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Abstract

Recently, the nanotechnology sector has opened new avenues for enhancing the therapeutic potential of plant-based
compounds. Nanoparticles, especially those synthesized from plant extracts, have shown great promise in improving the
delivery and efficacy of anticancer agents. These plant-derived nanoparticles can target cancer cells more precisely,
minimizing side effects and maximizing therapeutic outcomes. A chemical profiling study using UPLC-QTOF-MS/MS was
conducted to explore the Portulaca oleracea (P. oleracea) phytoconstituents that exert the biological activities. Fifty
compounds, comprising phenolic acids, organic acids, flavonoids, coumarins, fatty acids, alkaloids and amino acids were
recognized via chemical characterization. The Folin.-Ciocalteu technique was utilized to assess the overall phenolics content
of the obtained fractions, while the total amount of flavonoid was obtained using AICl;. Moreover, the antioxidant ability was
measured by ABTS, FRAP and DPPH techniques. Our findings revealed that the methanolic fraction has the greatest level of
flavonoid (121.47 £1.41 mg RE/g extract) and phenolic amounts (555.15 + 1.14 mg GAE / g extract) among the examined
extracts also the total alkaloid and the total saponin percent of the methanolic extract are 1.79% and 1.28% respectively.
Moreover, methanol extract also show the highest antioxidant activity ICs, = 6.87, 21.31, 20.18ug/mL for ABTS, DPPH and
FRAP respectively, this activity could be explained by the extract's high flavonoid and phenolics content. The water extract
of P. oleracea was employed in producing gold nanoparticles AuNPs. UV-Vis spectrophotometric analysis and transmittance
electron microscope (TEM) were used for analyzing the biosynthesized AuNPs. Additionally, the anti-cancer potential of the
water extract and its biosynthesized AuNPs was explored by MTT assay against several cancer cell lines. The findings
demonstrated that the the synthesized gold nanoparticles (AuNPs) was active against mammary gland breast cancer MCF-7
with an ICs, of (29.44+0.5) pg/mL compared to the reference medication, staurosporine STA with an ICs, of (12.24+0.68)
png/mL where in case of hepatocellular carcinoma HepG-2 cell lines the AuNPs has ICs, of (14.51+1.02) pg/mL, compared to
staurosporine STA ICsy (5.20£0.87) pg/mL. The ICsgvaluesofAu-NPs were 31.14+0.87ug/mL for cervical cancer HeLa,
18.11+2.1 pg/mL for colon cancer cell lines Caco-2, 21.0+£0.99 pg/mL, for HCT116 and17.47+1.3 pg/mL, for kidney cancer
cell line UO-31 cell line. Across all cancer cell lines tested, the synthesized gold nanoparticles (AuNPs) from P. oleracea
extract consistently demonstrated lower ICs, values compared to the crude water extract, indicating that the synthesis of
AuNPs enhances the anticancer activity of the plant extract, this can be attributed to several factors, including their small size,
which allows for better penetration into cancer cells, and their ability to induce reactive oxygen species (ROS), leading to
apoptosis. The combination of plant-based bioactive compounds and nanotechnology provides a promising strategy for
developing effective anticancer therapies.
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1. Introduction

Cancer remains among the most significant
global challenges, despite advances treatment
modalities. The continuous quest for more effective,
less toxic therapies underscores the need for novel
anticancer drivers. Historically, plants have been a
precious source of medicinal constituents, with many
traditional remedies based on plant extracts
demonstrating significant anticancer properties [1, 2].
These plant-derived compounds offer a diverse
chemical arsenal capable of inhibiting cancer cell
growth  and  proliferation [3]. Recently,
nanotechnology has opened new avenues for
enhancing the therapeutic potential of plant-based
compounds.  Nanoparticles, especially  those
synthesized from plant extracts, have shown great
promise in improving the delivery and efficacy of
anticancer  agents [4]. These plant-derived
nanoparticles can target cancer cells more precisely,
minimizing side effects and maximizing therapeutic
outcomes. Emerging studies have demonstrated the
successful application of plant-derived nanoparticles
in combating various types of cancer. These
nanoparticles not only enhance the bioavailability of
plant compounds but also improve their selective
uptake by cancer cells, thereby increasing their
therapeutic efficacy [5].

Numerous studies ~ have  been  conducted
regarding noble metal nanoparticles creation, owing
to the great and diverse potential of these
nanoparticles in biological, therapeutics,
pharmaceutical, biomedical and environmental
applications [6]. Out of the several existing methods,
AuNPs can be synthesized using “green” methods
utilizing plant materials such as flower, leaves, fruit,
seed, bark and roots [7]. Utilizing plant biomasses
may reduce metallic ions producing metallic
nanoparticles. Naturally occurring chemicals in plant
extracts may exert stabilizing, capping, and reducing
properties on synthesized metal nanoparticles [7].
Gold nanoparticles AuNPs fabrication by using
plants may be more favourable than the physical and
chemical approaches as these processes are
economical, simple to carry out, comprehensive,
eco-friendly, and may not require high pressure,
temperature, or any hazardous chemicals. Many
different types of plants including herbs, vegetables,
fruits, trees, shrubs, and fungi have been explored for
gold nanoparticle synthesis [8].

Purslane, or Portulaca oleracea L., is a perennial
herbaceous plant belonging to the Portulacaceae
family, which grows easily in a variety of soil types
and climates and is widely dispersed around the
world [9]. It is frequently utilized as traditional meal
and dietary supplement because of its high nutritional
content and health advantages. Numerous studies
have demonstrated the plant's abundance in numerous
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significant phytochemicals, including proteins,
carbohydrates, alkaloids, terpenoids, and flavonoids.
Purslane also contains carotenoids, minerals and
vitamins. Furthermore, P. oleracea has been
recognized for its antioxidant, anticancer, skeletal
muscle relaxant, antidiabetic, anti-insomnia,
hepatoprotective, anti-inflammatory, neuroprotective
and cholesterol-lowering activities [10-12]. From
conventional medicine, Purslane is employed to cure
a number of illnesses, including dysentery, diuresis,
wound healing, bronchitis, gonorrhoea, and antiseptic
properties [13-14]. Additionally, P. oleracea is
reported to have a potential role in gold uptake and
could tolerate both soluble and nanosized gold.
However, the potential of P. oleracea for producing
gold nanoparticles through biosynthesis is still
unknown, and hence this paper was undertaken to
explore the biosynthesis of AuNPs utilizing P.
oleracea and characterize it using different
experimental techniques including UV-Visible and
TEM. The synthesized AuNPs were examined for
their biological applications including selective
cytotoxicity against cancer cell line using human
tumor cell lines. Additionally, this work aims to
investigate the antioxidant potential and determine
the main components of P. oleracea extract
responsible for the biological activity.

2. Experimental

2.1. Collection and extraction of P. oleracea
The P. oleracea aerial parts were harvested from

local fields in Beheira governorate, Egypt during
February—-March 2020. Once the plant was shade-
dried, a mortar pestle was used to pulverize it, and
then sieved to attain 0.20 -0.60 mm particle sizes.
The fine powder was kept in storage ~ at  — 30°C.
Subsequently 10 g of P. oleracea powder in 500 mL
of 90% methanol was extracted using the ultrasound-
assisted extraction (UAE) technique for 40 min at
50°C using Nade Scientific Instruments, SK-24TC,
25 kHz, China, an ultrasonic cleaner. After
centrifuging the material for ten minutes at 10,000
rpm, the supernatant was removed and dried by
evaporating it [15]. Fractionation of the crude extract
of P. oleracea was done by using a variety of
solvents such as petroleum ether (60-80), methylene
chloride, ethyl acetate, n-butanol and water.

2.2. Phytochemical analysis

The reported methods were carried out in order to
perform the phytochemical analysis of the P.
oleracea derived fractions [16-21].
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2.3. Determination of total phenolic contents (TPC)
and total flavonoid contents (TFC):

The overall amount of phenolic compounds in the
extracts was assessed via phosphomolybdenum assay
according to Osman et al. [22]. Mossalem et al.’s
technique [23] was also used to calculate the total
flavonoid amount.

2.4. Determination of the overall alkaloids content
The estimation of alkaloids has been done
according to the standard method [20].

2.5. Determination of total saponin content

The explained approach by Obadoni et al [24] was
followed with minor adjustments to evaluate the
overall saponin content.

2.6. Ultra-performance liquid chromatography/
quadrupole-time-of-flight mass spectrometer
analysis (UPLC-QTOF-MS)

The phytochemical profiling of the methanolic
extract of P. oleracea were analyzed via a an Axion
AC system (Kyoto, Japan) in conjunction with a
triple TOF 5600+ system fitted with a Duo-Spray
source operating in (ESI) the electrospray ionization
mode (AB SCIEX, Concord, Canada) and attached
with an autosampler, a precolumn (Phenomenex, 0.5
pum x 3.0 mm, USA), and an Xbridge C18 column
(Waters Corporation, Milford, MA, USA) all of
which were maintained at 40°C and a flow rate of
300 pL/min as formerly explained [25].

2.7. Antioxidant activity
2.7.1. Radical scavenger potential by ABTS assay
Radical scavenger potential by ABTS technique of
the extract and its fractions was valued by a
procedure reported by Bakchiche et al. [26]. The
ABTS+ solution was made and left to stand at room
temperature for sixteen hours in the dark. After that,
40 milliliters of deionized water were added to 1
milliliter of the solution to create a working ABTS+
solution, which had an absorbance of 0.70 at 734 nm.
The test samples (15 pL) were added to ABTS+
working solution (1.485 mL). The absorbance was
measured at 734 nm after 10 minutes. ABTS radical-
scavenging activity (%) = (A . — A ) / (A ) x 100
was the formula used to compute ABTS free radical-
scavenging activity. The absorbance of the ABTS
radical + methanol is called A, and the absorbance of
the ABTS radical + sample extract / standard is called
A;. The graph of the percentage of the ABTS
scavenging action against extract concentration was
used to determine the extract concentration that
provided 50% radical scavenging activity (ICsp). An
antioxidant standard called Trolox was utilized to
compare the activity.
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2.7.2. Ferric reducing antioxidant power (FRAP)
method

The FRAP assay was used to assess the
antioxidant power of extracts against ferric reduction.
When antioxidants are present, the complex 2,4,6-
tripyridyl-S-triazine (TPTZ)-Fe’* is reduced to
TPTZ-Fe** (colored form), and this change in
absorbance is measured using the FRAP method [27].
The solution for this experiment was prepared by
mixing 25 mL of 300 mmol/L acetate buffer, 2.5 mL
of 10 mmol/L TPTZ in 40 mmol/L HCI, and 2.5 mL
of 20 mmol/L FeCl;.6H,O. We made samples using
different P. oleracea solvent extracts at varying
concentrations (50-500 pg/mL). After combining
900 ul of FRAP reagent with 100 pl of extract, the
reaction mixture was incubated for 4 minutes at
37°C. The absorbance of the mixture was measured
at 593 nm, with quercetin serving as the standard.
The mean of three readings was calculated and
expressed as mM FeSO, equivalent/mg extract.

2.7.3. DPPH radical inhibition method

The DPPH scavenging ability was established
using a methodology that has been previously
published [28]. The following equation was utilized
to calculate the inhibitory activity (%):[(Ab,-
Ab,)/Ab.] x100, where Ab. represents the control
absorbance and Ab, represents the standard or extract
absorbance. The ICs, was determined by regression
analysis.

2.8. Biosynthesis of gold nanoparticles (AuNPs)

Twenty gram P. oleracea leaves were thoroughly
washed to remove particulate materials and additional
water was eradicated by wrapping them between
filter papers. In 2000 mL volumetric Erlenmeyer
flask, 500 mL distilled water were added to 20g
leaves and left for 30 minute at 80°C and then the
obtained extract was filtered. The production of gold
nanoparticles (AuNPs) in a safe environmental
manner was done as previously investigated by
Hassanisaadi ef al. [29]. Au** ions were reduced to
Au’ using the water extracts. A 5mL P. oleracea
extract was added to 45mL of 5mM HAuCl, to
generate SmM Au’* ion, and the mixture was kept at
25°C overnight. It was possible to keep the bottles
shaking continuously to prevent agglomeration and
enhance biosynthesis. The gold solution (faint
yellow) treated with distilled water was kept as
control. A bio-fabrication of AuNPs was observed 24
h following the mixing the HAuCl; solution with
plant extract.
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2.9. Characterization of biosynthesized gold
nanoparticles
2.9.1. UV- Visible spectroscopic analysis
Ecofriendly reduction of tetrachloroauric acid
(HAuCl,) to gold nanoparticles AuNPs was observed
after 24 hrs. A UV-Vis spectrograph was recorded
between 200 and 800 nm in scanning speed by UV-

visible Shimazu 2401PC spectroscopy [30].

2.9.2. Transmittance electron microscopic analysis
(TEM)

The suspension of AuNPs biosynthesized by plant
extract was examined by electron microscope (JEOL
1200 EX). To create TEM sample, carbon-covered
copper grids were coated with a drop of the AuNPs
solution suspension, the samples have been allowed
for drying on the grid for four minutes. TEM
micrographs were used to determine the size and
form of AuNPs derived from P. oleracea [31].

2.10. Anticancer potential via (MTT) micro culture
tetrazolium assay

Using malignant cell lines from humans,
specifically hepatocellular carcinoma (HePG-2),
cervical malignant (HeLa), human colon malignant
cell lines (Caco-2, HCTI116), human kidney
malignant cell line (UO-31) and mammary gland
breast cancer (MCF-7), the cytotoxicity against tumor
cell line was performed in accordance with the MTT
assay as previously described [32]. VACSERA
Company, Egypt, provided the cell lines.
Staurosporine STA, an anti-cancer medication,
served as the baseline for comparison [33].
2.11. Analytical statistics

Every outcome was examined statistically via the
computerized SPSS program, edition “13”. The
findings were displayed as the mean + standard
deviation.

3. Results and Discussion
3.1. Ultrasound-assisted extraction (UAE) and
Phytochemical examination

Conventional extraction techniques utilized
extensively in order to extract the plant constituents.
But these techniques have various shortcomings,
including extended periods of extraction, poor
extraction effectiveness and excessive use of energy
[15]. In order to overcome these constraints, recent
developments in extraction technology have
prompted the creation of novel extraction techniques.
Among these techniques is (UAE) ultrasonic assisted
extraction that has proven incredibly effective at
plants extraction. Ultrasonic assisted extraction is
unique because practicality and adaptability in
manufacturing environment [34-35]. The ultrasonic
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waves in UAE induce the breakdown of cell
membrane and improve the flow of materials present
inside the cells into the solvent used for extraction.
Thus ultrasonic assisted extraction shortens
extraction times and greatly increases extraction
proficiency. The plant extracts were qualitatively
examined and the results in Table 1 had showed the
existence of phytoconstituents as phenols, flavonoid,
alkaloid, saponins, glycoside, steroid and tannins.
Phenolic and flavonoids act an important role in
overall physiological routes, so they consider
important criteria for assessing the biological potency
plant extract [36]. In the current research, the overall
flavonoids and phenolics amount of methanol extract
of P. oleracea and its derived fractions is evaluated,
(Table 2). The findings revealed that the methanolic
extract contained considerably higher total phenolics
(555.15+1.14 mg of GAE/g extract) after that
butanol extract (439.91 +0.29 mg of GAE/g extract),
this could maybe due to the superior polarity of
methanol [36]. Also, the methanol extract of P.
oleracea contained higher total amount of flavonoids
(121.47+1.41 mg of RE/g extract) afterward the
butanol extract (99.10+£0.81 mg of RE/g extract),
this investigation is consistent with the previous
findings. The total amount of flavonoids and
phenolics was more in methanol fraction relative to
other P. oleracea extracts. Phenolics possess an
extensive array of biological characteristics, such as
the ability to modify gene expression and their anti-
oxidant and anti-carcinogenic qualities.
Flavonoids are biologically active substances that resi
st bacteria, ulcers, arthritis, angiogenic disorders, and
malignant diseases. They also prevent the creation of
mitochondrial adhesion [37].
3.2. Identification of secondary metabolites of P.
oleracea via UPLC-QTOF-MS spectrometer
Combining UPLC with high resolution mass
spectrometry (MS/MS) is an effective method for
quickly identifying a wide range of chemical
compounds; it provides precise mass and formula
information as well as the ability to distinguish
between isomeric compounds [38]. To obtain the
profile of P. oleracea metabolites, UPLC-QTOF-MS
analysis operated in the negative ionization mode was
performed. The molecular weights, fragmentation
patterns and published information on the plant were
used to identify the structures of the detected
compounds. Fifty compounds in all were found in
the methanolic extract of P. oleracea and identified
(Table 3, Fig.1). These compounds were categorized
as flavonoids, flavonols, phenolics, carboxylic acids,
indole carboxylic acids, coumarin glucoside
derivative, amino acids, fatty acid esters, hydroxy
fatty acids, dipeptides, Imidazole and alkaloids.
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Table 1: Phytochemicals screening of different P. oleracea extracts

Phytoconstituents ~ Methanol.  Petroleum Methylene. Ethyl n-Butanol
extract ether extract  Chloride extract  acetate extract — extract

Flavonoids + + - + +
Phenolics + - + - +
Tannins + + - +

Alkaloids + - - - -
Terpenes + + - + +
Saponins + - - - -

Steroids - - - + +
Glycosides + - - + +

(+) presence, (—) absence

Table 2: Total phenolics content (TPC), total flavonoids content (TFC), percentage of alkaloids and saponins contents of P. oleracea
extracts

TEC TPC Total alkaloids ~ Total saponins
Sample

(mg RE/g extract) (mg GAE/ gextract) % %
Methanol 121.47 £1.41 555.15+1.14 1.79£0.14 1.28+0.18
Petroleum ether 34.19+1.01 33.24 £0.06 0.87£0.10 0.24 £0.02
Methylene chloride  56.12+ 0.69 21.24 £2.07 0.91+0.09 0.79 £0.08
Ethyl acetate 87.98 +0.47 42725 +1.51 1.23 £0.26 0.26 £0.06
n-butanol 99.10+£0.81 439.91+0.29 221+0.17 0.169+0.68

Results are the average of triplicate experiments (n=3) and values expressed as the mean + standard deviation, the measurement unit for the
total amount of phenolic compounds is milligram gallic acid equivalent per gram extract (mg GAE/g ext.), while the measurement unit for the
concentration of flavonoid is milligram rutin per gram extract (mg RE/g ext).
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Figure 1: UPLC-QTOF-MS chromatogram of P. oleracea extract in negative mode
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Table 3: List of the identified compounds of P. oleracea methanolic extract by UPLC-QTOF-MS in negative mode

Identified Compound

Citric acid
Gluconic acid
D-(+)-Malic acid
L-5-Oxoproline

1,2-Benzenediol
L-(-)-Phenylalanine
2-Isopropylmalic acid
Protocatechuic acid
Citramalic

4-Hydroxy benzoic acid
Maleic acid

Ferulic acid

L-(-)-Mandelic acid
5-Methoxysalicylic acid
Coumaric acid

Citraconic acid (Mesaconic)
Gentisic acid
2-Hydroxy-4-methylpentanoate
Isoferulic acid
1H-indole-3-carboxylic acid
Glycyl-L-proline

Itaconate

Xanthine
Kaempferol-3-O-robinoside-7-
O-rhamnoside
Kaempferol-3-0-(6-p-
coumaroyl)-glucoside

Methyl Jasmonate
Carnosine

Dicrotalic

Scopoletin
Kaempferol-3-O-glucoside
Beta-Indoleacetic acid
Alpha-methyl serine
Kaempferol-7-
neohesperidoside
Daidzein

Allantoin
Kaempferide
Apigenin

Luteolin

Inosine

Acacetin

Linolenic acid
Chlorogenic acid

Neochlorogenic acid

Caffeic acid
Formononetin
L-beta-homotyrosine
Esculin

5-Aminoimidazole-4-
carboxamide-1-ribofuranosyl
5'-monophosphate
Alpha-Linolenic acid
Gamma-Linolenic acid

3.2.1. Flavonoids

Flavonoids are one of the very prevalent and
significant active phytoconstituents of P. oleracea,
such as kaempferide, acacetin, apigenin, daidzein,

Retention
time (min)
1.0936

1.120933
1.1339
1.1460

1.1466
1.1599
1.1699
1.1729
1.1855
1.1923
1.2120
1.2384

1.2779
1.3055

1.3194
1.3204

1.3330
1.3600
1.3613
2.3068
2.996667
5.31438
5.8155
5.5912

6.0538

6.3108
6.4418
6.5864
6.612817
6.8011
6.8276
6.9593
7.7157

8.6673
8.9065
9.8421
10.149
10.333
10.5726
10.863
11.1699
12.635

12.655
12.714
14.298
15.305
15.64152
16.179

17.9255
18.9600

Exact
mass

191.0556

195.0524
133.048
128.0344

109.028
164.073
175.059
153.020
147.066
137.02

115.037
193.071

151.061
167.033

163.038
129.054

153.018
149.070
193.071
160.039
171.1042
129.0928
151.040
739.195

593.151

223.135
225.109
161.026
191.0357
447.094
174.055
118.028
593.146

253.049
157.124
299.058
269.046
285.037
267.0298
283.104
277.144
353.101

353.104
179.107
267.154
194.079
339.1977
337.205

277.144
277.144

Mass fragmentation

163,130,128,111,103

177,151,129,121
115,71,59
128

108,

147,120
157,115,113
153,109,91
116,98

93,65

71
178,149,134,105

107,79,77,51
108,91,65

119
129, 99, 85, 83, 68,55

153,109,108,91,84,81
130,102

161, 133, 115, 105, 77
116

153,127,111

136,108,92
592, 430,284

400,284

205,189,183, 161, 131
209,197,181,156,110
144,133,117,99,77,65
176, 148, 85

331, 284,255, 227
144,130,116,86,77
90,50

463,233

224,208,184,133,116
157
284,237,199,137,80,65
117
241,177,133,109,65
211

253

233,205, 103,59

191

191,179,135,85
161,135,107,91
252,224,199
163,134

183

97

261, 233,205, 103,59
261, 233,205, 103,59

formononetin,
astragalin,

glucoside,
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Elemental
formula
CeHgO7
CsH1,07
C4H(,05
C5H7NO3

C¢HeOn
CoH;;NO,
C7H205
C;HsO,4
CsH3Os
C;H¢O3
C,H,04
CioH1004

CsHsOs
CgHgO4

CoHgO3
CsHgO,4
C;HO,
CsH 12053

CoH;NO,
C7H12N>0;3
CsHgO,4
CsH4N,O,
C33H40019

C30Ha6013

Ci3H20;
CoH4N4O3
CH100s
C10H804
Ca1H2001
Cl(]H9NOZ
C4HyNOs
C27H30015

Ci5H1004
C4HgN,O3
Clﬁleoﬁ
Ci5sH1005
CISHI()OE‘
Cl(lH12N405
ClﬁHIZOS
C18H3()02
C16H1809

C16H1809
CoHgO4
Ci6H1204
CioHi3NO;
C15H1609
CoH;5N,OgP

C 1 8H3002
Ci5H300,

Class of compound

Carboxylic acids
Carboxylic acid

Fatty acids
Amino acids

Hydroxybenzene
Amino acids
Hydroxy fatty acids
Phenolic acids
Fatty acids
Phenolic acids
Carboxylic acids
Phenolic acids
Carboxylic acids
Phenolic acids
Phenolic acids
Carboxylic acids
Phenolic acid

Fatty acid esters
Phenolic acids
Indolecarboxylic acid
Dipeptide
Dicarboxylic acid
Alkaloids

Flavonol glycoside

Acylated flavanol

Fatty acids
Dipeptides
Carboxylic acid
Coumarin derivative
Flavonoids
Carboxylic acids
Amino acids
Flavonoid glycoside

Isoflavone
Imidazoles
Flavonols
Flavone
Flavone
Alkaloids
Flavonoids
Fatty acids
Esterified
acids
Esterified
acids
Phenolic acids
Isoflavone

Amino acids
Coumarins glucoside
derivative

Amino imidazoles

Phenolic

Phenolic

Omega-3-fatty acids
Omega-6-fatty acids

Ref.

G BEEG EoE U
R e A

Nd b= —=bhOnwn DA b AW

Q
=2

E
e

STERZIR
S=ER2 R

D= AN DN

KA n s

[10]
[10]

kaempferol-3-O-(6-p-coumaroyl)-

robinin,

kaempferol-7-
neohesperidoside and luteolin. The previous studies
found that during mass analysis, each flavonoid
subgroup has a distinct fragmentation pattern [39].
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The most common way that flavonoids fragment is
through the retro-Diels-Alder of the C-ring. Small
molecules like C,H,O (42 Da), CO. (28 Da), 2CO.
(56 Da), 3CO (84 Da), COO (44 Da), and CO + COO
(72 Da) may also be significantly lost. Flavonoids
with methylation additionally include a definite ion
[MH CHj3], identified by the loss of CH; (15 Da) [40-
41].

3.2.2. Phenolic and carboxylic acids

Phenolic acids are frequently identified secondary
metabolites in nearly all of the plant profiling
investigations. Generally, phenolic acids produced an
ion [M—H]™ due to the loss of H and daughter ion
[M H 44]" corresponding to loss of CO, from the
carboxy group [25, 42]. In our research, we found ten
phenolic acids comprising two esterified acids
(chlorogenic and neochlorogenic) and eight free acids
(protocatechuic acid, 5-methoxysalicylic, gentisic,
ferulic, coumaric, 4-hydroxybenzoic, caffeic, and
isoferulic).

2,5-Hydroxybenzoic acid (gentisic acid) was
recognized by a molecular ion peak at m/z 153 and
at 137[M-H-OH]", 109 [M-H-COJ, 108 [M-2H-COJ’,
91 [M-H-CO,]", 84and 81 [43]. Because there was a
signal at m/z 193 of a molecular ion peak [M-H], and
a base peaks [M-H-CH;]™ at m/z 178, [M-H-COO]"
149 and [M-H-CH;-COO]™ 134, ferulic acid was
recognized. 3-hydroxy-4-methoxycinnamic acid
(isoferulic acid) was tentatively identified by [M-H]
peak at m/z 193 with daughter ions at 161, 133, 115,
105, and 77 [44]. Moreover, a compound had signal
at m/z 163 demonstrated [M-H]" and daughter ions at
119 corresponding to loss of COO, and 59; it was
tentatively recognized as p-coumaric acid (4-
hydroxycinnamic acid) [4]. Protocatechuic acid was
confirmed by its typical fragmentation pattern of m/z
153, 109, 91[45]. A signal demonstrated an [M-H]
m/z at 179 and daughter ions at 161[M-H-H,O0]", 135
[MH-CO,], and 107 [M-H-COO-COJ; it was
tentatively recognized as caffeic acid [46].
Neochlorogenic acid was tentatively recognized from
[M-HJ signal at m/z 353 and ions signals at 191 [M-
H-caffeic acid portion], 179 [M-.H- quinic acid
portion], 161, 135 and 85 [47]. 4-Hydroxybenzoic
acid demonstrated by molecular ion peak at m/z 137
followed by a peak corresponding to the loss of
carboxylic group [M-H-CO,]" at 93 [43]. A signal
was identified as 5-methoxysalicylic acid with
molecular ion peak at 167 followed by fragmentation
signals at m/z 108, 91, and 65 [48]. Citraconic acid
was identified with peaks at m/z 129, 129, 99, 85, 83,
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68, 55 [49]. A signal was identified as gluconic acid
due to its molecular ion peak at m/z 195 followed by
peaks at m/z 177,151,129,121 [4]. A signal
corresponding to loss of H, at m/z 133 and fragment
ions at 115 (because of loss of H,O), 87, and 71;
Malic acid was the tentative identification [50]. A
signal showed molecular peak at m/z 115 and a
fragment peak at 71 corresponding to the loss of
carboxylic group; it was recognized to be maleic acid
[51]. L-(-)-Mandelic acid also detected with
molecular ion signal [M-.H]'m/z at 151 and ions
at107, 79, 77, 51. Additionally, dicrotalic exhibited
molecular peak [M-.H] m/z at 161 and ions 144, 133,
117,99, 77, 65 [52].

3.2.3. Fatty acids

A signal was 2-hydroxy-4-
methylpentanoate due to its molecular ion peak at
m/z 149, the carboxyl group loses CO:, leading to a
fragment with m/z 102. A common fragmentation
involves the loss of acetic acid, resulting in a peak at
m/z 130. A signal was identified as 2-isopropylmalic
acid, its molecular ion peak [M-H] at m/z 174, loss
of CO: and CH;COOH) often occurs, yielding
fragments around m/z 148 and 130. The isopropyl
group can also fragment, leading to peaks around m/z
116. A compound at m/z 147 was identified as
citramalic acid, frequently loses CO:, producing
fragments around m/z 116. Further fragmentation can
lead to peaks around m/z 116 and 98 (loss of Hz0). In
addition malic acid appear at m/z 133[M-H] with
fragmentation at m/z 116 and 98 due to loss of H.0O
and CO: respectively. A signal [M-H] at 277 m/z
and ions at 261 233corresponding to loss of OH, 233
corresponding to loss of CO2, 205, 103, and 59 it
was tentatively recognized as omega-3 fatty Acid (a-
linolenic acid). A signal at m/z 233 [M-H] and ions
at 205 [M-CH;-OHJ, 189[M-H-COO], 183 ,161
,131, 99 it was tentatively recognized as methyl
jasmonate. As a consequence of the extremely high
content of fatty acids which are not often generated in
earthly plants—fatty acids are particularly employed
in ethno medicine and pharmacology [53].

identified as

3.2.4. Alkaloids

As shown in Table 3, two alkaloids component
were identified in the tested extract as inosine and
xanthine [54].

3.2.5. Coumarins derivatives
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Scopoletin (coumarins derivative) was identified
through a molecular ion peak at m/z 191 and
fragment ions.at 176, 148, 85 [55]. Also Esculin
(coumarins glucoside derivative) show a molecular
ion peak at m/z 339 and daughter ions peak at 177
[M-H-glucose moiety]

3.2.6. Others

A peak corresponding to the molecular ion.at 109
m/z and peak at 108, 91 [M-H-H,O], 65, and 53; it
was tentatively recognized asl, 2-dihydroxy benzene
(pyrocatechol) [55]. In addition, P. oleracea extract
contain three amino acids that detected as
phenylalanine, L-beta-homotyrosine-HCl, alpha-
methyl-DL-serine [4].

3.3. Antioxidant potential of P. oleracea extracts
The phytoconstituents of P. oleracea were

responsible for its antioxidant potential [73]. To
evaluate its antioxidant capacity, a number of assays
have been utilized, such as DPPH, FRAP, and ABTS.
The findings demonstrated that purslane's methanolic
extract exhibited potent antioxidant activity
(Table 4). ABTS ICs5y=6.87ug/ml; DPPH ICs, =
21.31pg/ml; FRAP =20.18 mM FeSO, equivalent/mg
extract, and it is associated with increased levels of
total phenolics, omega-3 fatty acids [74].
Antioxidants are vital to maintaining health of people
because they reduce the possibility of free radicals
damaging cells [10]. P. oleracea has a wide variety
of chemical constituents many of which have been
discovered and found to have antioxidant properties.
Such as alkaloids, inosine and xanthine exhibited
antioxidant activities [75-76]. Another research found
reduction in nitric oxide and in peroxidation of lipid
in rat’s liver. These results collectively imply that P.
oleracea provides defense against free radicals.

3.4. Characterization of gold nanoparticles from P.
oleracea aqueous extract

3.4.1. Colour change and UV/vis absorbance

The green production of AuNPs through P.
oleracea aqueous extract was monitored using UV—
visible spectroscopy where the first clue to the
biosynthesis of AuNPs is the solution's color shift.
The colour of tetrachloroauric acid (HAuCl,) solution
was gradually changed from yellow to purple or red
(Fig. 2-a). Reaction mixture color changes result
from collective electron oscillations on the AuNP
surface, the UV/Visible of the produced AuNP was
scanned by spectrophotometer (Shimadzu UV
2041PC). The produced gold nanoparticles exhibited
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characteristic surface Plasmon resonance at 537nm
for P. oleracea (Fig. 2).

3.4.2. Transmission electron microscopy (TEM)

Transmission electron microscopy (TEM) findings
revealed that the biosynthesized gold nanoparticles
(AuNPs) showed a typical particle size of 8.8 nm to
25 nm for P. oleracea (Fig. 3).

3.5. A Anticancer activity of P. oleracea extract and
its biosynthesized gold nanoparticles

The anticancer potential of P. oleracea water
extract and its synthesized gold nanoparticles
(AuNPs) was evaluated across six different human
tumor cell lines: hepatocellular carcinoma (HePG-2),
cervical cancer (HeLa), human colon cancer (Caco-2
and HCT116), human kidney cancer (UO-31), and
mammary gland breast cancer (MCF-7). Currently
MTT dye is commonly known as a safe approach of
examining the rate of cell proliferation.
Dehydrogenase enzymes of active cells reduce MTT
(yellow colour) to give intracellular formazan (purple
colour) which can be measured spectrophoto-
metrically. Specifically, in our work we used the
MTT assay to evaluate the anticancer activity of the
P. oleracea extract and its biosynthesized AuNPs
.The half-maximal inhibitory concentration (ICsg)
values for each treatment were compared with
staurosporine (STA), a potent anticancer agent
known for its ability to induce apoptosis.
The findings in Table 5 demonstrated that the ICsg
against HePG-2 cells value for the extract was
20.7842.11 pg/mL, demonstrating  moderate
anticancer activity against liver cancer cells. The ICs,
value of AuNPs synthesized from P. oleracea
improved significantly to 14.51+1.02 pg/mL,
suggesting that the AuNPs synthesized from P.
oleracea extract have enhanced potency compared to
the crude extract, indicating that nanoparticle
synthesis enhances bioavailability and cellular
uptake. Moreover, the ICs, value for the extract was
44.52+1.30 pg/mL, indicating lower anticancer
activity against HelLa cells and the ICs, value
decreased to 31.14+0.87 pug/mL, reflecting improved
anticancer efficacy with the wuse of AuNPs.
Additionally, the ICsy values in colon cancer cells
Caco-2 were 26.19+1.54 pg/mL for the extract alone
and 18.11+2.1 pg/mL for the synthesized AuNP
formulation, suggesting better efficacy with the
AuNP formulation. While for HCT116 (Human
Colon Cancer) the ICs, value of P. oleracea extract
was 33.41+1.09 pg/mL, showing relatively moderate
anticancer activity, but the synthesized AuNPs: The
ICsy value improved significantly to 21.0+0.99
pg/mL, demonstrating a marked increase in efficacy.
As with other cell lines, the synthesized AuNPs from
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P. oleracea extract exhibited superior anticancer
activity compared to the extract alone, though STA
remained the most potent. Also the synthesized
AuNPs displayed greater anticancer activity against
human kidney cancer (UO-31) and Mammary Gland
Breast Cancer (MCF-7) than the extract.

Finally, across all cancer cell lines tested, the
synthesized gold nanoparticles (AuNPs) from P.
oleracea extract consistently demonstrated lower ICs,
values compared to the crude water extract,
indicating that the synthesis of AuNPs enhances the
anticancer activity of the plant extract. This can be
attributed to the improved bioavailability, cellular
uptake, and stability of the bioactive compounds in
the nanoparticle form.

The enhanced anticancer activity of AuNPs can be
attributed to several factors, including their small
size, which allows for better penetration into cancer
cells, and their ability to induce reactive oxygen
species (ROS), leading to apoptosis. The combination
of  plant-based  bioactive = compounds  and
nanotechnology provides a promising strategy for
developing effective anticancer therapies. Treatments
can now be specifically and directly targeted to
malignant cells and tumors through the use of
nanotechnology. Additionally, nanotechnology offers
a special combination of tools for overcoming drug
resistance, delivering medication via biological
barriers, and coupling therapeutic agents with
imaging techniques to provide synergistic effects. As
a result, the biosynthesized AuNPs loaded with plant
extract showed a significant potential for
effectiveness. [77].

AuNPs can trigger apoptotic pathways in cancer
cells, leading to programmed cell death. The
phytochemicals from P. oleracea may synergistically
enhance this effect. Gold nanoparticles can increase
ROS levels in cancer cells, causing oxidative stress
and subsequent cell death. The antioxidant properties
of P. oleracea might possibly be involved in
adjusting this effect. Functionalization of gold
nanoparticles with specific ligands or antibodies can
enable targeted delivery to cancer cells, improving
the therapeutic index while minimizing side effects
on healthy tissues. To increase the effectiveness of
conventional chemotherapy drugs, gold nanoparticles
can be added. The natural compounds from P.
oleracea may also have synergistic effects used
alongside these treatments. Our findings show a
diverse array of compounds as phenolic acids, fatty
acids, carboxylic acids, amino acids and flavonoids.
These compounds are well-known because their roles
in the metabolism of plant and potential health
benefits in humans (e.g., anti-cancer properties). The
existence of multiple phenolic acids such as gentisic,
ferulic acid, caffeic acid etc. , are known for their
antioxidant properties, which can help protect cells
from oxidative stress and damage-factors associated
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with cancer development. Research indicates that
phenolic acids can induce apoptosis in cancer cells,
inhibit cell proliferation. These mechanisms are
especially relevant in cancer cell lines such as breast,
colon, and prostate cancer [78].

As mentioned in the results, ICs, values were
harmonized with the current findings; the previous
studies showed that phytoconstituents derived from
P. oleracea stimulate apoptosis in cervical cancer
[79]. Zheng et al. [80] showed that Portulac-
erebroside A isolated from P. oleracea, significantly
reduced human liver cancer cell. Fatty acids,
particularly unsaturated fatty acids like alpha-
linolenic acid and gamma-linolenic acid, have shown
promise in preventing cancer cell growth. They can
modulate inflammation and have been associated
with reduced risk in various cancer types.
Specifically, certain fatty acids can alter cell
membrane fluidity, thereby affecting receptor
signaling and gene expression involved in cell growth
and apoptosis. Cell lines from colorectal cancer,
breast cancer cell line and colon carcinoma have been
observed to respond favorably to treatments with
omega-3 fatty acids. Carboxylic acids, including
short-chain fatty acids like citric acid and malic acid
might suggest insights into metabolic pathways.
These compounds have vital roles in energy
production and metabolism. Furthermore, flavonoid
is a broad class of polyphenolic substances with
potent antioxidant properties. It has been established
that they have anti-inflammatory and antiproliferative
properties on several kinds of cancer -cells.
Flavonoids that have demonstrated the ability to
block the progression of the cancer cell cycle and
stimulate apoptosis include daidzein, acacetin,
luteolin, and kaempferol. Studies utilizing cell lines
as leukemia, lung and breast cells have exhibited the
potential of flavonoids to impede the growth of
tumors [81- 82]. In agreement to our characterizing
the P. oleracea extract, include flavonoids and their
polyphenolic derivatives [83-85]. Flavonoid-derived
nanoparticles  exhibit  encouraging  anticancer
properties [86]. It has recently been demonstrated that
apigenin induces apoptosis, which potency and
dramaticallyinhibits the proliferation of human gliobl
astoma cell lines [87—-89]. Moreover, kaempferol has
demonstrated anti-glioma activity by promoting
apoptosis and the production of ROS [90]. Thus,
polyphenolic substances including apigenin and
kaempferol as well as polysaccharides coexist with P.
oleracea's cytotoxic actions on human glioma cells.
Also, P. oleracea blocked the HepG?2 and HeLa cells
proliferation [91]. Also P. oleracea leads to
cytotoxicity in colon cancer, breast cancer and kidney
cancer cell lines. In addition, amino acids can affect
the metabolism and growth of cancer cells, especially
those that are involved in the creation of proteins and
signaling molecules. Proline or phenylalanine may
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have the ability to boost cytotoxic action in addition
to improving the affinity for binding the cancer cell
membrane [92-93]. Thus, the findings of this research
indicate that the P. oleracea extract 's constituents
exhibit a complex interaction with cancer cell lines
via a range of methods, such as triggering apoptosis,
lowering inflammation, preventing cell division, and
altering metabolic pathways. These substances'
interactions may have synergistic effects that increase
their potential as therapeutic agents for the prevention
and treatment of cancer. Further investigation into

these chemicals could pave the road for the creation
of potent medicines or nutraceuticals targeted at the
fight against cancer. However, because condensed
tannins negatively regulate transcription factors,
growth factors, receptor kinases, and other
carcinogenic molecules, they have also been noted as

interesting anticancer possibilities [94].

Table 4: Antioxidant activity of P. oleracea extracts

Sample ABTS DPPH FRAP (mM FeSO4
(ICso pg/ml)  (ICsp ug/ml)  equivalent/mg extract)

Methanol 6.87+0.33 21.31£1.07 20.18+1.41

Petroleum ether 55.46+1.08 84.17£0.58 1.35+£2.15

Methylene chloride — 43.12+1.15 67.51£3.22 7.11+1.87

Ethyl acetate 8.10£1.04 33.91£2.01 17.1440.86

n-Butanol 15712049  39.11+£3.07 16.28+0.19

Quercetin - - 22.14+1.05

Ascorbic acid - 3.21£0.55 -

Trolox 1.99£1.07 - -

Table 5: Anticancer activities of P. oleracea extract and its biosynthesized AuNPs via MTT Assay

1Cso (ng/mL)
human tumor cell lines P. oleracea extract AuNPs from Staurosporine
P. oleracea STA

(HePG-2) Hepatocellular carcinoma 20.78£2.11 14.51£1.02 5.20+£0.87
(HeLa ) Cervical cancer 44.52+1.30 31.14+0.87 12.47£0.79
(Caco-2) Human colon cancer cell lines 26.19+1.54 18.11£2.1 9.25+1.8
(HCT116) Human colon cancer cell lines 33.41£1.09 21.0+0.99 7.31+1.1
(UO-31) Human kidney cancer cell line 29.11+0.46 17.47£1.3 9.11+1.3
(MCF-7) Mammary gland breast cancer 43.11x1.77 29.44+0.55 12.24+0.68

=}

ERY

[}

Q

s 1

2

S

a

2 05

<

300 700

Figure 2:

nanoparticles (AuNPs) biosynthesized by P. oleracea extract.
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a) Colour change from faint yellow to purple after the reduction of HAuCly by P. oleracea extract. b) UV/Vis of gold
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Fig. 3: TEM image of AuNPs biosynthesized by P. oleracea extract.

4. Conclusion

Our findings revealed that the methanolic fraction
of P. oleracea has the greatest level of flavonoid
(121.47 £1.41 mg RE/g extract) and phenolic
amounts (555.15 + 1.14 mg GAE / g extract) among the
examined extracts also the total alkaloid and the total
saponin percent of the methanolic extract are 1.79%
and 1.28% respectively. Moreover, methanol extract
also show the highest antioxidant activity ICsq = 6.87,
21.31, 20.18ug/mL for ABTS, DPPH and FRAP
respectively, this activity could be explained by the
extract's high flavonoid and phenolics content. The
UPLC-QTOF-MS utilized in the analysis of P.
oleracea extract chemical profiling in this current
study demonstrated the abundance of flavonoids,
flavonols, phenolic acids, carboxylic acids, indole
carboxylic acid, coumarins glucoside derivative,
amino acid, fatty acid esters, hydroxy fatty acids,
dipeptides, imidazole and alkaloids. Combining the
water extract of P. oleracea in the green synthesis of
metal nanoparticles led to the preparation of bioactive
gold nanoparticle AuNPs that exhibited significant
anticancer potential by MTT assay against tumor cell
lines specifically, HePG-2 (ICsy 14.51+1.02pg/mL),
HeLa(ICsy = 31.14+£0.87ug/mL), Caco-2 (ICso=
18.11£2.1 pg/mL), HCTI16 (ICsy =21.0+£0.99
pg/mL), UO-31(ICsy =17.47+1.3 pg/mL) and MCF-
7(ICs0 29.44+0.5 pg/mL) compared to the reference
medication, staurosporine STA , it exhibit promise as
a novel approach in cancer, eliminating the
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requirement for artificial chemotherapeutic drugs.
Across all cancer cell lines tested, the synthesized
gold nanoparticles (AuNPs) from P. oleracea extract
consistently demonstrated lower ICs, values
compared to the crude water extract, indicating that
the synthesis of AuNPs enhances the anticancer
activity of the plant extract. This can be attributed to
the improved bioavailability, cellular uptake, and
stability of the bioactive compounds in the
nanoparticle form. However, in all cases, STA
showed the highest anticancer efficacy, underscoring
its role as a powerful anticancer agent. The enhanced
anticancer activity of AuNPs can be attributed to
several factors, including their small size, which
allows for better penetration into cancer cells, and
their ability to induce reactive oxygen species (ROS),
leading to apoptosis. The combination of plant-based
bioactive compounds and nanotechnology provides a
promising  strategy for developing effective
anticancer therapies.

Consequently, the synthesis of AuNPs in
accordance with phytonanotech objectives will serve
as a starting point for scientific advancements in the
future.

5. List of abbreviations

°C: Degree in Celsius.

ABTS: Diammonium salt of
(3ethylbenzothiazoline-6-sulfonic acid
AuNPs: Gold nanoparticles

BHT: butylated hydroxyl toluene

(2,2-azinobis-
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Caco-2: Human colon cancer cell line

DPPH: 1,1'- Diphenyl-2-PicrylHydrazyl.

FRAP: Ferric reducing antioxidant power

HCT116: Human colon cancer cell line

HeLa: cervical cancer cell line

HePG-2: Hepatocellular carcinoma cell line

IC50: Median Inhibitory concentration.

MCEF-7: Mammary gland breast cancer cell line

MTT: "3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide" assay

nm: Nanometer.

SD: Standard Deviation.

STA:Staurosporine

TEM: Transmission electron microscopy

Trolox: 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid

UO-31: Kidney cancer cell line
UPLC-QTOF-MS/MS:  Ultra-Performance Liquid
Chromatography/ Quadrupole-Time-of-Flight Mass
Spectrometer analysis
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