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ABSTRACT

Introduction: Colorectal carcinoma (CRC) is among the most prevalent and lethal malignancies
worldwide. Because conventional chemotherapy is frequently limited by severe systemic adverse
effects and the emergence of chemoresistance, alternative and complementary therapeutic strate-
gies are under active investigation. This study investigated the in vitro anticancer activity of a 70%
ethanol hydroalcoholic extract of Onopordum leptolepis against SW480 colorectal cancer cells and
its association with modulation of the Notch1/Jagged1/c-Myc signaling pathway. Methods: A
70% ethanol hydroalcoholic extract of O. leptolepis was prepared by maceration. Human SW480
CRC cells and non-tumorigenic L929 mouse fibroblasts were cultured. Cell viability following expo-
sure to increasing extract concentrations (12.5-800 pug/mL) was evaluated using the MTT assay, and
half-maximal inhibitory concentrations (ICso) were estimated via nonlinear regression. Apoptosis
was quantified through diphenylamine-based DNA fragmentation analysis. Relative mRNA expres-
sion levels of Notchl, Jaggedi, and c-Myc were determined by quantitative reverse transcription
PCR (gRT-PCR), and cellular protein levels were measured by ELISA. Cell motility and invasiveness
were evaluated using scratch wound-healing and Matrigel-coated Transwell assays, respectively.
Results: The hydroalcoholic extract of O. leptolepis exerted concentration-dependent cytotoxicity
against SW480 cells with an IC5p 0f 290.11 ug/mL (95% Cl: 259.8-324.0 ug/mL), whereas 1929 fibrob-
lasts exhibited marked resistance (viability > 75% at 800 pug/mL; ICso > 800 pg/mL). Treatment of
SW480 cells for 24 h caused a significant, dose-dependent decrease in viability, declining from 88—
92% at 12.5-50 pg/mL (p < 0.05) to 55-70% at 100-200 pg/mL and 32% at 800 pg/mL (all p < 0.001).
Apoptotic DNA fragmentation increased progressively from 8-12% at 12.5-25 ug/mL (p < 0.05) to
30-42% at 100-200 pg/mlL, reaching nearly 60% at 800 pg/mL (p < 0.001). Extract treatment sig-
nificantly downregulated NotchT, Jagged], and c-Myc at both the mRNA and cellular protein levels
(all p < 0.001). Furthermore, cell migration was markedly suppressed, with scratch wound closure
reduced from 45-50% in controls to 20-25% in treated cells (p < 0.001), and Transwell Matrigel
invasion was significantly inhibited (p < 0.001). Conclusion: The 70% ethanol hydroalcoholic ex-
tract of O. leptolepis demonstrates significant in vitro antiproliferative, pro-apoptotic, antimigratory,
and anti-invasive properties in SW480 colorectal cancer cells, mediated in part through suppres-
sion of the Notch1/Jagged1/c-Myc signaling pathway. These findings highlight O. leptolepis as a
promising botanical candidate for further phytochemical isolation and translational evaluation in
colorectal cancer management.

Key words: Onopordum leptolepis, Notch signaling pathway, Notch1, Jagged1, c-Myc, Colorectal
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INTRODUCTION

Colorectal cancer (CRC) remains one of the lead-
ing causes of cancer-related morbidity and mortality
worldwide. According to the GLOBOCAN 2022 esti-
mates published by the International Agency for Re-
search on Cancer (IARC), more than 1.9 million new
CRC cases and over 900,000 deaths occurred glob-
ally in 2022, establishing CRC as the third most com-
monly diagnosed malignancy and the second lead-
ing cause of cancer mortality worldwide'. In Iran,
national cancer registry and epidemiological data
indicate approximately 131,000-140,000 new can-

cer diagnoses and more than 70,000 cancer-related
deaths annually 2. Among these malignancies, CRC
poses a formidable public health challenge and is
recognized as one of the most prevalent tumors of
the gastrointestinal tract3. The high invasive and
metastatic propensity of CRC represents a major de-
terminant of adverse clinical prognosis and remains
a primary cause of treatment failure despite ad-
vancements in diagnostic screening and therapeutic
interventions?.

Although systemic chemotherapy remains a cor-
nerstone of CRC management, its clinical utility is
frequently hindered by severe off-target cytotoxici-
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ties and the eventual emergence of multidrug resis-
tance during prolonged therapy. These limitations
underscore the urgent need to identify novel ther-
apeutic candidates with enhanced antitumor effi-
cacy and favorable safety profiles®. In recent years,
numerous plant-derived bioactive compounds and
traditional herbal formulations have exhibited po-
tent anticancer activities through the induction of
apoptosis, suppression of tumor cell proliferation,
inhibition of migration and invasion, and modula-
tion of key oncogenic signaling cascades, includ-
ing the Notch, PI3K/Akt, and NF-kB pathways. For
example, flavonoids isolated from Ageratum cony-
zoides® and the traditional formulation Miao-Yi-Ai-
Tang’ have demonstrated marked potential in halt-
ing cervical and lung cancer progression, respec-
tively. Onopordum leptolepis, commonly known in
Persian as “Kharpanbeh”, is a perennial species be-
longing to the Asteraceae family that thrives pre-
dominantly in semi-arid environments®. Morpho-
logically, it is distinguished by pink inflorescences,
spiny aerial structures, compartmentalized recepta-
cles, and glabrous, sub-quadrangular achenes. His-
torically, this species has been utilized in traditional
medicine for various therapeutic applications. Ow-
ing to its rich composition of flavonoids and phe-
nolic derivatives, O. leptolepis exhibits notable phar-
macological activities, including potent antioxidant
and antiproliferative properties, and has been inves-
tigated as a protective constituent in dermatological
and pharmaceutical preparations®.

The Notch signaling pathway is an evolutionarily
conserved molecular cascade critically implicated
in regulating embryonic development, tissue home-
ostasis, and diverse tumorigenic processes, includ-
ing cellular proliferation, differentiation, survival,
angiogenesis, migration, and invasion. Canonical
Notch signaling is initiated through interactions be-
tween transmembrane Notch receptors (Notch1-
4) and membrane-bound ligands (Jagged1/2 and
Delta-like 1/3/4), triggering sequential proteolytic
cleavages that release the active Notch intracel-
lular domain (NICD) to translocate into the nu-
cleus and drive target gene transcription'°. Among
these pathway constituents, Notchl, its ligand
Jagged1, and the downstream proto-oncogenic ef-
fector c-Myc are critically involved in promoting
CRC cell proliferation, inhibiting apoptosis, and

driving metastatic dissemination '’

. Accumulating
clinical and experimental evidence indicates that
aberrant overexpression of Notch1 and Jagged1 cor-
relates strongly with disease recurrence, chemore-

sistance, and metastasis in CRC, suggesting that

deregulated Notch signaling serves as an essential
driver of colorectal tumorigenesis.

Although various phytochemicals have been re-
ported to inhibit Notch signaling in colorectal ma-
lignancies, the biological activity and molecular tar-
gets of O. leptolepis remain largely unexplored. To
our knowledge, no previous investigation has char-
acterized the antitumor effects of the 70% ethanol
hydroalcoholic extract of O. leptolepis in CRC cells
or evaluated its potential association with the
Notch1/Jagged1/c-Myc signaling pathway. There-
fore, the present study aimed to evaluate the in vitro
antiproliferative, pro-apoptotic, antimigratory, and
anti-invasive properties of O. leptolepis extract in
SW480 human colorectal cancer cells and to deter-
mine whether these phenotypic anticancer actions
are associated with suppression of the Notch signal-

ing cascade.

METHODS

Preparation of the 70% Ethanol
Hydroalcoholic Extract of Onopordum
leptolepis

Plant specimens of Onopordum leptolepis were col-
lected from the mountainous regions of Kerman-
shah, Iran (GPS coordinates: 34° 18’ 51.01” N, 47°
03’ 54.00” E) during the optimal flowering season.
Botanical authentication was confirmed by an ex-
pert plant taxonomist, and a voucher specimen was
deposited in the institutional herbarium (Voucher
No. KU-OV-2020-001). The aerial parts (leaves and
flowering stems) were cleaned and shade-dried at
ambient room temperature to prevent the thermal
degradation of thermolabile phytoconstituents. The
dried material (40 g) was pulverized into a fine pow-
der using an electric grinder to optimize surface
area contact and enhance solvent penetration dur-
ing extraction. Hydroalcoholic extraction was per-
formed using the maceration technique with 70%
ethanol (v/v), a solvent system established for ef-
ficiently extracting a broad spectrum of polar and
semi-polar bioactive phytoconstituents. The pulver-
ized plant material was immersed in 300 mL of 70%
ethanol and agitated on an orbital shaker at moder-
ate speed for 72 h at room temperature. The mix-
ture was filtered through Whatman No. 1 filter pa-
per to remove insoluble particulate residues. The fil-
trate was concentrated under a chemical fume hood
with gentle airflow at room temperature and sub-
sequently dried in a temperature-controlled oven at
45 °C for 24 h to ensure complete removal of resid-

ual ethanol. The final dried crude extract was stored
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in airtight, light-protected containers at -20 °C un-
til experimental use. Stock solutions were prepared
by dissolving the dried extract in dimethyl sulfox-
ide (DMSO) and subsequently diluted with culture
medium to achieve designated working concentra-
tions. The final DMSO concentration in all treat-
ment wells was maintained at < 0.1% (v/v), a level
confirmed to exert negligible cytotoxicity. Vehicle
control wells received an equivalent concentration
of DMSO (0.1%) without plant extract 1.

Cell Culture Conditions

Human colorectal carcinoma cells (SW480) and
non-tumorigenic mouse subcutaneous fibroblasts
(NCTC clone 929 / L929) were obtained from
established cell repositories and cultured under
standard sterile conditions in 25-cm? tissue cul-
ture flasks.  SW480 cells were maintained in
RPMI-1640 medium supplemented with 10% heat-
inactivated fetal bovine serum (FBS) and 1%
penicillin-streptomycin (100 U/mL penicillin, 100
pg/mL streptomycin). Experiments were conducted
using cells between passages 4 and 10. L929 fibrob-
lasts were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) enriched with 10% FBS and 1%
penicillin-streptomycin. Both cell lines were main-
tained at 37 °C in a humidified atmosphere contain-
ing 5% CO,, with growth media replenished every
48-72 h. Cell morphology and confluence were rou-
tinely monitored using an inverted phase-contrast
microscope, and cells were subcultured using 0.25%

trypsin—EDTA upon reaching 80-90% confluence '3.

Cell Viability Assessment (MTT Assay)

Cell viability was evaluated using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) colorimetric assay. Briefly, SW480 cells
and L929 fibroblasts were seeded into 96-well plates
at a density of 1.5 x 10* cells/well and incubated
overnight to facilitate attachment and equilibra-
tion. Cells were subsequently treated with increas-
ing concentrations of the 70% ethanol hydroalco-
holic extract (12.5, 25, 50, 100, 200, 400, and 800
pg/mL) or vehicle control (0.1% DMSO) for 24 h.
The concentration range was selected to encom-
pass non-cytotoxic, moderately cytotoxic, and high-
dose cytotoxic thresholds for comprehensive dose-
response modeling. Following 24 h of incubation,
30 pL of MTT solution (5 mg/mL in PBS) was added
to each well, and plates were incubated for an ad-
ditional 3 h at 37 °C in the dark to facilitate the
reduction of MTT into insoluble formazan crystals

by active mitochondrial dehydrogenases. The su-
pernatant was carefully aspirated, and 100 pL of
DMSO was added to each well to solubilize the for-
mazan precipitates. Plates were gently agitated on
a microplate shaker for 20 min at room tempera-
ture to ensure complete dissolution, and absorbance
was measured at 570 nm using an ELISA microplate
reader. Percentage cell viability was calculated as
follows: Cell Viability (%) = (ODtest / ODcontrol) X
100. The extract remained visually soluble through-
out the 24-h incubation period without observable

precipitation 14,

Determination of 1C5y Values

Cell viability data obtained after 24 h of extract
exposure were fitted to a four-parameter logis-
tic (4PL) nonlinear regression model using Graph-
Pad Prism (version 8.0) and SPSS (version 16.0).
Concentration—-response curves were generated by
plotting cell viability (%) against the logqo of extract
concentration (pg/mL). The half-maximal inhibitory
concentration (ICsg) values, corresponding 95% con-
fidence intervals (95% Cl), and goodness-of-fit coef-
ficients (R?) were derived from the fitted regression

curves.

Apoptosis Quantification
(Diphenylamine-Based DNA
Fragmentation Assay)

Apoptotic cell death was evaluated by quantify-
ing low-molecular-weight DNA fragmentation us-
ing the diphenylamine (DPA) colorimetric method.
Following 24 h of treatment with designated extract
concentrations, approximately 5 x 10° SW480 cells
were harvested, washed with cold PBS, and lysed
in 1 mL of TTE lysis buffer (10 mM Tris-HCI, pH
7.4,1mM EDTA, 0.2% Triton X-100) to selectively re-
lease fragmented apoptotic DNA. Cell lysates were
centrifuged at 20,000 x g for 10 min at 4 °C to
separate fragmented DNA (supernatant, Sample A)
from intact, high-molecular-weight chromatin (pel-
let, Sample B). The supernatant was collected into
a fresh tube, while the pellet was resuspended in 1
mL of TTE buffer.
with an equal volume of 25% trichloroacetic acid
(TCA) and incubated overnight at 4 °C to precipitate
DNA. Following centrifugation at 20,000 x g for 10

Both fractions were combined

min, the resulting precipitates were hydrolyzed by
adding 160 pL of 5% TCA and heating at 90 °C for
15 min. Subsequently, 320 pL of freshly prepared
DPA reagent was added to each sample, followed by

8926



Biomedical Research and Therapy 2026, 13(08):8924-8936

incubation at 37 °C for 4 h to allow color develop-
ment. Optical density was measured at 600 nm us-
ing a spectrophotometer. The percentage of apop-
totic DNA fragmentation was calculated using the
formula: DNA Fragmentation (%) = [ODsample a /
(ODSampleA + ODSamp[e B)] X 100 .

Gene Expression Analysis by Quantitative
Real-Time PCR (qRT-PCR)

Total cellular RNA was extracted from treated and
untreated SW480 cells using TRIzol reagent accord-
ing to the manufacturer’s instructions and stored
at -80 ‘C. RNA concentration and purity were as-
sessed using a NanoDrop spectrophotometer, with
Azs0/Azg0 absorbance ratios between 1.8 and 2.0
considered acceptable for downstream applications.
Complementary DNA (cDNA) was synthesized from
1 pg of total RNA using the RevertAid First Strand
cDNA Synthesis Kit (Thermo Fisher Scientific, USA;
Cat. No. K1622). Quantitative real-time PCR was
performed using PowerUp™ SYBR™ Green Master
Mix (Applied Biosystems, USA; Cat. No. A25742) on
a real-time PCR detection system. The amplifica-
tion protocol consisted of an initial denaturation at
95 °C for 10 min, followed by 40 cycles of denatura-
tion at 95 °C for 15 s, annealing at 60 °C for 30 s, and
extension at 72 °C for 30 s. A terminal melting curve
analysis (65-95 °C) was conducted to verify amplifi-
cation specificity and confirm the absence of primer-
dimer artifacts. The specific primer sequences were
as follows:

« Notch1'®: Forward 5-CGTTCCAGCAGTCTC
CGTC-3, Reverse 5-GTGGGCCAGTCTCAAA
GG-3'

. Jagged1'®: Forward 5-AGTGCCTGAATGGAC
GGA-3’, Reverse 5-TGGAGACTGGAAGACC
GA-3’

« ¢-Myc': Forward 5-TCTCCATCCTATGTTG
CGGTC-3, Reverse 5-TCCAAGTAACTCGGT
CATCATCT-3'

« GAPDH: Forward 5-GTCTCCTCTGACTTC
AACAGCG-3', Reverse 5-ACCACCCTGTTGC
TGTAGCCAA-3'

GAPDH served as the internal housekeeping control.
Relative mRNA expression levels were calculated us-

ing the comparative 2-28Ct method 1°.

Quantification of Notch1, Jagged1, and
c-Myc Protein Levels by ELISA

Cellular protein levels of Notch1, Jagged1, and c-
Myc were determined using commercially available,

enzyme-linked immunosorbent assay (ELISA) kits
according to the manufacturers’ protocols: human
Notch1 ELISA kit (Invitrogen, Thermo Fisher Sci-
entific; Cat. No. EHNOTCH1), human Jagged1
ELISA kit (R&D Systems; Cat. No. DY599), and
human c-Myc ELISA kit (MyBioSource; Cat. No.
MBS724950). Following 24 h of treatment, SW480
cells were gently detached using a non-enzymatic
cell dissociation solution, washed twice with ice-
cold PBS, and lysed in cell lysis buffer containing
protease inhibitors. Protein extracts were added to
pre-coated microplates and incubated with target-
specific capture and biotinylated detection anti-
bodies, followed by incubation with streptavidin-
horseradish peroxidase conjugate. Chromogenic
substrate solution was added, and absorbance was
measured at 450 nm (with wavelength correction
at 570 nm) using a microplate reader. Target pro-
tein concentrations were calculated from standard
curves generated with serial dilutions of purified re-
combinant standards and normalized to total pro-
tein content. Untreated cells served as controls, and
blank wells containing assay reagents without cell
lysate were included to determine background ab-

sorbance?.

Scratch Wound-Healing Assay (Cell
Migration)

Two-dimensional collective cell motility was evalu-
ated using the scratch wound-healing assay. SW480
cells were seeded into 6-well plates at a density of 1.6
x 10° cells/mL and cultured until reaching a conflu-
ent monolayer. A uniform, linear cell-free scratch
was generated across the center of each well using
a sterile 1-mL pipette tip. Wells were washed gently
with PBS to remove dislodged cells and debris. Cells
were then incubated in DMEM supplemented with
2% FBS (to minimize confounding effects of cellular
proliferation) in the presence or absence of O. lep-
tolepis extract for 24 h at 37 °C. Wound closure was
monitored by photographing identical coordinates
immediately after scratch generation (0 h) and after
24 h using an inverted phase-contrast microscope
equipped with a digital camera. Quantitative mea-
surement of the denuded area was performed using
automated threshold-based image segmentation in
TScratch software (MathWorks Inc.). The percent-
age of wound closure was calculated as: Wound Clo-
sure (%) = [(Wound Area at 0 h - Wound Area at 24
h) / Wound Area at 0 h] x 1002'.
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Matrigel Transwell Invasion Assay

Cellular invasive capacity was evaluated using 24-
well Transwell chambers containing 8-pm pore
polycarbonate membrane inserts (6.5-mm diameter;
Corning Inc.). The upper surface of each insert
membrane was coated with 50 pL of growth-factor-
reduced Matrigel (diluted in serum-free medium)
and incubated at 37 °C for 30 min to allow gel poly-
merization. SW480 cells in the logarithmic growth
phase were harvested and resuspended in serum-
free medium at a density of 1.0 x 10° cells/mL. A
100-uL aliquot of cell suspension was placed into
the upper chamber, while 600 puL of medium con-
taining 2% FBS (serving as a chemoattractant), with
or without O. leptolepis extract, was added to the
lower chamber. Following 24 h of incubation at 37
°C in 5% CO,, non-invaded cells and residual Ma-
trigel on the upper membrane surface were care-
fully removed with cotton swabs. Cells that invaded
through the membrane to the lower surface were
fixed with 4% paraformaldehyde for 20 min at room
temperature and stained with 0.5% crystal violet so-
lution for 20 min. After washing thoroughly with
distilled water and air-drying, representative micro-
scopic images were captured. For quantitative anal-
ysis, the bound crystal violet was dissolved in 70%
ethanol, and optical density was measured at 570
nm using a microplate reader. Absorbance values
served as an indirect measure of the relative num-
ber of invaded cells?2.

Statistical Analysis

All experiments were performed independently in
triplicate (n = 3), with each assay conducted in tech-
nical triplicates. Quantitative data are presented as
the mean = standard error of the mean (SEM). The
normality of data distribution was assessed using
the Kolmogorov-Smirnov test, and all datasets sat-
isfied normality assumptions (p > 0.05). Differences
among multiple experimental groups were evalu-
ated using one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc multiple-comparison
test. Statistical analyses were performed using SPSS
software (version 16.0; SPSS Inc., Chicago, IL, USA)
and GraphPad Prism (version 8.0). A two-tailed p <

0.05 was considered statistically significant?3,

RESULTS

Cytotoxic Dose-Response of Onopordum
leptolepis Extract in SW480 Cells and
L929 Fibroblasts

To characterize the cytotoxic activity and selectiv-
ity of the 70% ethanol hydroalcoholic extract of O.

leptolepis, concentration-response profiles were es-
tablished from 24-h MTT assay data using four-
parameter logistic (4PL) nonlinear regression anal-
ysis. As depicted in Figure 1A, the extract pro-
duced a pronounced, concentration-dependent re-
duction in the viability of SW480 colorectal cancer
cells. The fitted logistic model demonstrated strong
concordance with experimental data (R? > 0.95),
yielding an estimated 1Cs59 of 290.11 pg/mL (95%
Cl: 259.8-324.0 pg/mL). Cell viability steadily de-
clined with increasing extract concentrations, reach-
ing approximately 32% at the highest tested con-
centration (800 pg/mL), confirming significant cy-
totoxic efficacy against SW480 cells. In contrast,
non-tumorigenic L929 mouse fibroblasts exhibited
marked resistance across the same concentration
range (12.5-800 pg/mL; Figure 1B). L929 cell viability
remained above 50% across all evaluated concentra-
tions, retaining approximately 75% viability even at
800 pg/mL. Consequently, the ICsy for L929 fibrob-
lasts could not be experimentally achieved within
the tested range and is reported as 1C59 > 800
pg/mL. Comparison of the two dose-response pro-
files indicates that O. leptolepis extract exhibits pref-
erential cytotoxicity toward malignant SW480 cells

relative to normal fibroblasts (Figure 1).

Comparative Effects of Onopordum
leptolepis Extract on CRC Cell and
Fibroblast Viability

Direct comparison of cell viability between SW480
CRC cells and L929 fibroblasts following 24 h of
extract exposure across increasing concentrations
(12.5-800 pg/mL) is presented in Figure 2. In SW480
cells, low extract concentrations (12.5-50 pg/mL) in-
duced a modest but statistically significant decrease
in viability (88-92% vs. 100% in control, p < 0.05).
Substantial cytotoxicity occurred at intermediate
concentrations of 100 and 200 pg/mL, where viabil-
ity dropped significantly to approximately 70% and
55%, respectively (p < 0.001 vs. control). At 400 and
800 pg/mL, cell survival further declined to 48% and
32%, respectively (p < 0.001 vs. control), represent-
ing more than a two-thirds reduction in metabolic
activity. Conversely, L929 fibroblasts maintained
near-baseline viability at concentrations up to 200
pg/mL (p > 0.05 vs. control), with only a slight re-
duction at 400 pg/mL (approximately 88% viability,
p < 0.01) and a moderate reduction at 800 pug/mL
(around 75% viability, p < 0.001) (Figure 2).
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Dose-response curves for the hydroalcoholic extract of Onopordon leptolepis
(MTT assay, 24 h)
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SW480 (CRC cells) 290.11 259.8 - 324.0 0.987 -1.28
1929 (Normal fibroblasts) > 800* - 0.954 -0.82

* Cell viability remained above 50% at the highest concentration tested (800 pg/mL); therefore, the IC5q value could not be

determined within the investigated concentration range.

Figure 1: Concentration-response cytotoxicity profiles of Onopordum leptolepis hydroalcoholic extract on
SW480 colorectal cancer cells and L929 normal fibroblasts. SW480 human colorectal carcinoma cells and L929
mouse subcutaneous fibroblasts were exposed to increasing concentrations (12.5, 25, 50, 100, 200, 400, and 800
pg/mL) of 70% ethanol hydroalcoholic extract of O. leptolepis for 24 h. Cell viability was determined using the
colorimetric MTT assay. (A) Dose-response curve of SW480 cells fitted using a four-parameter logistic (4PL) non-
linear regression model, showing concentration-dependent cytotoxicity with an estimated ICso of 290.11 pg/mL
(95% Cl: 259.8-324.0 pg/mL; R? > 0.95). (B) Dose-response curve of L929 non-tumorigenic fibroblasts showing
cellular resistance across the tested range, with viability remaining >75% at 800 pg/mL (ICso > 800 pg/mL). Data
are presented as mean + SEM from three independent experiments (n = 3) performed in triplicate.

Induction of Apoptotic DNA
Fragmentation in SW480 Cells

To determine whether extract-induced cytotoxicity
was associated with programmed cell death, apop-
totic DNA fragmentation was quantified using the
DPA colorimetric assay (Figure 3). Treatment of
SW480 cells with O. leptolepis extract for 24 h led to
a robust, dose-dependent increase in DNA fragmen-
tation. Baseline fragmentation in untreated control
cells was minimal (<5%). Exposure to low concen-
trations (12.5 and 25 pg/mL) resulted in a modest
elevation of fragmentation to 8-12% (p < 0.05). A
marked and statistically significant increase was ob-
served at 50 and 100 pg/mL, where fragmentation
rose to approximately 18% and 30%, respectively (p
< 0.001). At 200 pg/mL, apoptosis reached nearly
42% (p < 0.001), representing more than an eight-
fold increase relative to controls. Higher concen-
trations (400 and 800 pg/mL) elicited the most pro-

nounced apoptotic responses, with fragmentation

levels reaching approximately 48% and nearly 60%,
respectively (both p < 0.001) (Figure 3).

Suppression of Notch Pathway Gene
Expression in SW480 Cells

To examine the molecular mechanisms associated
with the anticancer effects of O. leptolepis, relative
mRNA expression levels of key Notch signaling com-
ponents (Notch1, Jagged1, and c-Myc) were analyzed
by qRT-PCR following 24 h of treatment (Figure 4).
In untreated control cells, all three genes displayed
stable baseline expression levels (normalized to 1.00
+0.10). Exposure to O. leptolepis extract resulted in
significant transcriptional downregulation of Notch1
to 0.68 + 0.12 (p < 0.001 vs. control) and JaggedT to
0.63 = 0.11 (p < 0.001 vs. control). Concurrently,
expression of the downstream oncogenic effector c-
Myc was significantly decreased to 0.52 + 0.14 (p <
0.001 vs. control) (Figure 4).

8929



Biomedical Research and Therapy 2026, 13(08):8924-8936

SWA480 (Colorectal cancer cells)

120
100
9
s 80
>
h=N7]
3% w
53
=2
3 40 -
2000 ICso = 290.11 pg/mL

0 - T T T T

T T T
0 125 25 50 100 200 400 800

Concentration (ug/mL)

—&— A SW480 (Colorectal cancer cells)

0

Normal fibroblast cells (L929)

120

100 - .
- *hk
S
T s 80
2l
37
53
==
8 40

ks ICs, > 800 pg/mL

0 < T T

T T T T T
0 125 25 50 100 200 400 800

Concentration (ng/mL)

Statistical significance vs. control (0 pg/mL):

Data are presented as: * p<0.05
—e— B Normal fibroblast cells (L929) Mean + SEM (n = 3 independent experiments) * p<0.01
** p<0.001
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Figure 2: Comparative metabolic viability of SW480 colorectal cancer cells and L929 fibroblasts following
treatment with Onopordum leptolepis extract. SW480 and L929 cells were incubated with O. leptolepis hydroal-
coholic extract (12.5-800 ug/mL) or vehicle control (0.1% DMSO) for 24 h. Formazan crystal formation was quan-
tified at 570 nm. The bar graph illustrates selective, concentration-dependent suppression of metabolic activity
in SW480 cells compared with relatively unaffected L929 fibroblasts. Data are expressed as mean + SEM (n = 3).
Statistical significance was determined using one-way ANOVA followed by Tukey’s post hoc test: *p < 0.05, **p <

0.01, ***p < 0.001 vs. untreated control (0 pg/mL).

Downregulation of Notch Pathway

Protein Expression in SW480 Cells
with the observed

changes, quantitative ELISA demonstrated a signif-

Consistent transcriptional
icant reduction in cellular protein levels of Notch1,
Jagged1, and c-Myc in SW480 cells following 24 h
of extract treatment (Figure 5). Compared with
untreated control cells (normalized to 1.0-fold),
exposure to O. leptolepis extract significantly
decreased Notch1 protein levels to approximately
0.80-fold, Jagged1 to 0.65-fold,

0.60-fold (all p < 0.001 vs. control) (Figure 5).

and c-Myc to

Inhibition of SW480 Cell Migration by
Onopordum leptolepis Extract

The effect of O. leptolepis extract on cell motility
was evaluated using the scratch wound-healing as-
say (Figure 6). Untreated control SW480 cells ex-
hibited vigorous collective migration, achieving 45—
50% scratch area closure after 24 h. In contrast,
treatment with O. leptolepis extract significantly im-

peded cell migration, reducing wound closure to 20—

25% (p < 0.001 vs. control), demonstrating potent
antimigratory activity in vitro (Figure 6).

Inhibition of SW480 Cell Invasion by
Onopordum leptolepis Extract

The impact of O. leptolepis extract on cell invasive-
ness was assessed using Matrigel-coated Transwell
invasion chambers (Figure 7). In untreated controls,
robust cellular invasion through the reconstituted
basement membrane was observed, corresponding
to an optical density (ODs70) of 0.95-1.0. Exposure
to O. leptolepis extract significantly decreased the
absorbance of extracted crystal violet to approxi-
mately 0.80 (p < 0.001 vs. control), reflecting a sub-
stantial reduction in the number of invading cancer
cells (Figure 7).

DISCUSSION

To our knowledge, the present study provides
the first evidence demonstrating that the 70%
ethanol hydroalcoholic extract of Onopordum lep-
tolepis exhibits potent in vitro antiproliferative, pro-
apoptotic, antimigratory, and anti-invasive activi-
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Apoptosis (%) in SW480 cells after 24 h treatment
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Apoptosis was determined by DNA fragmentation assay after 24 h treatment.

Figure 3: Concentration-dependent induction of apoptotic DNA fragmentation in SW480 cells by Onopor-
dum leptolepis extract. SW480 cells were treated with indicated concentrations of O. leptolepis 70% ethanol hy-
droalcoholic extract for 24 h. Low-molecular-weight fragmented DNA was separated from intact high-molecular-
weight chromatin and quantified using the diphenylamine (DPA) colorimetric method at 600 nm. The bar chart
shows the percentage of apoptotic DNA fragmentation across treatment groups. Values represent mean + SEM
of three independent experiments (n = 3). *p < 0.05, ***p < 0.001 vs. untreated control (one-way ANOVA with

Tukey’s post hoc test).

ties against SW480 colorectal cancer cells, accom-
panied by significant downregulation of Notch1,
Jagged1, and c-Myc expression at both the tran-
script and protein levels. Although the modulation
of Notch signaling has been established for several
other botanical compounds, the antineoplastic po-
tential of O. leptolepis in colorectal cancer has not
been previously described?*.

Our findings revealed that O. leptolepis extract
induced a concentration-dependent reduction in
SW480 cell viability (ICso = 290.11 pug/mL) while ex-
hibiting markedly lower cytotoxicity toward non-
tumorigenic L929 fibroblasts (IC5p > 800 pg/mL).
This differential response indicates a favorable in-
dex of selectivity toward malignant cells under the
tested in vitro conditions. Growth inhibition was ac-
companied by a robust, dose-dependent induction
of apoptosis, as evidenced by significant DNA frag-
mentation reaching nearly 60% at 800 pg/mL. These
results suggest that the cytotoxic action of the ex-
tract is mediated, at least in part, by the activation

of programmed cell death pathways.

The concentrations evaluated in this study (12.5-
800 pg/mL) were selected to define the full
concentration—response relationship of the crude
extract during initial in vitro screening. While high
in vitro concentrations (up to 800 pg/mL) are stan-
dard in preliminary botanical evaluations, such sys-
temic levels may not be directly achievable in vivo
due to complex pharmacokinetic parameters, in-
cluding gastrointestinal absorption, first-pass hep-
atic metabolism, tissue distribution, and rapid clear-
ance. Consequently, these findings should be in-
terpreted as proof-of-concept evidence of biologi-
cal activity in vitro rather than direct predictors
of clinical efficacy. Future investigations focus-
ing on bioassay-guided fractionation, active con-
stituent isolation, pharmacokinetic profiling, and
in vivo xenograft models are required to establish
translational relevance and therapeutically achiev-
able doses.

Aberrant activation of the Notch signaling path-
way plays a pivotal role in the initiation, progres-
sion, and metastasis of various malignancies, includ-

ing colorectal carcinoma?®, prostate carcinoma?°,
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Figure 4: Transcriptional downregulation of Notch signaling components in SW480 cells treated with Ono-
pordum leptolepis extract. Relative mRNA expression levels of Notch1, Jagged1, and c-Myc were quantified by
SYBR Green gRT-PCR in SW480 cells following 24 h of exposure to O. leptolepis extract. Expression levels were nor-
malized to the internal control GAPDH using the 278ACt method. Untreated cells served as calibrators (baseline
= 1.0). Data represent mean + SEM (n = 3). ***p < 0.001 vs. control group (one-way ANOVA followed by Tukey’s
multiple-comparison test).
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Protein expression levels were normalized to total protein content and are presented
as fold change relative to the control group.

Figure 5: Suppression of Notch1, Jagged1, and c-Myc cellular protein levels in SW480 cells by Onopordum
leptolepis extract. Cellular protein expression levels of Notch 1, Jagged1, and the downstream effector c-Myc were
determined by quantitative ELISA in SW480 cells following 24 h of treatment with O. leptolepis extract. Values
are normalized to total protein content and presented as fold-change relative to untreated control cells. Data
represent mean + SEM from three independent experiments (n = 3). ***p < 0.001 vs. control (one-way ANOVA
with Tukey’s post hoc test).
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Effect of extract on migration of SW480 cells (Wound healing assay)
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Figure 6: Attenuation of SW480 colorectal cancer cell migration by Onopordum leptolepis extract. Conflu-
ent SW480 monolayers were scratch-wounded and cultured in low-serum medium (2% FBS) in the presence or
absence of O. leptolepis extract for 24 h. (A) Representative phase-contrast micrographs captured immediately
after scratching (0 h) and after 24 h of incubation. (B) Quantitative analysis of percentage scratch wound closure
calculated using TScratch automated threshold segmentation software. Data are presented as mean + SEM (n =
3). ***p < 0.001 vs. untreated control (one-way ANOVA with Tukey'’s post hoc test).

and breast carcinoma?’.

In CRC, elevated expres-
sion of Notch1, its ligand Jagged1, and downstream
target genes such as c-Myc, Hes-1, DLL4, and NF-
kB contributes to sustained proliferative signaling,
evasion of apoptosis, maintenance of cancer stem
cell populations, and epithelial-mesenchymal tran-
sition (EMT)%.

chemicals, such as curcumin, resveratrol, quercetin,

Several well-characterized phyto-

epigallocatechin-3-gallate (EGCG), berberine, and
thymoquinone, have been reported to exert anti-
cancer effects by inhibiting Notch signaling com-
ponents. Consistent with these observations, our
study demonstrated that O. leptolepis extract sig-
nificantly decreased the mRNA and protein levels of
Notch1, Jagged1, and c-Myc in SW480 cells, suggest-
ing that downregulation of this signaling axis may
represent an important mechanistic contributor to
its antitumor properties.

In addition to suppressing proliferation and induc-
ing apoptosis, O. leptolepis extract significantly re-
duced SW480 cell motility in wound-healing assays
and restricted invasion through Matrigel barriers.
Because Notch signaling is known to drive tumor

cell motility and invasiveness by orchestrating cy-
toskeletal remodeling, matrix metalloproteinase ex-
pression, and EMT progression, the observed an-
timigratory and anti-invasive actions of the extract
may stem, in part, from Notch pathway suppression.
An interesting aspect of our molecular findings
is that the reduction in protein levels of NotchT,
Jagged1, and c-Myc (0.60-0.80-fold of control) was
somewhat less pronounced than their correspond-
ing transcriptional downregulation (0.52-0.68-fold
of control). Such differences between transcript
abundance and protein levels are common in bi-
ological systems and can be attributed to multi-
ple post-transcriptional and translational regula-
tory mechanisms, including mRNA stability, trans-
lation efficiency, post-translational modifications,
and protein turnover rates. Furthermore, the 24-h
treatment window employed here may have been
sufficient to substantially inhibit gene transcrip-
tion while only partially depleting pre-existing cel-
lular protein pools, particularly for proteins with
longer intracellular half-lives. Time-course studies
evaluating multiple exposure durations and protein
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Figure 7: Inhibition of SW480 colorectal cancer cell invasion through Matrigel by Onopordum leptolepis
extract. Cell invasiveness was evaluated using Transwell chambers with Matrigel-coated 8-pum pore polycarbon-
ate membranes. SW480 cells were seeded into the upper chamber in serum-free medium and allowed to invade
toward 2% FBS chemoattractant medium with or without O. leptolepis extract for 24 h. (A) Representative light
microscopic images of invaded cells fixed and stained with crystal violet on the lower membrane surface. (B)
Spectrophotometric quantification of dissolved crystal violet absorbance at 570 nm, reflecting relative numbers

of invaded cells. Data are presented as mean + SEM (n =3

with Tukey’s post hoc test).

turnover kinetics will be valuable to delineate the
temporal dynamics of pathway inhibition.

Our findings align with and expand upon previous
phytochemical and pharmacological investigations
of Onopordum leptolepis. Mirzaei et al. investigated
the aerial parts of O. leptolepis using GC-MS anal-
ysis, identifying 27 chemical constituents, includ-
ing alkaloids, cyanogenic glycosides, tannins, and
steroids, and demonstrated antiproliferative effects
against CACO2 colorectal cancer cells via MTT and
NBT assays?>30. Similarly, Valizadeh et al. evalu-
ated various solvent extracts of vegetative and flo-
ral parts of O. leptolepis, reporting that hydroal-
coholic extracts possessed the highest free radical
scavenging and ferric reducing antioxidant power
(FRAP) activities®3?. Furthermore, Njeh et al. iso-
lated active flavonoids (including hispidulin and de-
hydromelitensin derivatives) from related Onopor-

). ¥**p < 0.001 vs. untreated control (one-way ANOVA

dum species (O. espinae) and demonstrated signif-
icant antimicrobial and biological activities3!. Col-
lectively, these studies suggest that the rich phyto-
constituent profile of O. leptolepis, particularly its
flavonoid, alkaloid, and phenolic content, underpins

its broad antioxidant and antineoplastic properties.

Although our results demonstrate a strong associ-
ation between O. leptolepis treatment and down-
regulation of the Notch1/Jagged1/c-Myc axis, the
present study does not establish a direct causal
molecular target. At higher concentrations, crude
botanical extracts may also exert non-specific cellu-
lar stress, membrane perturbation, or mitochondrial
effects that contribute to cytotoxicity. Nonetheless,
the marked selectivity observed between SW480
cells and normal L929 fibroblasts, coupled with co-

ordinated gene and protein downregulation, sup-
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ports target-specific biological activity beyond gen-

eralized toxicity.

LIMITATIONS

This study has several limitations that should be ac-
knowledged. First, the antitumor evaluation was
conducted exclusively in a single colorectal can-
cer cell line (SW480); validation across additional
CRC lines representing distinct genetic backgrounds
(e.g., HCT116, HT-29, DLD-1) and primary patient-
derived cells is necessary. Second, the observed
link between extract treatment and Notch path-
way downregulation remains associative; genetic
gain-of-function (overexpression) or rescue experi-
ments will be required to confirm direct causality.
Third, the study utilized a crude 70% ethanol extract
without bioassay-guided fractionation or chromato-
graphic isolation of individual active constituents.
Consequently, whether the observed activities are
driven by single compounds or synergistic phyto-
chemical interactions remains to be elucidated. Fi-
nally, as an in vitro investigation, these findings can-
not directly predict in vivo bioavailability, pharma-
cokinetics, systemic toxicity, or therapeutic efficacy,
necessitating future preclinical animal model evalu-

ations.

CONCLUSION

In conclusion, the 70% ethanol hydroalcoholic ex-
tract of Onopordum leptolepis exhibits selective in
vitro antiproliferative, pro-apoptotic, antimigratory,
and anti-invasive activities against SW480 colorec-
tal cancer cells. These phenotypic antitumor ef-
fects are accompanied by significant downregula-
tion of the Notch1/Jagged1/c-Myc signaling axis at
both the mRNA and protein levels. While these find-
ings highlight O. leptolepis as a promising botanical
candidate for colorectal cancer therapeutics, further
research encompassing phytochemical standardiza-
tion, isolation of active constituents, causal pathway
validation, and in vivo evaluations is warranted to
fully establish its translational potential.

ABBREVIATIONS

ANOVA: Analysis of variance; cDNA: Com-
plementary DNA; CRC: Colorectal carcinoma;
DMEM: Dulbecco’s Modified Eagle Medium;
DMSO: Dimethyl DPA: Dipheny-
lamine; EDTA:  Ethylenediaminetetraacetic
acid; EGCG: Epigallocatechin-3-gallate; ELISA:
assay; EMT:
FBS: Fetal
bovine serum; FRAP: Ferric reducing antioxidant

sulfoxide;

Enzyme-linked immunosorbent

Epithelial-mesenchymal transition;

power; GAPDH: Glyceraldehyde-3-phosphate de-
hydrogenase; GC-MS: Gas chromatography-mass
spectrometry; IARC: International Agency for
Research on Cancer; ICs¢: Half-maximal inhibitory
concentration; MTT: 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide; NBT: Nitroblue
tetrazolium; NICD: Notch intracellular domain;
OD: Optical density; PBS: Phosphate-buffered
saline; qRT-PCR: Quantitative reverse transcrip-
tion polymerase chain reaction; RPMI: Roswell
Park Memorial Institute; SEM: Standard error
of the mean; TCA: Trichloroacetic acid; TMB:
3,3',5,5"-Tetramethylbenzidine.
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