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Abstract

This study sought to maximize the extraction of Glebionis coronaria’s total phenolic content (TPC) and total flavonoid con-
tent (TFC), determining the best conditions for separating these beneficial substances. Liquid-liquid partitioning was carried
out after extraction using solvents of different polarities, such as n-butanol, ethyl acetate, and chloroform. While antioxidant
activity was evaluated using DPPH, ABTS, reducing power, phenanthroline, and silver nanoparticle assays, TPC and TFC
were measured using the Folin-Ciocalteu and AICIs techniques, respectively. Cytotoxic effects were evaluated against two
cancer cell lines (CAPAN-1 and dld-1) as well as a healthy cell line (L.929), and the ethanolic extract’s substance composition
was examined using LC-ESI-MS/MS. The optimal TPC and TFC extraction parameters were found to be X, (48 h), X, (70%
ethanol), and X5 (30 mL/g). The n-butanol fraction showed significant antioxidant activity (ICs,: 13.89 pg/mL for DPPH,
29.18 pg/mL for ABTS) and had the highest TPC (325.33 mg GAE/g dw) and TFC (112.5 mg QE/g dw). Additionally, it
demonstrated a considerable ability to chelate metals. Twelve bioactive compounds were identified in the ethanolic extract,
with chlorogenic acid being the main component (422.47 pg/g). Cytotoxicity testing revealed significant effects against
CAPAN-1 cells, reducing viability by 38.53% at 1 mg/mL. An ADME model provided insights into the pharmacokinetics
and bioavailability of the identified compounds, highlighting their therapeutic applications.
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Introduction

Glebionis coronaria (L.) Cass. Ex Spach, commonly
known as crown daisy, garland chrysanthemum, or
edible chrysanthemum, is a prominent medicinal and
dietary plant of the Asteraceae family (Grigoras et al.
2019; Wijaya et al. 2020). Its name, derived from the
Greek “chryos” (gold) and “anthemon” (flower), mean-
ing “golden flower,” refers to its bright yellow blooms,
while the Latin “coronaria” refers to its coroniform struc-
ture (Grigoras et al. 2019). Native to the Mediterranean
region, G. coronaria has spread globally and is cultivated
in northern India, Turkey, and East Asia, where it is val-
ued not only for its ornamental properties but also for its
medicinal and culinary applications (Mahdi et al. 2023).
Historically, G. coronaria has held a prominent place in
traditional medicine. Various parts of the plant, including
its extracts and essential oil, are used in Mediterranean
countries for their hepatoprotective, antioxidant, anti-angi-
ogenic, antitumor, nematocidal, insecticidal, and antimi-
crobial properties (Ivashchenko et al. 2019). Similarly, in
East Asia, including China, Korea, Japan, and India, G.
coronaria is consumed as a dietary product and used ther-
apeutically to treat ailments such as syphilis, gonorrhea,
chronic constipation, and stomach disorders. Its leaves are
consumed as edible greens, while its flowers are used to
make herbal teas (Ivashchenko 2017; Wang et al. 2016).
The plant’s dietary significance is further reflected into its
nutritional profile, which has a low fat content, and is rich
in proteins and antioxidant compounds such as beta-car-
otene, vitamin C, tannins, and essential minerals (Ivash-
chenko et al. 2019). In recent years, scientific interest in
G. coronaria has intensified due to its diverse pharmaco-
logical properties and rich phytochemical profile. Stud-
ies have identified a wide array of bioactive compounds,
particularly polyphenols and flavonoids, which have been
associated with its potent anti-inflammatory, antioxidant,
and anticancer properties (Sulas et al. 2017; Singh and
Khanna 2021). Polyphenols and flavonoids have attracted
considerable attention as natural therapeutic agents, lead-
ing to the development of advanced extraction techniques
aimed at isolating these compounds without compromising
their bioactivity (Ameer et al. 2017; Dzah et al. 2020).
Despite the extensive investigation into the medicinal
value of G. coronaria (Sulas et al. 2017; Ivashchenko et al.
2019; Wijaya et al. 2020; Mahdi et al. 2023), a comprehen-
sive examination of phytochemical profile and bioactivity
of the same species growing in Algeria is still lacking.
To this aim, here the aerial parts of G. coronaria were
exhaustively extracted using a sequential method with sol-
vents at different polarities. Total phenol (TPC) and total
flavonoid contents (TFC) were assessed, and the phenolic
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profile of the most enriched fraction was investigated using
LC-ESI-MS/MS. The same extracts underwent evaluation
of antioxidant and antiproliferative activities on cancer
and healthy cell lines. Finally, the bioactive compounds
detected in G. coronaria extracts were subjected to an in
silico ADME evaluation: this computational model pro-
vided critical insights into the pharmacokinetic properties
of the identified molecules, assessing their absorption, dis-
tribution, metabolism, and excretion profiles.

Materials and Methods
Reagents and Chemicals

The reagents and solvents used in this study were of analyti-
cal grade, including Folin-Ciocalteu reagent (FCR), DPPH
(1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)), BHA (butylated
hydroxyanisole), BHT (butylated hydroxytoluene), querce-
tin, a-tocopherol, silver nanoparticles, methanol (> 99.9%),
ethanol (> 99.9%), chloroform (> 99%), ethyl acetate (>
99%), and n-butanol (> 99%). All chemicals were obtained
from Merck (St. Louis, USA).

Plant Material
The aerial flowering parts of G. coronaria (Fig. 1) were har-

vested during March 2024 from wild populations in M’sila
province, northeastern Algeria. Taxonomic identification

Fig. 1 Illustration of Glebionis coronaria collected in Hammam
Dalaa (M’sila), March 2024, Photo K. Rebbas
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was confirmed according to Quezel and Santa (1962) and
POWO (2024), by Prof. K. Rebbas at M’sila University.
The plant samples were washed with distilled water, dried
at ambient temperature of 25 °C in a dark, ventilated space,
ground into fine powder, and stored at 4 °C for future analy-
sis. A voucher specimen, assigned the identification code
N° KRO0015, has been deposited in the personal herbarium
of Prof. K. Rebbas.

Extracts Preparation
Optimization of TPC and TFC Extraction

The maceration technique was applied for optimizing the
TPC and TFC extraction from the aerial parts of G. coro-
naria, using a solvent mixture of ethanol and water. The
extraction was carried out at a constant temperature of 25
°C. A face-centered central composite design was employed
to create surface response plots, with three factors studied
including extraction time (X,), ethanol concentration (X,),
and liquid—solid ratio (X;). TPC and TFC were the response
variables. The optimized conditions are listed in Table 1.

Extraction and Fractionation

A sample of 50 g of G. coronaria powder was macerated
at room temperature, filtered, and the resulting extract was
evaporated at 45 °C under reduced pressure using a Biichi
Rotavapor R-215 (Biichi Labortechnik AG, Switzerland).
The extraction was performed using optimized conditions
determined by response surface methodology (X;, 48.95 h
of extraction time, X,, 70.22% of ethanol concentration, and
X3, 30 mL/g of solvent-to-material ratio). These parameters
were selected to maximize the recovery of total phenolic
content and biological activity from the aerial parts of the
plant. The resulting dry extract was dissolved in 100 mL
of distilled water heated to 100 °C, followed by sequential
liquid-liquid extraction with solvents with increasing polar-
ity (chloroform, ethyl acetate, n-butanol). For each extrac-
tion step, 100 mL of the respective solvent was added to the
aqueous solution, and the mixture was left to stand overnight

Table 1 The experimental

. Parameters Parameters
face-centered central composite levels
design -
-1 0 1
“X, (h) 24 48 72
X, (%) 50 70 90

X,(mL/g) 10 20 30

“X,, extraction time (h)
sz, solvent concentration

“X;, liquid—solid ratio

at room temperature to allow sufficient time for the partition-
ing of compounds from the aqueous phase into the organic
solvent. Each extraction step was carried out in duplicate to
ensure consistency. After extraction, the organic phases were
collected and concentrated using a rotary evaporator at 45
°C under reduced pressure.

TPCand TFC

Total Phenolic Content

Based on the methodology described by Miiller et al. (2010),
a modified Folin-Ciocalteu reagent test was used to quantify
the TPC of G. coronaria extracts. Twenty microliters of each
extract (1 mg/mL) was mixed in a 96-well microplate with
75 pL of a 7.5% sodium carbonate solution and 100 pL of
FCR that had been diluted 1:9 with distilled water for this
test. The mixes were incubated at room temperature in the
dark for 2 h. The assay was conducted in triplicate to ensure
accuracy and reproducibility. With values ranging from O to
200 pg/mL, the absorbance was measured at 765 nm, and
the TPC was computed using a linear regression equation
(y=0.0033x+ 0.1043, R?>=0.998) derived from a gallic
acid standard curve.
This was conducted in triplicate.

Total Flavonoid Content

According to Topgu et al. (2007), the aluminum chloride
colorimetric test was used to measure the TFC of G. coro-
naria extracts. Fifty microliters of each extract (1 mg/mL)
was combined with 130 pL of methanol, 10 pL of 10%
aluminum nitrate, and 10 pL of 1 M potassium acetate in
a 96-well microplate. After 45 min of room temperature
incubation, the mixes’ absorbance at 415 nm was measured.
Each measurement was carried out in triplicate to enhance
data accuracy and reproducibility. Using the same param-
eters, a quercetin standard curve was created with values
ranging from O to 50 pg/mL. The linear regression equation
(y=0.0041x, R*= 0.998) was used to get the TFC values.

LC-ESI-MS/MS Analysis

The Griffith et al. (2019) procedure was slightly modified
for the LC-ESI-MS/MS analysis of the ethanolic extract of
G. coronaria. In a2 mL Eppendorf tube, 50 mg of the etha-
nolic extract was first dissolved in a solution that included
1 mL of methanol and n-hexane each. After vortexing for
2 min at 4 °C using a Bioprep-24 homogenizer, the mixture
was centrifuged using a Hettich Universal 320 R centrifuge
(Germany) for 10 min at 15,033 X g. The methanol layer
was separated after centrifugation and diluted 1:9 with dis-
tilled water. Prior to analysis, a 5.12 pL injection volume
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of the produced solution was filtered using a Captiva pre-
mium syringe filter (nylon membrane, 25 mm diameter,
0.45 pm pore size). Utilizing an Agilent 1260 Infinity II
LC system connected to an Agilent 6460 Triple Quadrupole
Mass Spectrometer with electrospray ionization source, the
chromatographic separation and analysis were carried out.
A reversed-phase Agilent Poroshell 120 EC-C18 analytical
column (100 mm X 3.0 mm, 2.7 pm) kept at 25 °C was used
to achieve separation. The mobile phase was made up of
acetonitrile (0.1% formic acid, eluent B) and water (5 mM
ammonium formate, eluent A) at an isocratic ratio of 75:25.
The process was carried out at a flow rate of 0.5 mL/min for
30 min. Using the Multiple Reaction Monitoring (MRM)
technique and Agilent Mass Hunter Software for compound
identification and quantification, data was acquired in both
positive and negative ionization modes (ESI* and ESI-,
respectively). In order to improve the fragmentation and
transmission of ions, optimized collision energy were used.
The following settings were established for the instrument:
capillary voltage of 4000 V, gas temperature of 350 °C, and
nitrogen gas flows of 11 mL/min for nebulization and 15 mL/
min for drying (Koktiirk et al. 2022). Following the proce-
dures outlined by Yilmaz (2020), the method’s validation
included evaluating important analytical parameters such the
Limit of Detection (LOD), Limit of Quantification (LOQ),
and Linearity Range.

Antioxidant Activity

Ninety-six-well microplates were used for all investiga-
tions, and a PerkinElmer EnSpire Multimode Plate Reader
(Waltham, MA, USA) was used to measure absorbance. All
experiments were conducted in triplicate to ensure reproduc-
ibility and accuracy of the results. The ICs, and A 5 values
(ug/mL) were determined by nonlinear regression analysis.
For ICs, the concentration of the extract required to inhibit
50% of the maximum activity was calculated by fitting the
data to a sigmoidal dose-response curve. Similarly, A, 5 rep-
resents the concentration needed to achieve 50% of the maxi-
mal activity. The data points from different concentrations
were plotted, and a curve-fitting method was applied to esti-
mate these values accurately. The model used was selected
based on its ability to best describe the experimental data,
ensuring a reliable and precise estimation. The mean values
reported are based on three independent experiments.

DPPH Radical Scavenging Assay

The antioxidant activity of G. coronaria extracts was
assessed using the DPPH free radical scavenging method,
following the procedure of Blois (1958). Butylated hydroxy-
toluene (BHT) and butylated hydroxyanisole (BHA) served
as positive controls for comparison.
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ABTS Cation Radical Scavenging Assay

The antioxidant activity of G. coronaria extracts was evalu-
ated using the ABTS radical scavenging method, adapted
from Re et al. (1999). BHT and BHA were used as standards.

Ferric Reducing Antioxidant Power Assay

The reducing power of G. coronaria plant extracts was
assessed using the method described by Oyaizu et al. (1986).
Ascorbic acid was used as a positive control to benchmark
the reducing ability of the plant extracts.

Phenanthroline-Based Iron Reducing Assay

The iron reducing potential of G. coronaria plant
extracts was evaluated following the method of Szy-
dlowska-Czerniak et al. (2008). Butylated hydroxyani-
sole (BHA) was used as a positive control to validate
the assay.

Silver Nanoparticle Assay

The antioxidant capacity of G. coronaria extracts was deter-
mined using the silver ion (Ag") reduction method described
by Ozyurek et al. (2012). Ascorbic acid and Trolox were
included as positive controls to compare the reducing power
of the plant extracts.

Antiproliferative Activity

Two cancer cell lines (CAPAN-1 pancreatic cancer cells
and dld-1 colorectal adenocarcinoma cells) and a normal
cell line (L929 fibroblasts) were acquired from Prof. Dr.
Mustafa Tiirk’s lab at Kirikkale University (Tiirkiye) in
order to assess the antiproliferative activity of G. coronaria
ethanolic extract. Multi-well and culture plates from Corn-
ing, USA, were used in all cell culture methods. The anti-
proliferative activity of G. coronaria ethanolic extract was
evaluated following Karan and Erenler (2018) and Aydin
et al. (2016). After seeding 10 x 103 cells per well in 96-well
plates and incubating for 24 h to allow cell adherence, the
cells were treated with various concentrations (1, 0.75, 0.5,
and 0.25 mg/mL) of the ethanolic extract prepared in com-
plete DMEM medium (Sigma-Aldrich, USA). After 24 h of
treatment, the medium was replaced with 100 pL of MTT
solution (1 mg/mL in PBS; Sigma-Aldrich, USA), and the
plates were incubated for an additional 2-2.5 h at 37 °C
in the dark. Formazan crystals formed by viable cells were
dissolved using 100 pL of isopropanol (Merck, Germany)
per well, and absorbance was measured at 570 nm using
a microplate reader (Thermo Scientific Multiskan GO,
USA). No commercial MTT kit was used; all reagents were



Food Analytical Methods

prepared manually using high-purity analytical-grade chemi-
cals from Sigma-Aldrich and Merck. Cell viability (%) was
calculated using the formula:

Cell viability (%) = As x 100
Ac

where, As and Ac represent the absorbance of treated and
control cells, respectively.

Bioavailability and Pharmacokinetic Characteristics

The bioavailability of the compounds, influenced by phys-
icochemical properties like molecular size, lipophilic-
ity, polarity, and solubility, was assessed through in silico
analyses as outlined by Mhadhbi et al. (2023). Addition-
ally, the druggability and pharmacokinetic profiles of the
phytochemicals identified in G. coronaria were evaluated,
focusing on their absorption, distribution, metabolism, and
excretion (ADME) characteristics (Derbak et al. 2024).

Statistical Analysis

Multiple regression analysis was performed using Minitab
Release 19 (Minitab Inc., State College, PA, USA), while
response surfaces were generated with Statistica 10 (Stat-
Soft, France). Analysis of variance (ANOVA) was utilized
to assess the impact of various factors on the responses. The
adequacy of the statistical models was confirmed by parti-
tioning the residual sum of squares into pure error and lack-
of-fit components, and the coefficient of determination (R?)
was calculated to evaluate the fit of the models. Optimization
procedures were conducted using Minitab Release 19. Sta-
tistical significance was determined through ANOVA (p <
0.05). Differences in treatment means were further analyzed
using Tukey’s multiple range test to identify significant vari-
ations among groups.

Results and Discussion
Optimization of Extraction

The influence of maceration extraction parameters, namely
extraction time, solvent concentration, and liquid—solid
ratio, on the yield of TPC and TFC from the aerial parts
of G. coronaria was systematically investigated. Response
surface methodology (RSM) was utilized to optimize the
extraction conditions, employing a face-centered central
composite design (CCCD) matrix. Each response variable
was precisely quantified as part of the experimental design,
measuring TPC for polyphenols and TFC for flavonoids. The

Table2 The face-centered central composite design matrix and cor-
responding response values for the extraction of G. coronaria

Entry X, (h)* X,(%)® X;(mL/g® 9TPC(mg  °TFC (mg
GAE/g dw®) EQYg
dw)
1 24 50 10 55.58 21.3
2 24 50 30 113.92 31.4
3 24 70 20 75.27 36.5
4 24 90 10 55.51 31.32
5 24 90 30 82.68 40.95
6 48 50 20 118.21 28.8
7 48 70 10 67.19 25.1
8 48 70 20 107.2 37.05
9 48 70 20 107 36.5
10 48 70 20 107.27 36.88
11 48 70 20 107.3 37.1
12 48 70 20 107.27 37
13 48 70 20 107.3 36.9
14 48 70 30 113.21 41.63
15 48 90 20 88.83 36.4
16 72 50 10 54.55 18.6
17 72 50 30 104.6 28.03
18 72 70 20 93.3 37.27
19 72 90 10 62.59 3243
20 72 90 30 92.23 42.8
‘R? 0.957 0.965

CCDC face-centered central composite design
X, extraction time

°X,, solvent concentration

X;, liquid-solid ratio

4TPC, total phenolic content

°TFC, total flavonoid content

{GAE, gallic acid equivalents

£dw, dry weight

"QE, quercetin equivalents

iR2, determination coefficient

response values from the 20 tests conducted are presented
in Table 2.

The powdered extracts of G. coronaria exhibited signifi-
cant variations in their total phenolic and flavonoid content
during the maceration extraction process using ethanol
as solvent and varying extraction parameters. The values
ranged from 54.55 to 118.21 mg GAE/g dw for TPC, and
from 18.6 to 42.8 mg QE/g dw for TFC. Regression analy-
sis was conducted on the experimental data to determine
the significance of the model coefficients in relation to the
extraction of phenolic and flavonoid compounds. Table 2
indicates R? values of 0.957 and 0.965 for TPC and TFC,
respectively, reflecting a significant correlation between
the experimental results and the model for the selected
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parameters. The interaction among extraction time, solvent
concentration, and liquid—solid ratio in the extraction of phe-
nolic and flavonoid compounds is described by Eqs.1 and 2
respectively.

TPC = —44.642 + 2.636X, — 0.522X,

+9.266X; — 0.031 X, +0.004 X,> —0.119 X;* (1)
+0.007X, X, — 0.003X, X; — 0.032X,X;

TFC = —38.895 — 0.282X, + 1.436X, + 1.69X,
+0.001 X, — 0.009 X,* — 0.029 X,* )

+0.002X, X, + 0.00004X, X; + 0.0003X, X,

The results of the multiple regression analysis are consist-
ent with the findings from the surface plot analysis, as dem-
onstrated in Figs. 2 and 3. Figures 2a and 3a illustrate the
effects of extraction duration and ethanol concentration on
TPC and TFC, respectively. The extraction duration emerges
as a significantly important quadratic variable, in addition to
its positive linear effect. The findings indicate that TPC lev-
els reached their maximum at ethanol concentrations ranging
from 50 to 65% over a time interval of 45 to 60 h, while TFC

2 2
&0 &0
- 2
o S
-4 80
£ £
b e
= 4

110 -

. 100

B 90

180

70

. 50

h —

Solvent ratio (%)" & Time (h) Liquid-Solid ratio (%)~ “eoe

levels peaked at ethanol concentrations between 80 and 90%
within a time range of 25 to 72 h. In fact, the integration of
water with organic solvents creates a moderately polarized
environment that facilitates the interaction between the plant
matrix and the solvent used for extraction (Paniwnyk et al.
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and TFC. The optimal extraction of TPC occurs at etha-
nol concentrations below 60%, while TFC is maximized at
concentrations exceeding 80%. The liquid—solid ratio is a
key factor in optimizing extraction, as it influences solvent
penetration and compound diffusion. Adequate solvent vol-
ume facilitates hydration and swelling of the plant matrix,
promoting better solute diffusion (Cacace et al. 2003; Hem-
wimon et al. 2007). However, excessive solvent use can
dilute target compounds and increase energy costs for sol-
vent removal (Chadni et al. 2022). These findings facilitated
the identification of optimal extraction conditions using a
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desirability function, ranging from 0.95 to 1, with 1 repre-
senting the best outcome. To validate these findings, three
independent replicates were performed under the optimized
parameters determined by RSM. The results, presented in
Table 3, confirm the effectiveness of these conditions in
maximizing polyphenol and flavonoid recovery.

TPCand TFC

The G. coronaria extracts were analyzed to determine their
total phenolic and flavonoid contents using the Folin-Cio-
calteu assay and an aluminum chloride colorimetric method,
respectively. Results are presented in Table 4.

The highest concentrations of TPC and TFC were found
in the n-butanol extract (325.33 mg GAE/g dw and 112.5
mg QE/g dw, respectively), followed by the ethyl acetate
and ethanolic extracts. Statistical analysis using ANOVA
and Tukey’s post hoc test confirmed significant differences
in TPC and TFC levels across the G. coronaria extracts (p <
0.05). These findings clearly indicate effective separation
during the liquid—liquid extraction process. The findings
of this study align closely with those reported by Belha-
chat et al. (2023), who identified TPC concentrations in the
ethanolic extract of a G. coronaria Algerian species with
value of 164.785 mg GAE/g dw and TFC levels with value
of 21.86 mg CE/mg dw. Furthermore, Mahdi et al. (2023)
reported that the water extract had the highest concentrations
of TPC (260.57 mg GAE/g dw) and TFC (87.83 mg QE/g
dw) for a G. coronaria Egyptian species. The methanolic

Table 3 Optimal conditions and associated predicted and experimen-
tal values for the responses analyzed

Optimum extraction parameters

X; (h)* X, (%)b X; (mL/g)®
48.95 70.22 30.00
Response variables TPCY (mg GAE'/g dw®)

Predicted Experimental

114.306 117.21 +1.12

Response variables TFC® (mg QE"/g dw)

Predicted Experimental

39.422 40.90 +0.31

The values are expressed as the mean +standard deviation (SD),
derived from three independent replicates

X, extraction time

bX,, solvent concentration
X;, liquid/solid ratio

4TPC, total phenolic content
°TFC, total flavonoid content
fGAE, gallic acid equivalents
£dw, dry weight

"QE, quercetin equivalents

Table4 Phenolic and flavonoid content of Glebionis coronaria
extracts

Extract TPC? + SDP (mg TFC® + SD (mg QEgdw)
GAE®/g dw?)

EtOH 171.16 +1.32° 31.89 +0.54°

CHCls 13.66 +0.11f 321 +0.01f

AcoEt 299.33 +2.128 99.5 +£0.548

n-BuOH 325.33 +2.98" 112.5 +0.75

The values reported are from three independent analyses. The unre-
lated characters (a, b, c, or d) denote significative variations between
the values (p < 0.05)

“TPC, total phenolic content
°SD, standard deviation
°GAE, gallic acid equivalents
ddw, dry weight

°TFC, total flavonoid content

fQE, quercetin equivalents

extract followed, with TPC and TFC values of 190.33 mg
GAE/g dw and 31.82 mg QE/g dw, respectively. In contrast,
the non-polar petroleum ether extract presented the lowest
concentrations, with TPC values of 34.21 mg GAE/g dw and
TFC values of 11.15 mg QE/g dw. The differences observed
between the TPC and TFC values obtained in this study and
those reported in the literature may be attributed to several
factors, including the geographical location of the plant spe-
cies, environmental conditions, plant age, harvest timing,
and extraction methods (e.g. solvent and duration). Each of
these factors can significantly influence the bioactive con-
stituents present in the plant (Kalemba et al. 2024). The find-
ings of this study confirm that an increase in solvent polarity
enhances the recovery of phenolic and flavonoid compounds
from plant materials (El Aanachi et al. 2020). Solvents, as
n-butanol and ethyl acetate, are particularly effective for
extracting polyphenols due to their greater affinity for these
compounds compared to non-polar solvents (Srief et al.
2023). Although n-butanol may yield quantities of polyphe-
nols and flavonoids that are similar to or slightly lower than
those obtained with ethanol, its use can be limited due to
its toxicity and unpleasant odor (Naczk and Shahidi 2004).
Conversely, the lower extraction efficiency of phenolic and
flavonoid compounds using chloroform and non-polar sol-
vents can be attributed to the reduced solubility of these
compounds in low-polarity solvents (Zerrouki et al. 2022).

LC-ESI-MS/MS Characterization of Ethanol Extract

Table 5 presents the chemical compounds detected in the
ethanolic extract of G. coronaria by LC-ESI-MS/MS analy-
sis and prepared using extraction conditions optimized via
response surface methodology. The final parameters were
optimized (X, 48.95 h of extraction time, X,, 70.22% of
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ethanol concentration, and X3, 30 mL/g of solvent-to-mate-
rial ratio). A total of 12 compounds were identified based
on their retention times and characteristic ion transitions.
The findings from the LC-ESI-MS/MS analysis are in
agreement with the measurements of TPC and TFC obtained
from the Folin-Ciocalteu assay and the aluminum chloride
method, respectively, highlighting the considerable abun-
dance of phenolic and flavonoid compounds in G. coronaria.
In fact, the aerial parts of G. coronaria are known to contain
numerous flavonoids and polyphenolic compounds, which
play a crucial role in helping the plant cope with both biotic
and abiotic stresses (Wan et al. 2017). The prominent con-
centration of these compounds further suggests their essen-
tial contribution to the therapeutic properties of the extract.
In fact, the extraction of various phenolic compounds at
significant concentrations is supported by the implemen-
tation of optimized extraction methods, which established
the optimal conditions necessary for enhanced quantitative
and qualitative yields, thereby maximizing the recovery of
valuable phytochemicals. The results presented in Table 5
revealed chlorogenic acid as the most abundant compound
with a concentration of 422.47 ug/g, followed by hesperidin
(148.74 ng/g). Several studies (Chuda et al. 1998; Hosni
et al. 2013; Sulas et al. 2017; Kellal et al. 2023; Belmamoun
et al. 2024) have confirmed the presence of chlorogenic acid
in the aerial parts of G. coronaria. Notably, Kellal et al.
(2023) highlight the prominence of this compound as a key
chemical constituent of the plant, illustrating its potential
significance in the plant’s biological activity and therapeutic
applications. In fact, chlorogenic acid is an ester of caffeic
acid with quinic acid, found in a variety of fruits and veg-
etal species, and has a notable antioxidant potential (Sulas
et al. 2017). Furthermore, it exerts antibacterial, hepato-
protective, cardioprotective, anti-inflammatory, antipyretic,
neuroprotective, anti-obesity, antiviral, antimicrobial, and
antihypertensive properties (Singh et al. 2023). Addition-
ally, this phenolic compound serves as a potent free radi-
cal scavenger and exhibits stimulatory effects on the central
nervous system (Naveed et al. 2018). The findings of this
study align with numerous studies that have identified the
presence of bioactive compounds such as o-coumaric acid,
protocatechuic acid, quercetin, caffeic acid, hydroxycin-
namic acid, and kaempferol in G. coronaria or other spe-
cies within its genus (Farag et al. 2015; Sulas et al. 2017,
Kandylis 2022; Youssef et al. 2023; Belmamoun et al. 2024).
Kandylis, (2022) identified protocatechuic acid as one of the
major compounds present in G. coronaria flowers, while
quercetin was reported as a predominant compound in other
species within the same genus. However, Belmamoun et al.
(2024) identified o-coumaric acid and chlorogenic acid as
the predominant compounds in the methanolic extract of G.
coronaria leaves, accounting for 9.55% and 6.00% of the
total identified compounds, respectively. The differences

in the identified compounds may arise from variations in
plant parts, extraction methods, or environmental conditions,
which are known to significantly influence the phytochemi-
cal composition of plant species (Altemimi et al. 2017). In
fact, these compounds have demonstrated notable therapeu-
tic effects in previous research (Patel et al. 2018; Naveed
et al. 2018). In particular, hesperidin has been recognized
for its antioxidant and anticancer properties (Aggarwal et al.
2020) and exhibits inhibitory effects on neurodegenerative
diseases (Hajialyani et al. 2019). In addition, protocatechuic
acid is notable for its significant antioxidant and anticancer
activities (Patel et al. 2018). The presence of these compo-
nents imparts therapeutic properties to the plant, thereby
encouraging further investigation into the potential benefits
of these extracts (Fig. 4).

Biological Activities
Antioxidant Activity

The antioxidant activity of G. coronaria extracts was
assessed using two proton transfer methods (DPPH and
ABTS) and three electron transfer methods (FRAP, phen-
anthroline, and SNP). The evaluation of antioxidant activity
is essential for determining the potential biological applica-
tions of G. coronaria, as oxidative stress is implicated in
various pathological conditions. Given that phenolic and
flavonoid compounds are major contributors to antioxidant
mechanisms (Treml et al. 2016; Benabderrahim et al. 2019),
assessing their activity provides valuable insight into the
therapeutic potential of the plant. The results measured in
terms of ICs, or A 5 are presented in Table 6, and compared
against various reference standards to match each assay’s
redox mechanism, ensuring accurate benchmarking of radi-
cal scavenging and electron transfer activities.

Despite exhibiting lower antioxidant activity compared
to standard references, G. coronaria extracts demonstrated
promising free radical scavenging potential. The n-butanol
extract showed the highest activity among the tested frac-
tions, with IC5, values of 13.89 pug/mL and 29.18 pg/mL
in the DPPH and ABTS assays, respectively, approaching
the efficacy of BHT. Additionally, its performance in the
phenanthroline and SNP assays (with Ag.5 values of 7.23
pg/mL and 171.24 pg/mL, respectively) highlights its ability
to engage in multiple antioxidant mechanisms. Furthermore,
the ethyl acetate extract exhibited the highest antioxidant
activity in the FRAP assay, with an A 5 value of 29.16 pg/
mL, highlighting its potent ferric-reducing ability compared
to the standard a-tocopherol. The variation in antioxidant
activity among fractions can be attributed to the differing
polarity values of the solvents used in this study (Derbak
et al. 2024). The significant antioxidant activity observed
through various methods can be attributed to the substantial

@ Springer
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Table 6 In vitro antioxidant activity of Glebionis coronaria extracts
Extracts and standards DPPH ICy (ug/mL) ABTS ICs, (ug/mL) FRAP A 5 (ug/mL) Phenanthroline SNP A 5 (ug/mL)
Ays (ug/mL)

EtOH 108.79 +£0.65% 67.46 £2.13% 192.71 £1.01* >200 >400
CHCls >800 350.14 +0.45° >200 120.31 +1.42% >400
AcoFEt 21.14 £0.19° 30.46 +0.23¢ 29.16 +0.17° 27.86 +0.56 295.32 +1.53
n-BuOH 13.89 +0.12¢ 29.18 +0.17¢ 34.16 +£0.21° 7.23 £0.23¢ 171.24 £1.65°
BHA 6.35 +0.13¢ 12.11 +0.10° NT 1.04 +0.14¢ NT
BHT 12.61 £0.34° 1.28 +0.05 NT 2.24 £0.06° NT
a-Tocopherol NT NT 34.43 £0.50° NT NT
Ascorbic acid NT NT 6.50 +0.50° NT 7.14 £0.12¢
Trolox NT NT NT NT 34.17 £1.03¢

The values within the columns, denoted by unrelated characters (a, b, ¢, d, e, or f), exhibit significant differences (p < 0.05)

BHT butylhydroxyltoluene, BHA butylhydroxyanisole, NT not tested

quantities of phenolic and flavonoid compounds detected
using the Folin-Ciocalteu and aluminum chloride methods.
These compounds were further identified and quantified for
the ethanolic extract through LC-ESI-MS/MS analysis,
highlighting their crucial role in contributing to the antioxi-
dant properties of the plant extracts. Indeed, the phenolic
and flavonoid compounds are considered among the most
promising and quantifiable phytochemical constituents
within plant secondary metabolites (Al-Owaisi et al. 2014).
In fact, chlorogenic acid exhibits strong radical scaveng-
ing and metal-chelating properties, comparable to ascorbic
acid (Rojas-Gonzélez et al. 2022; Nakatani et al. 2000). In
addition, hesperidin and caffeic acid further enhance anti-
oxidant capacity, as confirmed by in vitro assays (Lou et al.
2014; Khan et al. 2016). Additionally, G. coronaria contains

@ Springer

beta-carotene, a precursor of vitamin A, known for its role
in reducing oxidative stress (Ivanshchenko et al. 2019). The
combined action of these bioactive molecules contributes
to the plant’s ability to mitigate oxidative stress-related
diseases.

Anti-Cancer Activity

Oxidative stress is strongly associated with the development
of various degenerative diseases, including cancer and age-
related disorders (Akash et al. 2014). To further explore the
potential biological applications of G. coronaria, its ethanol
extract was evaluated for antiproliferative activity against
CAPAN-1 (pancreatic cancer), dld-1 (colorectal adenocar-
cinoma), and L929 (fibroblast) cell lines. CAPAN-1 and
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dld-1 were selected as oxidative stress plays a key role in
the progression of pancreatic and colorectal cancers, mak-
ing antioxidant-rich extracts potential candidates for thera-
peutic investigation (Mohammed et al 2023; Cancemi et al.
2023). L929 fibroblasts were included as a non-cancerous
control to assess selective cytotoxicity. The concentration
range used in this assay (0.25 to 1 mg/mL) was chosen based
on preliminary screening results, which showed that lower
concentrations did not elicit measurable cytotoxic effects.
This range allowed for accurate estimation of the IC5 values
while encompassing both sub-effective and near-maximal
responses, ensuring a reliable dose-response evaluation. The
results are detailed in Table 7 and Fig. 5.

The ethanolic extract of G. coronaria demonstrated a
cytotoxic activity against the CAPAN-1 pancreatic cancer
cell line, reducing cell viability to 38.53% at a concentration
of 1 mg/mL (Table 7). This suggests a potential therapeutic
effect against pancreatic cancer. Interestingly, the extract

showed minimal cytotoxicity toward the dld-1 colorectal
adenocarcinoma cell line, with cell viability percentages
exceeding 100%. Furthermore, the L929 fibroblast cell
line exhibited significantly increased viability, indicating
that the extract may have a protective or proliferative effect
on normal cells. These findings suggest that, at the tested
concentration, G. coronaria exhibits promising therapeu-
tic potential against pancreatic cancer, as it demonstrates
selective cytotoxicity toward cancer cells while maintaining
higher viability in normal cells. This selective effect may
provide a valuable avenue for developing targeted treatments
that minimize damage to healthy tissues, thus enhancing the
safety and efficacy of cancer therapies. In fact, medicinal
plants hold considerable promise as innovative anticancer
and antiproliferative therapies, largely due to their robust
anticarcinogenic and chemoprotective properties. The bio-
active compounds within these plants demonstrate reduced
toxicity, offering effective pathways for cancer prevention

Table 7 Cytotoxic effect of

. . . Concentration (mg/mL)
Glebionis coronaria ethanolic

Cell viability (%)

extract on the tested cell lines CAPAN-1 dld-1 L929
1.0 38.53 +1.20* 105.08 +1.87* 215.64 +3.45
0.5 183.25 +2.87° 145.18 +2.14° 353.71 £6.35°
0.25 186.52 +3.15° 199.69 +3.14¢ 376.24 +5.78°
0.125 189.06 +3.65¢ 224.76 +4.25¢ 375.85 +5.21¢
Extract IC5, (mg/mL) 0.97 >1 >1
Doxorubicin ICs (ug/mL) 16.34 18.19 18.85
Control absorbance 0.242 +0.001 0.239 +0.002 0.122 +0.002

Different letters (a, b, c, or d) signify statistically significant differences between the values (p < 0.05)

A CAPAN-1 B did-1 C L929
a
200 - b c 40 o 1 &
a b w | = B
§ 160 X 201 ég 350 :
~ ; i - i
E 120 | = ® ;. » )
g @ 120 | d -‘;
= | S = 7
2" = 5
[7] =
[7]
O x| d (&] i o -
05 10 10 : 05 10
Ethanolic Extract Concentration Ethanolic Extract Concentration Ethanolic Extract Concentration
( mg/mL) ( mg/mL) ( mg/mL)
¢ Standard Error of the Mean (SEM), p <0.05

Fig.5 (panels a, b and ¢) Cytotoxic effect of Glebionis coronaria ethanolic extract against CAPAN-1, dld-1 and 1929 cell lines. Different let-
ters (a, b, ¢, or d) signify statistically significant differences between the values (p < 0.05)
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and treatment (Gezici and Sekeroglu 2002). In the current
investigation, the TPC and TFC determination, supported
by LC-ESI-MS/MS analysis for the ethanolic extract, dem-
onstrated that G. coronaria is rich in bioactive compounds
with promising anticancer and antiproliferative properties. In
fact, polyphenols have demonstrated potential in cancer pre-
vention by mitigating the damaging effects of free radicals
on cells, primarily through their scavenging abilities. Their
diverse chemical structures contribute to their versatility in
neutralizing free radical activities, thus reducing oxidative
stress to levels that prevent harm to cellular DNA and the
synthesis of regulatory proteins essential for coordinated
cellular functions (Brglez Mojzer et al. 2016; Dzah et al.
2020). These compounds have the capacity to influence and
regulate various biochemical processes and mechanisms
involved in carcinogenesis. Furthermore, they function as
biological response modifiers, enhancing immune system
activity and protecting cells from free radical-induced dam-
age (Niedzwiecki et al. 2016). Experimental evidence also
suggests that polyphenols inhibit cancer progression, as they
can slow the advancement of malignancy and promote the
repair of damaged cells (Tabrez et al. 2013). Furthermore,
polyphenols demonstrate selective protection for normal
cells, exhibit cytotoxicity toward cancer cells, and modulate

growth factor-receptor interactions and cell signaling path-
ways that regulate the survival of healthy cells and the apop-
tosis of malignant cells (Brglez Mojzer et al. 2016). Addi-
tionally, chlorogenic acid, identified as the major compound
by LC-ESI-MS/MS analysis, has been reported to exhibit
antiproliferative activity against a range of cancer cell lines,
including MDA-MB-231, T47D, 4T1, EMT6, BT-549,
MCF-7, MCF-10 A, and the pancreatic cancer cell lines
PANC-1 and AsPC-1, through mechanisms of action that
include inducing apoptosis, causing mitochondrial dysfunc-
tion, and modulating pathways involving Bcl-2, caspase-9,
and other related factors (Gupta et al. 2022). The findings
of this study are consistent with those reported by Lee et al.
(2002), who demonstrated the antiproliferative effects of
sesquiterpene lactones, specifically dihydrochrysanolide
derivatives isolated from G. coronaria, against human cell
lines A549, PC-3, and HCT-15. This concordance reinforces
the potential anticancer activity of G. coronaria. Therefore,
further investigations are essential to thoroughly evaluate
the therapeutic potential of this plant and its bioactive com-
pounds in cancer treatment.

Pharmacokinetics and Bioavailability Evaluation

Pharmacokinetic and bioavailability evaluation are fre-
quently investigated to prevent drug failures during later

Table 8 ADME characteristics of compounds identified from Glebionis coronaria

Entry Bioactive molecules of G. coronaria ethanolic extract

1 2 3 4 5 6 7 8 9 10 11 12
Physicochemical characteristics and lipophilicity
Molecular weight 154.12 35431 122.12 180.16 164.16 138.12 18217 61056 46438 44838 148.16 302.24
No. Rotatable bonds 1 5 1 2 2 1 3 7 4 4 2 1
No. H-bond acceptors 4 9 2 4 3 3 4 15 12 11 2 7
No. H-bond donors 3 6 1 3 2 2 2 8 8 7 1 5
TPSA (A2) 71.76 164.75 373 7176  57.53 57.53 66.76 23429 21051 190.28 37.3 131.36
Consensus Log Po/w  0.65 -038 1.17 0.93 1.4 1.24 1.4 -0.72 -025 -025 1.79 1.23
Bioavailability, pharmacokinetics, and druglikeness evaluation
GI absorption High Low High High High High High Low Low Low High High
BBB permeant No No Yes No Yes Yes Yes No No No Yes No
CYP1 A2 inhibitor No No No No No No No No No No No Yes
CYP2 C19 inhibitor No No No No No No No No No No No No
CYP2 C9 inhibitor No No No No No No No No No No No No
CYP2D6 inhibitor No No No No No No No No No No No Yes
CYP3 A4 inhibitor Yes No No No No No No No No No No Yes
log Kp (cm/s) -642 -876 —-609 -658 -—-586 -554 -6.1 -1012 -888 —-852 -569 -7.05
Bioavailability score 0.56 0.11 0.55 0.56 0.85 0.85 0.55 0.17 0.17 0.17 0.85 0.55
Synthetic accessibility  1.07 4.16 1 1.81 1.85 1 1.57 6.34 5.32 5.29 1.67 3.23

TPSA topological polar surface area, Log P lipophilicity, GI gastrointestinal, BBB blood-brain barrier

1—Protocatechuic acid, 2—Chlorogenic acid, 3—Hydroxybenzaldehyde, 4—Caffeic acid, 5—o-Coumaric acid, 6—Salicylic acid, 7—Protocat-

echuic ethyl ester, 8—Hesperidin, 9—Isoquercitrin, 10—Kaempferol-3-glucoside, 11—trans-Cinnamic acid, 12

@ Springer
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development phases. The 12 bioactive molecules identified
in G. coronaria ethanolic extract through LC-ESI-MS/MS
analysis display a range of physicochemical characteristics
that are essential for drug design (Table 8). Compounds
such as hydroxybenzaldeyde (MW 122.12 Da, TPSA 37.3
Az) and trans-cinnamic acid (MW 148.16 Da, TPSA 37.3
A?) possess relatively low molecular weights and TPSA,
aligning well with Lipinski’s Rule of Five, which sup-
ports good membrane permeability and oral bioavailability
(Lipinski et al. 1997). Conversely, larger molecules, such
as hesperidin (MW 610.56 Da, TPSA 234.29 Az) and iso-
quercitrin (MW 464.38 Da, TPSA 210.51 10\2), exhibit high
TPSA and molecular weight, which may restrict passive
diffusion across biological membranes, resulting in their
observed low GI absorption (Varma et al. 2005). The lipo-
philicity of these compounds, indicated by their consensus
Log Po/w, further influences their absorption potential.
Trans-cinnamic acid, with a Log Po/w of 1.79, suggests a
balance between lipophilicity and hydrophilicity, support-
ing good absorption, while chlorogenic acid, with a nega-
tive Log Po/w of —0.38, indicates a hydrophilic nature,
which may reduce membrane permeability and contribute
to low GI absorption. Moreover, the GI absorption profile
highlights that most molecules, including protocatechuic
acid, hydroxybenzaldeyde, caffeic acid, o-coumaric acid,
salicylic acid, protocatechuic ethyl ester, trans-cinnamic
acid, and quercetin, exhibit high absorption potential. Con-
sidering, o-coumaric acid, with a moderate MW (164.16
Da) and TPSA (57.53 AZ), fulfills criteria that favor high
GI absorption. Molecules with low GI absorption, such

as hesperidin (high MW and TPSA), are typically more
challenging to formulate for oral administration due to
reduced permeability through the intestinal membrane
(Aungst 1993). For therapeutic applications, these find-
ings indicate that while most compounds are viable for
oral delivery, alternatives may be needed for those with
low GI absorption scores (e.g., hesperidin, isoquercitrin,
and kaempferol-3-glucoside). In addition, only a subset of
molecules, specifically hydroxybenzaldeyde, o-coumaric
acid, salicylic acid, protocatechuic ethyl ester, and trans-
cinnamic acid, demonstrate BBB permeability. This fea-
ture is especially relevant for molecules intended for sys-
temic therapies where limited CNS exposure is beneficial,
as it reduces the risk of central side effects (Upadhyay
2014). Salicylic acid, for instance, with a Log Po/w of 1.24
and a low TPSA (57.53 Az), supports BBB penetration.
On the other hand, high TPSA molecules like hesperidin
(234.29 A?) show poor BBB permeability, indicating lim-
ited CNS distribution. Indeed, minimal inhibition across
cytochrome P450 enzymes was observed, with only pro-
tocatechuic acid and quercetin showing CYP3 A4 inhi-
bition. CYP3 A4, a key enzyme in hepatic metabolism,
plays a significant role in drug-drug interactions (Pal
and Mitra 2006). Quercetin, showing inhibitory activity
for both CYP2D6 and CYP3 A4, suggests a higher risk
for metabolic interactions than other compounds, which
might be relevant for polypharmacy considerations. Most
compounds do not inhibit CYP450 enzymes, suggest-
ing a favorable metabolic profile with potentially lower
risks of drug-drug interactions, aligning with favorable

Fig.6 Boiled-egg model of the
molecules detected and quanti-
fied by LC-ESI-MS/MS analy-
sis in the ethanolic extract of
Glebionis coronaria. 1—Proto-
catechuic acid, 2—Chlorogenic
acid, 3—Hydroxybenzaldehyde,
4—Caffeic acid, 5—o-Cou-
maric acid, 6—Salicylic acid,
7—Protocatechuic ethyl ester,
8—Hesperidin, 9—Isoquerci-
trin, 10—Kaempferol-3-gluco-
side, 11—trans-Cinnamic acid,
12—Quercetin
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drug-likeness properties. The bioavailability scores of
these compounds range from 0.11 (Chlorogenic acid) to
0.85 (o-coumaric acid, salicylic acid and trans-cinnamic
acid). Molecules with higher bioavailability scores, such
as trans-cinnamic acid, are promising for oral bioavail-
ability, suggesting they could be administered effectively
via the oral route (Ayvaz et al. 2022). Protocatechuic acid,
caffeic acid, and quercetin, with moderate bioavailability
scores (around 0.55), also show potential for good bio-
availability under optimized conditions. Synthetic accessi-
bility scores indicate how readily these compounds might
be produced. Hydroxybenzaldeyde, with a synthetic acces-
sibility score of 1.00, suggests ease of synthesis, whereas
hesperidin, with a score of 6.34, may present challenges
for scalable synthesis. Figure 6 illustrates the distribution
of molecules from the ethanolic extract of G. coronaria
according to the boiled-egg model. This model was used
to assess how the molecules interact with different phases,
providing insights into their potential bioactivity and par-
titioning behavior within the system.

Conclusion

The present study highlights the significant optimiza-
tion of extraction conditions for phenolic and flavonoids
compounds from Glebionis coronaria using ethanol and
liquid-liquid fractionation with solvents of varying polar-
ity. The n-butanol fraction exhibited the highest total phe-
nolic and flavonoid content, alongside potent antioxidant
and metal-chelating activities, underscoring its potential
for therapeutic applications. Cytotoxicity assays revealed
significant anticancer effects of the ethanolic extract
against the CAPAN-1 cell line, while minimal toxicity
was observed in the healthy L929 cell line. LC-ESI-MS/
MS analysis identified several bioactive compounds, with
chlorogenic acid as the major constituent, known for its
strong antioxidant and anticancer properties. The pharma-
cokinetic and bioavailability profiles of these compounds
suggest their favorable absorption and distribution, fur-
ther supporting their potential as therapeutic agents. These
findings offer promising prospects for the development of
Glebionis coronaria as a source of bioactive compounds
with applications in cancer therapy and other health-
related fields. Future research should focus on exploring
the full therapeutic potential of these compounds, includ-
ing in vivo studies and their application in medicinal
formulations.
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