitro assessment of cytotoxicity,
selectivity and mechanism by which G. tomentosa
butanolic extract (Gt-BuOH) acts against MCF-7 breast
cancer cells using non-malignant HFF fibroblasts as
control along with GC-MS profiling, ELISA-based
biomarker quantification and molecular docking
simulations to profile phytochemical composition and
validate  mechanistically-derived  hypotheses  for
anticancer activity through molecular modeling.

2. MATERIALS AND METHODS

2.1. Plant Collection and Authentication

Gelasia tomentosa (L.) Zaika, Sukhor. & N. Kilian
(formerly Scorzonera tomentosa L.; family Asteraceae,
tribe Cichorieae) was collected in full bloom on May 22,
2025, from Zinya Stopy Mountain, west of Lerre
Village, Sherwan Mezn sub-district, Merge Sor, Erbil,

Kurdistan Region, Irag (1674 m altitude). Dr. Ali Mala
Khedir Galalay (Salahaddin University, College of
Agricultural Engineering Sciences, Department of Field
Crops and Medicinal Plants) confirmed the taxonomic
identification. Voucher specimens were deposited at
the university herbarium (GT-2025-001). All collections
were performed under appropriate local authority
permits. The aerial parts were collected, washed with
distilled water, dried in the dark at room temperature
(25 + 2°C) for two weeks, and powdered using an
electric mill. The powdered material was sealed in
impermeable vessels and stored in the dark and dry
until use.

2.2. Plant Extract Preparation and Drug Preparation

The preparation of the butanolic fraction of Gelasia
tomentosa (Gt-BuOH) was carried out using a
sequential extraction method with different solvents,
followed by a partitioning process. The aerial parts (650
g air-dried powder) were extracted with petroleum ether
(w/v 1:10, 2 L, batch time: 24 hours, room temperature
with occasional stirring) for the removal of chlorophylls
and other lipophilic contaminants. The Soxhlet
extraction was continued until the extraction solvent
became clear using 90% ethanol (2.5 L, 8 cycles, ca. 8
hours) on defatted plant material. Extraction endpoint
was defined as when the solvent became colorless
(approx 8 hours).

All extracts were mixed together, dried under
reduced pressure at 40°C using a rotary evaporator to
yield a crude dry extract of ethanolic extracts. This
dried extract was then dissolved in 200 mL of distilled
water (pH 3.5 (adjusted with 1N HCI for maximally
extracting phenolic acid) and partitioned three times
with the use of a separatory funnel by adding 200 mL
n-hexane to the aqueous layer, discarding each time
the separated upper n-hexane layers in order to
eliminate non-polar compounds. The residual aqueous
phase was subsequently neutralised to pH 7.0 using
1N NaOH, and extracted three times with 200 mL of n-
butanol. The butanol fractions were pooled and dried
using a rotary evaporator (Sigma, Germany). The
resulting dry powder was stored at -20°C in airtight
containers, protected from light and humidity, until use.
The extraction yield is expressed as a percentage of
the initial dry plant weight [22]. It yielded 88.4 g,
equivalent to 13.6% w/w [29].

2.3. Lyophilization of the Butanolic Extract

The butanolic fraction was lyophilized (freeze-dried)
after rotary evaporation to attain a stable dry extract for
long-term storage and further biological assays. The
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concentrated extract was placed in sterile round-bottom
flasks (25% v/v), frozen at -80°C for 24 h, and
lyophilized (Christ Alpha 1-4 LD plus, Germany) at
-55°C under vacuum (0.1 mbar) for 48-72 h until
constant weight was reached. The lyophilized powder
was scraped, weighed, and stored in dry, dark
containers at -20°C until needed. Lyophilization
removes residual water and organic solvents without
compromising heat-labile phytoconstituents, retaining
the bioactivity of the extract [30].

2.4. Gas Chromatography-Mass Spectrometry (GC-
MS) Analysis

Chemical composition of lyophilized Gt-BuOH was
analyzed using a GC-MS system [Shimadzu, Japan;
analysis performed by Metabolon, Inc.] consisting of a
GC-2010 gas chromatograph coupled to a GC-MS-
QP2010 Plus mass spectrometer. Separation was
conducted on a DB-5MS (30 m x 0.25 mm 1D,
stationary phase: 5% phenyl-95%
dimethylpolysiloxane, film thickness = 0.25 ym) fused
silica capillary column. Data were collected by using
helium at a constant flow rate of 1.0 mL/min as the
carrier gas. The injection port temperature was 280°C;
the injection mode was split, with a split ratio of 10:1.
The injected volume was 1 yL [31].

The temperature program for the column oven was
as follows: 80°C (2 minutes), ramp to 300°C at
10°C/min; hold: 300°C (6 min). Final run time was 30
minutes. The mass spectrometer was operated in El
mode (70 eV) with an ion source temperature of 200 °C
and an interface temperature of 250 °C; the solvent cut
time was 2.00 minutes. Detection was performed in full
scan mode over a mass range of m/z 40-800 at a scan
speed of 1666 amu/s [32].

The mass spectra obtained were compared with the
NIST20s.lib and NIST20-1.lib spectral libraries to
identify possible compounds, with a minimum similarity
index (SI) of 70%. Retention indices (RI) were
calculated from a C8-C40 linear n-alkane series, and
identities were considered confirmed if both the mass
spectral match and retention index values matched
published literature listings (10 RI units) [33].

2.5. Cytotoxic Study

2.5.1. Sample Preparation

Lyophilized Gt-BuOH was dissolved in dimethyl
sulfoxide (DMSO) to obtain a stock solution of 100
mg/mL stock solution, which was diluted in Minimum
Essential Medium (MEM) to final working

concentrations of 0.1-1000 pg/mL for cytotoxicity
assays. The DMSO concentration never exceeded
0.1% (v/v) in any treatment condition, and vehicle
controls (0.1% DMSO) were included in each
experiment.

Cisplatin, used as a positive control, was purchased
as an active ingredient from Samarra Drug Industries
(Iraqg). A fresh stock solution of cisplatin was prepared
in sterile phosphate-buffered saline (PBS) at 1 mg/mL
and diluted in MEM to matching tested ranges (0.1-
1000 pg/mL) for comparative evaluation of cytotoxicity.
Because cisplatin is unstable in aqueous solution [34],
solutions were protected from light and used within 4 h
of preparation. All stock solutions were filter-sterilized
through 0.22 um syringe filters before use.

2.5.2. Cell Culture Models and Maintenance

Two cell lines were used: the human breast
adenocarcinoma-derived MCF-7 cell line (passage 34)
and the normal human foreskin fibroblast (HFF) cell
line (passage 22), both kindly provided by the Tissue
Culture Unit at the Iraqgi Center for Cancer and Medical
Genetics Research, Al-Mustansiriyah University. Cell
line authentication was verified by STR profiling (last
tested within 6 months of use). Cells were cultured in
MEM medium (US Biological, USA) supplemented with
10% (v/v) fetal bovine serum (FBS) from Capricorn

Scientific (Germany), penicilin 100 IU/mL, and
streptomycin 100 pg/mL to prevent bacterial
contamination.  Mycoplasma  contamination  was

routinely assessed by PCR. [35].

2.5.3. Cell Viability and Cytotoxicity Assay (MTT
Assay)

Preliminary experiments established a linear
correlation between cell number and MTT reduction
over 72 h, and a seeding density of 1 x 10 cells/well in
96-well plates was selected (linear range 0.5 x 10* to
2.5 x 10* cells/well; R? > 0.98 for both cell lines).

The MTT colorimetric assay was used to determine
the cytotoxicity of cisplatin (positive control) and the
Lyophilized Gelasia tomentosa butanolic extract (Gt-
BuOH), which tests the enzymatic reduction of
tetrazolium salt MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) by metabolically active
cells into insoluble purple formazan crystals in a
reaction mainly mediated by mitochondrial
dehydrogenase enzymes. Adenosine triphosphate
(ATP) assay This method consistently serves as a
quantitative measurement of cell viability since the
amount of formazan produced directly correlates with
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the number of viable cells. Cells were plated onto 96-
well microplates at a density of 1 x 10* cells per well
and incubated in a humidified atmosphere containing
5% CO2 at 37°C for d24 hrs for cell adhesion. The
medium was then replaced with Gt-BuOH extract (0.1,
1,10, 100 and 1000 pg/mL) or cisplatin (0.1, 1, 10, 100
and doubles the concentration of extracts per mL).
Untreated control wells received only vehicle (0.1%
DMSO in culture medium for extract; PBS for cisplatin).
The experimental setup was performed using six
technical replicate wells per condition for each of the
three independent experiments (biological replicates, n
= 3) [36,37].

After incubation times of 24 h and 72 h, each well
was supplemented with 20 pL (5 mg/mL) MTT diluted
in PBS (pH = 7.4) and incubated for more 4 h at 37 °C
in the dark. Afterward, the culture medium was gently
removed, and 100uL of DMSO (containing 5% 1N HCI
to improve solubilization) was added for dissolving the
formazan grains. Plates were incubated at room
temperature for 15minutes with gentle shaking. The
absorbances were read at 570 nm with background
reading at 690 nm using a microplate reader (BioTek,
USA). Cell viability percentage was determined
according to the following formula [38].

% Cell Viability = OD of treated wells/OD of control
wells x 100 [39]

The percentage of growth inhibition was calculated
as:

Growth inhibition % = (OD of control wells — OD of
treated wells)/OD of control wells x 100% [18]

The half-maximal inhibitory concentration (ICs,),
defined as the drug concentration that produces a 50%
reduction in cell viability, was computed using
GraphPad Prism software (version 9.5.0, build 750) by
fitting dose-response curves with nonlinear regression
(four-parameter logistic model). The ICs, values of the
extract were compared with those of cisplatin to
evaluate relative potency.

2.5.4. Cytotoxicity Comparison Across Cell Lines
and Treatments

To evaluate the selectivity of Gt-BuOH as a
potential anticancer agent and to compare it with an
established chemotherapeutic agent, MCF7 cancer
cells were exposed alongside HFF normal cells at
consistent concentration ranges (0.1-1000 pg/mL) and
incubation times (24 and 72 hours). In both cell lines,
the cytotoxicity of the extracts was directly compared

against cisplatin. For each cell line and treatment, ICs,
values were derived based on the percentage of
growth inhibition.

2.6. Evaluation of the Selective Toxicity Index

The Sl index was used to examine and compare the
cytotoxic selectivity of Gt-BuOH in relation to normal
cells and the overall selectivity with respect to cisplatin
(D1/C) [2, 21]. It allowed us to quantify preferential
cytotoxicity against tumor cells after 24 or 72 hours of
incubation time. Growth curve analyses determined
ICso values against MCF7 and HFF cells at time,
allowing for calculation of the selective cytotoxicity
index from the extract or cisplatin by mathematical
expression, as follows [41].

IC,, of normal cell lines (HFF)
IC,, of cancer cell lines (MCF7)

Selective Toxicity Index (SI) =

Higher SI scores are indicative of superior drug
action on tumor cells vs normal cells, and higher values
indicate a greater therapeutic window. The extract SI
values were compared to those of cisplatin, and the
agent that was superior in cancer cell selectivity was
ascertained.

2.7 Enzyme-Linked Immunosorbent Assay (ELISA)

2.7.1 Sample Preparation

MCF-7 and HFF cells (2 x 10° cells/well in 6-well
plates) were incubated with Gt-BuOH at its ICs, against
MCF-7 cells (431.8 pg/mL; 72 h). Cisplatin was tested
at 112 yg/mL (its ICs, against HFF cells) because it did
not achieve 50% inhibition against MCF-7 cells within
the tested concentration range; this concentration
difference must be considered when interpreting
comparative data, and cisplatin results are presented
for reference only. Untreated controls for both cell lines
received 0.1% DMSO. After incubation, cells from each
cell line were independently washed with PBS, lysed
with RIPA buffer [50 mM Tris-HCI (pH 7.4), 150 mM
NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1%
SDS, containing 1x protease inhibitor cocktail
(cOmplete, Roche) and 1x phosphatase inhibitor
cocktail (PhosSTOP, Roche)], and centrifuged (14,000
x g, 15 min, 4°C). Supernatants from cancer and
normal cells were stored separately at —80°C. Total
protein was quantified by the BCA assay [42].

2.7.2. p-EGFR ELISA

p-EGFR (Tyr1068) levels were measured in lysates
from MCF-7 and HFF cells using a commercial
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sandwich ELISA kit (R&D Systems, USA, Catalog # 2.7.5. Data Calculation
DYC1095). Lysates (50 ug protein) from each cell line Standard curves were used to interpolate

were added to 96-well plates pre-coated with anti-
EGFR antibody, incubated (2 h, RT), washed, then
incubated with HRP-conjugated detection antibody (1
h, RT). After washing, TMB substrate was added (15
min, dark), and the reaction was stopped with H,SO,.
Absorbance was read at 450/570 nm. p-EGFR
concentrations were interpolated from a standard curve
with R? > 0.98 (range: 15.6-1000 pg/mL, LOD: 3.9
pg/mL, LOQ: 15.6 pg/mL) and expressed as pg/mg
total protein [43].

2.7.3. TOP2A ELISA

Total TOP2A protein was quantified in both MCF-7
and HFF cell lysates using a commercial ELISA kit
(MyBioSource, USA, Catalog # MBS724559). Lysates
(50 ug protein) from each cell line were added to anti-
TOP2A-coated plates, incubated (2 h, 37°C), washed,
then incubated with biotinylated detection antibody (1
h, 37°C), followed by streptavidin-HRP (30 min, 37°C).
TMB substrate was added (15 min, dark), stopped with
H,SO,, and absorbance was read at 450/570 nm.
TOP2A concentrations were calculated from a standard
curve with R? > 0.99 (range: 0.156-10 ng/mL, LOD:
0.039 ng/mL, LOQ: 0.156 ng/mL) and expressed as
ng/mg total protein [44]. This assay measures total
TOP2A protein levels, not TOP2A enzymatic activity.
Functional assays (e.g., DNA relaxation or
decatenation assays) would be required to confirm
inhibition of TOP2A catalytic function.

2.7.4. TNF-a ELISA

TNF-a levels were measured in lysates of MCF-7
and HFF cells using a commercial sandwich ELISA kit
(Invitrogen, USA, Catalog # BMS223-4). Lysates (50
pg protein) from each cell line were added to anti-TNF-
a-coated plates, incubated (2 h, RT), washed, and
incubated with HRP-conjugated detection antibody (1
h, RT). After washing, TMB substrate was added (15
min in the dark), stopped with H,SO,, and absorbance
was read at 450/570 nm. TNF-a concentrations were
interpolated from a standard curve with R* > 0.99
(range: 7.8-500 pg/mL, LOD: 2.0 pg/mL, LOQ: 7.8
pg/mL) and expressed as pg/mg total protein of cell
lysates [45]. It is important to note that intracellular
TNF-a levels represent the stored/protein pool rather
than the secreted cytokine that mediates paracrine
signaling; measurement of secreted TNF-a in culture
supernatants would provide complementary information
on functional cytokine release.

absorbance values. Concentrations obtained were
normalized to the total protein (ng/mg or pg/mg total
protein). The results in p-EGFR were reported as
relative levels with respect to untreated controls. For
each biological sample, all ELISA assays were
performed in duplicate technical replicates with
coefficients of variation < 10% across all independent
assay data.

2.8. Molecular Docking Study

Molecular docking was performed as a hypothesis-
generating exercise to explore potential interactions
between the GC-MS-identified Gt-BuOH constituents
and three protein targets. These computational results
are predictive and do not constitute direct mechanistic
proof; experimental validation is required. Cisplatin was
not included in docking analysis because it is a
platinum-based inorganic compound whose
mechanism of action (DNA crosslinking) differs
fundamentally from that of the organic ligands identified
in the plant extract.

2.8.1. Target Selection

Three molecular targets were selected based on
their established roles in cancer progression and
normal cell survival:

Cancer target 1: Epidermal Growth Factor Receptor
(EGFR): A receptor tyrosine kinase frequently
overexpressed and mutated in breast cancer, including
MCF7 cells [46]. Inhibition of EGFR suppresses tumor
proliferation and survival. The three-dimensional
structure of the EGFR kinase domain was retrieved
from the Protein Data Bank (PDB ID: 1M17).in its
active conformation (as determined by the presence of
phosphorylated tyrosine residues in the activation
loop).

Cancer target 2: Topoisomerase lla (TOP2A): An
essential enzyme that resolves DNA supercoils during
replication and transcription [47]. TOP2A is a validated
anticancer target; its inhibition induces irreversible DNA
double-strand breaks, leading to apoptosis in rapidly
dividing cancer cells. The crystal structure of human
TOP2A was obtained from the PDB (ID: 5GWK).

Additional target: Tumor Necrosis Factor-alpha
(TNF-a) - A pro-inflammatory cytokine involved in
immune function and cancer-related inflammation [48].
This target was included to assess potential off-target
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interactions, given that TNF-a is not a direct cell-
viability target but rather a secreted cytokine with
complex roles in cancer biology. The structure of TNF-
a was retrieved from the PDB (ID: 2AZ5).

2.8.2. Ligand and Protein Preparation

The three-dimensional structures of the selected
ligands (based on GC-MS constituent analysis of the
Lyophilized Gt-BuOH) were constructed in ChemDraw
(CambridgeSoft, USA) and optimized to their lowest-
energy conformations using Chem3D with the MM2
force field. The prepared ligands were saved in PDB
format.

Protein structures (PDB: 1M17, 5GWK, and 2AZ5)
were downloaded from the Protein Data Bank. Water
molecules and non-interacting heteroatoms were
removed using PyMOL (version 2.5). Hydrogen atoms
were added, and Gasteiger charges were computed
using AutoDock Tools (version 1.5.7). The protein
structures were then converted to PDBQT format,
which includes atomic partial charges and solvation
parameters [49].

2.8.3. Docking Protocol

Prior to docking the Gt-BuOH compounds, the
docking protocol was validated by redocking the co-
crystallized ligands (where available). For EGFR (PDB:
1M17), erlotinib was redocked to its binding site; for
TOP2A (PDB: 5GWK), the co-crystallized inhibitor was
redocked; for TNF-a (PDB: 2AZ5), no co-crystallized
small-molecule ligand is available, so the protocol was
validated based on literature-reported binding sites.
The RMSD between the docked pose and the
crystallographic pose of the co-crystallized ligand was
calculated, and the protocol was considered valid if
RMSD was less than 2.0 A. For EGFR, the RMSD was
1.2 A; for TOP2A, the RMSD was 1.5 A.

Molecular docking simulations were conducted
using AutoDock Vina (version 1.1.2). A grid box was
centered on the known active site of each target
protein, based on co-crystallized ligand coordinates
from the PDB. The grid box center coordinates were:
EGFR (1M17): x = 25.342, y = 27.148, z = 30.678;
TOP2A (5GWK): x = 37.892, y = 21.456, z = 28.934;
TNF-a (2AZ5): x = 12.567,y = 8.234, z = 15.678. The
grid box dimensions were set to 30 A x 30 A x 30 A
with a grid spacing of 1.0 A to adequately cover the
binding pocket. Docking was performed with the
following parameters: exhaustiveness = 50 (increased
from default 20 to improve conformational sampling),
Num modes = 9, and energy range = 4. For each

ligand-target pair, nine docking poses were generated
and ranked according to their binding affinity (kcal/mol).
The pose with the lowest binding energy and most
favorable interaction geometry was selected for further
analysis.

Inhibition of the targets was also validated by
docking known inhibitors: erlotinib for EGFR, etoposide
for TOP2A, and curcumin for TNF-a. The use of
etoposide as a TOP2A reference has mechanistic
limitations because etoposide is a DNA-intercalating
TOP2A poison rather than a direct catalytic inhibitor;
this limitation is acknowledged in the Discussion. For
TNF-a, FDA-approved direct inhibitors are biologic
macromolecules (e.g., infliximab, adalimumab) whose
large molecular weight (~150 kDa) makes them
incompatible with standard small-molecule docking
protocols utilizing AutoDock Vina; curcumin, a well-
characterized natural polyphenol with reported direct
binding to TNF-a, was therefore used as a reference
[50]. The root mean square deviation (RMSD) between
the docked and crystallographic pose of the reference
ligand was determined, and RMSD values <2.0 A were
accepted as reliable [52,53].

2.8.4. Analysis of Docking Interactions

Visualization and analysis of the resulting ligand-
protein complexes were performed using BIOVIA
Discovery Studio Visualizer version 2021 and UCSF
Chimera version 1.15. Types of interactions were then
detected and encoded as follows: standard (or
conventional) hydrogen bonds, carbon-hydrogen
bonds, hydrophobic interactions (in the form of pi-alkyl,
alkyl, pi-pi stacked, and pi-pi T-shaped), electrostatic
ones (pi-cation and pi-anion), and van der Waals
contact types.

The docking scores of each ligand-target pair were
compared with the corresponding scores for reference
inhibitors to assess the relative predicted binding
affinity of Gt-BuOH constituents. In silico predicted
interactions generally favor compounds with a lower
(more negative) binding energy. These comparisons
are hypothesis-generating only and do not constitute
evidence of pharmacological synergy or multi-target
advantage.

2.9. Morphological Evaluation

After 72 h of treatment, morphological alterations in
MCF-7 and HFF cells were evaluated under a phase-
contrast microscope (Nikon Eclipse TS100, Japan) at
x200 magnification. Digital images were taken and
analyzed for distinguishing features of apoptosis such
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as cell shrinkage, membrane bubbling, detachment
from the attachment surface, and rounded floating
cells. Morphological controls included untreated cells,
and a positive control for apoptosis was established by
treating cells with cisplatin.

2.10. Statistical Analysis

This study employed rigorous experimental
protocols, including multiple biological and technical
replicates, to ensure the reliability of the data. All MTT
assays were performed in three independent biological
replicates (six technical replicates per concentration).
Cytotoxicity data are expressed as mean * standard
deviation (SD).

Two-way analysis of variance (ANOVA) was used to
assess differences across drug concentrations, cell
lines, treatment types (extract vs. cisplatin), and
treatment durations, followed by Tukey's HSD post hoc
tests for specific group comparisons when significant
effects were identified. For comparisons between two
groups only (e.g., Gt-BuOH vs. cisplatin at a single
concentration), independent t-tests were used with
Bonferroni correction for multiple comparisons to
control the family-wise error rate. Statistical
significance was set at p < 0.05. Data were interpreted
using a letter-coding system, in which different letters
denote statistically significant differences (p < 0.05)
based on homogeneous subsets from Tukey's HSD
test. 1Cso values were calculated using GraphPad
Prism software (version 9.5.0, build 750) by fitting a
four-parameter logistic (4PL) nonlinear regression
model to the dose-response data. Assumptions of
normality (Shapiro-Wilk test) and homogeneity of
variances (Levene's test) were checked before
applying parametric tests. Analyses were conducted
using IBM SPSS Statistics (version 20) [56].

Post-hoc tests were performed (Tukey) and results
coded as letters for easy interpretation. Values within
each column with different letter are significantly
different (p < 0.05) while values of same letters means
that there is no statically significant difference (p 2
0.05). This makes it easy to visually compare multiple
groups and summarise the statistical results into a
table. [57].

3. RESULTS

3.1. Extraction Ratio

A stepwise solvent fractionation method was used
to evaluate the extraction efficiency of aerial parts of
Gelasia tomentosa. Petroleum ether was used to

delipidate about 650 g of pulverized plant tissue, which
was then Soxhlet-extracted with 90% ethanol before
being fractionated between n-hexane and n-butanol.
The butanol fraction was concentrated by rotary
evaporation, frozen at -80 °C for 24 h and lyophilized at
-55 °C under a vacuum of 0.1 mbar for 48 h to
preserve thermolabile compounds. From the lyophilized
powder, 88.4 g of crude extract was obtained, giving an
extraction yield of 13.6% (w/w), relative to dry biomass
used in the process up till month of October 2023.

3.2. Cytotoxic assay

3.2.1. Cytotoxic Efficacy of the Gt-BuOH

To determine the cytotoxic activity of Gt-BuOH
against MCF-7 breast cancer cells and normal HFF
cells, we wused the MTT assay at different
concentrations (0.1-1000 pg/mL) for 24 and 72 h.
MCF-7 cell proliferation inhibition by Gt-BuOH was
found to be concentration-dependent, ranging from 2.0
+ 0.2% at 0.1 pg/mL to as high as ~59.0 + 0.3% at
1000 pg/mL after 24 h of cultivation time. The cytotoxic
effects were markedly time-dependent, with 75.0 +
0.3% inhibition observed at the maximum concentration
after 72 h of exposure. ICs, values of MCF-7 cells were
785.7 pg/mL at 24 h and 431.8 pug/mL at 72 h,
indicating a significant increase in potency with longer
exposure. By comparison, Gt-BuOH showed
substantially lower toxicity toward normal HFF cells
(inhibition of 7.0 + 0.4% to 10.0 £ 0.7% at 24 h and
14.0 £ 0.7% to 16.0 £ 0.3% at 72 h at the respective
concentrations). At both time points, the ICs, values for
HFF cells were >1000 pug/mL, suggesting a good safety
profile (Tables 1 and 2).

3.2.2. Cytotoxicity of Cisplatin

The cytotoxic activity of cisplatin, used as a positive
control, was evaluated against the MCF-7 and HFF cell
lines under identical experimental conditions. Cisplatin
exhibited moderate cytotoxicity against MCF-7 cells,
with inhibition increasing from 10.0 £+ 1.3% at 0.1
pg/mL to 41.0 £ 3.1% at 1000 pyg/mL after 24 hours.
However, at 72 hours, a paradoxical decrease in
inhibition was observed across all concentrations, with
values declining from 5.0 £ 1.5% at 0.1 yg/mL to 32.0 £
3.1% at 1000 pg/mL. Consequently, the ICs, values for
MCEF-7 cells exceeded 1000 pg/mL at both time points,
indicating relatively low potency under the tested
conditions. Importantly, cisplatin exhibited substantial
toxicity toward normal HFF cells, with inhibition
increasing from 2.0 £ 1.5% at 0.1 yg/mL t0 48.0 £ 4.1%
at 1000 pg/mL after 24 hours, and reaching 63.0
4.8% at 72 hours. The ICs, for HFF cells was >1000
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Table 1: Cytotoxic Activity of Gt-BuOH Against MCF7 and HFF Cell Lines at 24 and 72 Hours

Cellular proliferation inhibition (mean * SD)
Con (ug/ml) MCF7 cell line HFF cell line
24 hr. 72 hr. P- value 24 hr. 72 hr. P- value

0.1 D2+0.2 D12+0.3 <0.001* C7+04 A14+07 0.002*
1 C7+0.8 C16+0.7 <0.001* BC8+0.4 A15+0.3 0.001*
10 C10+1.1 C18+0.8 <0.001* BC8+0.8 A15+0.5 0.001*
100 B17.0+0.7 B31+0.9 <0.001* AB9+0.2 A16+0.9 0.002*
1000 A59.0+0.3 A75+0.3 <0.001* A10+0.7 A16+0.3 0.001*

IC 50 785.7 ug/ml 431.8 pg/ml - >1000 pg/ml >1000 pg/ml -

LSD value 3.08 2.85 - 1.96 2.04 -

Data are expressed as mean * standard deviation (SD) of cellular proliferation inhibition (%). Different letters within each column denote statistically significant
differences (p < 0.05) among concentrations for each cell line and time point, as identified by two-way ANOVA followed by Tukey's post-hoc test. P-values for 24 vs
72 h comparison were obtained by paired t-test. Statistically significant (P* < 0.05). ICs, values were derived from dose-response curves.

Table 2: Comparison of the Cytotoxic Effects of the Gt-BuOH on MCF7 and HFF Cells

Cellular proliferation inhibition (mean * SD)
Con (ug/ml) 24 hr. 72 hr.
MCF?7 cell line HFF cell line P- value MCF?7 cell line HFF cell line P- value
0.1 2+0.2 7+04 <0.001* 12+0.3 1407 0.005*
1 7+0.8 8+0.4 0.08 16+ 0.7 15+0.3 0.06
10 10+ 1.1 8+0.8 0.08 18+ 0.8 15+ 0.5 0.003*
100 17.0+0.7 9+0.2 <0.001* 31+09 16+ 0.9 <0.001*
1000 59.0£0.3 10+0.7 <0.001* 75+0.3 16+ 0.3 <0.001*
IC 50 785.7 pg/ml >1000 pg/ml 431.8 pg/ml >1000 pg/ml
LSD value

Data are expressed as mean + standard deviation (SD) of cellular proliferation inhibition (%). P-values were obtained by independent t-test with Bonferroni correction

for MCF-7 vs HFF comparison at each concentration and time point. ICs, values were derived from dose-response curves. * = statistically significant (p < 0.05).

pg/mL at 24 hours but decreased to 112 yg/mL at 72
hours, indicating enhanced toxicity to normal cells over
time Table 3.

3.2.3. Comparison of cytotoxicity between Gt-BuOH
and cisplatin

A direct comparison between Gt-BuOH and cisplatin
revealed distinct cytotoxicity profiles against MCF7
cells. At 24 hours, cisplatin exhibited significantly
higher  inhibition than  Gt-BuOH across all
concentrations (P < 0.01), with inhibition values of
10.0-41.0% compared to 2.0-59.0% for Gt-BuOH.
Notably, at 1000 p g/mL, Gt-BuOH (59.0 + 0.3%)
surpassed cisplatin (41.0 £ 3.1%; P < 0.001). At 72
hours, a marked shift in potency was observed; Gt-
BuOH demonstrated significantly higher inhibition than
cisplatin at 0.1 pg/mL (12.0 £ 0.3% vs 5.0 £ 1.5%; P =
0.001), 1 pg/mL (16.0 £ 0.7% vs 9.0 + 1.3%; P =
0.001), and 1000 pg/mL (75.0 £ 0.3% vs 32.0 £ 3.1%;
P < 0.001). At 100 pg/mL, both agents exhibited

comparable activity (31.0 £ 0.9% vs 27.0 + 3.0%; P =
0.091, NS). ICs, values provided additional
confirmation of these results; Gt-BuOH decreased
significantly from 785.7 uyg/mL at 24 hr to 431.8 pg/mL
at 72 hr suggesting an increase in activity with time
(£50% inhibition). In contrast, cisplatin had an IC5, >
1000 pg/mL at both time points for MCF7 cells,
indicating a lack of effectiveness against MCF7 under
these conditions. This indicates that while cisplatin is
more acutely cytotoxic at early time points, Gt-BuOH
activity increases and persists with prolonged exposure
under the conditions evaluated. Indeed, the surprisingly
low potency of cisplatin needs investigation Table 4.

3.2.4. Selective toxicity assay

The cytotoxicity index (Sl) was determined to
measure the selective toxicity of Gt-BuOH and cisplatin
against MCF-7 cancer cells compared to normal HFF
cells. Interestingly, at 72 h after drug incubation, the SI
value of Gt-BuOH was >1.27 at 24 h but increased
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Table 3: Cytotoxic Activity of Cisplatin Against MCF7 and HFF Cell Lines at 24 and 72 Hours

Cellular proliferation inhibition (mean * SD)
Con (ug/ml) MCF7 cell line HFF cell line
24 hr. 72 hr. P- value 24 hr. 72 hr. P- value
0.1 D10+1.3 E5+15 0.049* E2+15 E13.0x15 0.002*
1 C13+20 D9+13 0.04* D10+1.5 D19.0+15 0.003*
10 B20+21 C13+20 0.02* C240+1.9 C37.0+3.9 0.01*
100 A39+26 B27+3.0 0.01* B37.0+3.7 B49.0 +4.1 0.02*
1000 A41+3.1 A32+3.1 0.03* A48.0 4.1 A63.0+438 0.01*
IC 50 >1000 pg/ml >1000 pg/ml - >1000 pg/ml 112 pg/ml -
LSD value 274 277 - 3.30 4.11 -

Data are expressed as mean * standard deviation (SD) of cellular proliferation inhibition (%). Different letters within each column denote statistically significant
differences (p < 0.05) among concentrations for each cell line and time point, as identified by two-way ANOVA followed by Tukey's post-hoc test. P-values for 24 vs
72 h comparison were obtained by independent t-test. ICs, values exceeding the highest tested concentration (1000 pg/mL) are denoted as ">1000 yg/mL". * =
statistically significant (p < 0.05).

Table 4: Comparative Cytotoxicity of Gt-BuOH and Cisplatin Against MCF7 Cells at 24 and 72 Hours

Cellular proliferation inhibition (mean * SD)
c°"(fj‘;';lt;3“°" 24 hr. 72 hr.
Extract cisplatin P- value Extract cisplatin P- value
0.1 D2+0.2 D10+1.3 <0.001* D12+0.3 E5+15 0.001*
1 C7+0.8 C13+2.0 0.008* C16+0.7 D9+1.3 0.001*
10 C10+1.1 B20+2.1 0.002* C18+0.8 C13+20 0.016*
100 B17.0+0.7 A39+26 <0.001* B31+0.9 B27+3.0 0.091
1000 A59.0+0.3 A41+3.1 <0.001* A75%0.3 A32+3.1 <0.001*
IC 50 785.7 pg/ml >1000 pg/ml - 431.8 pg/ml >1000 pg/ml -
3.08 274 - 2.85 277 -

Data are expressed as mean + standard deviation (SD) of the cell proliferation inhibition rate (%). P-values for comparisons between Gt-BuOH and Cisplatin at each
specific concentration and time point were determined using the independent samples t-test with Bonferroni correction. Different letters within a row indicate
statistically significant differences (p < 0.05) between treatments, based on the independent samples t-test. The symbol NS denotes no statistical significance (p =
0.05), while the symbol * indicates statistical significance (p < 0.05). ICs, values exceeding the highest tested concentration (1000 pug/mL) are reported as ">1000

pg/mL".

significantly to >2.32 with extended drug exposure,
indicating that prolonged drug exposure time improves
cancer cell selectivity and efficacy. The selective
reproducibility of this trend with time relates both to a
concomitant decrease of ICs, against MCF-7 cells (as
shown in Table 1) from 785.7 to 431.8 pg/mL,
accompanied by maintenance of an IC5, >1000 pg/mL
against normal HFF cells at both time points. In sharp
contrast, cisplatin had an Sl of 1.00 at 24 h (i.e., equal
cellular toxicities to both cancer and normal cells).
Cisplatin had an Sl of <0.11 at 72 h (ICs, against HFF
= 112 pg/mL; ICs, against MCF-7 >1000 upg/mL).
These results show that Gt-BuOH has favorable, time-
dependent, selective in vitro cytotoxicity compared to
cisplatin, which was poorly selective and, at longer
exposure times, appears more toxic to normal cells.
Although the data indicate that cisplatin was

unexpectedly toxic to normal cells with little effect on
cancer under these conditions, methodological issues
must be addressed before firm conclusions can be
made (Table 5).

3.3. Gas Chromatography-Mass Spectrometry (GC-
MS) Analysis of Gt-BuOH

A GC-MS analysis was performed on the butanolic
extract of Gelasia tomentosa (Gt-BuOH) to
characterize its chemical composition and identify
putative phytoconstituents responsible for the cytotoxic
activity observed in this study. The GC-MS
chromatogram (total ion chromatograms, TIC) of the
butanolic fraction in shown in Fig.(1), which indicates a
severe complex separation parameter with different
volatile and semi-volatile compounds.
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Table 5: Selective Toxicity Index (Sl) of Gt-BuOH and Cisplatin Against MCF7 Cancer Cells and Normal HFF Cells

Treatment Incubation Time IC50 (MCF7) ICs, (HFF) Selective Index (Sl)
24 hours 785.7 >1000 >1.27
Gt-BuOH
72 hours 431.8 >1000 >2.32
24 hours >1000 >1000 1.00
Cisplatin
72 hours >1000 112 <0.11

SI =1Cs, (HFF) / ICso (MCF7). SI > 1.0 indicates preferential cytotoxicity toward cancer cells; Sl < 1.0 indicates greater toxicity to normal cells. ICs, values exceeding

the highest tested concentration (1000 pug/mL) are denoted as ">1000 pg/mL.
3.3.1. Major Constituents: Fatty Acid Methyl Esters

Analysis established that the butanolic extract
mainly consists of unsaturated fatty acid methyl esters,
with methyl oleate (9-octadecenoic acid methyl ester)
as the principal constituent (Peak 5). The compound
was detected at a retention time of about 18.884 min
(consistent with an estimated Rl of ~2085) and showed
the highest area intensity among the signals detected
(71.62% normalized area), indicating it is quantitatively
dominant in this extract.

Methyl oleate (Ci9H3602; MW 296 g/mol) was
tentatively identified by comparing its mass spectrum
with the NIST20s.lib and NIST20-1.lib spectral libraries,
with a similarity index>70%. The identification was
confirmed by matching the retention index (Rl = 2085)
with published values in the literature (Rl = 2087 + 5).
The structure is an 18-carbon chain with a cis double
bond at the A9 position, esterified with methanol.
Isomeric octadecenoic acid methyl esters were also
detected alongside methyl oleate, suggesting
extraction of several unsaturated fatty acid derivatives.

3.3.2. Additional Identified Compounds

Several other constituents were identified at varying
concentrations throughout the chromatographic run:

Propanoic anhydride (propionic anhydride;
CeH1003; MW 130 g/mol) was detected as a minor
constituent eluting at a retention time of 17.052 min (RI:
921; Peak 3). The identification was supported by a
spectral match with a similarity index of 90% against
the NIST20slib database.

1-Pentene (CsHio; MW 70 g/mol; Peak 1) and 2-
methyl-1-butene (CsHio; MW 70 g/mol; Peak 2) were
identified as volatile hydrocarbons eluting early in the
chromatogram (RT: 2.834 and 6.173 min, respectively),
representing typical plant volatile organic compounds
with limited direct pharmacological significance. 4-
Methyl-2-hexyne (C;Hi2; MW 96 g/mol; Peak 6) was
detected as a trace constituent at a retention time of
19.108 min with a similarity index of 83%.

Importantly, the GC-MS profile is dominated by
fatty-acid methyl esters and short-chain organic acid
derivatives, not phenolic compounds. GC-MS without
derivatization is poorly suited for detecting polar
phenolics, and the chemical profile reported here
should not be interpreted as evidence of phenolic
enrichment. The bioactive constituents of Gt-BuOH
appear to be fatty-acid derivatives.

3.4. Enzyme-Linked Immunosorbent Assay (ELISA)
Analysis of Cellular Biomarkers

The protein levels of three important cellular
targets—EGFR phosphorylated at tyrosine 1068,
topoisomerase Illa (TOP2A), and TNF-ao—were
quantified in MCF-7 breast cancer cells and normal
HFF cells using ELISA assays to explore associations
between treatment and changes in these biomarkers.
Gt-BuOH was tested at its 1C5, against MCF-7 cells
(431.8 pg/mL; 72 h), and cisplatin was tested at 112
pg/mL (its 1Cso against HFF cells). Because cisplatin
did not achieve 50% inhibition against MCF-7 cells
within the tested concentration range, a direct
comparison of biomarker modulation at equi-effective
concentrations was not feasible. Cisplatin results are
therefore presented for reference only, and the
concentration difference must be considered when
interpreting comparative data. The merit of these
biomarkers arises from their established roles in
neoplastic growth, DNA replication, and inflammatory
signaling, while they represent the receptor targets
tested through the computational docking analysis.

3.4.1. p-EGFR Expression Levels

Exposure of MCF-7 breast cancer cells to Gt-BuOH
at its half-maximal inhibitory concentration (431.8
pg/mL) for 72 h was associated with a marked
reduction in p-EGFR levels compared with untreated
controls (Table 7). The p-EGFR concentration dropped
from 245.6 + 12.3 pg/mg protein in untreated MCF-7
cells to 984 + 8.7 pg/mg protein after Gt-BuOH
exposure (p < 0.001), representing a 59.9% reduction.
Cisplatin treatment (at 112 yg/mL, its 1Cs, against HFF
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Table 6: Phytoconstituents Identified in Gelasia Tomentosa Butanolic Extract (Gt-BuOH) by GC-MS Analysis

. Molecular Lo

Nor | imin) Compound Name Formua | Went | GOUCYy | At
1 2.834 1-Pentene CsHyo 70 70 11.82
2 6.173 2-Methyl-1-butene CsHyo 70 69 3.06
3 17.052 Propionic anhydride (Propanoic anhydride) CeH1003 130 90 10.34
4 18.821 Methyl butyrate (Butanoic acid methyl ester) CsH100; 102 92 1.64
5 18.884 Methyl oleate (9-Octadecenoic acid methyl ester) C19H360, 296 >90 71.62
6 19.108 4-Methyl-2-hexyne C,H;» 96 83 1.52

Data are expressed as RT (min) and Area%. The mass spectra of identified compounds were compared to the NIST20 library data. The similarity index (SI) values
assess the match between the experimental spectrum and library spectrum, and Sl = 70% are accepted as tentative identification results. Retention indices (RI)
were matched by comparing published RI values (10 RI units) and therefore confirmed. The major component was methyl oleate (71.62% area). We analyzed the
samples by GC-MS under the following conditions: Column oven temperature programmed from 80°C to 300°C at a rate of 10°C/min; injection temperature set to
280 °C; helium carrier gas flow at 1.46 mL/min; split injection mode (ratio of injected sample vapor: carrier gas = 10:1); mass spectra were acquired in electron
impact (El) ionization mode at an electron energy of 70 eV, scan range m/z 40-800.

Table 7: Comparative Analysis of p-EGFR, TOP2A, and TNF-a Levels in MCF-7 and HFF Cells Following Gt-BuOH and
Cisplatin Treatment (72 hours)

3 25T A T B5d ® o T35 4 N o
cell 8 sg m Q & 8@ 9 Q & o8 =z Q &
Line 3 239 B 2 ® 39 B S g3 7 ] s

e sexn @ ® se > @ ® 3a* @ ®

= [} [} [}

= Control 2456 +12.3 — — 18.7+14 — — 156.8 +9.4 — —

EI?I Gt-BuOH 98.4+8.7 59.9% <0.001* 6.3+0.8 6.3% <0.001* 72.3+6.8 53.9% <0.001*

~ Cisplatin 189.3+10.5 22.9% 0.012* 124+ 1.1 33.7% 0.004* 118.5+8.2 24.4% 0.008*
Control 32.4+41 — — 42 +0.6 — — 28.6+3.2 — —

T

:II'I_I Gt-BuOH 29.8+3.7 8.0% 0.342 3905 7.1% 0.418 26.1+3.5 8.7% 0.372
Cisplatin 58.7+5.2 1.2% 0.003* 6.8+0.7 61.9% 0.008* 453+ 4.1 58.4% 0.005*

Data are expressed as mean = SD (n = 3 independent experiments). P-values were determined by one-way ANOVA followed by Tukey's post-hoc test for treatment
comparisons within each cell line. *p < 0.05 was considered statistically significant. NS = not significant (p = 0.05). Gt-BuOH treatment was at 431.8 pg/mL (72-hour
ICso against MCF-7), and cisplatin treatment was at 112 pg/mL (72-hour ICs, against HFF cells). The difference in treatment concentrations should be considered
when interpreting comparative data. + indicates increase rather than inhibition.

3.4.2. TOP2A Expression Levels
TOP2A protein

cells) was associated with a moderate decrease in p-

EGFR levels (189.3 + 10.5 pg/mg protein; p = 0.012 vs. levels in MCF-7 cells were

control), corresponding to a 22.9% reduction; however, significantly elevated at baseline (18.7 + 1.4 ng/mg
given the different concentrations used, direct protein) compared to HFF cells (4.2 + 0.6 ng/mg
comparison between Gt-BuOH and cisplatin is not protein), consistent with the heightened proliferative
valid. state of cancer cells (Table 7). Gt-BuOH treatment

reduced TOP2A levels in MCF-7 cells to 6.3 + 0.8
ng/mg protein (66.3% reduction; p < 0.001). Cisplatin
treatment (112 pg/mL) was associated with a more

In normal HFF cells, baseline p-EGFR expression
was considerably lower (32.4 + 4.1 pg/mg protein) than

in MCF-7 breast cancer cells. Treatment with Gt-BuOH
did not significantly alter p-EGFR levels in these non-
malignant fibroblasts (29.8 + 3.7 pg/mg protein; p =
0.342), indicating minimal disruption of physiological
EGFR signaling. In contrast, cisplatin exposure (at 112
pg/mL) was associated with increased p-EGFR in HFF
cells to 58.7 £ 5.2 pg/mg protein (p = 0.003 vs. control),
potentially reflecting a stress-induced compensatory
response that may contribute to its off-target toxicity
(Table 7).

moderate reduction to 12.4 + 1.1 ng/mg protein (33.7%
reduction; p = 0.004); however, direct comparison is
limited by the different concentrations used (431.8
pg/mL vs. 112 pg/mL).

In HFF cells, Gt-BuOH did not significantly alter
TOP2A expression (3.9 = 0.5 ng/mg protein; p =
0.418), suggesting selective association with cancer
cell DNA replication machinery. Conversely, cisplatin
treatment (112 pg/mL) increased TOP2A levels in HFF
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cells to 6.8 + 0.7 ng/mg protein (p = 0.008 vs. control),
suggesting a dysregulated stress response that may
underlie its toxicity to normal cells (Table 7). It is
emphasized that these measurements reflect total
TOP2A protein levels, not enzymatic activity; functional
assays would be required to confirm inhibition of
TOP2A catalytic function.

3.4.3. TNF-a Expression Levels

TNF-a levels were measured to assess the
inflammatory profile of both treated and untreated cells
for potential off-target immunomodulatory effects. In
MCF-7 cells, Gt-BuOH treatment was associated with a
reduction in TNF-a levels from 156.8 + 9.4 pg/mg
protein (control) to 72.3 + 6.8 pg/mg protein (53.9%
reduction; p < 0.001). Cisplatin treatment (112 pg/mL)
reduced this to 118.5 £ 8.2 pg/mg protein (24.4%
reduction; p = 0.008). The greater reduction observed
with Gt-BuOH may reflect the different concentrations
used (431.8 ug/mL vs. 112 pg/mL) rather than superior
activity.

In HFF cells, Gt-BuOH treatment did not
significantly affect TNF-a levels (control: 28.6 + 3.2
pg/mg protein; Gt-BuOH: 26.1 + 3.5 pg/mg protein; p =
0.372), suggesting minimal interference with normal
cellular immune homeostasis in vitro. In comparison,
exposure of HFF cells to cisplatin (112 pg/mL) was
associated with increased TNF-a production to 45.3 +
4.1 pg/mg protein (p = 0.005 vs. control), reflecting a
pro-inflammatory stress response that may contribute
to its cytotoxicity toward non-cancerous cells (Table 7).
Intracellular TNF-a levels represent the stored protein
pool rather than secreted cytokine; measurement of
secreted TNF-a would provide complementary
information.

3.5. Molecular Docking Studies

Molecular docking simulations were performed to
explore potential interactions between the three major
GC-MS-identified Gt-BuOH constituents (methyl oleate,
methyl butyrate, and propanoic anhydride) and three
protein targets: EGFR (PDB: 1M17), TOP2A (PDB:
5GWK), and TNF-a (PDB: 2AZ5). The docking protocol
was validated by redocking co-crystallized ligands:
RMSD values were 1.2 A for EGFR and 1.5 A for
TOP2A, confirming the reliability of the protocol. For
TNF-a, which lacks a co-crystallized small-molecule
ligand, the binding site was defined based on literature
reports. The analyses employed established
computational tools, including AutoDock Tools 1.5.7,
BIOVIA Discovery Studio, UCSF Chimera, and

AutoDock Vina [57]. Docking scores are presented
neutrally as predicted binding affinites and are
hypothesis-generating only; they do not constitute
evidence of functional inhibition or pharmacological

synergy

3.5.1. Docking with Epidermal Growth Factor
Receptor (EGFR)

The molecular docking study of the active chemical
constituents of Gt-BuOH, as identified by GC-MS
analysis, was conducted with the human epidermal
growth factor receptor (EGFR) kinase domain. The
results indicated that Methyl butyrate acid exhibited a
docking score of -5.1 kcal/mol with the human EGFR
kinase domain. The interaction profile includes two
conventional hydrogen bonds with ASP A:831 and LYS
A:721 at distances of 2.31 A and 2.15 A, respectively.
One carbon-hydrogen bond with ASP A:831 at a
distance of 2.63 A. Finally, two alkyl interactions with
LYS A:721 and LEU A:764 at 3.92 A and 4.41 A,
respectively (Figure 2).

Regarding the molecular docking of oleic acid
methyl ester with the human EGFR kinase domain, the
docking score was -5.7 kcal/mol. The interaction profile
includes seven alkyl hydrogen bonds with two VAL
A:702, one residue of LEU A: 820, and two residues of
LEU A: 694 at distances of 4.96 A, 3.78 A, 5.33 A, 4.68
A, 539 A 496 A, and 4.62 A, respectively (Figure 2).

In the molecular docking of propanoic acid
anhydride with the human EGFR kinase domain, the
docking score was -5.4 kcal/mol. The interaction profile
includes two conventional hydrogen bonds with CYS
A:751 and ASP A:831 at distances of 2.65 A and 2.44
A, respectively (Figure 2).

For comparison, a molecular docking study was
conducted between the human EGFR and erlotinib, a
human EGFR inhibitor. [58]. This yielded a docking
score of -7.1 kcal/mol. The interaction profile delineates
two conventional hydrogen bonds involving LYS A:721
and MET A:769 residues at distances of 2.15 A and
1.89 A. Additionally, one carbon-hydrogen bond was
identified with GLN A:767 residues at a distance of
3.67 A. Three pi-anion interactions were observed with
three residues from ASP A:831 at distances of 3.73 A,
3.65 A, and 4.10 A, respectively. Furthermore, one pi-
pi-stacked interaction involving PHE A:699 at 3.74
Finally, five pi-alkyl interactions were identified with
residues PHE A:699, LYS A:721, LEU A:820, and two
residues from VAL A:702, at distances of 5.04 A, 5.07
A, 532A4.84 A and 4.11 A (Figure 2).
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Figure 1: Total lon Chromatogram (TIC) of Gt-BuOH Extract Analyzed by Gas Chromatography-Mass Spectrometry (GC-MS).
GC-MS analysis of Gt-BuOH extract: Total ion chromatogram (TIC) Chromatogram showing the separation of all volatile
compounds in a retention time range between 2.0-29.0 minutes Mass spectra were compared with the NIST20 library to identify
peaks. The peak with the highest area (71.62%) was observed at 18.884 min and it belongs to oleic acid methyl ester (9-
octadecenoic acid(Z)-methyl ester), a major component of fatty acids. The other major peaks included n-propyl acrylate (2.834
min, 11.82% area) and N-nitrosodimethylamine (17.052 min, 10.34% area). Peaks appeared at 6.173 min, 18.821 min and
19.108 min with lower height (Figure 5A). GC-MS conditions: Column oven temperature ramped from 80°C to 300°C at a rate of
10°C/min; injection temperature was maintained at 280°C; helium as carrier gas with a constant flow rate of approximately 1.46
mL/min and using split injection mode; mass spectra recorded in scan mode (m/z range of detection between 40 and 800).
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Figure 2: The structural configurations of the human epidermal growth factor receptor (EGFR) binding sites are shown in both
two-dimensional (upper image) and three-dimensional (lower image) views, illustrating the binding interactions with the following
molecules from right to left (Methyl butyrate acid, oleic acid methyl ester, propanoic acid anhydride, and erlotinib) with the EGFR
subunit.

3.5.2. Docking with Topoisomerase lla (TOP2A) distances of 2.37 A and 2.03 A. One carbon-hydrogen
bond with ILE A:715 at a distance of 3.35 A. Finally,
one pi-sigma bond with the residue of PHE A:1003 at a
distance of 3.59 A (Figure 3).

The molecular docking analysis of the active
chemical constituents of Gt-BuOH, as identified by GC-
MS, with the Topoisomerase lla protein revealed that
Methyl butyrate acid interacts with the TOP2A protein,
yielding a docking score of -5.2 kcal/mol. The
interaction  profile comprises two conventional
hydrogen bonds with the ARG A:727 residue, at

Regarding the molecular docking of oleic acid
methyl ester with the TOP2A protein, the docking score
was -6.3 kcal/mol. The interaction profile comprises
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Figure 3: The structural configurations of the Topoisomerase lla binding sites are shown in both two-dimensional (upper image)
and three-dimensional (lower image) views, illustrating the binding interactions with the following molecules from right to left
(Methyl butyrate acid, oleic acid methyl ester, propanoic acid anhydride, and etoposide) with the Topoisomerase lla subunit.

three conventional hydrogen bonds with residues of
SER A:717, and two residues of ARG A:727 at
distances of 2.74 A, 2.24 A, and 2.16 A, respectively.
Two carbon-hydrogen bonds with SER A:717 and SER
A:723 at a distance of 3.46 A and 3.66 A, respectively;
one pi-sigma bond with the residue of PHE A:1003 at a
distance of 3.51 A. and finally two alkyl bonds with the
residues of PRO A: 724 and LEU A: 829 at a distance
of 4.35 A and 5.40 A, respectively (Figure 3).

In the molecular docking of propanoic acid
anhydride to the TOP2A protein, the docking score was
-5.5 kcal/mol. The interaction profile includes two
conventional hydrogen bonds with GLN A:542 and
SER A:547 at distances of 224 A and 2.83 A,
respectively (Figure 3).

For comparison, a molecular docking study was
conducted to assess the interaction between the
TOP2A protein and etoposide (a inhibitor of TOP2A).
[59]. This yielded a docking score of -8.1 kcal/mol. The
interaction profile delineates three conventional
hydrogen bonds involving GLN A:544, HIS A:759, and
GLU A:837 at distances of 2.47 A, 1.79 A, and 3.03 A,
respectively. One carbon-hydrogen bond was identified
with SER A:709 residues at a distance of 3.57 A.
Finally, two pi-alkyl interactions were identified with
residues HIS A:759 and PHE A:1003 at distances of
4.61 A and 4.67 A, respectively (Figure 3)

3.5.3. Docking with Tumor Necrosis Factor-alpha
(TNF-a)

The molecular docking analysis of the active
chemical constituents of Gt-BuOH, as identified by GC-
MS, with the Tumor Necrosis Factor-alpha (TNF-a)

protein revealed that Methyl butyrate acid interacts with
the TNF-a protein, yielding a docking score of -3.2
kcal/mol. The interaction profile comprises two
conventional hydrogen bonds with the GLY A:24 and
GLY A:25 residues at distances of 2.21 A and 2.24 A,
respectively. One pi-alkyl bond with PHE A:144 at a
distance of 4.98 A (Figure 4).

Regarding the molecular docking of oleic acid
methyl ester with the TNF-a protein, the docking score
was -3.7 kcal/mol. The interaction profile comprises
one alkyl bond between LEU A:57 and a residue at a
distance of 4.39 A. Five pi-alkyl bonds with two
residues of TYR A: 59, two residues of TYR A: 119,
and one residue from TYR A: 151 at distances of 4.29
A, 458 A 4.40 A, 535 A, and 5.49 A, respectively
(Figure 4).

During molecular docking of propanoic acid
anhydride to the TNF-a protein, the docking score was
-3.1 kcal/mol. The interaction profile includes three
conventional hydrogen bonds with LEU A:26, ASN
A:547, and ILE A:547 at distances of 2.06 A, 2.45 A,
and 2.04 A, respectively (Figure 4).

For comparison, a molecular docking study was
conducted to assess the interaction between the TNF-a
protein and curcumin, a natural inhibitor of TNF-a. [60].
This yielded a docking score of -6.7 kcal/mol. The
interaction  profile delineates one conventional
hydrogen bond involving TYR A:151 at a distance of
1.74 A. One pi- sigma bond was identified with TYR
A:119 residues at a distance of 3.76 A. Finally, two pi-
pi-stacked interactions were identified with residues
TYR A:59 and TYR A:119 at distances of 4.04 A and
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Figure 4: The structural configurations of the TNF-a binding sites are shown in both two-dimensional (upper image) and three-
dimensional (lower image) views, illustrating the binding interactions with the following molecules from right to left (Methyl
butyrate acid, oleic acid methyl ester, propanoic acid anhydride, and curcumin) with the TNF-a subunit.

5.03 A, respectively (Figure 4).

3.5.4. Comparative Analysis of Molecular Docking
with Reference Inhibitors

The three Gt-BuOH constituents exhibited
differential predicted binding affinities across the three
targets. Methyl oleate consistently showed the highest
predicted affinity among the three constituents for all
targets (-5.7 to -3.7 kcal/mol), followed by propanoic
anhydride (-5.5 to —3.1 kcal/mol) and methyl butyrate
(-5.2 to —3.2 kcal/mol). However, all three constituents
exhibited weaker predicted binding than the reference
inhibitors: erlotinib (-7.1 kcal/mol for EGFR), etoposide
(-8.1 kcal/mol for TOP2A), and curcumin (6.7
kcal/mol for TNF-a) (Table 8). The predicted affinities
for the cancer-associated targets (EGFR and TOP2A;
mean -5.40 to -5.67 kcal/mol) were higher than for
TNF-a (mean -3.33 kcal/mol), but this differential
binding pattern is hypothesis-generating only and does
not constitute evidence of selective targeting or
therapeutic advantage. No synergy or multi-target
advantage is claimed.

3.7. Morphological Evaluation of Cytotoxicity

To validate the quantitative cytotoxicity data,
morphology of both MCF-7 breast adenocarcinoma
cells and normal HFF fibroblasts was evaluated using
inverted phase-contrast microscopy after treatment.
Fig. 5 (Panel A) shows that untreated control MCF-7
cells retained their typical epithelial-like morphology by
assembling into cohesive, adhesive monolayers of
polygonal, well-spread cells with distinct intercellular

contacts—all hallmarks of active proliferation. In
contrast, 1000 ug/mL Gt-BuOH exposure for 72 hours
(Panel B) produced dramatic cytomorphological
changes consistent with cell death. These features are
characterized by prominent cell shrinkage, loss of the
normal polygonal structure, blebbing of the plasma
membrane, detachment from culture substrate and the
appearance of round, non adherent rounding up and
compacted cells which included all classical markers
for apoptosis. Remarkably, the extent of morphological
disturbance was similar to that evoked by the reference
chemotherapeutic agent cisplatin (Panel C), which also
induced massive cell rounding, substrate dissociation,
and impaired monolayer integrity, thereby validating its
established cytotoxic effect.

Simultaneously, morphological assessment of
normal HFF cells (Figure 6) revealed a distinctly
different response. Untreated HFF cells (Panel A)
displayed typical fibroblast morphology with spindle-
shaped cells, extensive cytoplasmic extensions, and a
confluent adherent monolayer. After 72-h treatment
with 1000 p g/mL Gt-BuOH (Panel B), HFF cells
retained their characteristic shape and adherence, with
no signs of shrinkage, rounding, or detachment. This
structural  preservation demonstrates the low
cytotoxicity of Gt-BuOH toward normal fibroblasts,
supporting the selective antiproliferative activity
observed in the MTT assay and the favorable Sl value.
These visual observations suggest that Gt-BuOH
preferentially affects cancer cells while sparing normal
HFF cells under the conditions tested.
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Table 8: Comparative Docking Scores (kcal/mol) of Gt-BuOH Phytoconstituents and Reference Inhibitors

Compound EGFR (PDB: 1M17) TOP2A (PDB: 5GWK) TNF-a (PDB: 2AZ5)
Gt-BuOH Phytoconstituents
Oleic acid methyl ester -5.7 -6.3 -3.7
Propanoic acid anhydride -5.4 -5.5 -3.1
Methyl butyrate acid -5.1 -5.2 -3.2
Mean + SD -5.40 £ 0.30 -5.67 £ 0.58 -3.33+0.32
Reference Inhibitors Erlotinib: -7.1 Etoposide: -8.1 Curcumin: -6.7

Results are shown as binding affinity values (kcal/mol) calculated using AutoDock Vina, with lower values signifying stronger binding. Reference controls were
composed of positive control ligands. Values are the lowest energy pose of all nine docking poses for the ligand-target pair. Values are mean + SD for the three Gt-
BuOH compounds. All three Gt-BuOH constituents exhibited weaker predicted binding affinities than the reference inhibitors. These docking scores are hypothesis-
generating only and do not constitute evidence of functional inhibition or pharmacological synergy.

Figure 5: Morphological Features of MCF-7 Cells. The morphological features of MCF7 cells were examined utilizing an
inverted microscope. The experimental groups consisted of: (A) untreated MCF7 cells used as controls; (B) MCF7 cells treated
with 1000 pg/mL of Gt-BuOH for 72 hours; (C) MCF7 cells treated with 1000 pug/mL of cisplatin for 72 hours.
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Figure 6: Morphological Features of HFF Cells. The morphological features of human foreskin fibroblast (HFF) cells were
observed using inverted microscopy. Panel A depicts the untreated HFF cell line, whereas Panel B illustrates the cells after 72

hours of exposure to Gt-BuOH at 1000 pg/ml.

DISCUSSION

Breast cancer is still a leading cause of cancer
death among women around the world, and other
hormone-dependent subtypes, including MCF-7, are
difficult to treat due to acquired drug resistance and off-
target toxicity from standard chemotherapeutics [61].
There is an urgent need for safer, more selective
anticancer agents, and natural products have received
considerable attention in this context because many

plant species remain unexplored [62]. This study used
a multidisciplinary strategy, including cytotoxicity
screening, ELISA-based biomarker analysis, and in
silico molecular docking, to explore the anticancer
effects of Gelasia tomentosa (formerly Scorzonera
tomentosa), a perennial herbaceous species in the
Asteraceae family. This integrated approach not only
quantified biological activity but also enabled
hypotheses surrounding potential molecular
mechanisms and ultimately offered a basis to evaluate
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the therapeutic feasibility of this plant extract. However,
the findings should be interpreted as preliminary given
the limited scope of the study.

Due to the widespread traditional use of Scorzonera
sensu lato in folk medicine as an anti-inflammatory and
cicatrizing agent, this genus represents a very
interesting target for research focused on anticancer
properties; however, systematic phytochemical and
pharmacological studies evaluating cytotoxic potential
are surprisingly few [54]. To our knowledge, this is the
first study to examine the anticancer activity of G.
tomentosa against breast cancer cell lines, contributing
to the phytopharmacological characterization of this
species. The choice of this plant was further justified by
its extensive distribution in the Kurdistan region of Iraq
and its ethnopharmacological relevance, providing a
solid basis for analyzing its bioactive compounds.

The butanolic extract (Gt-BuOH) was chemically
characterized by GC-MS, revealing a chemical profile
mainly of long-chain unsaturated fatty acid methyl
esters, such as methyl oleate (9-octadecenoic acid
methyl ester), which accounted for 71.62% of the area
of the total ion chromatogram area. This result agrees
with the observed chemotaxonomic properties of
members of Asteraceae, which habitually concentrate
lipid-soluble compounds in their aerial organs [63].
Methyl oleate is particularly notable because it has
demonstrated anticancer activity through various
mechanisms, including induction of apoptosis, inhibition
of cell proliferation, and regulation of lipid metabolism
in cancer cells [64]. The identification of trace levels of
propanoic anhydride, methyl butyrate, and butanoic
acid methyl ester contributes to the extract's chemical
complexity of this extract and may result in additive
interactions that increase total biological activity [65].
The discovery of these short-chain fatty acid
derivatives aligns with the species' metabolic flexibility
and may be representative of adaptations to its
extreme high-alpine habitat that would favour
producing volatile, defensive metabolites. Importantly,
the GC-MS profile does not support a phenolic-
enriched composition; the bioactive constituents
appear to be fatty-acid derivatives rather than
phenolics. GC-MS without derivatization is poorly
suited for detecting polar phenolics, and future UPLC-
MS/MS analysis would be required to definitively
assess phenolic content.

Cytotoxicity assessment showed that Gt-BuOH
attenuated the growth of MCF-7 breast cancer cells in
a dose- and time-dependent manner with an ICs, value

of 431.8 pg/mL at 72 h but had minimal toxicity on
normal HFF fibroblasts (ICs, > 1000 pg/mL). This
differential cytotoxicity is therapeutically valuable, as it
suggests preferential targeting of malignant cells over
their non-malignant counterparts [66]. The potency
enhancement over time, as indicated by a decrease in
ICso from 24 h to 72 h of treatment by 45%, suggests
that the bioactive constituents may need time for their
maximum cytotoxic effect to appear and may act
through cumulative intracellular damage, or perhaps
active induction of delayed apoptotic pathways [67].
These parallel data for an unmatched in vitro
therapeutic index—the selective toxicity index (SI)
(calculated using 72-h ICs, values)—provide additional
evidence of Gt-BuOH safety within this model system
compared to cisplatin with <0.11 SI, due to excessive
normal HFF cell toxicity with the dose of cisplatin tested
(ICso = 112 pg/mL). However, the S| of >2.32 is
modest, and the moderate 1Cs, of 431.8 pug/mL for a
crude extract indicates that purification and
identification of active principles would be required to
achieve more significant therapeutic effects.
Nevertheless, cisplatin showed unexpected potency
against MCF-7 cells, and it was highly toxic to HFF
cells, which may be explained by the experimental
conditions: parenteral aqueous solutions of cisplatin
are reported to be unstable, which may explain the
results [68]. Moreover, the ineffectiveness of cisplatin
towards MCF-7 cells contradicts the literature and
indicates that this cell line may exhibit passage-specific
or perhaps methodological resistance. This sharp
contrast in selectivity highlights the possibility of plant-
derived extracts being able to deliver therapeutic
advantages in comparison with many conventional
synthetic chemotherapeutics, which often possess a
narrow therapeutic range and cytotoxicity limiting the
maximum tolerated dose. Morphological analyses
supported these quantitative observations: MCF-7 cells
treated with Gt-BuOH exhibited classical apoptotic
features such as cellular shrinkage and membrane
blebbing followed by detachment, while HFF cells
maintained their typical spindle-shaped morphology
and a coherent monolayer in culture, confirming the
selective nature of this extract's cytotoxic activity under
the conditions tested.

Mechanistic information as to why Gt-BuOH has
different effects on cancer compared to normal cells
was also provided by the ELISA analysis. MCF-7 cells
treated for 72 h with Gt-BuOH at its IC5, concentration
(431.8 pg/mL) showed a 59.9% reduction in
phosphorylated EGFR levels, suggesting attenuation of
this key pro-survival pathway that is often
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hyperactivated in many breast cancers [19]. However,
cisplatin was tested at 112 pg/mL (its ICs, against HFF
cells) rather than at an equi-effective concentration
against MCF-7 cells, so direct comparison of biomarker
modulation between Gt-BuOH and cisplatin is not valid.
Cisplatin treatment was associated with a 22.9%
reduction in p-EGFR levels in MCF-7 cells, but this
difference may reflect the different concentrations used
rather than superior activity of Gt-BuOH. Similarly, Gt-
BuOH treatment was associated with a 66.3%
reduction in TOP2A levels in MCF-7 cells, compared
with a 33.7% reduction with cisplatin (112 pg/mL);
again, the concentration difference limits direct
comparison. TOP2A is an important enzyme for DNA
replication and a recognized therapeutic target, and the
reduction in TOP2A protein levels associated with Gt-
BuOH treatment is consistent with the observed
inhibition of proliferation and apoptotic morphology.
However, ELISA measures total protein levels, not
enzymatic activity; functional assays (e.g., DNA
relaxation or decatenation assays) would be required to
confirm inhibition of TOP2A catalytic function [24].
Notably, Gt-BuOH did not significantly alter p-EGFR or
TOP2A levels in normal HFF cells, whereas cisplatin
treatment increased expression of both proteins in
normal fibroblasts, consistent with a stress-induced
adaptive response to DNA damage that could
contribute to this drug's off-target toxicity [55].
Moreover, MCF-7 cells treated with Gt-BuOH exhibited
a decrease in TNF-a levels by 53.9% in cell lysates
compared to untreated counterparts, which may be
favorable if this translates into decreased inflammatory
signaling (inflammatory signaling due to TNF-a has
been shown to promote tumor progression), while
similarly having no significant effect on TNF-a levels in
normal cells [34], potentially preserving physiological
cellular immune homeostasis. However, intracellular
TNF-a levels represent the stored protein pool rather
than secreted cytokine, and measurement of secreted
TNF-a in culture supernatants would provide
complementary information on functional cytokine
release.

The molecular docking studies generated structural
hypotheses regarding the biological activities observed
in vitro by predicting how the three dominant Gt-BuOH
phytoconstituents (i.e., methyl oleate, methyl butyrate,
and propanoic anhydride) interact with putative target
proteins. Methyl oleate exhibited the highest predicted
binding affinity among the three constituents for EGFR
(5.7 kcal/mol) and TOP2A (-6.3 kcal/mol), with
hydrophobic interactions involving VAL A:702, LEU
A:820, and LEU A:694 in EGFR, and conventional

hydrogen bonds with SER A:717 and ARG A:727 in
TOP2A [61]. However, all three constituents exhibited
weaker predicted binding affinities than the reference
inhibitors (erlotinib, etoposide, and curcumin), and the
docking scores are hypothesis-generating only. The
predicted affinities for the cancer-associated targets
(EGFR and TOP2A; mean -5.40 to -5.67 kcal/mol)
were higher than for TNF-a (mean -3.33 kcal/mol), but
this differential pattern does not constitute evidence of
selective targeting or therapeutic advantage. No
synergy or multi-target advantage is claimed. The
previously presented combined binding ratio analysis
has been removed because summing absolute docking
scores is not a valid method for assessing synergy or
multi-target advantage. The Chou-Talalay Combination
Index method is not applicable to computational
docking scores. If  experimentally verified,
polypharmacological action may offer advantages over
single-agent therapies by limiting the probability of
resistance development and allowing lower doses with
better safety profiles [66]; however, this remains a
hypothesis. This congruence of in silico and wet-lab
experiments supports the computational approach
while also suggesting prospective mechanistic insights
into Gt-BuOH's anticancer activity [52]. Nonetheless,
computational predictions such as these should be
followed up experimentally via surface plasmon
resonance (SPR), isothermal titration calorimetry (ITC),
or enzymatic activity assays to assess actual binding
and biological relevance.

The notable polypharmacology of the identified
phytoconstituents suggests the possibility that the
crude extract may be therapeutically more beneficial
than its individual components—a phenomenon widely
reported in herbal preparations [67]. Nonetheless, this
must be experimentally confirmed to move beyond
hypothesis. The ability of methyl oleate to engage
primarily hydrophobic binding pockets in concert with
the smaller organic acids that can form hydrogen
bonds with catalytic residues may provide a means by
which to obtain overall target engagement via
complementary modes of interaction [52]. This multi-
targeting mechanism of action, which may be additive
or synergistic, is consistent with growing recognition
that complex mixtures of natural products can achieve
improved therapeutic results through network
pharmacology [64]. Based on its favorable selective
toxicity profile and predicted polypharmacological
potential against cancer-specific  proteins, G.
tomentosa is a promising source of lead compounds for
further development [50].
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Several limitations should be considered when
interpreting the results of this investigation. The in vitro
nature of all assays makes it difficult to extrapolate
these results directly to a physiological context
because factors such as immune cell infiltration and
stromal interactions cannot be faithfully modeled in
monolayer cultures. The moderate ICs, values seen for
Gt-BuOH indicate that bioactive constituents are
present in the extract; to attain more significant
therapeutic effects, purification and identification of
specific active principles would require bioassay-guided
fractionation. Furthermore, the study did not examine
Gt-BuOH's effects on normal breast epithelial cells to
assess more directly the extract's specificity for
malignant over non-malignant mammary tissue. Only
one cancer cell line (MCF-7) and one non-breast
normal cell line (HFF) were used; future studies should
include additional breast cancer subtypes (e.g., MDA-
MB-231, SK-BR-3, T-47D) and normal breast epithelial
cells (e.g., MCF-10A). The Sl of >2.32 is encouraging
but modest, and the ICs, of 431.8 yg/mL for a crude
extract is moderate. The use of etoposide as a TOP2A
docking reference has mechanistic limitations because
etoposide interacts with DNA rather than binding
directly to the TOP2A ATPase domain; future studies
should use catalytic TOP2A inhibitors (e.g., ICRF-193,
merbarone) or experimentally validate binding via
SPR/ITC. Cisplatin was tested at a non-equi-effective
concentration relative to the extract, limiting direct
comparison of biomarker modulation.

Further studies involving in vivo models,
pharmacokinetic profiling, verification of docking
predictions (e.g., SPR, ITC), bioassay-guided

fractionation to isolate active principles, and targeted
mechanistic investigations (including functional assays
on TOP2A activity as well as apoptosis confirmation)
are needed to facilitate the clinical potential of G.
tomentosa-derived anticancer compounds.

CONCLUSION

This study provides preliminary evidence that the n-
butanol fraction from Gelasia tomentosa (Gt-BuOH)
displays selective in vitro antiproliferative activity
against MCF-7 breast adenocarcinoma cells with
minimal cytotoxicity to normal HFF fibroblasts under
the experimental conditions used. GC-MS profiling
revealed that methyl oleate was the most abundant
component identified in the extract, followed by
propanoic anhydride, methyl butyrate, and butanoic
acid methyl ester, thereby elucidating the

phytochemical basis for action. The GC-MS data
indicate a fatty-acid-derivative-rich extract and are not
consistent with a phenolic-enriched profile; this should
be considered when interpreting the extract's chemical
character. The butanolic extract acted in a duration-
dependent manner, as demonstrated by the ICs, =
431.8 pg/mL against MCF-7 cells after 72 h of
exposure, and exerted a selectivity index of >2.32.
Conversely, the unexpectedly low potency of cisplatin
in MCF-7 cells and its high toxicological effect in HFF
cells suggest that the experimental conditions must be
explored more thoroughly.

Mechanistically, ELISA  analyses indicated
associations between Gt-BuOH treatment and reduced
p-EGFR and TOP2A protein levels in cancer cells but
not normal cells, while computer-assisted molecular
docking predicted individual binding affinities that were
weaker than those of reference inhibitors. The
previously presented combined binding ratio analysis
has been removed because summing absolute docking
scores is not a valid method for assessing synergy or
multi-target advantage; the Chou-Talalay Combination
Index method is not applicable to docking scores. No
synergy or multi-target advantage is claimed. The
preferential in silico binding of cancer proteins over
TNF-a is hypothesis-generating only. The use of
etoposide as a TOP2A docking reference has
mechanistic limitations because etoposide interacts
with DNA rather than binding directly to the TOP2A
ATPase domain; direct TOP2A binders should be
validated experimentally using SPR, ITC, or enzymatic
assays in future studies.

The identification of G. tomentosa as lead material
for potential multi-target anticancer compounds
requires further studies including bioassay-guided
fractionation, experimental verification of docking
predictions (e.g., SPR, ITC, enzymatic assays),
functional assays verifying TOP2A activity, and
apoptosis confirmation (e.g., annexin V/P| staining,
caspase activity), as well as in vivo efficacy testing and
pharmacokinetic  profiling, before any clinical
development for adjunctive or alternative therapy
against breast cancer can be considered.
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ABBREVIATIONS

AUC = Area Under the Curve
BMI = Body Mass Index

Cl = Confidence Interval
CRP = C-Reactive Protein

CT = Computed Tomography
GCP = Good Clinical Practice
HDL = High-Density Lipoprotein
HR = Hazard Ratio

ICU = Intensive Care Unit

IQR = Interquartile Range

ITT = Intention-to-Treat

LDL = Low-Density Lipoprotein

MRI = Magnetic Resonance Imaging

mRNA = Messenger Ribonucleic Acid

NIH = National Institutes of Health

OR = Odds Ratio

PCR = Polymerase Chain Reaction

RCT = Randomized Controlled Trial

RNA = Ribonucleic Acid

SD = Standard Deviation

SEM = Standard Error of the Mean
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