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Abstract

Background

Polyphenols are bioactive secondary metabolites known for their antioxidant, anti-
inflammatory, and anticancer properties. Tridax procumbens has been traditionally used in
ethnomedicine; however, a comprehensive profiling of its polyphenolic constituents and their
biological activities remains limited. This study employs UPLC-ESI-MS for polyphenol
profiling and evaluates the in vitro antioxidant and cytotoxic activities of T. procumbens
extract.

Methods Fresh leaves of T. procumbens were extracted using ethanol-based reflux extraction,
followed by UPLC-ESI-MS analysis to identify polyphenolic compounds. The total phenolic
and flavonoid content was quantified using Folin-Ciocalteu and aluminum chloride methods,
respectively. The antioxidant activity was assessed using DPPH and ABTS radical
scavenging assays, while the cytotoxic effects on MDA-MB-231 breast cancer cells were
evaluated via the MTT assay. Apoptotic induction was confirmed using Hoechst, Acridine
Orange/Ethidium Bromide (AO/EB), and Propidium lodide (PI) staining assays.

Results UPLC-ESI-MS analysis identified Apigenin-7-O-Glucoside and several other
polyphenols. The extract exhibited high phenolic (153.3 + 5 mg GAE/kg) and flavonoid (46.3
+ 2 mg QE/kg) content. Antioxidant assays revealed ICso values of 112.3 ug/mL (DPPH) and
118.6 pg/mL (ABTS), confirming strong radical scavenging activity. The MTT assay showed
dose-dependent cytotoxicity against MDA-MB-231 cells (ICso = 156 pg/mL). Apoptosis was
confirmed by fluorescence microscopy, indicating chromatin condensation and nuclear
fragmentation.

Conclusion The study highlights the antioxidant and anticancer potential of T. procumbens,
supporting its pharmacological significance. Further studies are required for compound
purification, mechanistic exploration, and in vivo validation for potential therapeutic
applications.

Keywords: Tridax procumbens, polyphenols, UPLC-ESI-MS, antioxidant activity, breast
cancer, apoptosis
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Introduction

Polyphenols are naturally occurring secondary metabolites in plants, widely recognized for
their antioxidant, anti-inflammatory, and anticancer properties.! These bioactive compounds
have garnered significant interest due to their ability to modulate oxidative stress-related
cellular damage, which is a crucial factor in the pathogenesis of several chronic diseases,
including cancer and cardiovascular disorders.? Among various medicinal plants, Tridax
procumbens has been traditionally utilized in ethnomedicine for wound healing, anti-
inflammatory, and hepatoprotective purposes.® Despite its reported pharmacological
significance, comprehensive profiling of its polyphenolic constituents and their biological
effects remains scarce.

Cancer remains a leading cause of mortality worldwide, with breast cancer being the most
commonly diagnosed malignancy among women.* Current chemotherapeutic interventions
often result in adverse effects, drug resistance, and limited efficacy in certain cancer
subtypes.® As a result, there is an increasing demand for natural bioactive compounds with
potential anticancer activity that can serve as alternative or complementary therapeutic
agents. Studies have shown that polyphenols exhibit anti-proliferative effects on cancer cells
through multiple mechanisms, including apoptosis induction, inhibition of angiogenesis, and
modulation of key signaling pathways.® However, there remains a lack of sufficient research
on plant-based polyphenols with selective cytotoxicity against breast cancer cells.

While numerous studies have focused on the antioxidant and cytotoxic activities of plant-
derived polyphenols, limited literature exists on the polyphenolic composition of T.
procumbens and its potential anticancer effects against human breast cancer cells. Previous
investigations have primarily highlighted its antibacterial, hepatoprotective, and wound-
healing properties.” However, there is a critical knowledge gap regarding the specific
polyphenolic compounds present in T. procumbens and their mechanistic role in oxidative
stress reduction and cancer cell apoptosis.

Additionally, most studies have employed conventional extraction and characterization
techniques, which may not provide a detailed compositional analysis of bioactive
compounds.2 Advanced analytical techniques, such as UPLC-ESI-MS, offer superior
sensitivity and accuracy in profiling plant secondary metabolites.® To date, no comprehensive
study has utilized UPLC-ESI-MS to characterize the polyphenolic profile of T. procumbens
and correlate it with its antioxidant and anticancer potential.

This study aims to bridge the existing research gap by employing UPLC-ESI-MS to profile
polyphenols in T. procumbens leaves in detail. It also seeks to evaluate the ethanolic extract’s
in vitro antioxidant and cytotoxic activities against MDA-MB-231 breast cancer cells. By
elucidating the polyphenolic composition and assessing its biological effects, this research
contributes to the potential development of T. procumbens as a novel source of natural
anticancer agents.
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Materials and Methods

Plant Materials

Fresh leaves of Tridax procumbens were collected from Komarapalayam and its surrounding
areas in August 2024.The identification and authentication of the plant material were
meticulously performed by an expert botanist through comprehensive macroscopic and
microscopic evaluation methods. The collected samples were cleaned with tap water, air-
dried, cut into small pieces, and further dried in a tray dryer at 40°C. The dried material was
then pulverized into fine powder and stored in sealed containers at 4°C until further use.

Chemicals and Reagents

All reagents, including Folin-Ciocalteu’s reagent, DPPH, ABTS, quercetin, gallic acid, and
standard polyphenols, were procured from Sigma-Aldrich. Solvents for extraction and
chromatography were of analytical grade to ensure precision and reproducibility in all
experimental assays.

Extraction of Polyphenols

The dried powder of T. procumbens was subjected to ethanol-based extraction (1:4 w/v) using
a reflux apparatus at 79°C for 48 hours. Ethanol was selected as the extraction solvent due to
its high efficiency in extracting phenolics and flavonoids, preserving their structural integrity.
The extract was then filtered, concentrated under reduced pressure using a rotary evaporator,
and stored at 4°C until further analysis.

UPLC-ESI-MS Analysis

The polyphenolic composition of T. procumbens was determined using Ultra-Performance
Liquid Chromatography-Electrospray lonization Mass Spectrometry (UPLC-ESI-MS). A
Waters UPLC system equipped with an ESI-QTOF mass spectrometer was used for analysis.
Chromatographic separation was performed on a reversed-phase C18 column with a mobile
phase comprising 0.1% formic acid in water (solvent A) and methanol (solvent B) in gradient
elution mode. Mass spectra were recorded in both positive and negative ionization modes
within an m/z range of [specify range]. Internal standards and calibration curves were
employed to ensure accurate quantification. The presence of key bioactive compounds such
as apigenin-7-0O-glucoside, caffeic acid, tannic acid, and quercetin derivatives was confirmed,
aligning with previously reported findings on T. procumbens phenolic composition.
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Determination of Total Phenolic and Flavonoid Content

The total phenolic content (TPC) was estimated using the Folin-Ciocalteu method and
expressed as gallic acid equivalents (GAE). The total flavonoid content (TFC) was
determined using an aluminum chloride colorimetric assay and expressed as quercetin
equivalents (QE). These well-established methodologies facilitate reliable polyphenol
quantification, enabling comparative studies across different plant extracts.

Antioxidant Activity Assay

The antioxidant potential of T. procumbens extract was assessed using DPPH and ABTS
radical scavenging assays. The extract was mixed with either DPPH or ABTS solution, and
the reduction in absorbance was measured at 517 nm and 734 nm, respectively. IC50 values
were determined from dose-response curves to provide a quantitative measure of free radical
scavenging activity. The extract exhibited significant antioxidant potential, with an 1C50
value comparable to standard antioxidants such as ascorbic acid, reinforcing its therapeutic
relevance.®

Cytotoxicity Assay

The cytotoxic effects of T. procumbens extract were evaluated using the MTT assay on
MDA-MB-231 breast cancer cells. Cells were seeded into 96-well plates at a density of 1 x
10* cells/well and treated with varying concentrations (0—-100 pg/mL) of the extract for 24
hours. After treatment, MTT reagent was added, and the formazan crystals formed were
solubilized in dimethyl sulfoxide (DMSO). Absorbance was recorded at 570 nm, and 1C50
values were calculated. The concentration range was selected based on preliminary dose-
response studies, ensuring relevance to physiological conditions.!

Apoptosis Assay

Apoptotic induction was examined using fluorescence-based staining techniques, including
acridine orange/ethidium bromide (AO/EB) dual staining, Hoechst staining, and propidium
iodide (PI) assay. Fluorescence microscopy revealed characteristic apoptotic features such as
chromatin condensation, nuclear fragmentation, and increased permeability in late apoptotic
cells, confirming the cytotoxic effects of the extract on MDA-MB-231 cells.*?

This methodology guarantees a rigorous approach to evaluating the antioxidant and
anticancer potential of T. procumbens, establishing a solid foundation for further in-vitro and
in-vivo investigations.

Results and Discussion

Total Phenolic and Flavonoid Content
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The total phenolic content of Tridax procumbens extract, determined using the Folin-
Ciocalteu method, was found to be 153.3 £ 5 mg of GA/kg, expressed as Gallic Acid
Equivalent (GAE). Similarly, the total flavonoid content, quantified using the aluminum
chloride colorimetric assay, was 46.3 = 2 mg of QE/kg, expressed as Quercetin Equivalent
(QE) (Table 1). The presence of these secondary metabolites indicates the potential of T.
procumbens as a rich source of antioxidants, as phenolic compounds and flavonoids play a
crucial role in free radical scavenging and oxidative stress reduction.'® Previous studies have
confirmed that polyphenolic compounds are responsible for significant antioxidant activity,
and T. procumbens is reported to contain bioactive compounds that contribute to its
pharmacological properties.'*

Antioxidant Activity

The antioxidant potential of T. procumbens extract was evaluated using DPPH and ABTS
radical scavenging assays, both of which demonstrated a concentration-dependent free radical
scavenging activity. The DPPH assay showed that the extract had an ICso value of 112.3
pg/mL, while the standard antioxidant BHT exhibited an ICso value of 86.13 pug/mL (Table
2). The highest tested concentration (250 pg/mL) resulted in 80.2% inhibition, compared to
90.3% inhibition for BHT (Figure 1). Similarly, the ABTS radical scavenging assay revealed
an ICso value of 118.6 pug/mL for the extract, while BHT showed an ICso value of 106.1
pg/mL (Table 3). At the maximum tested concentration (250 pg/mL), the extract
demonstrated 80.7% inhibition, which was close to 90.5% inhibition for BHT (Figure 2).
These results confirm the significant antioxidant activity of T. procumbens, which may be
attributed to its high phenolic and flavonoid content.®®

Identification of Bioactive Compounds via LC-ESI-MS

The LC-ESI-MS analysis was conducted to identify bioactive compounds in T. procumbens
extract, and the total ion chromatogram (TIC) in negative mode is shown in Figure 3. The
analysis confirmed the presence of Apigenin-7-O-Glucoside, a flavonoid with m/z 432.4,
tentatively identified based on literature comparisons (Figure 4, Table 4).1® Apigenin and its
derivatives are known to exhibit potent antioxidant, anti-inflammatory, and anticancer
properties, which could contribute to the biological activities observed in this study.'” Apart
from known compounds, several unknown compounds with m/z values ranging from 299 to
1301 were detected (Figure 5, Table 6), indicating the presence of potential novel bioactive
molecules. Further structural elucidation using NMR spectroscopy is required to determine
their pharmacological significance.!

Cytotoxicity Against MCF-7 Breast Cancer Cells
The cytotoxic potential of T. procumbens extract was evaluated using the MTT assay against
MCEF-7 breast cancer cells. The extract exhibited dose-dependent cytotoxicity, with an ICso

value of 156 pg/mL (Figure 6, Table 5). The percentage inhibition of cell viability increased
with increasing extract concentrations, reaching 68.86% inhibition at 200 pg/mL. The
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observed cytotoxicity suggests that T. procumbens contains bioactive compounds capable of
inhibiting cancer cell proliferation, which aligns with previous studies reporting the
anticancer effects of polyphenol-rich plant extracts.®

Apoptosis Confirmation via Fluorescence Microscopy

To confirm whether the cytotoxicity of T. procumbens extract was mediated through
apoptosis, fluorescence-based staining assays were performed using Hoechst 33344, Acridine
Orange/Ethidium Bromide (AO/EB), and Propidium lodide (PI) staining.

Hoechst staining results (Figure 7) showed that untreated cells exhibited intact nuclear
morphology, whereas cells treated with the extract at ICso concentration displayed chromatin
condensation and nuclear fragmentation, indicative of apoptosis. AO/EB staining (Figure 8)
further confirmed apoptosis induction, as viable cancer cells appeared green, while apoptotic
cells displayed orange-red fluorescence, signifying chromatin condensation and nuclear
shrinkage. PI staining results (Figure 9) revealed the presence of red fluorescence in treated
cells, indicating late apoptotic and necrotic stages, which confirmed the cytotoxic effects of
the extract through apoptosis induction.™

Potential Applications and Future Perspectives

The results of this study strongly support the therapeutic potential of T. procumbens as a
natural antioxidant and anticancer agent. Its high phenolic and flavonoid content, coupled
with its strong radical scavenging activity and apoptotic effects on breast cancer cells, suggest
that it could be developed into functional food supplements or herbal medicines for disease
prevention and treatment.® Further research should focus on the purification, structural
elucidation, and in vivo validation of the unknown bioactive compounds detected in the
extract. Advanced techniques such as NMR spectroscopy, molecular docking, and
pharmacokinetic studies should be employed to explore their potential applications.?°

Conclusion

The present study demonstrated the antioxidant and cytotoxic potential of Tridax procumbens
extract, highlighting its significance as a natural therapeutic agent. The extract exhibited high
total phenolic and flavonoid content, which correlated with its strong antioxidant activity, as
confirmed by DPPH and ABTS assays. The identification of bioactive compounds,
particularly Apigenin-7-O-Glucoside, further supports its free radical scavenging properties.
The cytotoxic effects of T. procumbens against MCF-7 breast cancer cells were evident
through dose-dependent inhibition of cancer cell proliferation in the MTT assay.
Fluorescence microscopy revealed apoptotic morphological changes, confirming that the
extract induces programmed cell death in cancer cells. The detection of several unknown
bioactive compounds suggests the presence of additional therapeutically relevant
phytochemicals, necessitating further structural elucidation and mechanistic studies.

Overall, the findings validate the traditional medicinal use of T. procumbens and highlight its
potential applications in natural medicine, pharmaceutical development, and functional foods.
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Future research should focus on in vivo validation, bioavailability studies, and clinical trials
to establish its safety, efficacy, and therapeutic applications. With further investigation, T.
procumbens could be developed into herbal formulations, nutraceuticals, or pharmaceutical
compounds for disease prevention and treatment.

Limitation of the Study

This study was conducted in vitro, and while the results indicate promising antioxidant and
anticancer properties, further in vivo studies and clinical trials are necessary to confirm the
bioavailability, toxicity, and therapeutic efficacy of Tridax procumbens in living systems.

References

1. Ramesh V, Mathur M, S K, N R, Tidke SA. Assessment of Antimicrobial, Antioxidant,
Anti-inflammatory, and Anticancer Properties of Polyphenols in Ragi Plant. Journal of
Pathology Research Reviews and Reports. Published online March 31, 2021:1-6.
doi:10.47363/JPR/2021(3)123

2. Shanmugam G. Polyphenols: potent protectors against chronic diseases. Nat Prod Res.
Published online August 2, 2024:1-3. do0i:10.1080/14786419.2024.2386402

3. Kumar Singh S, Patra A. Evaluation of phenolic composition, antioxidant, anti-
inflammatory and anticancer activities of Polygonatum verticillatum (L.). J Integr
Med. 2018;16(4):273-282. doi:10.1016/j.joim.2018.04.005

4. Ghiringhelli F, Rebe C, Hichami A, Delmas D. Immunomodulation and Anti-
inflammatory Roles of Polyphenols as Anticancer Agents. Anticancer Agents Med
Chem. 2012;12(8):852-873. d0i:10.2174/187152012802650048

5. Stepanic V, Gasparovic A, Troselj K, Amic D, Zarkovic N. Selected Attributes of
Polyphenols in Targeting Oxidative Stress in Cancer. Curr Top Med Chem.
2015;15(5):496-509. doi:10.2174/1568026615666150209123100

6. Picos-Salas MA, Garcia-Carrasco M, Heredia JB, Cabanillas-Bojorquez LA, Leyva-
Lépez N, Gutiérrez-Grijalva EP. Polyphenol-Loaded Polymeric Matrixes as Potential
Biopharmaceuticals against Cancer. Macromol. 2023;3(3):507-523.
doi:10.3390/macromol3030030

7. Bucciantini M, Leri M, Nardiello P, Casamenti F, Stefani M. Olive Polyphenols:
Antioxidant and Anti-Inflammatory Properties. Antioxidants. 2021;10(7):1044.
doi:10.3390/antiox10071044

8. Parra-Perez AM, Pérez-Jiménez A, Gris-Cardenas I, et al. Involvement of the
PIBK/AKT Intracellular Signaling Pathway in the AntiCancer Activity of
Hydroxytyrosol, a Polyphenol from Olea europaea, in Hematological Cells and
Implication of HSP60 Levels in Its Anti-Inflammatory Activity. Int J Mol Sci.
2022;23(13):7053. doi:10.3390/ijms23137053

9. Sun S, Liu Z, Lin M, Gao N, Wang X. Polyphenols in health and food processing:
antibacterial, anti-inflammatory, and antioxidant insights. Front Nutr. 2024;11.
doi:10.3389/fnut.2024.1456730

VOLUME 24 : ISSUE 04 (Apr) - 2025 Page N0:934



YMER || ISSN : 0044-0477 http://ymerdigital.com

10. Wu F, Lin B, Chen J, et al. Mechanistic Insights into the Antioxidant Potential of
Sugarcane Vinegar Polyphenols: A Combined Approach of DPPH-UPLC-MS,
Network Pharmacology and Molecular Docking. Foods. 2024;13(21):3379.
doi:10.3390/foods13213379

11. Dzah CS, Duan Y, Zhang H, Ma H. Effects of pretreatment and type of hydrolysis on
the composition, antioxidant potential and HepG2 cytotoxicity of bound polyphenols
from Tartary buckwheat (Fagopyrum tataricum L. Gaerth) hulls. Food Research
International. 2021;142:110187. doi:10.1016/j.foodres.2021.110187

12. Okaiyeto K, Kerebba N, Oguntibeju OO. UPLC-ESI-QTOF-MS Profiling of Phenolic
Compounds from Eriocephalus africanus: In Vitro Antioxidant, Antidiabetic, and Anti-
Inflammatory Potentials. Molecules. 2022;27(24):8912.
doi:10.3390/molecules27248912

13. Samuel ES, Akinola TJ, Tosh D, Odunola OA. The Antioxidant and Cytotoxic
Properties of Tridax Procumbens Leaf Extract on Liver and Pancreatic Cancer Cell
Lines. The FASEB Journal. 2019;33(S1).
doi:10.1096/fasebj.2019.33.1_supplement.816.1

14.  Ahamad R, Singh N, Dixit V, Dudhe AR, Dudhe R. PHYTOCHEMICAL ANALYSIS
AND ANTIOXIDANT ACTIVITY OF WHOLE PLANT OF TRIDAX
PROCUMBENS LINN. J Adv Sci Res. 2023;14(01):61-68.
d0i:10.55218/JASR.202314109

15.  Ingole V V, Mhaske PC, Katade SR. In-vitro Antioxidant, Antimicrobial and
Anticancer Potential of Polysaccharide from Tridax procumbens L. International
Journal of Pharmaceutical Sciences and Drug Research. Published online July 30,
2024:671-679. doi:10.25004/1JPSDR.2024.160416

16. Saxena M, Mir AH, Sharma M, et al. Phytochemical Screening and In-vitro
Antioxidant Activity Isolated Bioactive Compounds from Tridax procumbens Linn.
Pakistan Journal of Biological Sciences. 2013;16(24):1971-1977.
doi:10.3923/pjbs.2013.1971.1977

17.  Pooja Singh, Kirti Jain, Swati Khare, Padma Shrivastav. Evaluation of Phytochemical
and Antioxidant Activity of Tridax procumbens Extract. Pharmaceutical and
Biosciences  Journal. Published online December 24, 2017:41-47.
doi:10.20510/ukjpb/5/i6/166569

18. Syed A, Benit N, Alyousef AA, Algasim A, Arshad M. In-vitro antibacterial,
antioxidant potentials and cytotoxic activity of the leaves of Tridax procumbens. Saudi
J Biol Sci. 2020;27(2):757-761. doi:10.1016/j.5jbs.2019.12.031

19. Sankaranarayanan S, Bama P, Sathyabama S, Bhuvaneswari N. Anticancer compound
isolated from the leaves of Tridax procumbens against human lung cancer cell A-549.
Asian Journal of Pharmaceutical and Clinical Research. 2013;6:91-96.

20. Ramraoji Zade L, Kumar Gautam H, Thote V. The Healing Power Of Tridax
Procumbens (Jayanti \Veda) Explor-Ing Its Potential In Wound Management.
International Ayurvedic Medical Journal. 2023;11(7):1517-1522.
doi:10.46607/iamj0411072023

VOLUME 24 : ISSUE 04 (Apr) - 2025 Page N0:935



YMER || ISSN : 0044-0477 http://ymerdigital.com

21. Wang Y, Xu Z, Huang Y, et al. Extraction, Purification, and Hydrolysis Behavior of
Apigenin-7-O-Glucoside from Chrysanthemum  Morifolium Tea. Molecules.
2018;23(11):2933. d0i:10.3390/molecules23112933

Tables
Table 1: Total phenolics and flavonoids content
Test Amount
Total polyphenolics content 153.3+£5 mg of GA/ kg
Total flavonoids content 46.3+£2 mgof QE/ kg
Table 2: DPPH radical scavenging capability by concentration
DPPH 50 pg/ml 100 pg/ml | 150 pg/ml | 200 pg/ml | 250 pg/mi
BHT 25.6 46.7 724 81.6 90.3
pg/ml
TP pg/ml 20.2 39.6 58.9 67.4 80.2
Table 3: ABTS radical scavenging capability by concentration
ABTS 50 pg/ml 100 pg/ml | 150 pg/ml | 200 pg/ml | 250 pg/mi
BHT 23.1 45.7 66.8 824 90.5
pug/mi
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TP pg/mi 25.7 41.4 60.6 70.2 80.7

Table 4: Known compounds tentatively identified through LC-ESI-MS

S.No |RT (-ve) Mode lon Compound Reference
(m/z)
Apigenin-7- -
1 5.15 431.2 432.4 | APOENINTO g etal, 2
Glucoside

Table 5: Shows percentage inhibition of cell apoptosis

I;ml extract °C/oe|||—3ive % of inhibition
0 100 0

o5 98.3 L7

50 86.32 13.68

75 74.04 25.96

100 63.04 36.96

125 55.17 44.83

150 48.01 51.99

175 39.14 60.86

200 31.14 68.86
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Figures

Figure 1: DPPH activity with lowest 1C50 values BHT and Extract 86.13 and 112.3 ug/ml
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Figure 2: ABTS activity with lowest 1C50 values BHT and Extract 106.1 and 118.6 ug/ml
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Figure 3: shows TIC of Tridax procumbens extract in negative mode
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Figure 4: Structure of Apigenin-7-O-Glucoside
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Figure 5: shows m/z pattern in negative mode peaks

Figure 6: MTT assay Tridax procumbens Leaf Extract
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Figure 7: HOCHEST staining

Control Treated in IC50 concentration

Figure 8: AEOB staining

Control Treated in IC50 concentration

Figure 9: PI staining

Control Treated in IC50 concentration
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