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ABSTRACT: �e Tragopogon dubius is traditionally used to treat many ailments, consumed as a vegetable, and utilized
as fodder for livestock. Tragopogon dubius, found in the Kashmir Himalayas, is the least explored for its bioactivity
properties and has a unique geographical location. �is study is the 
rst attempt to investigate the antioxidant,
anticancer, and genoprotective properties of the aqueous extracts from the leaves (AQ-TrDL) and stems (AQ-TrDS) of
this plant. AQ-TrDL and AQ-TrDS demonstrated signi
cant amounts of phenolic and �avonoid contents. GC-HRMS
identi
ed various phytochemicals belonging to di�erent classes, like carboxylic acids, fatty acid derivatives, phenols,
and triterpenoids. DPPH, Superoxide, FRAP, and ABTS antioxidant assays showed that AQ-TrDS exhibited stronger
radical scavenging activities than AQ-TrDL, with IC50 values ranging from 40.31 to 73.58 µg/mL. Cytotoxicity tests
revealed that AQ-TrDS signi
cantly inhibited the growth of cancer cells inMCF-7, HCT-116, HeLa, and A-549 cell lines,
with over 50% inhibition observed at concentrations ranging from 56.62 to 98.32 µg/mL. Importantly, minimal e�ects
were seen in normal 
broblast L-929 cells, with GI50 values over 434 µg/mL. Additionally, genoprotective tests showed
that AQ-TrDS e�ectively reduced “H2O2”-induced DNA damage in lymphocytes, decreasing damage by up to 61.18%
at a concentration of 320 µg/mL. HPLC analysis of amino acids identi
ed 10 amino acids in T. dubius leaves and 14
in stems, showing its nutritional value. Overall, these 
ndings highlight the biomedical potential of T. dubius aqueous
extracts for developing new pharmaceutical agents.
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1 Introduction

�e vast diversity of plant species is an important resource for the food, pharmaceutical, and cosmetic
industries [1]. Botanical components, including herbs, roots, �owers, fruits, leaves, seeds, decoctions, herbal
teas, and prepared extracts, have been extensively utilized in traditional and folk medicine for centuries.
�ese botanical ingredients are trusted for the treatment of a wide range of ailments, including dermato-
logical conditions, digestive disorders, respiratory issues, cardiovascular health, immune modulation, pain
management, and detoxi
cation [2,3]. A signi
cant number of pharmacologically active drugs have been
developed frommedicinal plants, displaying substantial clinical e�cacy against conditions such as diabetes,
cancer, and in�ammation. Many of these drugs were isolated based on indigenous knowledge systems [4].
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According to theWorldHealthOrganization (WHO), a large proportion of rural and urban populations
in Africa, India, and other developing nations continue to rely on traditional medicine for primary
healthcare [5]. Traditional herbal remedies are considered safer, more a�ordable, with fewer adverse side
e�ects, and reliance upon natural plant products is globally increasing [6]. �e evaluation of plant extracts
against cancer cell lines is well documented in the literature, serving as a model to assess the anticancer
potential of various phytochemicals [7]. Compounds such as polyphenols, �avonoids, terpenoids, glycosides,
diterpenes, carboxylic acids, and tannins play crucial roles in cancer prevention by disrupting key signalling
pathways. �ese phytochemicals exhibit antiproliferative, antimetastatic, antiestrogenic, and proapoptotic
properties [8–10]. �e emergence of new diseases and the increasing resistance to conventional treatments
have emphasized the urgent need for natural remedies capable of enhancing the body’s resistance to various
pathologies [11,12].

Plants are rich sources of antioxidants either in the form of raw extracts or as isolated compounds.
�ey play a pivotal role in stabilizing and deactivating free radicals before they can damage cellular
structures [13,14]. �e balance between antioxidants and free radicals is imperative in maintaining and
achieving optimal physiological functioning and must coexist in balance. Consequently, the incorporation
from external sources of antioxidants can e�ectively keep the regulation of oxidative damage in control. Sci-
enti
cally validated investigations have indicated that synthetic antioxidants hydroxyanisole and butylated
hydroxytoluene, have detrimental e�ects. �is has ignited the shi� towards the quest for safe natural plant
constituents with antioxidant activity like polyphenols, catechins, lignans, �avonoids, triterpenoids, etc. [15].
Additionally, plant-derived elements are essential for maintaining human health, as they provide critical
nutrients and amino acids necessary for optimal physiological function and growth [16,17].

Tragopogon dubius, commonly referred to as yellow salsify or ‘goats’ beard, is a perennial herbaceous
plant belonging to the Asteraceae family. Traditionally, T. dubius has been consumed for its edible roots,
which can be cooked, roasted, or added to soups and stews [18,19]. In traditional medicine, this plant
has been used to support digestive health, provide mild laxative e�ects, alleviate diarrhea, and act as a
diuretic [20]. Infusions and decoctions prepared from T. dubius are employed as remedies for ailments such
as coughs, colds, andminor infections. Topically, it is applied to soothe skin irritations and reduce cutaneous
swelling [21]. In indigenous communities in Jammu andKashmir, India,T. dubius is particularly prized for its
wound-healing properties. Extracts derived from di�erent parts of the plant, including water, methanol, and
ethyl acetate extracts, have demonstrated signi
cant antioxidant, antibacterial, anticancer, and antifungal
activities [15,22,23]. However, the full therapeutic potential of T. dubius remains underexplored. �is study
aims to investigate the antioxidant, anticancer, and genoprotective potentials of aqueous extracts derived
from the leaves and stems of T. dubius, while also unraveling its nutritional signi
cance, including the amino
acid and elemental pro
les. �is research contributes to the understanding of T. dubius as a multifaceted
plant with potential applications in the food, pharmaceutical, and nutraceutical industries, aligning with
several of the United Nations’ Sustainable Development Goals (SDGs).

2 Methods

2.1 Plant Material

�e plant Tragopogon dubius was harvested at morning time during June from the elevated moun-
tainous region of the village Lajoora from the Pulwama district, Jammu & Kashmir, India (33○52′21.13′′

N, 74○53′34.27′′ E, and an altitude of 1669.0 m above sea level). Mr. Akhtar Malik performed taxonomical
identi
cation at the University of Kashmir. A voucher specimen (No.: 2940-(KASH)) was preserved at the
Centre of Taxonomy and Biodiversity, University of Kashmir, Hazratbal, Srinagar, India. Fresh leaves and
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stems were dried at 40○C for 12 h in an oven, then 
nely powdered and stored in airtight glass containers for
subsequent analysis.

2.2 Chemicals and Solvents

Dimethyl sulfoxide (DMSO, ≥99.9%), ethidium bromide (EtBr, ≥95%), sodium carbonate (99.5%),
Folin–Ciocalteu reagent (98%), aluminium chloride (99.5%), nicotine amide adenine dinucleotide (NADH,
98%), hydrogen peroxide (H2O2, 97%), sodium hydroxide (97%), nitro blue tetrazolium (NBT, 95%),
phenazine methosulfate (PMS, 95%), low melting point agarose (LMPA, 98%), nicotine amide adenine
dinucleotide (NADH, 98%), normal melting point agarose (NMPA, 98%), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT, 98%), were purchased from HiMedia laboratories Pvt. Ltd., Mumbai,
India. Gallic acid (99%), HPLC-grade methanol (99%), DPPH (98%), and rutin (99%) were procured from
Sigma Chemical Co. (St. Louis, MO, USA). RPMI-1640 (99%) and DMEM (99%) media were obtained from
Merck Sigma Aldrich. All bioassays were conducted using analytical grade reagents.

2.3 Preparation of Aqueous Extract of Leaves and Stem

One hundred grams of the 
nely powdered leaves and stems ofTragopogon dubiuswere each placed into
separate conical �asks and extracted with 500 mL of double-distilled autoclaved water at room temperature
for 24 h under continuous stirring using a magnetic stirrer. �e resulting solutions were 
ltered through
Whatman 
lter paper, producing black-colored 
ltrates. To ensure that no residue passed through, the

ltrates were centrifuged at 3000× g. �e clear solutions were then concentrated to near dryness using a
rotary evaporator. �e semi-solid extracts were air-dried at 40○C for 5 days to eliminate residual moisture,
yielding 1.4 g of AQ-TrDL (leaf extract) and 2.5 g of AQ-TrDS (stem extract).�e extracts were stored at 4○C
for further analysis. �e extraction method followed that of [24], with slight modi
cations.

2.4 Total Phenolic and Flavonoid Contents

�e Folin-Ciocalteu method for total phenolic content (TPC) determination and aluminium chloride
method for total �avonoid content (TFC) were employed for the AQ-TrDL and AQ-TrDS extracts, following
the protocol adopted by Chandni et al. with slight modi
cations [25]. Gallic acid and rutin served as
the standard compounds, with TPC expressed as milligrams of gallic acid equivalents per gram of dry
extract weight (mg GAE/g DW) and TFC as milligrams of rutin equivalents per gram of dry extract weight
(mg RE/g DW).�e chemicals and reagents required encompass folin-Ciocalteu reagent, sodium carbonate,
aluminium chloride, sodium nitrite, sodium hydroxide, double-distilled water, and methanol.

2.5 Antioxidant Activity Assays

2.5.1 DPPH (2,2-Diphenyl-1-picrylhydrazyl) Assay

�e DPPH assay was performed using a modi
ed method [26] to evaluate the free radical scavenging
ability of AQ-TrDL and AQ-TrDS. Six di�erent concentrations of the extracts (25, 50, 100, 200, 400, and
800 µg/mL) were prepared. A stock solution of 4mgDPPH in 100mLmethanol (HPLC grade) was prepared.
Two milliliters of the DPPH stock solution were mixed with 0.3 mL of the extract solution, and the reaction
mixtures were incubated in darkness for 30 min at room temperature. A blank containing DPPH and
methanol (without extract) was also prepared. A�er incubation, 300 µL of the reaction mixture from each
concentration in triplicate were placed in 96-well plates, and the absorbance was measured at 517 nm. Rutin
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was used as the standard antioxidant. �e percentage of radical scavenging activity was calculated using the
formula:

Percent inhibition (%) =
(AC −AS)

AC
× 100

where Ac is the absorbance of the control and As is the absorbance of the sample.

2.5.2 Superoxide Radical Scavenging Assay

�e superoxide radical scavenging capacity of AQ-TrDL and AQ-TrDS was evaluated according to the
method of [27]. �e reaction mixture consisted of 1 mL of NBT solution (1.56 mM in phosphate bu�er,
pH 8), 1 mL of NADH solution (468 µM in phosphate bu�er, pH 8), 1 mL of the extracts (25 to 800 µg/mL
concentrations), and 0.5 mL of PMS solution (60 µM in phosphate bu�er, pH 8). A�er a 5-min incubation
at 25○C, the absorbance was measured at 560 nm. �e percentage inhibition of superoxide radicals was
calculated using the formula:

ABTS inhibition (%) =
(AC −AS)

AC
× 100

where Ac is the absorbance of the control reaction (without the sample) and As is the absorbance of the
reaction with the sample at di�erent concentrations.

2.5.3 FRAP (Ferric Reducing Antioxidant Power) Assay

�eFRAP assay was performed as described by [28].�e reactionmixture consisted of 200 µL of extract
using di�erent concentrations ranging from 25 µg/mL to 800 µg/mL) and 3 mL of FRAP reagent (composed
of sodium acetate bu�er, TPTZ, and FeCl3⋅6H2O in a 10:1:1 ratio). A�er incubation at 37○C for 30 min, the
absorbance was measured at 593 nm.�e percentage of inhibition was calculated using the formula:

Inhibition (antioxidant)(%) =
(A593sample −A593control)

A593sample
× 100

where A593 sample is the absorbance of aqueous extracts with di�erent concentrations at 593 nm wave-
lengths in absorbance mode and A593 control is absorbance of FRAP solution at 593 nm wavelength
without sample.

2.5.4 ABTS (2,2-Azino-bis (3-ethylbenzothiazoline-6-sulfonate))

�eABTS assay was performed with minor modi
cations, based on the method described by [29].�e
ABTS radical cation (ABTS•+) was generated by mixing 7.0 mM ABTS solution with 2.45 mM potassium
persulfate and incubating in the dark for 16 h. �e resulting solution was diluted with ethanol to achieve
an absorbance of 0.70–0.75 at 734 nm. In the assay, 100 µL of extract (concentrations ranging from 25 to
800 µg/mL) was mixed with 2.9 mL of ABTS solution. �e reaction mixture was incubated in the dark for 6
min, and the absorbance was measured at 734 nm. Rutin was used as the standard. �e percentage of ABTS
inhibition was calculated as follows:

ABTS inhibition (%) =
(AC −AS)

AC
× 100

where AC is the absorbance of untreated control cells, and AS is the absorbance of treated cells at various
extract concentrations.
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2.6 MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) Assay

�e cytotoxic e�cacy of crude aqueous leaf and stem extracts from Tragopogon dubius were assessed
against several human cancer cell lines, including MCF-7 (breast), HCT-116 (colon), HeLa (cervical), and
A549 (lung), as well as a normal mouse 
broblast cell line (L-929), utilizing the MTT assay as per standard
protocols [30]. All cell lines were procured from NCCS Pune, India, and cultured in Dulbecco’s Modi
ed
Eagle Medium (DMEM) supplemented with 20% Fetal Bovine Serum (FBS), 100 µg/mL penicillin, and
100 µg/mL streptomycin. Cultures were maintained at 37○C in a 5% CO2 humidi
ed incubator under
controlled conditions. Cell line selection was based on initial screening for extract sensitivity, speci
city,
and selective cytotoxicity, which supported the in vivo extrapolation of the in vitro results. Cancer cells were
seeded at a density of 8 × 103 cells per well in 96-well plates and allowed to adhere for 24 h. Cells were
subsequently exposed to varying concentrations (15.125–500 µg/mL) of the AQ-TrDL and AQ-TrDS extracts
for an additional 24 h. Following treatment, cells were incubated with 20 µL of MTT solution (5 mg/mL) for
3 h, facilitating the formation of formazan crystals. �ese were then dissolved by adding 100 µL of DMSO,
a�er which absorbance was recorded at 570 nm. Each concentration was tested in triplicate for each cell
line studied, to ensure reliability, reproducibility, and for the calculation of standard deviation and statistical
signi
cance.�e GI50 values, representing the concentration of extracts required to inhibit 50% cell growth,
were calculated using the following formula:

%Growth Inhibition =
(A0 −A1)

A0
× 100

where A0 is the absorbance of untreated control cells, and A1 is the absorbance of treated cells at various
extract concentrations.

2.7 Fluorescence Microscopy

Based on cytotoxicity results, the AQ-TrDS extract was found to exhibit superior anticancer activity
against MCF-7, HCT-116, HeLa, and A549 cell lines. �e apoptotic e�ects of AQ-TrDS on these can-
cer cells were further investigated using �uorescence microscopy, with a focus on mitochondrial and
nuclear alterations.

DAPI and Rhodamine Staining

Cancer cells were seeded into 24-well plates at an optimal density of approximately 1 × 105 cells/well and
incubated overnight to facilitate adhesion and proliferation, as previously described by [25]. Each well was
then exposed to a GI50 concentration of the AQ-TrDS extract for 24 h. A�er the completion of the treatment
period, the media containing unattached dead cells and AQ-TrDS was removed. �e treatment period, the
media containing unattached dead cells and AQ-TrDS was removed, and each well was washed with 1× PBS
(Phosphate-Bu�ered Saline). A�er washing, 0.490 µL of 1× PBS was added again to each well, where 10 µL
of DAPI (Stock solution, 1 µg/mL) and 10 µL of Rhodamine 123 (stock solution, 1 µg/mL) were mixed. �e
mixture was then allowed to incubate in the dark for 30 min inside a CO2 incubator. A�er incubation with
respective dyes, the excess dyes were removed by washing gently twice with 1× PBS, followed by visualizing
through a �uorescence microscope (Nikon Eclipse T2, Japan) to observe nuclear alterations and loss of
mitochondrial membrane potential.

2.8 Genotoxicity via Alkaline Comet Assay

�e alkaline comet assay, based on the protocol by [31] was used to evaluate the genotoxic potential
of AQ-TrDL and AQ-TrDS extracts. Brie�y, 1 × 104 cells were exposed to various concentrations (40, 80,
160, and 320 µg/mL) of the extracts for 30 min at 37○C in the dark. H2O2 (5 µg/mL) was employed as a
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positive control to induce oxidative DNA damage. To assess the genoprotective capacity, extracts were co-
incubated withH2O2. Following treatment, cells were embedded in 0.5% low-melting-point agarose (LMPA)
on slides pre-coated with 1% normal-melting-point agarose, solidi
ed at 4○C, and later immersed in lysis
bu�er (pH 10) for 4 h at 4○C. DNAmigration was induced by electrophoresis at 25 V and 300mA for 30min.
A�er neutralization and staining with ethidium bromide, comets were visualized under a Nikon Eclipse
Ts2 �uorescence microscope (Japan). DNA damage was quanti
ed using Comet Assay So�ware Project
(Casp lab).

2.9 Amino Acid Analysis

Amino acid composition was analysed utilizing an Agilent 1260 series High-Performance Liquid
Chromatography (HPLC) system (Agilent Technologies,Waldbronn, Germany) equippedwith a diode array
detector, as per the standardized Agilent protocol. �e system incorporated an Agilent Advance Bio AAA
column (4.6 × 100 mm) housed within a thermostatically controlled column compartment maintained at
40○C. Sample preparation was conducted through a standardized protocol involving 24 h hydrolysis at
110○C using 6 M hydrochloric acid (HCl) to yield protein hydrolysates. �e amino acids were separated and
quanti
ed via pre-column derivatization, utilizing FMOC (�uorenylmethoxycarbonyl) chloride for primary
amino acids and OPA (o-phthaldialdehyde) for proline. Calibration was performed using a standard amino
acid mixture (0.5 µM/mL for each amino acid). �e mobile phase consisted of 40 mM sodium phosphate
bu�er (pH 7.8) as phase A, and a mixture of acetonitrile, methanol, and water (45:45:10 v/v) as phase B. A 2.5
µL sample injectionwas employed,with separation achieved at a �ow rate of 2mL/min.�egradient program
began with a 0% phase B for 1.9 min, followed by an increase to 53% phase B over 16.3 min. A washing step
at 100% phase B and re-equilibration at 0% phase B concluded the run, with a total analysis time of 26 min.
Each sample was analysed in triplicate [32–34].

2.10 Sample Preparation for Mineral Constituent Estimation

Mineral content in the leaves and stems of T. dubius was determined using the acid digestion method.
One gram of dried, ground seed sample was placed in a 250 mL conical �ask, followed by the addition of
20–30 mL of a tri-acid mixture (HNO3:H2SO4:HClO4 = 10:1:4). �e contents were gently stirred to ensure
thorough moistening of the sample, then heated on an electric hot plate at 180–200○C until white fumes
appeared, and the solution became colorless. Upon partial drying or yellowing of the solution, an additional
5 mL of the tri-acid mixture was added. Once digestion was completed, the �ask was removed from the heat
and allowed to cool. Subsequently, 20–30 mL of distilled water was added, and the contents were thoroughly
mixed. �e solution was then 
ltered using Whatman No. 1 
lter paper into a 100 mL volumetric �ask, with
repeated washing of the conical �ask to ensure complete transfer of minerals [35].

Elemental Analysis via Microwave Plasma Atomic Emission Spectroscopy (MP-AES)

Elemental analysis was conducted using an Agilent 4210 Microwave Plasma Atomic Emission Spec-
troscopy (MP-AES) system (Agilent Technology Company), equipped with a standard MP-AES torch,
concentric nebulizer, and glass cyclonic spray chamber. �e nebulizer �ow rate ranged from 0.45 to
0.95 L/min, with an uptake time of 70 s at 80 rpm.Measurements were taken in triplicate, with a stabilization
time of 5 s.

2.11 Gas Chromatography-High Resolution Mass Spectrometry (GC-HRMS) Analysis

�e aqueous extracts of T. dubius AQ-TrDL and AQ-TrDS were analysed using gas chromatography-
high resolutionmass spectrometry (GC-HRMS). AnAgilent 7890Gas Chromatograph, coupledwith a JEOL
AccuTOF GCV JMS-T100GCV Mass Spectrometer, was utilized. Helium served as the carrier gas at a �ow
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rate of 1.0 mL/min. Separation was achieved using an HP-5 capillary column (30 m µm 
lm thickness).
Samples diluted in acetone at a 1:100 v/v ratio, were injected with a split ratio of 1:10 for 1 min, maintaining
the injector temperature at 250○C.�e column temperature was initially set at 60○C for 2 min, followed by a
rise to 250○C, then increased to 280○C at a rate of 30○C/min and held for 10 min. Mass spectra were recorded
within a mass range of 45–650 amu at energy of 70 eV. Identi
cation of the constituents was based on the
obtained mass of peaks with library matches.

2.12 Fourier-Transform Infrared Spectroscopy (FTIR) Analysis

Fourier-transform infrared (FTIR) spectroscopy was employed to analyse the AQ-TrDL and AQ-TrDS
aqueous extracts. Spectra were recorded in absorbance mode using a Shimadzu FTIR spectrometer (Model
IR Tracer-100), covering a frequency range of 400–4000 cm−1 with a resolution of 4 cm−1. FTIR analysis
provided detailed insights into the functional groups present in the aqueous extracts by analysing distinct
absorption bands, facilitating a comprehensive characterization of their chemical composition [36].

Statistical Analysis

Experiments were carried out in triplicate, and for statistical analysis, data were presented as theMean±
standard deviation. One-way Analysis of Variance (ANOVA) with a signi
cance level set at p ≤ 0.05 was used
to calculate signi
cant di�erences among the data variables. Tukey’s HSD (Honestly Signi
cant Di�erence)
test, conducted through post hoc comparisons, was used to assess and compare the means. �e standard
curve parameters were used to calculate GI50 and IC50 values using Excel so�ware (2019) by comparing data
variables in triplicate.

3 Results

3.1 Total Phenolic and Flavonoid Content

In the present investigation, the phenolic and �avonoid concentrations in the aqueous extracts AQ-
TrDL and AQ-TrDS of T. dubius were analysed and are presented in Table 1. �e AQ-TrDS extract exhibited
a signi
cantly higher phenolic content of 225.63 ± 2.23 mg GAE/g extract, compared to the AQ-TrDL
extract, which recorded 74.25 ± 1.98 mg GAE/g extract. Similarly, the total �avonoid content was more
abundant in AQ-TrDS, with a conentration of 121.25 ± 3.01 mg RE/g extract, while AQ-TrDL showed a
lower �avonoid content of 61.62 ± 1.10 mg RE/g extract. �e signi
cant levels of phenolic and �avonoid
content underscore the extract’s promise as a natural source of bioactive compounds for pharmaceutical or
nutraceutical applications.

Table 1: Phenolic and �avonoid contents of AQ-TrDL and AQ-TrDS aqueous extracts of Tragopogon dubius

Plant extract Phenolic content (mgGAE/gdw) Flavonoid content (mgRE/gdw)

AQ-TrDL 74.25 ±1.98b 61.62 ± 1.10a

AQ-TrDS 225.63 ± 2.23a 121.25 ± 3.01b

Note: Gallic acid equivalent (GAE), Rutin equivalent (RE), gram dry weight (gdw). Values are
expressed as Mean ± SD (p ≤ 0.005) of n = 3. Di�erent letters within either the Phenolic or
Flavonoid concentration depict a signi
cant di�erence among the values.

3.2 Antioxidant Activity

In this study, the antioxidant potential of the AQ-TrDL and AQ-TrDS aqueous extracts of T. dubius
were evaluated using DPPH, superoxide, FRAP, and ABTS radical scavenging assays. �e IC50 values and
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inhibition percentages for these assays are summarized in Table 2. �e results revealed concentration-
dependent antioxidant potential at concentrations ranging from 25 to 800 µg/mL, as illustrated in Fig. 1.�e
AQ-TrDS extract consistently exhibited the and most potent antioxidant activity across all assays, with IC50

values of 73.58 µg/mL (DPPH), 43.47 µg/mL (superoxide), 50.56 µg/mL (FRAP), and 40.31 µg/mL (ABTS),
and corresponding inhibition percentages of 87.53%, 92.05%, 86.65%, and 92.61%, respectively. In contrast,
the AQ-TrDL extract an IC50 value of 173.19 µg/mL.�e reference standard, rutin, demonstrated IC50 values
of 28.35, 32.14, 36.96, and 29.54 µg/mL in the DPPH, superoxide, FRAP, and ABTS assays, respectively. �e
potent antioxidant activity observed in AQ-TrDS supports the extract’s potential as a natural therapeutic
source against oxidative stress-related conditions.

Table 2: Antioxidant activity of AQ-TrDL andAQ-TrDS aqueous extracts ofTragopogon dubius. Each value is theMean
of n = 3

Antioxidant assays IC50 µg/mL

Extract/Standard Rutin AQ-TrDL AQ-TrDS

DPPH 28.35 134.15 73.58
Super oxide 32.14 173.19 43.47

FRAP 36.96 123.70 50.56
ABTS 29.54 146.47 40.31

Note: IC50: 50% Inhibitory concentration.

Figure 1: Antioxidant activity of aqueous extracts AQ-TrDL and AQ-TrDS fractions. (A) DPPH radical scavenging
assay (B) Super oxide radical scavenging assay (C) FRAP antioxidant assay and (D) ABTS radical scavenging assay. Each
histogram is the mean ± SD of n = 3. Di�erent letters (a, b) denote signi
cant di�erence (p < 0.05) between AQ-TrDL
and AQ-TrDS at di�erent concentrations
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3.3 MTT Assay

�eanticancer e�cacy ofAQ-TrDL andAQ-TrDS extracts was evaluated againstMCF-7 (breast cancer),
HCT-116 (colon cancer), HeLa (cervical cancer), and A-549 (lung cancer) cell lines, as well as the normal

broblast L-929 cell line, using the MTT assay in vitro. Among the tested extracts, AQ-TrDS demonstrated
the highest cytotoxicity, inhibiting more than 50% of cell proliferation in MCF-7, HCT-116, HeLa, and
A-549 cell lines at concentrations of 56.62, 90.37, 77.73, and 98.32 µg/mL, respectively. �e inhibitory
e�ects of AQ-TrDS on cancer cell viability were observed to be concentration-dependent (Fig. 2), with
maximumgrowth inhibition rates of 89.81%, 81.35%, 81.33%, and 87.78% at the highest tested concentration of
500 µg/mL in the respective cancer cell lines. In contrast, AQ-TrDL exhibited comparatively lower cytotoxic
activity, with a GI50 value of up to 166.78 µg/mL in the A-549 cell line. �e GI50 values for all tested
cell lines are presented in Table 3. Signi
cant variations in cytotoxicity were observed between AQ-TrDS
and AQ-TrDL, suggesting di�erential e�cacy against the selected cancer cell lines. Notably, both extracts
exhibitedminimal toxicity towards the normal 
broblast L-929 cell line, withGI50 values of 522.31 µg/mL and
434.25 µg/mL for AQ-TrDL and AQ-TrDS, respectively. �e potent antiproliferative and cytotoxic e�ects of
the extract depict its valuable bioactive constituents and underscore its potential for developing plant-based
natural chemotherapeutic agents.

Figure 2: Cytotoxic potential of T. dubius AQ-TrDL and AQ-TrDS against (A) MCF-7 (B) HCT-116 (C) HeLa and (D)
A-549 cancer cell lines a�er 24 h treatment. Values are represented as mean ± SD of n = 3. Data labels with di�erent
letters (a, b) represents signi
cant di�erence among the values at di�erent concentrations of AQ-TrDL and AQ-TrDS
extracts with respect to each cell line
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Table 3: GI50 values of T. dubius AQ-TrDL and AQ-TrDS extracts against the di�erent cancer cell lines. Each value is
the Mean of n = 3

MTT assay GI50 µg/mL

Extract MCF-7 HCT-116 HeLa A-549 L-929

AQ-TrDL 150.40 162.99 104.18 166.78 522.31
AQ-TrDS 56.62 90.37 77.73 98.32 434.25

3.4 Fluorescence Microscopy for Assessing the Apoptotic E�ect of AQ-TrDS Extract

Given that the aqueous extract of Tragopogon dubius (AQ-TrDS) demonstrated superior antiprolifera-
tive and cytotoxic e�ects on the aforementioned cancer cell lines, �uorescence microscopy was employed to
further assess apoptotic induction. DAPI staining was utilized to visualize alterations in nuclear morphology
as depicted in Fshow. In contrast, Rhodamine 123 staining was applied to monitor mitochondrial membrane
potential at given in Fig. 3. In contrast, Rhodamine 123 staining was applied to monitor mitochondrial
membrane potential as shown in Fig. 4 at the GI50 concentration of the extract. �e 
ndings revealed that
treatment with AQ-TrDS extract induced signi
cant nuclear alterations, including membrane blebbing,
shrinkage, and fragmentation—hallmarks of apoptotic processes within cancer cells. Furthermore, the
analysis of mitochondrial membrane potential showed a marked disruption following exposure to the
extract, evidenced by a substantial reduction in �uorescence intensity compared to untreated control
cells. �ese morphological aberrations and the loss of mitochondrial membrane potential corroborate the
hypothesis that AQ-TrDS extract contains bioactive phytochemicals capable of inducing apoptosis. �us,
these results advocate for the further isolation and characterization of Tragopogon dubius phytochemicals
for potential therapeutic applications in cancer treatment.

Figure 3: DAPI (4′,6-diamidino-2-phenylindole) staining of cancer di�erent cells, depicting nuclear damage upon
treatment with GI50 of AQ-TrDS. Arrows indicate apoptotic and damaged nuclei
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Figure 4: Rhodamine 123 staining, con
rming loss of mitochondrial membrane potential when treated with GI50
concentration of AQ-TrDS extract for 24 h. �e treated cells can be visualized as having lost �uorescence compared to
the untreated control

3.5 Genotoxic and Genoprotective Evaluation

�e genotoxicity and genoprotective potential of AQ-TrDL and AQ-TrDS aqueous extracts were
assessed using the alkaline comet assay on human blood lymphocytes at concentrations of 40, 80, 160, and
320 µg/mL. �is assay aimed to evaluate the extent of DNA damage. Our results revealed that none of the
tested concentrations of AQ-TrDL or AQ-TrDS induced signi
cant DNA fragmentation or comet formation
in human lymphocytes, indicating the absence of genotoxic properties in these extracts. �e morphology of
the treated lymphocytes remained essentially spherical, consistent with the negative control group, thereby
substantiating the lack of notable genotoxic e�ects (Fig. 5). Hydrogen peroxide (“H2O2”) was used as the
positive control, e�ectively inducing DNA damage in blood lymphocytes, as demonstrated in Fig. 5Ai, Bi.
�e treated lymphocytes were analysed for tail length (TL), olive tail movement (OTM), and percentage tail
DNA content (% TDNA). No statistically signi
cant alterations were observed in these parameters when
compared to the control group, as presented in Tables 4 and 5. However, both AQ-TrDL and AQ-TrDS
extracts exhibited a substantial protective e�ect against “H2O2”—inducedDNAdamage in lymphocytes, with
AQ-TrDS demonstrating a more pronounced e�ect even at the lowest tested concentration (40 µg/mL).�is
enhanced protective activitymay be attributed to the presence of bioactive phytochemicals in the extract.�e
extent ofDNAdamage induced by “H2O2” initially recorded at 69.85%was progressively reduced to 40.625%,
29.144%, 19.647%, and 8.668% by AQ-TrDS at concentrations of 40, 80, 160, and 320 µg/mL, respectively.
�e non-genotoxic and strong genoprotective pro
le of AQ-TrDS supports its relevance for developing
safe pharmaceutical and nutraceutical formulations, but much in-depth toxicological investigations through
animal models are necessary to validate the extract’s biosafety potential.
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Figure 5: Ethidiumbromide-stainedDNAof blood lymphocytes. (A,B): (i) Positive control cells showingDNAdamage
(DNA tail) treated with “H2O2” (5 µg/mL) (ii) Negative control untreated cells (iii,iv) Cells treated with 40 and
320 µg/mL concentration each of AQ-TrDL and AQ-TrDS extract showing no DNA damage or genotoxicity. B (v,vi)
Cells treated with Tragopogon dubius AQ-TrDL) and AQ-TrDS aqueous extracts with 40 and 320 µg/mL concentration
depicting protective e�ect (Comet tail shortened) at higher concentration

Table 4: Genotoxic and Geno protective e�ect of AQ-TrDL aqueous extract obtained from Tragopogon dubius against
“H2O2” induced DNA damage in lymphocytes using comet assay

Treatment Concentration

(µg/mL)

TL TM OTM TDNA

NC 0 a3.256 ± 0.445 a0.211 ± 0.391 a0.396 ± 0.562 a1.253 ± 0.0741
AQ-TrDL 40 a3.412 ± 0.386 a0.345 ± 0.461 a0.784 ± 0.854 a1.366 ± 0.451

80 a3.659 ± 0.728 a0.655 ± 0.132 a0.452 ± 0.152 a1.222 ± 0.096
160 a3.885 ± 0.615 a0.890 ± 0.104 a0.436 ± 0.145 a1.196 ± 0.078
320 b4.523 ± 0.975 a0.453 ± 0.148 a0.399 ± 0.098 a1.285 ± 0.111

PC (“H2O2”) 5 c69.85 ± 4.565 b20.832 ± 1.639 b19.522 ± 1.914 b26.088 ± 1.235
“H2O2” + AQ-TrDL 40 d55.888 ± 3.652 c14.542 ± 2.545 c11.444 ± 1.229 c19.99 ± 3.255

80 e41.296 ± 3.541 d11 ± 1.252 d8.440 ± 2.63 d11.562 ± 1.985
160 f27.796 ± 2.252 e6 ± 1.956 e4 ± 1.41 e7 ± 0.989
320 g14.773 ± 2.652 ef4.235 ± 0.958 f1.896 ± 1.52 f4.555 ± 1.574

Note: AQ-TrDL—aqueous leaf extract; NC—Negative control (untreated cells); PC—Positive control (cells treated
with “H2O2” only); AQ-TrDL—40, 80, 160, and 320 µg/mL are concentrations alone to determine genotoxicity
and with “H2O2” (5 µg/mL) in combination to evaluate Geno genoprotective potential; HSD—Tukey’s Honestly
Signi
cant Di�erence. Values are expressed as Mean ± SD of n = 3. and data labels with di�erent letters (a, b, c, d, e, f
and g) in a column are signi
cantly di�erent from each other (p ≤ 0.05). Extent of DNA damage is shown in the form
of TL µM (tail length), OTM (Olive tail moment), and % TDNA (percentage tail DNA content).
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Table 5: Genotoxic and Geno protective e�ect of AQ-TrDS aqueous extract obtained from Tragopogon dubius against
“H2O2” induced DNA damage in lymphocytes using comet assay

Treatment Concentration

(µg/mL)

TL TM OTM TDNA

NC 0 a3.449 ± 1.252 a 0.296 ± 0.896 a0.555 ± 1.25 a1.325 ± 0.968
AQ-TrDS 40 a3.652 ± 0.444 a0.360 ± 0.411 a0.696 ± 0.987 a1.214 ± 0.635

80 a3.440 ± 0.902 a0.568 ± 0.562 a0.365 ± 1.102 a1.114 ± 0.363
160 a3.212 ± 0.714 a0.452 ± 0.963 a0.314 ± 0.541 a1.101 ± 0.653
320 a3.423 ± 0.475 a0.412 ± 0.174 a0.302 ± 0.987 a1.10 ± 0.451

PC (“H2O2”) 5 c69.85 ± 4.565 b20.832 ± 1.639 b19.522 ± 1.914 b26.088 ± 1.235
“H2O2” + AQ-TrDS 40 b40.625 ± 2.321 c11 ± 2.12 c9.142 ± 1.365 c15.61 ± 2.14

80 c29.144 ± 2.41 d9 ± 1.385 d6.652 ± 2.74 d8.325 ± 0.985
160 d19.647 ± 1.212 e4.5 ± 1.212 e3 ± 2.63 e4 ± 1.18
320 e8.668 ± 2.474 ef2.479 ± 0.856 af0.896 ± 1.43 af2.238 ± 2.363

Note: AQ-TrDS—aqueous stem extract; NC—Negative control (untreated cells); PC—Positive control (cells treated
with “H2O2” only); AQ-TrDS—40, 80, 160, and 320 µg/mL are concentrations alone to determine genotoxicity and
with “H2O2” (5 µg/mL) in combination to evaluate Geno protective potential; HSD—Tukeys Honestly Signi
cant
Di�erence. Values are expressed as Mean ± SD of n = 3. and data labels with di�erent letters (a, b, c, d, e and f) in a
column are signi
cantly di�erent from each other (p ≤ 0.05). Extent of DNA damage is shown in the form of TL µM
(tail length), OTM (Olive tail moment) and % TDNA (percentage tail DNA content).

3.6 Amino Acid Analysis

�eamino acid pro
le ofT. dubius leaves and stemswasmeticulously analysed, revealing the presence of
several key amino acids: aspartic acid, glutamic acid, glycine, threonine, arginine, alanine, tyrosine, cystine,
valine, tryptophan, phenylalanine, and leucine. �ese amino acids were precisely identi
ed and quanti
ed
using High-Performance Liquid Chromatography (HPLC), with concentrations reported as milligrams per
gram of protein. Chromatograms are shown in micrograms per gram of protein. Chromatograms are shown
in micrograms per gram of protein. �e chromatograms are shown in Fig. 6. �e detailed results, including
peak number, area, retention time, and amino acid concentration for both leaf and stem samples, are provided
in Tables 6 and 7. In total, 10 amino acids were identi
ed in the leaf samples, while 14 were detected in the
stem samples of T. dubius.

3.7 Elemental Analysis

�e elemental composition of Tragopogon dubius leaves and stems was analysed using Microwave
Plasma-Atomic Emission Spectroscopy (MPAES), with the results summarized in Table 8. �e analysis
reveals the presence of several major elements, including sodium (Na), potassium (K), magnesium (Mg),
calcium (Ca), bismuth (Bi), aluminium (Al), and iron (Fe). Trace elements such as manganese (Mn), copper
(Cu), zinc (Zn), lithium (Li), and nickel (Ni) were also detected. Furthermore, the presence of potentially
toxic heavy metals, such as lead (Pb) and chromium (Cr), was noted; however, their concentrations were
minimal and remained within the permissible limits established by the FAO/WHO guidelines. Notably,
the elemental concentrations varied between the leaf and stem tissues [37]. �e leaves exhibited elevated
levels of iron, calcium, potassium, magnesium, aluminium, and sodium. In contrast, the stems showed
high concentrations of only calcium, potassium, and magnesium. �e detection of vital elements enhances
the dietary value of Tragopogon dubius and can be added in developing plant-based mineral-enriched
supplements and herbal formulations.
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Figure 6: Amino acid chromatograms of (A) Leaf and (B) Stem of Tragopogon dubius

Table 6: Amino acid composition of leaves of Tragopogon dubius. Each value is the Mean of n = 3

Peak Amino acid Retention time Area Concentration mg/g

1 Aspartic acid 1.329 2,678,118 0.352
2 Glutamic acid 1.777 6,220,047 1.23
3 Glycine 6.494 44,538,485 7.32
4 �reonine 7.677 5,132,606 1.25
5 Arginine 8.213 5,294,218 1.63
6 Alanine 9.560 10,290,292 3.52
7 Cysteine 17.220 2,328,531 0.896

(Continued)



Phyton-Int J Exp Bot. 2025;94(11) 3415

Table 6 (continued)

Peak Amino acid Retention time Area Concentration mg/g

8 Tryptophan 21.786 1,445,907 0.786
9 Phenylalanine 22.240 1,851,409 0.965
10 Leucine 24.013 13,428,077 2.252

Table 7: Amino acid composition of stem of Tragopogon dubius. Each value is the Mean of n = 3

Peak Amino acid Retention time Area Concentration mg/g

1 Aspartic acid 1.344 822,583 1.12
2 Glutamic acid 1.795 2,618,570 5.362
3 Glycine 6.535 10,389,342 9.25
4 �reonine 7.629 2,969,856 2.36
5 Arginine 8.245 1,075,601 1.36
6 Alanine 9.602 4,253,157 6.5
7 DOPA 10.867 519,694 0.98
8 Cysteine 17.733 1,093,304 1.36
9 Valine 18.406 374,573 2.14
10 Methionine 18.929 1,500,979 1.85
11 Tryptophan 21.847 869,998 1.25
12 Phenyl alanine 22.305 754,981 2.35
13 Leucine 24.075 7,344,601 4.56
14 Ornithine 25.703 2,825,666 1.96

Table 8: Elemental analysis of leaves and stem of Tragopogon dubius through MPAES. Each value is the Mean of n = 3

Element Wavelength nm Detection level ppm-leaves Detection level ppm-stem

Zn 213.857 71.15 106.97
Fe 371.993 2714.77 257.94
Sr 407.771 148.03 56.37
Ca 393.366 13,019 14,047
Ba 455.403 9.51 7.71
Cu 324.754 23.71 16.78
Ni 352..454 13.29 9.35
B 249.772 25.32 16.01
Bi 306.772 76.71 67
Pb 405..781 13.04 13.59
Li 670.784 2.94 0.72
K 766.491 23,917.51 18,442.43
Mg 279.553 2866.36 998.88
Mn 403.076 89.99 14.93
Cr 425.433 40.75 18.67

(Continued)
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Table 8 (continued)

Element Wavelength nm Detection level ppm-leaves Detection level ppm-stem

Al 396.152 1662.18 201.15
Na 588.995 1055.75 650.5
Te 214.281 38.5 38.23

3.8 GC-HRMS Analysis of AQ-TrDL and AQ-TrDS Extract

�e GC-HRMS analysis revealed a diverse array of phytochemicals in the aqueous extracts of
Tragopogon dubius AQ-TrDL and AQ-TrDS). Distinct chromatographic peaks in the aqueous extracts
corresponded to various phytoconstituents. Speci
cally, the AQ-TrDL extract was found to contain 18
phytochemical constituents, while the AQ-TrDS extract harbored 23 distinct constituents; their respective
chromatograms are presented in Fig. 7. Prominent phytochemicals identi
ed in theAQ-TrDL extract include
quinic acid (11%), 1,3-propanediol, 2-(hydroxymethyl)-2-nitro (12.52%), and 9-Octadecenoic acid (Z)-,
methyl ester (10.3%). Conversely, the AQ-TrDS extract was dominated by (-)-Globulol (14%), Tridecane
(11.24%), and n-Hexadecenoic acid (13.52%). Collectively, these extracts encompass a broad spectrum of
chemical classes, including triterpenoids, fatty acids, carboxylic acids, diterpenes, alcohols, and esters.
Comprehensive details regarding the active principles, including their retention times (RT), molecular
formulas, molecular weights, and concentrations (expressed as peak area %), are provided in Tables 9 and 10.
�e rich diversity of phytochemicals validate that Tragopogon dubius leaves and stems as valuable sources for
pharmaceutical and nutraceutical applications.

Figure 7: GCHRMS chromatograms (A) AQ-TrDL extract of Tragopogon dubius (B) AQ-TrDS of Tragopogon dubius
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Table 9: Gas chromatography—high resolutionmass spectroscopy (GC-HRMS) analysis of phytoconstituents detected
in aqueous extract of Tragopogon dubius leaves (AQ-TrDL)

Peak R. Time Compound Formula Area % Nature

1 17.40 �ymol C10H14O 2.5 Monoterpenoid phenol
2 19.06 2,4-Di-tert-

butylphenol
C14H22O 1.2 Phenol

3 20.86 l-Inositol C6H12O6 1.52 Sugar alcohol
4 24.66 Quinic acid C7H12O6 11 Carboxylic acid
5 29.99 Cyclooctasiloxane,

hexadecamethyl-
C16H48O8Si 5 Organosiloxane

6 31.45 Heptasiloxane,
hexadecamethyl-

C16H48O6Si7 8.5 Siloxanes

7 32.75 9-Octadecenoic acid
(Z)-, methyl ester

C19H36O 10.3 Fatty methyl ester

8 33.92 1,3-Propanediol,
2-(hydroxymethyl)-

2-nitro-

C4H9NO5 12.52 Nitroalcohols

9 34.98 Dimethylsulfoxonium
formylmethylide

C4H8O2S 9.45 Organosulphur

10 35.52 cis-Valerenyl acetate C17H26O 2.74 Terpene ester
11 35.98 Furan-2-

carboxaldehyde,
5-(1-piperidyl)-

C10H13NO2 1.36 Aldehyde

12 36.56 Undecane C11H24 1.6 Alkane
13 37.06 4H-Pyran-4-one,

2,3-dihydro-3,5-
dihydroxy-6-methyl-

C6H8O 8.25 Pyranones

14 38.31 Asarone C12H16O3 6.36 Phenyl propanoid
15 39.81 Phenol, 2-methyl-5-

(1-methylethyl)-
C10H14O 5.5 Monoterpenic phenol

16 41.62 Cyclohexanol,
1R-4-trans-

acetamido-2,3-trans-
epoxy-

C11H21NO3Si 3.8 Epoxy amide

17 43.84 5,5-Dimethyl-1-oxa-
5-silacyclononanone-

9

C9H18O2Si 2.14 Silacyclononanones

18 44.10 Octadecanoic acid,
phenyl ester

C28H46O4 1.48 Fatty acid ester
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Table 10: Gas chromatography—high resolution mass spectroscopy (GC-HRMS) analysis of phytoconstituents
detected in aqueous extract of Tragopogon dubius stem (AQ-TrDS)

Peak R. time Compound Formula Area % Nature

1 14.10 Pentadecanoic
acid, 2,2,3,3,4,4,4-
hepta�uorobutyl

C27H37F7O4 0.95 Fluorinated fatty acid ester

2 16.24 2,4-Di-tert-
butylphenol

C14H22O 2.3 Phenol

3 20.22 Hexadecanoic acid,
methyl ester

C17H34O2 0.52 Fatty acid methyl ester

4 21.19 n-Hexadecanoic
acid

C16H32O 13.52 Fatty acid

5 21.61 Lup-20(29)-ene-
3beta,28-di

C30H50O2 9.25 triterpenoid

6 24.94 Neophytadiene C20H38 9.85 Diterpene
7 25.04 Spirafolide C15H18O 3.96 Alkaloid
8 25.11 aR-Turmerone C15H20O 2.12 Sesquiterpene
9 25.48 Methyl stearate C19H38O2 0.75 Fatty acid methyl ester
10 26.62 Linoleic acid ethyl

ester
C20H36O 0.88 Fatty acid esters

11 28.03 7,9-Di-tert-butyl-1-
oxaspiro(4,5)deca-6,9-
diene-2,8-dione

C17H24O3 4.14 Spirodione

12 28.12 Stigmast-5-en-3-ol,
oleate

C47H82O2 1.1 Sitosterol

13 29.29 l-(+)-Ascorbic acid
2,6-

dihexadecanoate

C38H68O8 4.23 Fatty acid ester

14 30.27 Germanicol C30H50O 1.45 Triterpenoid
15 30.45 Eicosanoic acid,

ethyl ester
C22H44O2 6.56 Fatty acid

16 31.25 Di isobutyl
phthalate

C16H22O4 0.55 Phthalate esters

17 31.53 Glycerin C3H8O3 2.98 Polyol
18 32.53 Tridecane C13H28 11.24 Alkane
19 33.31 Bis(2-ethylhexyl)

phthalate
C24H38O4 1.85 Phthalate ester

20 33.60 Phytol C20H40O 5.22 Diterpene alcohol
21 34.86 (-)-Globulol C15H26O 14.23 Sesquiterpene
22 35.94 1-Dodecanol C12H26O 1.63 Alcohol
23 36.35 Heptacosanol C27H56O 0.95 Fatty alcohol
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3.9 FTIR Analysis

�e infrared (IR) absorption spectra of the aqueous extracts from the leaves and stems of T. dubius are
depicted in Fig. 8. �e major peaks observed in the FTIR spectra correspond to various functional groups,
including alcohols, alkanes, alkenes, alkynes, aldehydes, amines, carboxylic acids, esters, sulfoxides, hydroxyl
groups, and alkyl halides. Table 11 summarizes the functional groups linked to these peaks in the FTIR spectra
of the leaf and stem extracts, which align with the phytoconstituents identi
ed through GC-HRMS analysis.

Figure 8: (A) FTIR analysis of aqueous leaf (AQ-TrDL) and (B) aqueous stem (AQ-TrDS) extracts Tragopogon dubius

Table 11: FTIR analysis of aqueous AQ-TrDL and aqueous AQ-TrDS extracts Tragopogon dubius

Peaks (cm−1) Functional groups Remarks

3275.13 to 3298.28 O–H stretching Alcohol
2931.80 to 2929.87 C≡C, C–H stretching Alkynes, Alkene, Alkane

2115.91 C≡C, N=C=S stretching Alkyne, Isothiocyanate
1579.70 to 1585.49 N–H, C=C, CH bending. Cyclic alkene, amine,
1402.25 to 1481.33 C–H bending Alkanes

1390.68 C–H, O–H bending. Aldehydes, Alcohols

(Continued)
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Table 11 (continued)

Peaks (cm−1) Functional groups Remarks

1257.59 to 1261.45 C–N, C=O stretch Carboxylic acid, aromatic
amine, ester

1180.44 to 1186.22 C–O, S=O Stretching Sulfoxide, tertiary alcohol, ester
1047.35 to 1099.43 S=O, CO–O–CO C–O stretch

esters
Esters, Sulfoxide, primary

alcohol
914.26 to 993.34 O–H bend, =C–H bend Carboxylic acids, Alkenes
817.82 to 866.04 C–H, C=C Bending Alkenes, Aromatics
763.81 to 775.38 N–H bond elongation, C=C

bending
Amine, Alkene

648.08 C–Br stretching Halo compound
536.21 to 592.15 C–Br, C–I Stretching Halogen compounds, Alkyl

halides
503.42 to 511.14 O–H deformation Hydroxyl

4 Discussion

Phenolic and �avonoid constituents are renowned for their extensive physiological properties, includ-
ing antiallergenic, antimicrobial, anti-in�ammatory, antioxidant, cardioprotective, and vasodilatory e�ects
[38–40]. Uysal previously reported the total phenolic content (TPC) and total �avonoid content (TFC) of
T. dubius leaves collected from Turkey, using water (TPC: 22.48 ± 0.49; TFC: 14.34 ± 0.38), ethyl acetate
(TPC: 25.90 ± 1.57; TFC: 26.98 ± 0.26), and methanol (TPC: 37.19 ± 0.91; TFC: 58.49 ± 0.51) as solvents
(Uysal et al., 2019). �ese values were notably lower than those observed in our study, as detailed in Table 1.
�e AQ-TrDS extract exhibited elevated levels of phenolic and �avonoid content. �ese results aligns with
numerous studies that have reported an increase in antioxidant activity concomitant with higher polyphenol
and �avonoid levels [41].

Free radicals are highly reactive molecules with unpaired electrons, which contribute to oxidative
damage in cells and tissues through interactions with various biomolecules [42]. Plant extracts or phyto-
chemicals have redox properties that allow them to act as reducing agents, hydrogen donors, and singlet
oxygen quenchers, thus neutralizing harmful reactive oxygen and nitrogen species [43–45]. Various studies
have reported signi
cant antioxidant potential in aqueous and other solvent extracts of Tragopogon species,
such as Tragopogon grammnifolius and Tragopogon porrifolius [46–49]. Uysal evaluated the antioxidant
potential of water, methanol, and ethyl acetate extracts of T. dubius and found that the ethyl acetate
extract exhibited strong antioxidant activity. �is highlights the importance of methodological variations
and geographical factors in a�ecting the concentrations of phenolic, �avonoid, triterpenoid, glycoside, and
other phytochemicals. �ese variations, in turn, in�uence the antioxidant and therapeutic properties of
plants [22,50,51]. Our previous study onmethanolic extracts ofT. dubius roots revealedmoderate antioxidant
activity and lower phenolic and �avonoid content compared to aqueous extracts of leaves and stems [15].

�e antitumor potential ofTragopogon species such asT. porrifolius,T. pratensis, andT.malicus has been
documented against various cancer lines, including breast (MDA-MB-231), colorectal (Caco-2), osteosar-
coma (KHOS and HOS), human acute T leukemia (J-45.01), and human hepatocellular carcinoma (HepG2),
demonstrating apoptosis-inducing potential [48,49,52–54]. To the best of our knowledge,Tragopogon dubius
has not been extensively explored for its anticancer potential.�is is the 
rst report on the cytotoxic potential
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of aqueous leaf and stem extracts, assessing their anticancer potential. Our recent publications indicated
that isolated fractions from methanolic root extract, ethyl acetate extract of stem and leaves, methanolic
extract, and its synthesized silver nanoparticles were potent inhibitors of glioblastoma (LN-18), lung (A-549),
breast (MCF-7) and, cervix (HeLa) cancer cells, underscoring the medicinal value of T. dubius in cancer
research [15].

Members of the Asteraceae family, including T. dubius, have extensive therapeutic applications and
a long history of use in traditional medicine [23,55]. �is study represents the 
rst examination of the
genotoxic e�ects of T. dubius, consumed as food in various countries. Remarkably, our 
ndings showed
that aqueous extracts of T. dubius leaves and stems induce no visible damage to human lymphocytes and
exhibit protective e�ects against “H2O2”-induced damage. Similar results have been reported for aqueous
extracts from Lamiaceae species, Cornus mas, Scoparia dulcis, and Vernonia cinerea, as well as vegetables

from the Asteraceae family, which demonstrate genoprotective potential largely attributed to their antioxidant
activity [56–58].

Amino acids are fundamental components of proteins and are essential for nearly all biological
processes. �ey play roles in metabolic functions as precursors to critical compounds such as hormones,
neurotransmitters, and other bioactive molecules [59]. Tragopogon dubius is thus noteworthy for its rich
reservoir of essential amino acids, potentially making it a valuable choice of diverse diets, especially for those
seeking plant-based protein sources.

�e elemental composition of plants is crucial for understanding their nutritional pro
les, evaluating
product quality, and ensuring food safety, as some plants may accumulate toxic elements such as lead,
arsenic, or cadmium from the environment [60,61]. Analysing these elements ensures that the plant as a
food is safe to consume and does not pose health risks [62]. Our elemental analysis of T. dubius reveals its
richness in essential elements, including calcium, magnesium, potassium, and iron, suggesting its potential
as a functional food.

Gas chromatography high resolution mass spectrometry (GC-HRMS) separates individual compounds
based on their retention time (R.T) and further analyzes them at themolecular level usingmass spectrometry
(MS) [63,64]. �e AQ-TrDS extract, exhibiting superior antioxidant and anticancer activities, contains
compounds such as n-hexadecenoic acid, neophytadiene, 2,4-di-tert-butylphenol, and (-)-globulol, known
for their antioxidant and anticancer properties [65–69]. Phytol, a diterpenoid alcohol, is also reported
for its anti-in�ammatory potential, with anticancer and antidiuretic activities as documented by previous
studies [70,71]. �e detected compounds in AQ-TrDS like spirafolide, germanicol, lup-20(29)-ene-3beta,28-
di, aR-Turmerone, linoleic acid ethyl ester are known to possess potent neuroprotective, genoprotective,
anticancerous, and antioxidant e�ects that support the observed e�ect of AQ-TrDS extract [72–76]. �e
presence of diverse functional groups indicates a complex mixture of bioactive compounds, which may
contribute to various pharmacological activities. For instance, hydroxyl groups from phenolic compounds
may o�er antioxidant bene
ts, while carboxylic acids and aldehydes could contribute to antimicrobial
properties [77,78]. �e 
ndings could facilitate the development of natural product-based therapies or
dietary supplements derived from T. dubius. Future perspectives of this work should focus on isolating
individual bioactive compounds from the AQ-TrDS extract to elucidate their speci
c roles in antioxidant
and anticancer activities. For apoptosis con
rmation, nuclear fragmentation and mitochondrial membrane
potential disruption are primary evidence, so further validation through apoptotic markers needs to be
conducted for future studies.
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5 Conclusion

In conclusion, this study presents a comprehensive investigation of the phytochemical and biomedical
properties of aqueous extracts from the leaves and stems of Tragopogon dubius. �e AQ-TrDS demon-
strated superior e�cacy in both antioxidant and anticancer activities. AQ-TrDS extract showed apoptosis
inducing potential as con
rmed through nuclear and mitochondrial disruptions. Additionally, AQ-TrDS
demonstrated strong genoprotective e�ects against “H2O2”-induced DNA damage, further enhancing its
therapeutic potential. �e presence of key micronutrients, amino acids, detection of diverse bioactive
phytochemicals, and safe levels of heavy metals, adding a wide range of applications for T. dubius in
nutraceuticals, pharmaceuticals, and other industries.
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