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ARTICLE INFO ABSTRACT

Keywords: This study aimed to evaluate the anticancer and antioxidant potential of Tridax potential and to identify its main

Antiproliferation phenolic compounds using reverse-phase HPLC. The crude extract of T. procumbens was separated into different

ielll 1"?3 fractions using the liquid-liquid partition method. T. procumbens crude extracts and fractions were tested on
ntioxidant

human cancer cell lines (PC-3, COLO-205, A549, A431, MDA-MB-231, MDA-MB-468, and K562) as well as a
control cell line (HEK-293). The antioxidant activities of the extracts and fractions were also assessed. The
majority of the extracts appeared to inhibit the progression of human cancer cell lines based on ICs values that
varied from 23.41 to 90.76 pg/mL. However, the chloroform fraction of the stem (7) displays strong activity
against A431 and MDA-MB-231, with ICs values of 23.41 g/mL and 29.45 ug/mL, respectively. The antioxidant
result shows that extracts and their fractions scavenge free radicals with an ICsg value between 14.70 and 93.80
ug/mL. However, 7 showed more efficacies with an ICsq of 14.70 pg/mL in the DPPH assay and 29.90 pg/mL in
the nitric oxide assay. HPLC analysis revealed that the flower part of T. procumbens contains high levels pf ferulic
acid (0.55 to 2.65 mg/g) and kaempferol (1.1 to 4.95 mg/g). A strong antioxidant activity observed in DPPH and
NO assay which helps to measure the extract’s effectiveness in scavenging NO free radical, neutralizing other
reactive oxygen species (ROS), often correlate with significant antiproliferative effects in various cancer cell
lines. This study highlights the potential of plant-based compounds in cancer treatment.

T. procumbens

1. Introduction the leaves to alleviate cystitis irritation. The herb is also used to cure

epilepsy, prevent hair loss, treat haemorrhagic cuts, and treat fever,

Tridax procumbens is a common herb of the Asteraceae family
indigenous to America. It is extensively spread in India, tropical Africa,
Asia and Australia. It is frequently recognized as a “coat-button”. Leaf
extract of T. procumbens has traditionally been used to treat liver dis-
eases. The Urash tribe of southern Bihar used a thin paste produced from

cough, backaches, stomach-aches, and bronchial catarrh (Saraf et al.,
1991; Taddei and Rosas-Romero 2000; Tiwari et al., 2004). It also
contains anticoagulant, antifungal, antibacterial, anti-inflammatory,
immunomodulatory, and insect repellent activities (Ravikumar et al.,
2005; Salahdeen et al., 2004; Syed et al., 2020). These attributes make it

Abbreviations: DMEM, Dulbecco’s minimal essential media; DMSO, Di methyl sulphoxide; FBS, Fetal bovine serum; IC50, Half maximal inhibitory concentration;
MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NaOH, Sodium hydroxide; PBS, Phosphate buffer saline; HO3P, Phosphoric acid; FeSO4,
Ferrous sulphate; GAE, Gallic acid equivalent; FSE, ferrous sulphate equivalent; AA, Ascorbic acid; DPPH, 2,2-Diphenyl-1-picrylhydrazyl; NO, Nitric Oxide; TAC,
Total antioxidant capacity; TCA, Trichloro acetic acid; TF, Total Flavonoid; TPTZ, 2, 4, 6-Tripyridyl-S-triazine.
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a valuable resource in traditional medicine, especially in undeveloped
and underdeveloped countries where conventional healthcare may be
less accessible. For instance, in Guatemala, T. procumbens leaf juice is
used as a treatment for diarrhoea, stomach pains, vaginitis, and
inflammation. The entire plant, including the leaves, was used by
Nigerians to treat a wide range of illnesses, including fever, cough,
stomach aches, etc. (Prajapati, 2008).

Numerous phytochemicals, such as flavanoids sterols, p-amyron,
B-amyrin, lupeol, arachidic acid, fucosterol, luteolin, palmitic acid, and
lauric acid, were found in T. procumbens (Ali, 2001) in previous phyto-
chemical research (Surendra et al., 2016a; Surendra et al., 2016b). A
methanolic extract of T. procumbens’ leaves, stems, and flowers has been
shown to provide substantial liver protection against the drug-induced
toxicity caused by isoniazid and rifampicin in male Wistaer rats in
previous investigations (Sagheer et al.,2018). On the A549 human lung
cancer and MCF-7 (A549, 250 pug/mL) human breast cancer cell lines,
methanol extracts of T. procumbens leaves have been found to have
antiproliferative properties (Syed et al., 2020; Mundada et al., 2010;
Aniel, 2010).

Another study (Sagadevan et al., 2018) showed the cytotoxic efficacy
of T. procumbens leaf extract in human breast cancer cell lines (MCF-7,
150-300 pg/mL). Although there is limited information on the anti-
cancer activity of T. procumbens, and some studies suggested that
aqueous leaf extract has not shown significant anticancer properties.
However, acetone and ethanol extract of leaf has potent activity against
human lung (A549) carcinoma cells and human liver carcinoma (Hep
G2) cells (Lakshmipriya et al., 2019; Vishnu and Srinivasa, 2015). Other
studies have suggested that the aerial parts of this plant, such as the
stems and flowers, may have medicinal benefits, including potential
antiproliferative effects (Nino et al., 2006; Priya et al., 2011a; Ali).
Previously the cytotoxic activity of methanolic leaf extract of
T. procumbens has been described against human lung cancer (A549)
cells and breast cancer (MCF-7) cells. Methanolic extract of leaves (250
pg/mL) exhibited high activity (84 + 2.8 %) against human lung (A549)
cancer cells while only 68 + 3.1 % cytotoxicity in breast cancer cells
(Syed et al., 2020). Another literature has been reported the cytotoxic
potential of acetone and aqueous extract from the flower and leaf extract
of T. procumbens against prostate epithelial cancer (PC3) cell line,
acetone extract (250 pug/mL) showed 82.28 % cell death (Priya et al.,
2011a; Priya et al., 2011b). Despite the plant not being extensively
researched for its anticancer properties, particularly in relation to organ-
specific human cancer cell lines, this study seeks to explore the anti-
proliferative effects of the stems and flowers, parts of the plant that have
not been previously studied. From studies, the leaves have been previ-
ously examined (Vishnu and Srinivasa, 2015; Syed et al., 2020). Another
review article has been reported that the T. procumbens exhibit syner-
gistic effect with doxorubicin against breast cancer (Mateusz et al.,
2023). Therefore, our focus is on the other aerial parts that offers the
potential to uncover new bioactive compounds with therapeutic value.
The study also focused on the medicinal use of the plant by simulta-
neously detecting two major bioactive phenols using reverse-phase high-
performance liquid chromatography coupled with photodiode array
detection.

2. Materials and Methods
2.1. Chemicals

The solvents used were of analytical grade. Tri-pyridyl-s-atrazine
(TPTZ), Roswell Park memorial institute medium (RPMI), 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide = (MTT) dye,
phosphate-buffered saline (PBS) and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) were purchased from Sigma-Aldrich, Bangalore, India. Dulbec-
co’s minimal essential media (DMEM) and fetal bovine serum (FBS)
were purchased from Gibco, Therm Fisher Scientific India Pvt. Ltd.,
Mumbali, India. Dimethyl sulphoxide (DMSO), isopropanol, HPLC-grade
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methanol, acetonitrile, water and chemicals utilized in our study were
purchased from Merck Ltd., Mumbai India. Gallic acid, ferrous sulphate
(FeSO4), Nay[Fe (CN)sNO].2H50, tris- [hydroxyl methyl] amino-
methane N-(1-naphthyl) ethylenediamine dihydrochloride, ascorbic
acid, quercetin and hydrogen phosphite (H3PO3) were purchased from
Himedia Laboratories Mumbai, India. Reference standards of ferulic
acid (percentage purity > 99 %), kaempferol (Percentage purity > 97.0
%) were purchased from Sigma-Aldrich, (Mumbai), India.

2.2. Collection and extraction of plant material

The plants were acquired in the months of April and May from the
fields of CSIR-CIMAP Lucknow, India. The sample was submitted to the
Department of Pharmacognosy and Phytochemistry, Integral University,
Lucknow, for taxonomic identification (Specimen No. IU/PHAR/HRB/
15/23). The preparation of methanolic crude extracts from the leaves,
stems, and flowers of T. procumbens was carried out according to the
method described in our earlier publication (Sagheer et al., 2018). The
concentrated methanolic extract of leaves (180 g), stem (150 g), and
flower (80 g) were then subjected to fractionation by following the
liquid-liquid partitioning method. The fractions were completely dried
under a vacuum evaporator, and the solvent fractions of T. procumbens in
hexane, chloroform, n-butanol, and methanol were stored at —20 °C for
further study.

2.3. Culture of the cell lines

One normal cell line and seven cancer cell lines specific to human
organs have been selected for this study. The following cancer cell lines
were purchased from the cell repository at the National Centre for Cell
Science (NCCS), Pune, India: prostate cancer (PC3) cells, lung cancer
(A549) cells, squamous carcinoma (A431), breast carcinoma (MDA-MB-
231), breast adenocarcinoma (MDA-MB 468), colon carcinoma (COLO-
205), erythroleukemia (K562). The normal kidney cell line (HEK-293)
was also included. All human cancer cell lines were cultivated in Dul-
becco’s minimum essential medium (DMEM) or RPMI, depending on the
type of cell, and incubated at 37 °C with 5 % CO5 in a humid environ-
ment. The media were supplemented with 10 % fetal bovine serum (FBS)
and 1 % antibiotic-antimycotic (Ab/Am).

2.4. 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT)assay

The protocol describes by Pathak et al. (2019) was adapted to a 96-
well plate format. The cells were trypsinized after attaining 80-90 %
confluence and seeded in 96-well plates (~2 x 103 cells/well). The plate
was kept in the dark for 4 h at 37 °C. The next day, cells were incubated
with various concentrations (2, 10, 50 and 100 pg/mL,) of extracts and
fractions (dissolved in DMSO) of T. procumbens for 24 h. Then, 10 pL of
MTT (500 pg/mL) dye was added to each well of 96 well plates. After
incubation, formazan crystal was solubilized in 100 pL dimethyl sul-
phate (DMSO), and their optical density was recorded at 570 nm. The
results were expressed as percent cytotoxicity.

2.5. Antioxidant assays

2.5.1. DPPH free radical scavenging assay

The antioxidant or free radical-scavenging properties of methanolic
extracts and fractions of tested plant were investigated in-vitro (Luqgman
etal., 2009). Various concentrations (2, 10, 25, and 50 ug/mL) of extract
and fractions were combined with 100 mMTris-HCl buffer (pH 7.4) and
500 mM 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and then incubated for
30 min at room temperature to estimate radical scavenging activity. A
spectrophotometer was used to measure the optical density at 517 nm,
and the findings were compared to the control (Ahmad et al., 2014).
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2.5.2. Reducing potential assay

The reduction potential of extracts of T. procumbens was assessed
using a method described by (Yen and Chen, 1995). For the reducing
potential assay, different concentrations of the extracts and fraction
were mixed in 200 mM phosphate buffer (pH 6.6) along with 1 %
ferricyanide and incubated in a water bath at 50 °C for 20 min. After
incubation, 10 % trichloroacetic acid (TCA, 250 pL) was mixed to pre-
cipitate, and the blend was centrifuged at 5000 rpm for 5 min. In the
supernatant, the same amount of distilled water was mixed. The
absorbance was recorded in the reagent blank after adding 0.10 % ferric
chloride (FeCl3) at 700 nm.

2.5.3. Nitric oxide scavenging assay

The scavenging potential of T. procumbens extract was assessed
using a method previously reported by Marcocci et al. (1994). Different
concentrations of the extracts were mixed with sodium nitroprusside in
buffered saline (10 mM) and incubated for 30 min at room temperature.
After incubation, 100 uL of Griess reagent was mixed with 50 pL of the
reaction mixture. The absorbance was measured at 546 nm, and the
scavenging potential of the extract and fractions was calculated as
percent change compared to the control.

2.6. Total phenolic contents estimation

Total phenolic contents (TPC) of the extract of T. procumbens were
determined using the Folin-Ciocalteu reagent in terms of gallic acid
equivalents (GAE) (Singleton et al., 1999; Lugman, et al., 2012). The
extracts were mixed with Folin-Ciocalteu reagent at a 1:9 dilution and
7.5 % sodium carbonate solution. The mixtures were incubated at 37 °C
for 90 min. The absorbance was measured at 765 nm, and the results
were estimated relative to the control. The phenolic content was quan-
tified in terms of GAE using a gallic acid standard curve.

2.7. Total flavonoid content estimation

The colorimetric approach was used to determine the total flavonoid
contents (Ahmad et al., 2014; Meda et al., 2005). The extracts were
diluted in 50 uL of distilled water, 150 pL of methanol, 10 pL of 1 M
potassium acetate (CH3COOK), 10 pL of 10 % aluminium chloride
(AlClg), and 280 pL of distilled water. After 30 min of incubation, 200 uL
of the reaction mixture was transferred to the well plate, where the
absorbance at 415 nm was measured. The total flavonoid content was
expressed as mg/g of dried extract or percentage of quercetin equivalent

(QE).
2.8. Total antioxidant capacity (TAC) estimation

Using a conventional procedure, the total antioxidant capacity of the
T. procumbens extract was determined (Prieto et al., 1999). Different
concentrations of the extract and fraction were combined with 1 mL of
the total antioxidant capacity (TAC) reagent, which is a mixture of 635
uM ammonium molybdate, 25 mM sodium phosphate monobasic, and
607 mM H3SOy4, respectively. The mixture was heated to 95 °C in a
boiling water bath for 90 min, and the optical density was measured at
695 nm. The total antioxidant capacity (TAC) was expressed as ascorbic
acid equivalents (AAE) using a standard curve (Negi et al., 2011).

2.9. Ferric ion reducing antioxidant potential (FRAP) determination

The FRAP assay determines the antioxidant potential of extracts
through the reduction of the ferric tripyridyltriazine (Fe (III)-TPTZ)
complex to the ferrous tripyridyltriazine (Fe (I)-TPTZ) (Benzie et al.,
1996). In the FRAP assay, different concentrations of extracts were
mixed into a freshly prepared ferric ion-reducing antioxidant potential
(FRAP) reagent (10 mM TPTZ, 20 mM FeCl3, and 300 mM acetate buffer
pH 3.6 in a ratio of 1:1:10). After 5 min of incubation at 37 °C, the
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absorbance of the complex was recorded at 593 nm. The ferric reducing
potential of extracts was expressed as ferrous sulphate equivalent (FSE)
reduced by the standard curve of ferrous sulphate (Lugman et al., 2012).

2.10. HPLC analysis

Preparation of standards: Ferulic acid and kaempferol standard stock
solution (1 mg/mL) were prepared in HPLC-grade methanol and kept at
4 °C. The stock solutions were properly diluted in methanol in order to
generate a working solution with a lower concentration of 0.1 mg/mL.

HPLC conditions: Methanolic extracts of stem, leaves, flower of
T. procumbens was performed on using a Waters HPLC-PDA-2996 (Wa-
ters Corporation, Milford, MA, USA) outfitted with a Waters 600
controller, a Waters Delta 600 solvent delivery system with in-line
degasser AF, a Rheodyne 7125 sample injector fitted with a 20 pL
loop, and a Waters 2996 photodiode array detector (PDA, Waters Cor-
poration, Milford, MA, USA), with Waters Empowered 2.154 software. A
gradient mode with mobile phase A (consisting of 0.1 % formic acid in
water) and B (pure acetonitrile) at a flow rate of 1.0 mL min~! was used
to carry out the chromatographic separation. The column used was a
Waters u Bondapak Cjg (3.9 x 300 mm) column with a Waters p Bon-
dapak Cjg guard column. The injection volume for the sample and the
standard was 20 pL. Before being delivered to the column for separation,
mobile phases were properly filtered through a 0.22-m Millipore filter
and ultrasonically degassed for 15 min. The run time was 20 min.
Extract with traces of compound 1, 2, and other substances were found
at 254 nm. Well-resolved peaks were identified and quantified using
external standards.

2.11. Data analysis

All tests were carried out in triplicate. Data were expressed as mean
+ SD and calculations were performed using MS-Excel. The median
inhibitory concentration (ICsp) was estimated using Windows version
4.07 (Systat Software Inc., Chicago, USA). The graphs were designed
with using GraphPad Prism version 5.1 software.

3. Results
3.1. Extraction and fractionation of T. procumbens

The choice of solvent plays a crucial role in determining the effec-
tiveness of the extract and fractions. The active components consistently
extracted by n-hexane and chloroform compared to n-butanol. This
difference in effectiveness can be attributed to the polarity of the sol-
vents and their ability to dissolve different types of phytochemicals. For
instance, n-hexane is a non-polar solvent, which is more suitable in
extracting non-polar compounds like lipids, fatty acids, and some ter-
penoids. Also, these compounds own significant antiproliferative prop-
erties, mostly against human cancer cells. However, chloroform, is
moderately polar solvent therefore it can extract a wider range of
bioactive compounds, including both non-polar and slightly polar mol-
ecules such as alkaloids, flavonoids, and some glycosides. But, n-butanol
is a more polar solvent and is commonly better at extracting polar
constituents like acids and sugars. The yielded dried fractions obtained
from crude extracts have been summarized in (Table 1).

3.2. Anti-proliferative activity of T. procumbens extracts

Antiproliferative activity of crude methanolic extracts and their
fractions (hexane, CHCl3, and n-butanol) of T. procumbens were exam-
ined on organ-specific human cancer cell lines (prostate cancer (PC3)
cells are androgen-independent, lung cancer (A549) cells are catego-
rized by their epithelial morphology and their ability to produce lecithin
with a high percentage of unsaturated fatty acids, squamous carcinoma
(A431) cells express high levels epidermal growth factor receptor
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Table 1
Percent yields of fractions of selected plant materials.

Crude extracts Fraction % yields (w/w)
Methanolic extract of Leaves (1) n-Hexane (2) 28
Chloroform (3) 19.5
n-Butanol (4) 15.3
Methanolic extract of Stem (5) n-Hexane (6) 25.25
Chloroform (7) 18.11
n- Butanol (8) 13.2
Methanolic extract of Flower (9) n-Hexane (10) 22.21
Chloroform (11) 15.33
n-Butanol (12) 11.14

(EGFR), breast carcinoma (MDA-MB-231) is triple-negative (lacking
estrogen receptor, progesterone receptor, and HER2 expression), breast
adenocarcinoma (MDA-MB 468) has overexpression of the EGFR and are
also triple-negative, colon carcinoma (COLO-205) is adherent with an
epithelial morphology, erythroleukemia (K562) has genetic abnormality
in chromosome 22 and HEK —293 is normal cells.) by employing 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT) assay
(Fig. 1). The results indicated that the extracts and fractions inhibited
different human cancer cell lines.

In PC-3 cell line, the fractions (11, 1, 9, 7 and 6) inhibit the growth of
cell line above 50 % and their ICsg were 37.44, 54.47, 59.93 and 83.57
pg/mL respectively. But, fraction 11 demonstrated the most potent ac-
tivity against PC-3 cell line with an ICsg of 37.44 pg/mL (Fig. 2A). In
contrast, the remaining tested extracts exhibited less than 50 % inhibi-
tion of PC-3 cell line growth, with inhibition rates ranging from 14.54 %
to 47.48 % (Fig. 1).

Fractions of extracts (10, 2 and 7) significantly decreased the pro-
liferation of human lung carcinoma cell lines (A549) more than 50 %
with ICso values of 31.01 pg/mL, 31.99 pg/mL and 60.92 pg/mL
respectively in which fraction 10 (hexane flowers fraction) exhibited
strongest activity against A549 cell line with IC50 31.01 pg/mL (Fig. 2B).
Conversely, the other tested extracts inhibit the growth of A549 cell line.
However, the inhibition of A549 cell line was not more than 50 %
(18.19 % to 48.97 %, Fig. 1).

Furthermore, twelve extracts were also tested against skin cancer cell
lines (A431). Fraction (7, 3, 2 and 8) inhibited the growth of A431 cell
line more than 50 %with ICsg 29.45 pg/mL, 38.31 ug/mL, 48.12 ug/mL
and 61.82 ug/mL respectively. On the contrary, the fraction 7showed
very strong activity against A431 cell line with ICsy 29.45 pg/mL
(Fig. 2C). The remaining extracts inhibit the growth of A431 cell line less
than 50 % (6.04 % to 33.03 %, Fig. 1).
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All the crude extracts and their fractions were examined for activity
against human cancer cell line. After 24 h incubation, extracts (5, 2, 12,
3 and 8) more than 50 % with their ICs¢ 23.41 pg/mL, 45.80 ug/mL,
57.33 pg/mL, 69.88 pg/mL and 88.76 ug/mL respectively (Table 3).
Moreover, the extract 5 (methanol extract of stems) exhibits more potent
activity with ICsp 23.41 pg/mL against MDAMB-231 amongst all the
tested extracts (Fig. 2D). However, the remaining tested extracts (1, 4, 6,
7,9, 10, 11 and 12) delayed the cell growth less than 50 % (16.19 %
t038.19 %, Fig. 1).

In MDAMB-468 (human breast adenocarcinoma), the extracts (3, 7,
8, 2, and 1) among all tested extracts were shown the inhibition of cell
growth more than 50 % (Fig. 2E) respectively. In contrast, 3 (chloroform
leaves fraction) out of five has more potent cytotoxic activity against
MDA MB-468 with IC5¢ 47.83 ng/mL.

All the extracts tested against K562 (leukemia cancer) cell line in
which fractions (3, 11, 7 and 10) showed cytotoxic activity 50 %
respectively. Interestingly, among five the fraction 3has significant
cytotoxicity effect with ICsg 36.86 pg/mL (Fig. 2F).

Moreover, the cytotoxic activities of all the extracts were also tested
against the COLO-205 cell line. The four extracts (2, 1, 7 and 3, Fig. 2G)
showed cytotoxic activity more than 50 %. The results revealed, all the
tested crude extracts were inhibited only 37 + 1.87 % of HEK-293
(human embryonic kidney) cells at the tested higher concentration
(100 pg/mL; Fig. 1).

3.3. Scavenging of NO and DPPH by extract and fractions of
T. procumbens

Though, the various extracts of T. procumbens exhibit activity against
organ specific human cancer cell lines. The scavenging potential of 12
extracts of T. procumbens were tested in which 10 extracts showed
scavenging activity through ICsq values of 14.70 ug/mL to 93.40 pg/mL
respectively (Table 2). However, obtained data of free radicals showed
that inhibition of testing extracts was in descending order: chloroform
fraction of stem (7) > crude methanol leaves extract (1) > crude
methanol stem extracts (5) > chloroform fraction of flower (11) > crude
methanol flower extract (9) > butanol fraction of flower (12) > butanol
fraction of leaves (4) > chloroform fraction of leaves (3) > hexane
fraction of flower (10) > butanol fraction of stem (8) (Fig. 3A).Table 2

The total phenolic content was examined by Folin-Ciocalteu reagent
of extract of T. procumbens. The result revealed that the phenolic con-
tents in 12 tested extracts were ranged from 6.07 + 0.86 to 0.93 + 0.03
GAE (Fig. 3D). In addition, the total flavonoid content of T. procumbens
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leaves, crude methanol stems extract (5); hexane (6); chloroform (7); butanol (8) fraction of stem and crude methanol flowers extract (9); hexane (10); chloroform
(11) and butanol (12) flower fractions against tested organ specific human cancer cell lines at higher concentration (100 pg/mL). Data are presented in mean =+ SD.
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fractions of leaves, crude methanol stems extract (5); hexane (6); chloroform (7); butanol (8) fraction of stem and crude methanol flowers extract (9); hexane (10);
chloroform (11) and butanol (12) flower fractions against organ specific human cancer cell lines: (A) PC-3; (B) A549; (C) A431; (D) MDA-MB-231; (E) MDA-MB-468;

(F) K-562 and (G) COLO-205. Data are presented in mean =+ SD.

extracts was measured by aluminum chloride reagent. The flavonoid
content of the extract (12) was ranging from 13.97 + 0.37 to 0.93 +
0.06 QCE (Fig. 3E).

The reduction potential of testing extracts ranges from 2.21 + 0.01

to 1.16 + 0.01 at higher tested concentration (100 pg/mL). Among all
the extracts the extract 1(methanolic leaves extract) showed better
reducing potential (2.21 =+ 0.01) other tested extracts Fig. 3B.
Conversely, nitric oxide scavenging activity of all tested extracts of T.



R. Sagheer et al.

100+

80

% Cytotoxicity
I N
T T

[
(=]
1

Journal of King Saud University - Science 36 (2024) 103474

-20-

pg/mL

G

Fig. 2. (continued).

Table 3

ICs0 value (ug/mL) of different extract and fractions (1-12) of T. procumbens leaves, stem and flowers against selected human cancer cell lines.
Extracts/ HEK-293 PC-3 A 549 A 431 MDAMB-231 MDAMB-468 K-562 COLO-205
fractions
1 - 59.93 - - - 93.02 - 78.28
2 - - 31.99 48.12 45.80 81.34 — 61.09
3 - — - 38.31 69.88 47.83 36.86 90.76
4 — — — — — — — —
5 - - - - 23.41 - - -
6 - 83.57- - - - - -
7 - 77.72 60.92 29.45 - 69.18 83.05 86.80
8 - - 61.82 88.76 71.03
9 - 54.47 - - - - - -
10 - - 31.01 - - - 84.51 -
11 - 37.44 - - - - 55.78 -
12 - - - - 57.33 - - -

0.10to 39.57 + 1.05FSE (Fig. 3G).
Table 2

ICs value (png/mL) of methanolic extract and fractions of leaves stem and flower
for DPPH and NO.

Extract and fractions DPPH NO
Methanolic crude extract of leaves (1) 40.03 82.39
Hexane fraction of leaves (2) - -
Chloroform fraction of leaves (3) 90.81 96.80
n-Butanol fraction of leaves (4) 89.82 -
Methanolic crude extract of stem (5) 50.35 -
Hexane fraction of stem (6) - -
Chloroform fraction of stem (7) 14.70 29.90
n-Butanol fraction of stem (8) 93.40 -
Methanolic crude extract of flower (9) 80.48 34.26
Hexane fraction of flower (10) 91.40 —
Chloroform fraction of flower (11) 80.32 -
n-Butanol fraction of flower (12) 85.47 -
Ascorbic Acid (AA) 33.04 27.26

procumbens was ranged from58.23 + 0.12 to 14.02 + 2.90 % in a con-
centration dependent manner. However, extracts 7and 9 showed the
maximum inhibition of radicals with anICsy value 29.90 pg/mL and
34.26 ug/mL respectively (Table 2, Fig. 3C).

Antioxidant capacity (uttered ascorbic acid equivalent) for crude
methanolic extracts as well as fractions of selected plant was shown in
Fig. 3F. Our tests showed the ferric reducing antioxidant potential of all
the 12 tested extracts of T. procumbens which ranges from 10.62 +

3.4. HPLC quantification

Analytical HPLC was used to quantitatively estimate the compounds
present in the methanolic extract of T. procumbens. The leaves stem, and
flowers of T. procumbens were measured for the presence of kaempferol
and ferulic acid. HPLC chromatogram of methanolic extract of leaves,
stem and flower of T. procumbens showing kaempferol and ferulic acid is
presented in Fig. S1 while HPLC chromatogram of pure kaempferol and
ferulic acid obtained from methanolic extract of T. procumbens presented
in Fig. S2.

Within the plant, there were significant variations in the amounts of
kaempferol and ferulic acid. Kaempferol levels varied from 1.1 mg to
4.95 mg/g dry wt., with leaves having the highest concentration and
flowers having the lowest (Table 4). Ferulic acid content varied from
0.55 mg/g to 2.65 mg/g dry weight, with stem content being the lowest
(0.55 mg/g) and flower content being the highest (2.65 mg/g). Ferulic
acid was discovered to be abundant in T. procumbens. There are traces of
some other derivative compounds.

4. Discussion

Cancer is one of the most prominent ailments in both developing and
urban countries of the world and is still not curable in most cases.
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Fig. 3. Antioxidant activity of extract and fractions of T. procumbens crude methanol leaves extract (1); hexane (2); chloroform (3);butanol (4) fractions of leaves,
crude methanol stems extract (5); hexane (6); chloroform (7); butanol (8) fraction of stem and crude methanol flowers extract (9); hexane (10); chloroform (11) and
butanol (12) flower fractions in concentration dependent manner: (A) DPPH free radical inhibition; (B) Reducing power assay; (C) Nitric oxide inhibition; (D) Total
Phenolic activity; (E) Total Flavonoid content; (F) Total Antioxidant capacity and (G) Ferric reducing antioxidant power. Values are presented in mean =+ SD.

Generally, the herbal medicines are exercised to cure a number of ail-
ments, including cancer (Benzie et al., 1996). Seeing that, naturally
occurring bioactive compounds such as secondary metabolites and an-
tioxidants (Andriana et al., 2019) are the potential sources of plants
from traditional herbs and biologically active chemical constituents
isolated from medicinal plants are able to scavenge superoxide free
radicals and helpful in minimizing the risk of cancer. According to

earlier studies the plant has demonstrated positive effects in treating or
managing specific health conditions like infections, inflammation, or
other ailments therefore Tridax procumbens could be used as an alter-
native or complementary treatment to conventional medicine. Recent
studies have highlighted the anticancer potential of Tridax procumbens,
focusing on its bioactive compounds, particularly luteolin
(Muruganathan et al., 2022; Ali, 2001). Research shows that luteolin
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Fig. 3. (continued).

Table 4
Quantitative variation in kaempferol and ferulic acid content among leaves,
stem, flower of T. procumbens using HPLC.

Compounds Concentration (mg/g dry wt. sample)
Leaves Stem Flower

Kaempferol 4.95 2.19 1.11

Ferulic acid 1.29 0.55 2.65

from Tridax procumbens demonstrates significant anticancer activity
through various mechanisms, including apoptosis induction and inhi-
bition of cancer cell proliferation. Computational studies and in-vitro
experiments have supported these findings, indicating that luteolin
might be effective against different types of cancer, such as lung, breast,
and prostate cancers. The ongoing research emphasizes the potential of
this plant in cancer therapy (Almatroodi et al., 2024; Nandakumar et al.,
2022). Thus, the antiproliferative activity of T. procumbens has been
investigated in organ specific human cancer cell lines via MTT assay. The
Fig. 1 confirmed that tested extracts of T. procumbens inhibited the
growth of human cancer cell lines (PC-3, A549, A431, MDA-MB-231,
MDA-MB-468, K-562and COLO-205). But the best efficacy was
observed by extract 5 which inhibited the growth of MDA-MB-231 cell
line above 50 % with ICs values 23.41 pg/mL (Fig. 2D). Interestingly,
Fig. 2C confirmed that fraction7 has potent activity against A431 with
ICsp values 29.45 pg/ml.

However, the result of Fig. 1 signified that all the 12 tested extracts
and fractions were nontoxic in and inhibited the cell proliferation 50 %
and less at the higher tested concentration (100 pg/mL, 37.50 + 1.87
%). Interestingly, the anticancer activity of T. procumbens were not
explored very much and no report has been found so far against PC-3,
A549, A431, MDA-MB-231, MDA-MB-468, K-562 and COLO-205 cell
lines. Moreover, the Fig. 2A demonstrated that the fraction 11 has 84.37
+ 1.24 % cytotoxicity against PC-3 cells (37.44 ug/mL) which is in
support of Priya et al. (2011b), reported that the acetone extract of
flower inhibits the cell growth. But the phytochemical constituents and
their property may differ depending on geographical as well as extrac-
tion techniques (Baharvand-Ahmadi et al., 2016).

Previous literature suggested that antioxidants inhibit cancer cell
growth by targeting the overproduction of intracellular oxidizing free
radicals (Rai et al., 2013), Fig. 3A-3H demonstrated that extracts of T.
procumbens hold significant antioxidant activity. The extracts confirmed
ICs0 values ranging from 14.70 pug/mL to 93.40 ug/mL. Precisely, Fig. 3A
specified that fraction 7 has strong free radical scavenging activity with
an ICsg of 14.70 pg/mL. Furthermore, Fig. 3C exhibits that fractions 7

and 9 effectively inhibit the production of NO, with ICsq values of 29.90
pg/mL and 34.26 pg/mL, respectively. At the same time, Fig. 3F and 3G
further confirmed the antioxidant activity of the crude extract and its
fractions of tested plant, measured in terms of AAE and FSE.

The antiproliferative and antioxidant activity of T. procumbens may
be due to the presence of different phytochemicals. Plant extracts with
high antioxidant may hold numerous types of phytochemicals, in which
phenolic compounds are ubiquitous. Phenolics typically have strong
antioxidant properties (Vander et al., 1999) and are crucial for human
health (Rice-Evans et al., 1997). Fig. 3D confirmed that all the extracts of
T. procumbens have phenolic contents.Previous reports suggested that
flavonoid also significant role to protect cells from oxidative damage
and control diseases by shielding proteins, lipids, and DNA (Moskaug
et al., 2005; Chen et al., 2013). Therefore, Fig. 3E indicated that tested
extracts have good flavonoid content (13.97 + 0.37 to 0.93 + 0.06).

According to the HPLC results, kaempferol and ferulic acid present in
plant exhibit antioxidant potential and have the potential to lessen free
radicals such as reactive oxygen species (ROS). The reduction of ROS can
change the phenotype of malignant cancer cells (Le Marchand, 2002;
Lopez-Lazaro, 2010; Salehi et al., 2018a; Sharifi-Rad et al., 2018). An
earlier report claimed that, at micro molar concentrations, kaempferol
inhibits the growth of lung adenocarcinoma A549 cells as well as breast
cancer cells (Salehi et al., 2018b; Azevedo et al., 2015; Zhu and Xue,
2018). The aforementioned research on the antiproliferative and high
antioxidant activity of various solvent extracts of the Native American
species of T. procumbens showed that it has the necessary biological
activity in various human cancer cell lines that are specific to various
organs (Han et al., 2018).

5. Conclusions

The present study highlights the significant antioxidant and anti-
proliferative activities exhibited by various solvent fractions of Tridax
procumbens. The promising antiproliferative properties observed,
particularly in the methanolic crude extract and the chloroform fraction
of the stem with ICsy 23.41 pg/mL and 29.45 pg/mL against breast
cancer (MDAMB-231) and skin cancer (A-431) cells, suggest that the
bioactivity may be attributed to the secondary metabolites present. The
study also focused on the usefulness of the plant for medicinal use by
simultaneously detecting two major bioactive phenols using reverse-
phase high-performance liquid chromatography and photodiode ar-
rays. These findings underscore the potential of T. procumbens as a
source of bioactive compounds with therapeutic relevance. However,
further research is essential to isolate and characterize the specific
compounds responsible for these and techniques such as HPLC-MS and
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NMR can be useful. Also, study the mechanisms of action of the active
compounds, such as their effects on apoptosis, cell cycle regulation, and
signaling pathways involved in cancer progression. Animal studies
should be done to evaluate the efficacy, safety, and potential side effects
of T. procumbens extracts or their isolated compounds. The potential
synergistic effects of T. procumbens extracts when combined with other
anticancer agents needed to explore.
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