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Introduction 

Epithelial ovarian cancer is a leading cause of gyne-
cologic cancer mortality, with most patients presenting 
at advanced stages and experiencing relapse after an 
initial response to platinum–taxane chemotherapy 
(Wang et al., 2024; Alrosan et al., 2025). Recurrent 
disease demonstrates reduced sensitivity to standard 
treatments due to multifactorial drug resistance, high-
lighting the need for therapeutic strategies that over-
come resistance mechanisms while preserving anti-
tumor efficacy. 

Paclitaxel, a cornerstone of first-line therapy, stabilizes 
microtubules and disrupts mitosis; however, ovarian 

cancer cells develop adaptive mechanisms that attenu-
ate its efficacy (Alrosan et al., 2025; Wordeman and 
Vicente, 2021). Key factors include the upregulation of 
ATP-binding cassette efflux pumps such as ABCB1/P-
glycoprotein, which reduce intracellular drug exposure 
(Wang et al., 2024; Tia et al., 2025); aberrant activation 
of the KEAP1–NRF2 axis, which enhances antioxidant 
capacity and mitigates therapy-induced reactive oxygen 
species (ROS) (Tossetta et al., 2022); and survival signa-
ling through PI3K/AKT and survivin (BIRC5), which 
suppress apoptosis and promote chemoresistance (He 
et al., 2021; Chuwa and Mvunta, 2024). Additionally, 
cancer stem-cell subpopulations characterized by 
ALDH1A1, CD44, and CD133 contribute to persistence, 
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metastasis, and post-treatment relapse (Frąszczak and 
Barczynski, 2024; Izycka et al., 2023). Collectively, these 
pathways converge to protect ovarian cancer cells from 
taxanes and other agents, highlighting the translational 
importance of therapeutic strategies that disrupt redox 
homeostasis, inhibit efflux mechanisms, and reactivate 
mitochondrial apoptosis (Wang et al., 2024; Alrosan et 
al., 2025; Tossetta et al., 2022; He et al., 2021; Chuwa 
and Mvunta, 2024). 

Natural products continue to be a valuable source of 
anti-cancer chemotypes, including sesquiterpene lacto-
nes that increase reactive oxygen species (ROS) and 
target cysteine-rich regulators within survival networks 
(Lee et al., 2025). Xanthatin, a representative sesquiter-
pene lactone derived from Xanthium strumarium L., has 

demonstrated broad preclinical efficacy by elevating 
ROS levels, inducing cell-cycle arrest, and activating 
caspases (Lee et al., 2025; Geng et al., 2023; Gao et al., 
2025). Recent studies have reported xanthatin-induced 
apoptosis characterized by downregulation of c-FLIP 
and activation of caspases-8, -9, and -3, supporting ROS
-dependent engagement of both extrinsic and intrinsic 
apoptotic pathways (Gao et al., 2025). Complementary 
research indicates suppression of tumor growth via a 
ROS/RBL1 signaling axis and inhibition of migration 
and invasion in vitro, with corresponding antitumor 

effects observed in xenograft models (Geng et al., 2023). 
Additional evidence suggests interference with PI3K–
AKT–mTOR signaling in neural tumors, consistent with 
multi-node targeting (Chen et al., 2023). 

Despite these indications of activity, evidence from ova-
rian cancer models remains limited. A metabolomics-
guided study demonstrated that crude X. strumarium 
root extract inhibited SK-OV-3 cell growth at a concen-
tration of 10 µg/mL and altered lipid and amino acid 
metabolism. However, the active constituents and the 
mechanisms of cell death were not identified (Malek-
zadeh et al., 2023). Consequently, it remains unclear 
whether purified xanthatin can induce ROS-dependent 
mitochondrial apoptosis in ovarian cancer cells, modu-
late resistance factors such as ABCB1/P-glycoprotein, 
NRF2, PI3K/AKT, and survivin, and impair migratory 
behavior compared to a clinical benchmark (paclitaxel) 
under dose-calibrated, solvent-controlled conditions. 

Accordingly, the present study was designed to: a) 
quantify the antiproliferative potency of xanthatin 
alongside a clinically relevant taxane benchmark; b) 
characterize cell-cycle distribution, mitochondrial mem-
brane potential, and caspase-dependent apoptosis; c) 
delineate redox involvement using pharmacologic sca-
vengers; d) evaluate effects on cell migration; and e) 
profile transcriptional changes in apoptotic and resis-
tance-associated genes in ovarian cancer models. 

             

Materials and Methods 

Chemicals and reagents 

Xanthatin, paclitaxel, dimethyl sulfoxide, phosphate-
buffered saline, Hank’s balanced salt solution, RPMI 
1640 medium, fetal bovine serum, penicillin–strepto-
mycin, MTT, Triton X-100, JC-1 dye, carbonyl cyanide 
m-chlorophenyl hydrazone, TRIzol™ reagent, dNTP 
mix, RNase inhibitor, M-MLV reverse transcriptase, 
oligo dT₁₅, nuclease-free water, kit lysis buffer, DEVD-
pNA, LEHD-pNA, Ac-DEVD-CHO, Ac-LEHD-CHO, 
acetonitrile (HPLC grade), methanol (HPLC grade), and 
formic acid (0.1% v/v) were purchased from Sigma-
Aldrich (USA). The CytoTox ONE™ homogeneous 
membrane integrity assay was purchased from Pro-
mega (USA). The DCFDA/H₂DCFDA cellular ROS 
assay kit (ab113851) was obtained from Abcam. 
SsoAdvanced™ Universal SYBR® Green Supermix was 
purchased from Bio-Rad. 

Preparation of xanthatin stock solution 

Xanthatin powder was dissolved in dimethyl sulfoxide 
(DMSO) under sterile conditions. Xanthatin (molecular 
weight 246.30 g/mol), 2.463 mg, was dissolved and 
diluted to 10.00 mL to yield a 1.00 mM stock solution 
(246.3 µg/mL). The weighed powder was transferred to 
a sterile 1.5 mL tube, 1 mL of DMSO was added, and 
the mixture was vortexed for 30 sec until the solution 
appeared clear. The stock solution was filtered through 
a 0.22 µm sterile syringe filter (DMSO-compatible PTFE 
membrane), aliquoted into 200 µL portions, protected 
from light, and stored at −20°C. Single-use vials for 
short-term use were kept at 4°C (Sigma-Aldrich, 2024). 
A 50 µM working solution (12.32 µg/mL) was prepared 
by diluting 50 µL of stock with 950 µL of phosphate-
buffered saline or culture medium immediately before 
use. The final DMSO concentration in all assays was 
less than 0.1%, a level widely considered non-toxic for 
most mammalian cell lines. Repeated freeze–thaw cy-
cles were avoided (van Meerloo et al., 2011). 

Cell lines 

The SK-OV-3 (RRID: CVCL_0532) cell line was obtained 
from the Centre of Excellence in Molecular Biology. SK-
OV-3 cells were cultured under sterile conditions 
following standard protocols to ensure consistent 
growth and viability for experimental use. 

Culture procedure 

SK-OV-3 human ovarian carcinoma cells were revived 
from frozen stock. The vial was placed in a 37°C water 
bath for 2 min. The thawed suspension was transferred 
to a 15 mL tube containing pre-warmed RPMI-1640 
medium with 10%fetal bovine serum (FBS) and 1%
penicillin-streptomycin. The mixture was centrifuged at 
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250 x g for 5 min. The supernatant was discarded, and 
the pellet was resuspended in fresh medium and seed-
ed into a T25 flask. Cells were incubated at 37°C in 5%
CO₂. 

MTT assay 

SK-OV-3 cells (1 × 10⁴ cells/well) were seeded in 96-
well plates and incubated for 24 hours at 37°C in 5%
CO₂. The medium was then replaced with fresh RPMI-
1640 (10%FBS, 1% penicillin-streptomycin) containing 
xanthatin at 100, 50, 25, 12.5, 6.25, or 3.125 µg/mL. After 
an additional 24 hours, 20 µL of MTT solution (0.5 mg/
mL) was added to each well, and the plates were 
incubated for 4 hours. The medium was then removed, 
100 µL DMSO was added, and formazan crystals were 
dissolved by gentle shaking. Absorbance was measured 
at 570 nm using an Infinite M1000Pro reader (Tecan, 
Switzerland). Cell viability was expressed as a percen-
tage relative to untreated control cells (Arshad and 
Saleem, 2025). 

The cell viability was calculated using the following 
formula: 

                                  (A570 of treated cells—blank) 
%Cell viability =                                                           x 100 
                               (A570 of untreated cells—blank) 

Where A treated = Absorbance of the treated cells (with 
xanthatin); Blank = Absorbance of the wells containing media 
and MTT reagent; A untreated = Absorbance of the control 
wells (untreated cells) 

The control refers to the untreated cells, while the 
background consists of wells containing only media 
and MTT reagent, accounting for any absorbance 
contributed by the medium. The MTT assay was per-
formed in triplicate for each concentration of xanthatin. 
Cell viability at each concentration was determined by 
measuring absorbance at 570 nm. The experiment was 
repeated three times to ensure consistency of results. 
The IC50 value was calculated by fitting the dose-
response data to a logistic curve using nonlinear 
regression analysis. 

ROS assay 

SK-OV‑3 cells (1 × 10⁴ cells/well) were seeded in black 
96‑well plates containing RPMI-1640 medium supple-
mented with 10% fetal bovine serum and 1% penicillin–
streptomycin, then allowed to attach for 24 hours at 37°
C, 5%CO₂. The medium was replaced with fresh 
medium containing xanthatin at concentrations of 20 or 
40 µg/mL; vehicle control wells contained 0.1%DMSO. 
Positive control wells were treated with 200 µM H₂O₂ 
for the final 30 min. After 4 hours, cells were washed 
twice with warm phosphate‑buffered saline (PBS), 
incubated with 25 µM DCFH‑DA for 30 min at 37°C in 
the dark, washed twice with PBS, and fluorescence was 
measured at 485/535 nm using an Infinite M1000 Pro 
reader. Background fluorescence from dye-only wells 

was subtracted, and data were normalized to the 
vehicle control. 

Scratch assay 

SKOV‑3 ovarian cancer cells were seeded into 6‑well 
plates at a density of 1 × 10⁵ cells/well and cultured 
overnight to form a uniform monolayer. A linear 
scratch was created across the center of each well using 
a sterile 200 µL pipette tip; detached cells were removed 
by two gentle washes with PBS. Fresh serum‑free 
medium containing xanthatin at 100 µg/mL (final 
DMSO ≤0.1% v/v) or vehicle alone was added, and the 
plates were incubated at 37°C, 5%CO₂ (Grada et al., 
2017). Phase‑contrast images were captured at 0, 24, 48, 
and 90 hours using an inverted microscope (100x). 
Scratch widths were measured at five evenly spaced 
positions per image using ImageJ/Fiji, and mean values 
were recorded (Schindelin et al., 2012; Schneider et al., 
2012). Cell migration was expressed as the percentage 
of wound closure according to: 

 

where W0 is the average wound width at 0 hour and Wt is the 
width at the indicated time (Liang et al., 2007). 

RT-PCR  

Xanthatin‑treated SK‑OV‑3 monolayers (2 x 10⁵ cells/
well; 24-hour exposure to 50 or 100 µg/mL; 0.1% DMSO 
vehicle control) were lysed directly in 0.5 mL TRIzol™ 
and total RNA was purified using the phenol–chloro-
form/isopropanol method, quantified at A₂₆₀/A₂₈₀, 
DNase‑treated and kept on ice (Thermo Fisher Scien-
tific, 2023). One microgram of RNA per sample was 
reverse‑transcribed in a 20 µL reaction containing 4 µL 
5x RT buffer, 1 µL dNTP mix (10 mM each), 1 µL RNase 
inhibitor (40 U), 1 µL M‑MLV reverse transcriptase (200 
U), and 1 µL oligo‑dT₁₅; cDNA was diluted 1:5 with 
nuclease-free water. 

Real-time PCR was performed on a CFX96™ instru-
ment using a white 96‑well optical plate sealed with 
optically clear film. Each 20 µL well contained 10 µL of 
SsoAdvanced™ Universal SYBR® Green Supermix, 0.4 
µL of each primer (10 µM), 2 µL diluted cDNA, and 7.2 
µL of nuclease-free water. Reactions were assembled on 
ice, and a master mix was prepared for n + 3 to include 
a no‑template control (NTC), a no‑RT control (−RT), 
and pooled positive-control cDNA. Thermal cycling 
followed a standard two‑step protocol (95°C for 3 min; 
40 cycles of 95°C for 10 sec and 60°C for 30 sec with 
fluorescence acquisition), followed by a melt‑curve 
from 65°C to 95°C in 0.5°C increments. Cq values were 
generated using CFX Maestro with a single threshold 
set across the plate. Technical duplicates differing by 
>0.5 Cq were repeated in accordance with MIQE/
dMIQE guidelines (Bustin and Huggett, 2017; Bustin et 
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al., 2020). 

Relative mRNA expression was calculated using the 
2⁻ΔΔCq method, with each target normalized to 
GAPDH and expressed as fold change relative to the 
vehicle control (Livak and Schmittgen, 2001). Primer 
specificity was confirmed by single-peak melt curves 
and the absence of amplification in −RT/NTC wells 
(Bustin et al., 2009; Bustin et al., 2020). 

Caspase-3 and caspase-9 colorimetric activity assay  

SK-OV‑3 cells were seeded in 6‑well plates at 2 x 10⁵ 
cells/well and allowed to adhere overnight (37°C, 5% 
CO₂). Cells were then treated for 24 hours with 
xanthatin at concentrations of 50 or 100 µg/mL. Control 
wells received 0.1% DMSO, ensuring the final DMSO 
concentration did not exceed 0.1% in any condition. 

Following treatment, both adherent and floating cells 
were collected, washed once with ice-cold PBS, and 
lysed on ice in the kit lysis buffer (50–100 µL per well) 
for 10 min with periodic gentle mixing. Lysates were 
clarified by centrifugation (10,000 × g, 10 min, 4°C) and 
the supernatants (cytosolic extracts) were transferred to 
fresh tubes. Protein concentration was determined 
using the bicinchoninic acid assay to ensure equal load-
ing across conditions (Thermo Fisher Scientific, 2022). 

For caspase‑3 activity, 100 µg of extract protein was 
combined in a clear 96‑well plate with 50 µL of 2x 
reaction buffer containing 10 mM DTT and 5 µL 
DEVD‑pNA substrate; for caspase‑9, LEHD‑pNA was 
used under identical conditions. Where indicated, 
specificity controls were prepared by pre-incubating 
extracts with peptide inhibitors (Ac‑DEVD‑CHO for 
caspase-3 or Ac‑LEHD‑CHO for caspase‑9; 10 µM, 15 
min on ice) prior to substrate addition. Substrate blanks 
(buffer plus substrate, no extract) and vehicle‑extract 
controls were included on every plate. The total reac-
tion volume per well was 100–110 µL (BioVision, 2022). 

Plates were incubated for 1–2 hours at 37°C, protected 
from light, and absorbance was measured at 405 nm 
using a multimode plate reader (Infinite M1000 Pro, 
Tecan). Background absorbance from substrate-only 
wells was subtracted. Caspase activities were calculated 
as ΔA₄₀₅ normalised to protein concentration (per mg) 
and expressed relative to the vehicle control, which was 
set to 1.0. Each condition was tested in triplicate in ≥3 
independent experiments, in accordance with establish-
ed assay design guidelines for enzyme activity and 
cytotoxicity measurements (manufacturer’s instruc-
tions). 

Mitochondrial membrane potential (ΔΨm) 

SK-OV‑3 cells were seeded and allowed to adhere 
overnight (37°C, 5%CO₂), then exposed for 24 hours to 
xanthatin (50 or 100 µg/mL) or vehicle (0.1%DMSO; 
final DMSO ≤0.1% for all conditions). After treatment, 
both floating and adherent cells were collected (trypsi-

nized when necessary), pooled, pelleted (300 × g, 5 min, 
room temperature), washed once with warm PBS, and 
resuspended in pre-warmed HBSS to ~1 × 10⁶ cells/mL. 
A freshly prepared JC‑1 working solution (final concen-
tration 2 µM) was added to each suspension and 
incubated for 20 min at 37°C in the dark with gentle 
mixing, followed by centrifugation (300 × g, 5 min) and 
a single wash with warm HBSS. Pellets were resuspen-
ded in HBSS to 0.5–1 × 10⁶ cells/mL and immediately 
analyzed on a DeNovix CellDrop FLxi in fluorescence 
mode with both green (JC‑1 monomer) and red (JC‑1 
J‑aggregate) channels enabled. Exposure and gain were 
optimized on the vehicle sample to place signals within 
the linear range and then kept constant for all measure-
ments. For each sample, 10 µL of stained cell suspen-
sion was loaded onto the CellDrop measurement sur-
face; after autofocus, brightfield, green, and red images 
were captured, applying standard size/circularity gates 
to exclude debris. Mean fluorescence intensities per 
sample were recorded for each channel, and the 
mitochondrial membrane potential (ΔΨm) index was 
calculated as the red/green fluorescence ratio (J‑aggre-
gate/monomer) for each replicate; ratios were back-
ground‑corrected using dye-only controls when nece-
ssary and normalized to the vehicle control (set to 1.0). 
Assay quality controls included a depolarization posi-
tive control (CCCP, 10 µM, 20 min at 37°C before stain-
ing), unstained cells, and single-stain controls to verify 
channel specificity, following the manufacturer’s guide-
lines. 

Ligand selection and preparation 

Xanthatin (PubChem CID 5281511, 246.3 g/mol) was 
docked against paclitaxel (CID 36314, 853.9 g/mol) as a 
reference ligand (Kim et al., 2021). The three-dimen-
sional coordinates of xanthatin were downloaded direc-
tly from PubChem, while the SMILES representation of 
paclitaxel was converted to 3D using the NOVOPro Lab 
ligand builder (accessed 2025). Both ligands were proto-
nated, assigned AM1‑BCC charges, and energy‑mini-
mized in UCSF Chimera v1.19 (Pettersen et al., 2004). 

Four human protein targets—tubulin (PDB: 1JJF), 
STAT3 (PDB: 6NJS), VEGFR2 (PDB: 3VHE) and topo-
isomerase II (human ATPase domain; ~2.5 Å structure)
—were prepared by deleting heteroatoms and crystallo-
graphic waters, adding polar hydrogens, assigning 
Gasteiger charges, and optimising hydrogen‑bond 
networks using AutoDockTools routines (Morris et al., 
2009). Docking was performed with AutoDock Vina 
v1.1.2, generating 20 poses per complex (energy range 3 
kcal/mol); focused grids (20-25 Å; exhaustiveness 16) 
covered canonical binding pockets, while 60 Å blind 
boxes (exhaustiveness 32) probed alternative sites 
(Eberhardt et al., 2021). Native co-crystallized ligands 
were re-docked to confirm pose reproducibility with 
RMSD ≤ 2.0 Å. The best-ranked poses were analyzed in 
BIOVIA Discovery Studio Visualizer for hydrogen 
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bonds, π interactions, and hydrophobic contacts (Bio-
via, 2021). 

ADME properties—including molecular weight, topolo-
gical polar surface area, logP, aqueous solubility class, 
gastrointestinal absorption, blood–brain barrier per-
meation, P-glycoprotein substrate status, and cyto-
chrome P450 inhibition—were predicted using Swiss-
ADME (Daina et al., 2017). Toxicological end-points 
(LD₅₀ class and organ toxicity alerts) were estimated 
with ProTox‑II (Banerjee et al., 2018). Putative targets 
were inferred using SwissTargetPrediction (probability 
≥ 0.05) and manually curated to assemble a 10‑protein 
ovarian cancer panel that included TUBB3, ABCB1, 
PTGS2, AR, PGR, ESR1, ERBB2, and IKBKB (Daina et 
al., 2019; Banerjee et al., 2018). 

Statistical analysis 

Data are presented as mean ± SD from ≥3 independent 
experiments, each with at least three technical replicat-
es. Normality (Shapiro–Wilk) and homoscedasticity 
(Levene) were assessed. For single-factor dose-response 
analyses (MTT, LDH, ROS), one-way ANOVA with 
Dunnett’s multiple-comparisons test versus vehicle was 
applied; if assumptions were violated, Kruskal–Wallis 
with Dunn’s adjustment was used. Scratch-wound data 
were analyzed by two-way repeated-measures ANOVA 
(treatment x time) with Sidak correction. RT-qPCR data 
were analyzed on log2(2⁻ΔΔCq) values using unpaired 
two-tailed t-tests (for two groups) or one-way ANOVA 
(for multiple groups) with Dunnett’s test versus control. 
A two-sided α level of 0.05 was used. All analyses were 
performed using GraphPad Prism version 8.  

    

Results 

MTT assay 

The results demonstrated a dose-dependent decrease in 
cell viability, with higher concentrations of xanthatin 
causing greater inhibition of cell growth. The IC50 value 
was calculated to be 21.2 µg/mL. The observed varia-
tions in cell viability were consistent across replicates 
(p=0.67). These findings confirm that xanthatin exhibits 
dose-dependent cytotoxicity in SK-OV-3 cells, high-
lighting its potential as an anti-cancer agent (Figure 1). 

ROS result 

Xanthatin treatment significantly increased intracellular 
ROS levels in SK-OV-3 cells, with the increase becoming 
more pronounced as the concentration rose from the 
lower to the higher dose (p<0.05). Both xanthatin-trea-
ted groups produced substantially more fluorescence 
than the vehicle control, while the assay’s positive 
control exhibited the highest signal overall, confirming 
the assay’s responsiveness (Figure 2). 

Scratch assay  

In untreated SK-OV-3 cultures, the scratch gap visibly 
narrowed within the first 24 hours and was nearly 
completely re-epithelialized (~80% wound closure) by 
48 hours. In contrast, exposure to xanthatin (100 µg/
mL) markedly impeded cell migration: the wound 
remained largely unchanged at 24 hours (<10% clo-
sure), closed to only ~25% by 48 hours, and reached 
approximately 45% closure after 90 hours. Quantitative 
ImageJ measurements confirmed a four-fold reduction 
in migration rate during the first 48 hours compared to 
control monolayers, indicating that xanthatin effectively 
suppresses SK-OV-3 motility (Figure 3). 

RT-PCR results 

After 24 hours of exposure, xanthatin induced a clear, 
dose-dependent modulation of apoptotic markers in SK
-OV-3 cells. Melt-curve analysis revealed single, sharp 
peaks, and no amplification was detected in the –RT or 
NTC wells, confirming the specificity of the reaction 
and the absence of contamination. 

Figure 1: Dose-response curve showing the cytotoxic effects of 
xanthatin on SK-OV-3 cells. The fitted red curve represents the 
calculated IC50, indicating the concentration at which 50%
inhibition of cell viability is observed 

Figure 2: Dose-dependent induction of intracellular ROS in SK
-OV-3 cells by xanthatin  
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Xanthatin significantly upregulated the pro-apoptotic 
BAX and caspase-3 transcripts while suppressing anti-
apoptotic BCL-2, with the 100 µg/mL dose nearly 
quadrupling BAX expression and reducing BCL-2 to 
one-third of baseline (Figure 4). These molecular shifts 
are consistent with the previously obtained cytotoxicity 
and viability data, indicating that xanthatin induces 
apoptosis in SK-OV-3 cells in a concentration-depen-
dent manner. 

Caspase-3 and caspase-9 activity  

Xanthatin produced a dose-dependent increase in the 
activities of effector caspase-3 and initiator caspase-9 at 
24 hours compared to the vehicle control. Pre-incuba-
tion with the corresponding peptide inhibitors (DEVD-
CHO for caspase-3 and LEHD-CHO for caspase-9) 
suppressed the xanthatin-induced activity back to base-
line levels, confirming assay specificity (Table I).  

Mitochondrial membrane potential (ΔΨm) 

Xanthatin reduced the JC-1 red/green ratio in a clear, 

Figure 3: Top row: scratch at 0 hour, and wound progression at 24 and 48 hours—confluent monolayer (left), scratch at 0 hour, and 
wound progression at 24 and 48 hours. Bottom row: Xanthatin-treated (100 µg/mL)—scratch at 0 hour, and wound area at 24, 48, 
72, and 90 hours. Grey zone marks the initial wound; images captured under phase-contrast microscopy (100x)  

Figure 4: Xanthatin alters apoptosis-related gene expression in 
SK-OV-3 cells. Fold-change (2⁻ΔΔCq) relative to vehicle-
treated cultures for the pro-apoptotic genes BAX and caspase-
3 and the anti-apoptotic gene BCL-2 after 24 hours exposure to 
xanthatin (50 or 100 µg/mL). Bars represent mean ± SD of 
three independent experiments 

Table I 

Caspase activities and fold-change vs vehicle 

Condition (24 hours) Caspase-3 activity 
(ΔA405/min/mg protein) 

Fold vs vehicle Caspase-9 activity 
(ΔA405/min/mg 
protein) 

Fold vs vehi-
cle 

 

Vehicle (0.1%DMSO) 0.120 ± 0.015 1.0x 0.100 ± 0.012 1.0x  

Xanthatin (50 µg/mL) 0.215 ± 0.020 1.8x 0.180 ± 0.017 1.8x  

Xanthatin (100 µg/mL) 0.350 ± 0.030 2.9x 0.270 ± 0.022 2.7x  

Xanthatin (100 µg/mL 
plus inhibitor*) 

0.135 ± 0.018 1.1x 0.110 ± 0.013 1.1x  

Statistical analysis       

 One-way ANOVA 
(groups: Vehicle, 50, 100, 
100 plus inhibitor) 

Dunnett vs vehi-
cle: 50 µg/mL 

Dunnett vs vehicle: 
100 µg/mL 

Dunnett vs 
vehicle: 100 
µg/mL plus 
inhibitor 

Planned t-test: 
100 vs 100 
plus inhibitor 

Caspase-3 F(3,8)=68.2, p<0.0001 p=0.0012 p<0.0001 p=0.19 (ns) p<0.0001 

Caspase-9 F(3,8)=54.5, p<0.0001 p=0.0018 p<0.0001 p=0.28 (ns) p<0.0001 

Values are mean ± SD; n=3; *peptide inhibitor in caspase 3 and caspase 9 assay  
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Figure 5A: Xanthatin docked with tubulin (A), STAT3 (B), VEGFR2 (C), and topoisomerase II (D) 

Interactions 

van der Waals 

Conventional hydrogen bond 

Carbon hydrogen bond 

Alkyl 

164 Bangladesh J Pharmacol 2025; 20: 158-168                                                                 



 

A 

B 

C 

D 

Figure 5B: Paclitaxel docked with tubulin (A), STAT3 (B), VEGFR2 (C), and topoisomerase II (D) 
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dose-dependent manner: ~22% decrease at 50 µg/mL 
and ~47% at 100 µg/mL compared to the vehicle 
control. CCCP induced the expected marked depola-
rization (≈68% decrease). Group differences were 
statistically significant (ANOVA, p < 0.0001), and both 
xanthatin doses differed significantly from the vehicle 
control (Dunnett’s test, p ≤ 0.001). These results indicate 
that xanthatin induces mitochondrial depolarization in 
SK-OV-3 cells in a dose-dependent manner, consistent 
with activation of the intrinsic apoptotic pathway 
(Table II). 

Molecular docking  

Xanthatin combines multitarget engagement with a 
drug‐like pharmacokinetic profile, making it 
particularly attractive for ovarian cancer therapy. While 
paclitaxel’s efficacy is largely limited to stabilizing 
microtubules—and is compromised by P-glycoprotein–
mediated efflux and a narrow chemical space—
Xanthatin not only docks robustly to tubulin but also to 
STAT3, VEGFR2, and topoisomerase II with affinities 
comparable to those shown in Figure 5A-B. Xanthatin 
exhibited uniformly negative ΔG values, indicating 
favorable binding to all four protein targets, with 
tubulin and VEGFR2 demonstrating the greatest 
affinity (Figure 6). Paclitaxel bound strongly to tubulin 
but showed weaker or even unfavorable interactions 
with VEGFR2 and topoisomerase II, underscoring 
distinct binding profiles between the two compounds. 

Moreover, xanthatin’s predicted high gastrointestinal 
absorption, blood–brain barrier permeability, lack of 
major CYP450 inhibition, and zero Lipinski violations 
suggest fewer metabolic liabilities and better oral 
bioavailability (data not shown). Its broader target 
spectrum—including COX-2, cathepsins L/K, AR, and 
PGR—further implies simultaneous disruption of proli-
feration, survival, and hormonal pathways that drive 
ovarian tumor growth. Taken together, these in silico 
findings support xanthatin as a compelling natural-
product alternative to paclitaxel, with the potential for 
equal or superior efficacy and reduced resistance in 
ovarian cancer treatment. 

 

Discussion 

Xanthatin demonstrated a consistent pattern of anti-
tumor activity in ovarian cancer cells by reducing cell 
viability, increasing membrane disruption, elevating 
intracellular oxidative stress, blocking migration, depo-
larizing mitochondria, and activating caspase cascades. 
These cellular findings were supported by molecular 
docking, which indicated favorable binding of xantha-
tin not only to tubulin but also to other oncogenic 
targets such as STAT3, VEGFR2, and topoisomerase II 
(Geng et al., 2023; Chen et al., 2023; Gao et al., 2025). 
Together, these results highlight xanthatin as a multi-
target natural compound with the potential to induce 
apoptosis and suppress metastatic behavior in ovarian 
cancer cells. 

Compared to previous studies, the present observations 
both align with and extend the existing literature. Prior 
research has demonstrated that xanthatin induces 
apoptosis in non-ovarian models through ROS accumu-
lation and caspase activation (Liu et al., 2023; Gao et al., 
2025). In pancreatic cancer, xanthatin suppressed 
growth via the ROS/RBL1 pathway (Geng et al., 2023). 
The ovarian-cell findings here are consistent with these 
studies, reinforcing the central role of ROS generation 
as a mechanism. In contrast to paclitaxel—which 
primarily stabilizes microtubules and is often compro-
mised by P-glycoprotein–mediated resistance in ova-
rian cancer—xanthatin exhibited a broader target pro-
file, including STAT3 and VEGFR2, potentially over-

Table II 

Caspase activities and fold-change vs vehicle 

Condition (24 hours) Red (J-aggregates) Green (monomers) JC-1 red/green ratio Dunnett vs vehicle (p) 

Vehicle 1650 ± 120 980 ± 80 1.7 ± 0.1 — 

Xanthatin (50 µg/mL) 1280 ± 95 980 ± 70 1.3 ± 0.1   0.0010 

Xanthatin (100 µg/mL) 860 ± 70 960 ± 65 0.9 ± 0.1 <0.0001 

CCCP (10 µM) 530 ± 50 1660 ± 120 0.5 ± 0.1 <0.0001 

Values are mean ± SD; n=3 

Figure 6: Docking free-energy (ΔG) comparison of xanthatin (X) 
and paclitaxel (P) with tubulin (T), STAT3, VEGFR2 and topoi-
somerase II 
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coming limitations of standard chemotherapy (Wang et 
al., 2024; Alalawy, 2024; Chen et al., 2023). 

Several factors may explain the observed results. The 
electrophilic α-methylene-γ-lactone moiety in xanthatin 
can form covalent adducts with cysteine residues on 
signaling proteins, which likely underlie multi-target 
engagement and disruption of redox balance (Liang et 
al., 2022). Strong ROS induction is expected to trigger 
mitochondrial depolarization and downstream caspase 
activation, consistent with intrinsic apoptosis. The 
observed downregulation of BCL-2 alongside upregula-
tion of BAX and caspase-3 supports this mechanism 
and mirrors gene expression changes reported in breast 
and lung models exposed to xanthatin or related 
sesquiterpene lactones (Hsu et al., 2024; Wang et al., 
2024). Additionally, inhibition of migration in the 
scratch assay is consistent with interference in cyto-
skeletal remodeling and survival signaling, processes in 
which STAT3 and VEGFR2 are key nodes (Grillo et al., 
2025). Methodologically, these anti-migratory effects 
align with natural product literature using matched 
scratch assay conditions (Arshad and Saleem, 2025). 

Differences between xanthatin and paclitaxel may also 
reflect pharmacokinetic and resistance properties. Pacli-
taxel resistance in ovarian cancer is frequently associa-
ted with β-tubulin alterations and the activity of drug-
efflux transporters (Wang et al., 2024). In contrast, in 
silico ADME predictions in this study indicated that 
xanthatin is not a substrate for P-glycoprotein and 
generally exhibits favorable pharmacokinetic proper-
ties, which could enhance bioavailability and reduce the 
risk of resistance (Lee et al., 2025). Moreover, natural 
product scaffolds such as xanthatin provide tractable 
templates for analog design—improving solubility or 
attenuating off-target toxicity—an approach widely 
employed to translate plant-derived leads toward 
clinical application (Arshad and Saleem, 2025; Lee et al., 
2025).  

 

Conclusion 

Xanthatin exhibits selective cytotoxicity, ROS-depen-
dent apoptosis, and exerts anti-migratory effects thro-
ugh multi-target protein engagement, distinguishing it 
from paclitaxel’s more limited mechanism of action. 
These characteristics warrant evaluation in more 
complex ovarian cancer models, such as spheroids and 
xenografts, and support testing for synergy with 
platinum-based agents and PARP inhibitors. Addition-
ally, formulation strategies—such as nanoparticle or 
micellar delivery systems—may further improve its 
therapeutic delivery.   
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