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Carthamus caeruleus L. (Asteraceae) has been traditionally recognized for its wound-healing, anti-
inflammatory, and burn-relieving properties. The present study investigates the phytochemical
composition, antioxidant potential, and anti-inflammatory activity of hydromethanolic and
chloroformic extracts derived from its rhizomes. The hydromethanolic extract exhibited higher total
phenolic content (138.07 + 0.15 pg GAE/mg) and flavonoid concentration (35.87 + 0.02 ug QE/mg).
Phytochemical analysis using liquid chromatography coupled with mass spectrometry identified key
compounds including feruloylquinic acid, dihydro-p-coumaric acid glucoside, and a ferulic acid
derivative (isomer 1). Antioxidant activity was assessed via lipid peroxidation inhibition, cellular
antioxidant activity, hydrogen peroxide scavenging, and total antioxidant capacity. The
hydromethanolic extract demonstrated strong lipid peroxidation inhibition (ICso = 1.47 £ 0.17 mg/mL),
high total antioxidant capacity (100.01 + 0.09 ug GAE/mg), moderate cellular antioxidant activity
(12.49 £ 1.13%), and hydrogen peroxide scavenging at 450 pg/mL.Anti-inflammatory activity was
evaluated in vitro using LPS-stimulated RAW 264.7 macrophages and in vivo through carrageenan-
induced paw edema in mice. The extract inhibited nitric oxide production (ICso = 161 + 0.36 pg/mL),
reduced erythrocyte hemolysis (83.09 +0.45 %), and protein denaturation (65.04 + 1.86%) at 500
pg/mL. In vivo, a 53.57 + 4.71% reduction in paw inflammation was observed at 1000 mg/kg. These
findings support the traditional use of Carthamus caeruleus L. and highlight its potential as a source of
antioxidant and anti-inflammatory agents. Further studies are required to isolate active constituents and
evaluate their therapeutic relevance.

Keywords: Carthamus caeruleus, burn-relieving properties, Phytochemical analysis, High-
performance liquid chromatography coupled with tandem mass spectrometry, Antioxidant potential,
Anti-inflammatory activity.

Introduction

Official Journal of Natural Product Research Group, Faculty of Pharmacy,
University of Benin, Benin City, Nigeria.

Oxidative stress, an imbalance between the production of reactive
oxygen species (ROS) and the capacity of antioxidant defenses, plays
a critical role in various pathological conditions. While ROS play
essential roles in cellular signaling and metabolic processes, their
excessive accumulation-often  triggered by environmental or
physiological stressors—can inflict substantial damage on cellular
components.® Such damage affects essential biomolecules, including
proteins, lipids, and DNA, and has been implicated in the development
of neurodegenerative disorders such as Alzheimer's, amyotrophic
lateral sclerosis, and Down syndrome, as well as metabolic disorders
like diabetes, obesity, and their associated microvascular
complications.?
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Algeria, the largest country in the Mediterranean basin and in the Arab
and African worlds, features a wide range of ecological zones,
spanning nearly 2.4 million km2 and 1.600 km coastline. This
environmental diversity supports a rich flora comprising over 4.000
plant taxa. Combined with its deep-rooted cultural heritage, Algeria
has long embraced phytotherapy as an integral part of traditional
medicine, sustained by generations of ethnobotanical knowledge.® In
this context, the present study focuses on Carthamus caeruleus, a
member of the Asteraceae family and the Carthamus genus.*

These rare perennial herbaceous plants are adapted to sun-exposed
Mediterranean habitats and are believed to have originated in
Southwest Asia, later spreading to North Africa, Europe, and other
regions.> Traditionally, Carthamus caeruleus L. has been used for
wound healing, burn treatment, and inflammation relief.® These uses
are supported by its richness in bioactive compounds such as rutin,
quercetin, and caffeic acid, which have demonstrated promising
antioxidant and anti-inflammatory properties in preliminary in vitro
and in vivo studies.” However, despite these encouraging findings, the
precise chemical composition of Carthamus caeruleus L. rhizome has
not yet been thoroughly characterized using advanced analytical
techniques. In this context, the present study aims to address this gap
by conducting the first detailed profiling of Carthamus caeruleus L.
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rhizome using liquid chromatography coupled with tandem mass
spectrometry. This approach will enable the accurate identification of
chemical compounds that may be responsible for its biological effects.
Furthermore, the antioxidant and anti-inflammatory activities of the
extract are evaluated to deepen the understanding of the
pharmacological potential of this medicinal plant.

Materials and Methods

Plant Material and Extract Preparation

Rhizomes of Carthamus caeruleus L. were collected in the summer of
2023 from the Medjadja region, located in Chlef Province,
northwestern  Algeria (36°15'47.9"N, 1°23'50.9"E), following
botanical identification by Professor Abdelkader Saadi, a botanist at
the Faculty of Natural and Life Sciences, University of Chlef, Algeria.
A voucher specimen was deposited in the herbarium under the
reference number UCT-Cc-113-2023. The plant material was air-
dried, ground, and extracted by maceration in methanol and
chloroform, as described by Chaouche et al.® The obtained extracts
were filtered, concentrated under reduced pressure, and stored at 4 °C
until further analysis.

Assessment of extraction yield

The extraction yield of Carthamus caeruleus L. rhizomes was
calculated to evaluate the efficiency of the extraction process using
both hydro-methanolic and chloroformic solvents. The yield
percentage was determined according to the following equation 1:

Mass of dry extract _mg

Yield(%) =

Initial n'.:n:lfl.:n'.pl::_n'u,ng'uu (Eq 1)
Determination of total phenolic content (TPC)

The total phenolic content of the hydro-methanolic and chloroformic
extracts of Carthamus caeruleus L. was determined using the Folin—
Ciocalteu reagent method.® A calibration curve was constructed by
mixing 1 mL aliquots of gallic acid standard solutions (50, 100, 150,
200, and 250 pg/mL) with 5.0 mL of diluted Folin—Ciocalteu reagent
(1:10 dilution) and 4.0 mL of sodium carbonate solution (75 g/L). The
reaction mixtures were incubated at room temperature for 30 minutes,
after which the absorbance was measured at 765 nm using a UV-
Visible spectrophotometer (Optizen 2120, Mecasys Co. Ltd., Korea).
TPC was expressed as micrograms of gallic acid equivalent/mg of dry
weight pg.GAE mg/mL

Determination of total flavonoids (TF)

The total flavonoid content was evaluated using a colorimetric
method. Briefly, 100 pL of the extract was mixed with 4 mL of
distilled water, followed by the addition of 0.3 mL of 5% sodium
nitrite solution. After a 5-minute, 0.3 mL of 10% aluminum chloride
solution was added. Six minutes later, 2 mL of 1 M sodium hydroxide
was incorporated into the mixture. The reaction mixture was
immediately diluted with 3.3 mL of distilled water and thoroughly
mixed. The absorbance was measured at 510 nm against a blank using
a UV-Vis spectrophotometer (Optizen 2120, Mecasys Co. Ltd.,
Korea). A calibration curve was established using quercetin as the
standard, and the total flavonoid content was expressed as micrograms
of quercetin equivalents per milligram of sample (ug QE/mg).%°

Metabolite analysis of Carthamus caeruleus L.

Phenolic profiles of Carthamus caeruleus L. extracts were
characterized using liquid chromatography techniques. The analysis
was carried in an Ultimate 3000 (Dionex Co., San Jose, CA, USA)
apparatus equipped with an autosampler/injector, a binary pump, a
column compartment, and an ultimate 3000 Diode Array Detector
(Dionex Co., San Jose, CA, USA), coupled to a Thermo LTQ XL ion
trap mass spectrometer (Thermo Scientific, San Jose, CA, USA)
equipped with and ESI source.!' Chromatographic separation was
achieved using a Hypersil Gold C18 column (100 mm x 2.1 mm i.d.,
1.9 um particle size, end-capped; ThermoScientific) held at 30°C. A
gradient elution system was employed, consisting of (A) acetonitrile
and (B) 0.1% formic acid (v/v). The gradient program began with a
linear increase from 5% to 40% solvent A over 14.72 minutes,
followed by a ramp to 100% A over 1.91 minutes. Solvent A was then
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held at 100% for 2.19 minutes before returning to the initial
conditions.

The flow rate was maintained at 0.2 mL/min. UV-Vis spectra (200-
700 nm) were acquired for all eluted peaks, with chromatograms
specifically extracted at 280, 320, and 340 nm. Mass spectrometry
data acquisition and instrument control were performed using Thermo
Xcalibur Qual Browser software. The mass spectrometer operated in
negative ionization mode with the ESI needle voltage set to 5.00 kV
and the capillary temperature at 275°C. The scanned mass range was
m/z 100-2000. Nitrogen gas (purity >99%) was used at a pressure of
520 kPa. Collision-induced dissociation tandem mass spectrometry
(CID-MS/MS) and MSn experiments were conducted on precursor
ions using helium as the collision gas (25-35 arbitrary units). The
chromatographic characterization was based on the interpretation of
UV spectral characteristics, mass spectral fragmentation patterns, and
comparisons with previously reported data.

Determination of In Vitro Antioxidant Properties

Lipid peroxidation assay

Lipid peroxidation inhibition was evaluated in porcine brain
homogenates using thiobarbituric acid reactive substances (TBARS)
assay. The absorbance of the MDA-TBA complex was measured at
532 nm using ELX800 microplate Reader (Bio-Tek Instruments, Inc.;
Winooski, USA) across extract concentrations ranging between
0.0195 and 0.625 mg/mL. The half-maximal effective concentration
(ECs0), representing the concentration required for 50% inhibition,
was determined with butylated hydroxytoluene (BHT) used as a
standard reference compound !  The percentage inhibition was
calculated using the following equation 2:

. 4 a. _ Control absorbance _Sample absorkance
(9¢)inhibition = Control absorbance x 100 (Eq
2)

Cellular antioxidant activity (CAA) assay

The cellular antioxidant activity (CAA) was evaluated using a
modified method based on Zhou et al. 2 employing murine
macrophage RAW 264.7 cells (DSMZ). Cells were cultured in
DMEM supplemented with 10% heat-inactivated FBS, L-glutamine,
and antibiotics, and seeded at 2 x 10* cells/well in 96-well plates for
48 hours. Following HBSS washes, cells were treated with non-
cytotoxic plant extracts (500-2000 pg/mL) and 50 uM DCFH-DA for
60 minutes at 37°C. After further washes, 600 uM AAPH was added,
and fluorescence (excitation 485 nm, emission 535 nm) was monitored
every 5 minutes for 60 minutes using a Biotek FLX800 plate reader.
To quantify the inhibition of the oxidation reaction, results were
presented as percentages, and the Cellular Antioxidant Activity (CAA)
values were derived via the following equation 3:

— 100 (Eq. 3)

I

CAd =

JAUCs signifies the area under the fluorescence-time curve for the
sample, and JAUCc represents the area under the fluorescence-time
curve for the control.

Determination of Total Antioxidant Capacity (TAC)

The total antioxidant capacity was evaluated based on the
phosphomolybdenum assay, as outlined by Jimoh et al.® Five
concentrations of the sample were prepared from the stock solution (1
mg/mL): 1, 0.5, 0.25, 0.125, and 0.0625 mg/mL.

A reagent solution was freshly prepared by mixing equal volumes of
0.6 M sulfuric acid, 4 mM ammonium molybdate, and 28 mM sodium
phosphate. An aliquot of 0.2 mL of the sample (1 mg/mL) or standard
solution was combined with 2 mL of the reagent. The reaction
mixtures were incubated at 95 °C in a water bath for 90 minutes. After
cooling to ambient temperature, the absorbance was recorded at 695
nm using a UV-Vis spectrophotometer.

A standard calibration curve was established with different
concentrations of gallic acid (20-100 pg/mL), and the total antioxidant
capacity was expressed as micrograms of gallic acid equivalents (ug
GAE)/mg.

Determination of Hydrogen Peroxide (H:0:) reduction activity
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The ability of Carthamus caeruleus L. rhizome extract to decompose
hydrogen peroxide (H20:) was assessed following the procedure
described by Serteser et al., 4 Extract solutions were prepared at five
concentrations (10, 50, 100, 500, and 1000 pg/mL) using 0.1 M
phosphate buffer (pH 7.4). Briefly, 3.4 mL of each extract solution or
of vitamin C (used as a positive control), both prepared in 0.1 M
phosphate buffer (pH 7.4), were mixed with 0.6 mL of a 40 mM
hydrogen peroxide solution prepared in the same buffer. For the
negative control, the extract was replaced by phosphate buffer. The
mixtures were incubated for 10 minutes in the dark at room
temperature. Subsequently, the absorbance was measured at 230 nm
using a UV-Visible spectrophotometer. The percentage of hydrogen
peroxide decomposition was calculated using the following formula
(equation 4):

Ac-

2« 100 (Eq. 4)

H, 0> decomposition (%) =
Anti-inflammatory potency — NO inhibition assay

Extracts were initially dissolved in sterile distilled water at 8 mg/mL,
followed by serial dilutions to achieve test concentrations ranging
from 0.125 to 8 mg/mL. RAW 264.7 murine macrophage cells,
cultured in DMEM supplemented with 10% heat-inactivated FBS,
glutamine, and antibiotics, were seeded at 5 x 105 cells/mL in 96-
well plates and incubated for 24 hours.

Cells were then treated with 15 pL of extract dilutions (final
concentrations 6.25-400 pg/mL) for one hour, subsequently stimulated
with 30 puL of LPS (1 pg/mL) for an additional 24 hours, with
dexamethasone (50 uM) as a positive control and unstimulated cells as
a negative control. The amount of nitric oxide released was calculated
by comparing the absorbance at 540 nm in an ELX800 Biotek
microplate reader to the calibration curve. Finally, the extract
concentration needed to inhibit NO output by 50% (ECso pg/ml) was
calculated.'®

Erythrocyte Membrane Stabilization Assay

The anti-inflammatory potential of various Carthamus caeruleus L.
extracts was evaluated in vitro using the human red blood cell
(HRBC) membrane stabilization method, following the procedure of
Fujiati et al.'. Gallic acid (200 pg/mL) was used as the standard, and
the anti-inflammatory activity was assessed by determining the
percentage inhibition of erythrocyte hemolysis. Blood samples were
collected from healthy human volunteers after obtaining informed
consent. The study was conducted in accordance with ethical
guidelines and approved by the Institutional Ethics Committee
(Approval No. 123/IEC/UCT/2023). The samples were stored at 4 °C
for 24 hours prior to the experiment. A stock erythrocyte suspension
was prepared by isolating erythrocytes from whole blood through
centrifugation at 2500 rpm for 5 minutes, followed by removal of the
supernatant. The erythrocyte pellet was washed three times with sterile
saline solution (0.9% w/v NaCl), with each wash followed by
centrifugation under the same conditions. After determining the
packed cell volume, the erythrocytes were resuspended in phosphate-
buffered saline (PBS; 10 mM, pH 7.4) to obtain a 40% (v/v)
suspension. An aliquot of 50 pL from this erythrocyte stock
suspension was added to a hypotonic buffer containing varying
concentrations (500, 250, 125, 62.5, and 31.2 pg/mL) of Carthamus
caeruleus L. extracts. A control sample, containing no plant extract,
was also prepared. After a 10-minute incubation at room temperature,
all samples were centrifuged at 5000 rpm for 5 minutes. The
absorbance of the supernatant was measured at 540 nm using a UV
spectrophotometer (equation 5).

U4 inhibition of hemolysis = —

100 (Eq. 5)
Bovine Serum Albumin Denaturation-Based Assay.

The anti-inflammatory potential was evaluated through a modified
version of the bovine serum albumin (BSA) denaturation method, as
described by Elkolli et al.” Briefly, 100 pL of the plant extracts at
different concentrations (500, 250, 125, 62.5, and 31.2 pg/mL pg/mL)
was added to 500 pL of a 1% BSA solution. This preparation served
as the experimental reaction mixture. The samples were first incubated
at ambient temperature for 10 minutes, followed by heating at 51 °C
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for 20 minutes to induce protein denaturation. After cooling to room
temperature, the absorbance was recorded at 660 nm using a
spectrophotometer. Aspirin was employed as the standard anti-
inflammatory agent. All experiments were performed in triplicate. The
percentage inhibition of protein denaturation was calculated according
to the following formula (equation 6):

% Inhibition = 100 — == x 100 (Eqg. 6)

In the above formula, A: corresponds to the absorbance value of the
test sample, A- refers to the absorbance of the control without BSA,
and Ao indicates the absorbance measured for the positive control,
represented by the aspirin solution.

In vivo test

Animal models

Male Swiss albino mice (weighing approximately 30 g and aged 34
weeks) were obtained from the Pasteur Institute of Algiers, Algeria.
The animals were housed in groups of three per standard plastic cage
under controlled environmental conditions: a 12-hour light/dark cycle,
temperature maintained between 25 and 35 °C, and relative humidity
of 50-60%. All experimental procedures were conducted at the animal
facility of Hassiba Ben Bouali Chlef, adhering to Algerian Law No.
12-235/2012 and the guidelines of the Algerian Association of
Experimental Animal Sciences (AASEA). A seven-day acclimation
period was provided for the animals prior to experimentation. Animals
undergoing oral administration of extracts or drugs were fasted for 18
hours preceding the experiment, with access to water.

Procedure

The carrageenan-induced paw edema model was employed to assess
the anti-inflammatory potential of Carthamus caeruleus L. Prior to the
experiment, animals were subjected to an 18-hour fast and received 5
mL of distilled water via gavage to reduce inter-individual variability
in paw swelling. The right hind paw was designated as the untreated
control. Experimental groups received Carthamus caeruleus L.
extracts at doses of 250, 500 and 1000 mg/kg, Diclofenac at 10 mg/kg
as a positive control, or distilled water at 5 mL/kg as a negative
control. Sixty minutes following treatment administration, 0.05 mL of
1% carrageenan prepared in 0.9% NaCl solution was injected
subcutaneously into the subplantar area of the left hind paw.®

Paw edema volumes were measured at 1, 2, 3, 4, and 5 hours post-
carrageenan injection. The percentage inhibition of edema was then
calculated using the following formula (equation 7):

{miean ¥ left— ¥ right ontrol) _{mean ¥ left - ¥ right treated

b= 100

(Eq.7)

|V left=V¥ right control)

V left represents the mean edema volume of the left rat paw.
V right represents the mean edema volume of the right rat paw.

Statistical Analysis

Data are presented as means * standard deviations, based on three
independent replicates. Statistical analysis was carried out using one-
way ANOVA under a completely randomized design, followed by the
Newman—Keuls post hoc test for pairwise comparisons. Differences
were considered statistically significant at p < 0.05. Analyses were
performed using StatBox software (version 6.5 Pro; Grimmer
Logiciels, Paris, France), released between 1997 and 2002.

Results and Discussion

Extraction efficiency and bioactive compounds

The data summarized in Table 1 indicate that the hydromethanolic
extract (HMEOH) of Carthamus caeruleus L. rhizomes yielded a
significantly higher extraction efficiency (22.5 + 0.26%) compared to
the chloroformic extract (CHL, 19.2 + 0.16%), corresponding to final
dry extract masses of 1.7 g and 0.5 g, respectively. Regarding the
quantification of bioactive compounds, the HMEOH extract showed a
significantly higher total phenolic content (138.07 + 0.15 pg GAE/mg
DW) than the CHL extract (129.53 = 0.20 pg GAE/mg DW) (p <
0.05). A similar pattern was observed for total flavonoids, with the
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HMEOH extract containing 35.87 + 0.02 ug QE/mg DW, significantly
exceeding the amount detected in the chloroformic extract (16.75 +
0.00 ug QE/mg DW).
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Table 1: Extraction yield, total polyphenol content, and flavonoid content of Carthamus caeruleus rhizome extracts

Extract Yield (% w/w)  Total Polyphenols (ng GAE/mg DW) Flavonoids (ng QE/mg DW)
HMEOH 22.5+0.26 138.07 + 0.15* 35.87 +0.02°
CHL 19.2+ 0.16 129.53 +0.202 16.75 + 0.00°

Note: Values are expressed as mean + standard deviation (n = 3). HMEOH: hydro-methanolic extract; CHL.: chloroformic extract; GAE: gallic acid
equivalents; QE: quercetin equivalents; DW: dry weight. a-b: indicates that values with different letters in the same column are significantly different

(p<0.05).
Table 2: Characterization of Compounds in Carthamus caeruleus L. Rhizome Extracts (Hydromethanolic and Chloroform) Using
LC-MS/MS.
RT
Peak (min) (m/z) MS/MS lons HMEOH CHL Proposed compound
min
1 1.43 367 193 D N.D Feruloylquinic acid
2 8.27 191 191,179 D N.D Caffeoylquinic acid isomer |
3 9.30 138 93 D N.D 2-hydroxybenzoic acid
4 11.04 479 315, 301 D N.D Isorhamnetin 3-O-glucoside
5 13.7 183 123 N.D D Syringaldehyde
179 135 D N.D Caffeic acid
6 13.13 . . .
627 303, 257 N.D Quercetin O-dihexoside
7 14.70 325 651,163 N.D D P-Coumaric acid glucoside
Kaempferol 3- O-acetyl
8 14.74 489 284,285, 489 D N.D .
hexoside
9 15.10 269 225,151, 117 D N.D Apigenin
10 16.5 625 301, 284 N.D D Quercetin 7--O-diglucoside
Quercetin 7-O-galloyl-
11 18.25 585 301, 284 D N.D .
glucoside
12 18.47 286 201 D N.D Piperine
Dihydro-p-coumaric acid
13 20.48 327 165, 121 D D .
glucoside
Ferulic acid derivative
14 2151 311 193, 149 D N.D )
isomer |
15 22.14 431 269 N.D D Apigenin-7-0O- glucoside
16 22.45 497 254 N.D D Epicatechin glucoside
17 23.66 279 261 D N.D Linoleic acid

Note: HMEOH: hydromethanolic extract; CHL: chloroformic extract; RT: retention time; D-detected: N.D-not detected

Polyphenols, a structurally diverse group of secondary metabolites
that includes flavonoids and tannins, have garnered substantial
scientific attention for their wide range of biological properties,
including  antioxidant, anti-inflammatory, and antimicrobial
activities.’® In this study, the elevated levels of both total polyphenols
and flavonoids in the HMEOH extract underscore its potential as a
rich source of biologically active compounds.

The findings of our study are considerably higher than those
previously reported in the literature. For instance, Baghiani et al.* and
Ouda et al.® reported total polyphenol contents of 12.966 + 0.727 and
13.08 + 0.22 mg GAE/g dry extract, respectively. Similarly, the
flavonoid contents in their extracts were notably lower, measured at

2.231 + 0.146 and 5.02 + 0.55 mg QE/g extract, respectively. These
notable discrepancies may be primarily attributed to the nature of the
extraction solvents used, particularly differences in polarity, which
significantly affect the solubility and recovery of phenolic and
flavonoid compounds. Moreover, additional variables such as the
specific plant part analyzed, geographic and environmental origin,
harvesting period, and methodological differences in extraction
procedures are known to exert considerable influence on the
phytochemical composition of plant-derived extracts.®

LC-MS identification of compounds in Carthamus caeruleus
The UHPLC chromatographic profiles of the hydromethanolic and
chloroformic extracts from Carthamus caeruleus L. rhizomes are
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presented in Figure 1 and Figure 2. The hydromethanolic extract consistent with its elevated total phenolic content (TPC) and total
exhibited a notably richer composition in phenolic constituents,

Table 3: Antioxidant, anti-inflammatory properties of Carthamus caeruleus L. HMEOH (hydromethanolic extract) CHL
(Chloroformic extract).

Experiments HMEOH CHL Standard
Antioxydant Activity

TBARS inhibition 1Cso (mg/mL) 1.47 +0.17° 1.88 +0.15¢ 20+0.782
H202 1Cso (ng/mL) 450+2.87° 550 + 1.56° 250+1.89°
CAA (%) 12.49 +1.13° 4.09+0.36° 95452

TAC (ug/ GAE/mg) 100.01+0.09° 92.18+0.18° 127.6340.48°

Antiinflammatory Activity
(ECso pg/mL)
NO production inhibition 161.92+0.36° 199.80+0.21°¢ 6.30£0.42

Note: CAA- Cellular Antioxidant Activity (expressed as %) ; (ug/ GAE/mg) — pg Gallic acid equivalents/mg of extract;; (ICso, ECso) — the half-
inhibitory concentration.Values are expressed as mean + standard deviation (n = 3). Within each column, means followed by differentsuperscript letters
(a, b, c) are significantly different at p < 0.05, as determined by one-way ANOVA.

Table 4: Anti-hemolytic activity of Carthamus caeruleus L. rhizome extracts (hydromethanolic and chloroformic) at various
concentrations.

N/Standard Concentration(pug/mL) Extracts
HMEOH CHL
1 31.25 21.52+0.012 20.95+2.12°
2 62.5 34.36+0.022 21.58 +0.41°
3 125 40.47 +0.03* 30.39 +1.08°
4 250 64.68+0.01? 66.88 +0.34°
5 500 83.09 +0.452 79.76+0.78 ©
Gallic Acid 200 86.56 + 0.07 /

Note.
N: concentration number. Data are mean + SD (n = 3) (from three replication). Different letters (a, b) in the same row indicate significant
differences between extracts at the same concentration (p <0.05).

100 -~

CHI

75

25 o
16
' A_S

s 10 15 20

Relative %
2
n

100

75

Relative %
th
(=]
-

25

Figure 2: Chromatographic profiling of compounds in hydromethanolic extract of rhizomes of Carthamus. caeruleus L.
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flavonoid content (TFC). This extract enabled the identification of 12
distinct compounds, compared to only 6 detected in the chloroformic
extract. The detailed chemical composition of Carthamus caeruleus L.
as elucidated by LC-MS/MS analysis, is provided in Table 2. The
major constituents of the hydromethanolic extract correspond to peaks
1, 13, and 14 (Figure 1). Peaks 1 and 14 exhibited deprotonated
molecular ions [M-H]- at m/z 367 and 311, respectively, both
generating a characteristic fragment ion at m/z 193, which is indicative
of ferulic acid.?® These two compounds belong to the class of
hydroxycinnamic acids and were specifically detected in the
hydromethanolic extract. Furthermore, peak 13, observed in both
extracts, exhibited a deprotonated molecular ion [M—H]~ at m/z 327
and was identified as dihydro-p-coumaric acid glucoside. Another
coumaric acid derivative was detected exclusively in the chloroformic
extract as a minor peak (peak 7), corresponding to p-coumaric acid
glucoside. These compounds showed precursor ions at m/z 327 and
325, respectively, and both generated a fragment ion at m/z 163,
indicative of the coumaric acid moiety. The neutral loss of 162 amu
confirmed the presence of a glucose unit?! MS profiling of
chloroformic extract revealed the presence of flavonoids in three
peaks 10, 15 and 16 at m/z 625, 431 and 497 respectively (Figure 2).
Several quercetin derivatives were detected as minor peaks throughout
the chromatographic profiles of both extracts. Among these, peak 10,
detected exclusively in the chloroformic extract, was identified as
quercetin 7-8-O-diglucoside based on its molecular ion at m/z 625 and
its characteristic fragmentation pattern, including the successive losses
of hexose and galloyl moieties, ultimately generating the quercetin
aglycone at m/z 301. % Similarly, peak 11, found in the
hydromethanolic extract, was assigned to quercetin 7-O-galloyl-
glucoside.?? Apigenin-7-O- glucoside (peak 15) [M-H] at m/z 431
—269 was present only in the chloroformic extract. Its identification
was supported by the presence of the apigenin aglycone (peak 9
detected only in the hydromethanolic extract) fragment at m/z 269.%
Furthermore, the compound eluated in peak 16, characterized by an
[M-H] ~ 497, was identified as epicatechin glucoside based on their
UV spectra and MS fragmentation patterns consistent with previous
studies, this compound was detected only in the chloroformic
extract.?> Caffeic acid and another of its derivative were also detected
in the hydromethanolic extract in peaks 6 and 2 respectively. They
were characterized by an [M-H]" ion at m/z 179 and 191 respectively
identified as caffeic acid and caffeoyl quinic acid isomer 1.2
Simirgiotis et al. Quercetin O-dihexoside detected in hydromethanolic
extract was co-eluted with caffeic acid in peak 6 matching that
previously reported for quercetin O dihexoside found in Carthamus
species.?

Peak 3 displayed a diagnostic deprotonated molecular ion at m/z 138 a
benzoic acid derivative diagnostic fragment ion at m/z 93, resulting
from the loss of CO.. this compound was identified as 2-
hydroxybenzoic acid and detected in hydromethanolic extract.?’

Peak 4, also detected in hydromethanolic extract, exhibited was
characterized by a [M-H]" molecular ion at m/z 479 . Upon MS/MS
analysis, it revealed a fragmentation pattern typical of isoharmetin
aglycone at m/z 315. This compound was identified as isorhamnetin 3-
O-glucoside.?®

Beyond phenolics and flavonoids, syringaldehyde (peak 5 detected in
chloroformic extract) ?° piperine (peak 12, in hydromethanolic extract)
2 and linoleic acid identified (peak 17, also in hydromethanolic
extract.?® Further diversifying the phytochemical profile of Carthamus
caeruleus L. These identifications were based on comparisons of
retention times and MS? spectra with established literature data.

The observed diferences in bioactive compound profiles between the
the two extracts highlights a significant variation in their polarity. This
disparity can be attributed to the nature of the extraction solvent,
which critically affects the concentration and diversity of recovered
phenolic compounds.°

Methanol, a highly polar solvent, is particularly effective for
extracting a wide range of polar compounds, especially medium-
polarity and polar phenolic compounds such as flavonoid glycosides
and phenolic acids.3* Our findings are consistent with previous studies
indicating that the Carthamus genus is a rich source of flavonoids,
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which constitute the predominant class of secondary metabolites in
these species.® For instance, Carthamus tinctorius L. has been
reported to contain major flavonoids such as apigenin, quercetin, rutin,
and myricetin, as well as phenolic acids including ferulic acid, p-
coumaric acid, gallic acid, chlorogenic acid, and syringic acid.®
Additionally, derivatives of ferulic and p-coumaric acids, along with
alkaloids, have also been identified in the flowers of Carthamus
tinctorius.33LC-MS analysis of Carthamus oxycantha L. roots also
revealed the presence of syringic acid, piperine, 4-hydroxybenzoic
acid class compounds, and syringaldehyde.3* Additionally, extracts
from Carthamus tinctorius L. seeds have been shown to contain
epigallocatechin, a 4-hydroxybenzoic acid derivative, and
gallocatechin %

Bioactive properties

Assessment of Antioxidant Capacity via CAA, TBARS , H:O:
Scavenging and TAC Assays

The hydromethanolic extract (HMEOH) consistently demonstrated
superior antioxidant activity compared to the chloroformic extract
(CHL), as evidenced by multiple in vitro assays (p < 0.05). Notably,
HMEOH showed a significantly higher cellular antioxidant activity
(CAA) value (12.49 + 1.13%) compared to CHL (4.09 + 0.36%).
Similarly, in the TBARS assay, HMEOH exhibited a lower ECso value
(1.47 + 0.17 mg/mL) than the chloroformic extract (1.88 + 0.15
mg/mL), indicating stronger lipid peroxidation inhibition. This pattern
was also observed in the hydrogen peroxide (H0:) scavenging assay,
where HMEOH achieved greater efficiency with an ECso of 450 +
2.87 pg/mL, outperforming CHL (ECs = 550 + 1.56 pg/mL) (p <
0.05). Moreover, the total antioxidant capacity (TAC), expressed in
gallic acid equivalents (GAE), was significantly higher in the
hydromethanolic extract (100.01 + 0.09 pg GAE/mg dry extract) than
in the chloroformic extract (92.00 + 0.18 ug GAE/mg dry extract).
Variations in antioxidant profiles are primarily attributed to
differences in phytochemical composition, which can be influenced by
the plant part used and the extraction solvent. Each bioactive
compound contributes uniquely to the overall antioxidant effect of the
extract.%

The pronounced antioxidant activity observed in the hydromethanolic
rhizome extract may be attributed to its high flavonoid content
particularly apigenin. Previous studies have demonstrated that
apigenin exhibits potent antioxidant, anti-inflammatory, antimicrobial,
and anticancer activities.*” Supporting this, Allemailem et al.®®
reported that apigenin effectively mitigates oxidative stress and
mitochondrial damage induced by multi-walled carbon nanotubes in
rat kidney mitochondria, highlighting its strong protective potential.|
These results align with a recent study reporting that Carthamus
caeruleus L. rhizome extracts exhibited superior antioxidant activity
in the ABTS assay, with ICso values of 0.14 and 0.19 pg/mL for the
hydromethanolic and chloroformic extracts, respectively. The same
study also demonstrated significantly higher nitric oxide (NO<) and
superoxide anion (O2:*") scavenging activities, with ICso values of 1.39
and 1.85 mg/mL for the hydromethanolic and chloroformic extracts,
respectively, and 0.89 and 2.98 mg/mL for superoxide radicals,
respectively.

Anti-inflammatory activity

Evaluation of NO Inhibitory Activity

Nitric oxide (NO) is a key signaling molecule involved in the
regulation of inflammation.® Under normal physiological conditions,
it exhibits anti-inflammatory properties; however, under pathological
conditions, its overproduction contributes to pro-inflammatory
responses.“® In this study, the hydromethanolic extract demonstrated
significantly greater anti-inflammatory activity than the chloroformic
extract, as evidenced by its superior inhibition of NO production
(Table 3). The hydromethanolic extract exhibited an ECso of 161.92 +
0.36 pg/mL, which was significantly more effective (p < 0.05) than
the chloroformic extract (ECso = 199.80 + 0.21 pg/mL). These
findings support the traditional use of Carthamus caeruleus L. for
inflammation management.Research on the in vitro anti-inflammatory
properties of the Carthamus genus remains limited. However, studies
on Carthamus tinctorius L. have reported comparable activity, with its
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methanolic extract inhibiting 80% of NO production at 160 pg/mL, a
result closely aligned with our findings for Carthamus caeruleus L.*
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from Carthamus tinctorius L. flowers significantly reduce NO
production in LPS-activated macrophages at concentrations as low as

Additionally, research by Sun et al. “> demonstrated that honey extracts 2.5 and 5 pg/mL These
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Figure 3: Comparative inhibition of protein denaturation by the hydromethanolic extract (HMEOH) (A), chloroformic extract
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findings highlight the potential of Carthamus species as natural anti-
inflammatory agents.

Inhibition of hemolysis

Table 4 presents the percentage inhibition of red blood cell (RBC)
membrane hemolysis following treatment with Carthamus caeruleus
L. rhizome extracts. The hydromethanolic and chloroformic extracts
were evaluated in comparison with gallic acid. Both extracts exhibited
statistically significant inhibition of RBC membrane lysis (p < 0.05) at
various concentrations.

The results indicate that the hydromethanolic extract of Carthamus
caeruleus L. rhizomes exhibits significantly higher anti-inflammatory
activity than the chloroformic extract at all tested concentrations. A
statistically significant difference was also observed between both
extracts and gallic acid, which showed a hemolysis inhibition rate of
86.50+0.07% at a concentration of 200 pg/mL.

Carthamus caeruleus L. extracts demonstrated a strong protective
effect on human erythrocytes exposed to hypotonic stress. As reported
by Belounis et al.’, the aqueous extract of Carthamus caeruleus L.
rhizomes effectively inhibited membrane lysis, with inhibition rates
ranging from 35.8% to 98.13% across four different NaCl
concentrations (0.7%, 0.5%, 0.3%, and 0.1%). This membrane-
stabilizing activity is likely attributed to the presence of bioactive
phytochemicals such as flavonoids and polyphenols, which are known
to enhance membrane integrity and protect against oxidative and
osmotic stress.*®

Inhibition of Protein Denaturation

Both hydromethanolic and chloroformic extracts of Carthamus
caeruleus L. rhizomes exhibited inhibitory effects on protein
denaturation (Figure 3). The hydromethanolic extract showed notable
activity, with inhibition rates ranging from 40.01+£1.51% to
65.31+1.86% across concentrations from 31.25 to 500 pg/mL. In
comparison, the chloroformic extract demonstrated inhibition
percentages between 32.00£0.90% and 60.00+1.09%. NO
significant difference was observed between the two extracts at the
highest tested concentration (500 pg/mL). These findings indicate that
both extracts possess strong anti-denaturation activity, even at
relatively low doses. To our knowledge, only one previous study has
investigated the aqueous extract of Carthamus caeruleus L. rhizomes,
reporting a potent inhibitory effect on ovalbumin denaturation, with a
maximum inhibition rate of 80.86+2.23% at 2000 pg/mL.” This
supports the anti-inflammatory potential of the species, particularly
through its ability to stabilize protein structures under stress
conditions. Protein denaturation is widely acknowledged as a key
initiator of inflammatory processes. It is intrinsically linked to
structural changes in tissue proteins, which promote the formation of
auto-antigens and trigger immune responses that contribute to the
onset of inflammatory and arthritic disorders.** Plant-derived extracts
appear to be promising and safer alternatives to conventional non-
steroidal anti-inflammatory drugs (NSAIDs), which are often
associated with undesirable side effects including gastrointestinal
toxicity, hepatotoxicity, renal dysfunction, hypertension, and allergic
reactions .*> The anti-denaturation activity of Carthamus caeruleus L.
extracts may be attributed to their high phenolic content. These
polyphenolic compounds are capable of interacting with proteins,
potentially forming stabilizing complexes, particularly with albumin,
thereby preserving protein conformation and preventing denaturation
under stress-induced conditions.

Effect of Carthamus caeruleus L. Extracts on Carrageenan-Induced
Paw Edema in mice

The carrageenan-induced paw edema model was employed in mice to
assess the in vivo anti-inflammatory efficacy of Carthamus caeruleus
L. extracts. This well-established model, known for its ability to
simulate acute inflammation, allows for the observation and
quantification of the inflammatory response. These results are further
illustrated in  Figure 4. Throughout the experiment, no signs of
toxicity were observed in mice at any tested doses, confirming the
excellent safety profile of the extracts. As expected, carrageenan
administration successfully induced a significant (P < 0.005) edema
from the first hour, validating the reability of the inflammatory model.
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Diclofenac (10 mg/kg), used as the standard anti-inflammatory drug,
effectively reduced this edema from the second to the fifth hour.
Notably, both chloroformic and hydromethanolic  extracts
demonstrated  significant  anti-inflammatory  activity in  the
carrageenan-induced edema model, particularly between the second
and fifth hours. Interestingly, the anti-inflammatory effects of the
extracts were dose-independent, with all tested doses (250, 500, and
1000 mg/kg) showing efficacy. Inflammation is a natural protective
process in the body, which allows the immune system to target and
neutralize foreign or dangerous agents.“éAnalysis of the results
confirms that both the hydromethanolic and chloroform extracts
possess significant anti-inflammatory potential. This finding aligns
with previous studies have demonstrated the anti-inflammatory
efficacy of Carthamus caeruleus L. rhizomes, which aligns with our
current findings Ospelt et al.*” and Benhamou et al.** Research
conducted on samples collected from Tizi Ouzou, Tipaza, and Setif
has specifically shown that Carthamus caeruleus L. rhizomes
effectively  attenuate  carrageenan-induced inflammation  in
experimental animal models.

Conclusion

This study identifies Carthamus caeruleus L. as a promising
candidate for the development of plant-based therapeutic agents,
owing to its potent antioxidant and anti-inflammatory properties. The
hydromethanolic extract, in particular, exhibited significant bioactivity
in both in vitro and in vivo assays, likely due to its high content of
phenolic compounds. Compounds such as feruloylquinic acid,
caffeoylquinic acid, and kaempferol 3-O-acetylhexoside may play a
key role in modulating oxidative and inflammatory pathways,
contributing synergistically to the observed pharmacological effects.
These findings support the traditional use of Carthamus caeruleus L.
and provide a scientific basis for its further exploration as a source of
bioactive molecules. Nonetheless, additional studies are needed to
isolate and characterize the active constituents, investigate their
mechanisms of action, assess their pharmacokinetic and toxicity
profiles, and confirm their efficacy in relevant preclinical models.
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