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Article Info Abstract
@ This study highlights the potential of plant extracts as sustainable and cost-effective alternatives to traditional
anti-inflammatory drugs, owing to their rich bioactive compounds. The chemical composition and biological

activities of ethanolic extracts from Artemisia campestris, Haloxylon articulatum, and Retama raetam were
investigated. Extraction yields ranged from 2.94% to 6.84%, with A. campestris showing the highest phenolic
content (85.59 + 2.4 mg GAE/g) and R. ractam having the highest flavonoid concentration (34.77 + 3.09 mg
Received: November 10, 2024 CE/g). HPLC analysis identified therapeutic phenolic and flavonoid compounds, including sinapic, quinic, and
Accepted: January 31, 2025 caffeic acids in A. campestris, p-coumaric acid in H. articulatum, and salicylic acid in R. ractam. Antimicro-
Published: March 31, 2025 bial tests revealed that Gram-positive bacteria like Staphylococcus aureus and Bacillus cereus were sensitive
to the extracts, though Gram-negative strains were unaffected. Antifungal activity was limited, with only H.

Article history:

Use your device to scan and read | ,1tjcylatum showing inhibition of Rhizoctonia solani. Strong antioxidant activities were noted, particularly in

the article online H. articulatum and R. raetam extracts (IC50 = 130 ug/mL). In anti-inflammatory assays, all extracts exhibited
dose-dependent inhibition of enzymes linked to inflammation, including COX-1, COX-2, 5-LOX, and sPLA2.
A. campestris demonstrated the most potent inhibition, reaching 100% inhibition of sPLA2 at 200 pug/mL,
while A. campestris and R. raetam provided significant protection in human red blood cell membrane stabili-
zation assays. These results suggest that these plant extracts have considerable biological potential, especially
in enzyme inhibition related to inflammation, making them promising candidates for future therapeutic use.
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1. Introduction contribute to the development of chronic inflammation [3].

Inflammation is a common biological response initi- COX and LOX enzymes are involved in arachidonic acid
ated by disturbances in tissue balance induced by several (AA) metabolism released by certain secretory phospholi-
factors such as infections, injuries, oxidative stress, or en-  pases A, (sPLA)), in particular group (G) IIA, IB, X, and
vironmental toxins. This response involves the activation —exogenous GV-sPLA, isoforms [4]. Prostaglandin produc-
of both the innate and adaptive immune systems [1]. Oxi- tion is mediated through the two COX isozymes, COX-
dative stress, which results from an imbalance between 1 and COX-2 [4]. The isozyme COX-1 is constitutively
reactive oxygen species (ROS) and the body's antioxidant  expressed in most tissues while COX-2 is inducible [5].
defenses, is closely associated with inflammation. Over-  Eicosanoids and leukotrienes are synthesized through a
production of ROS can damage cellular components and  critical secondary biosynthetic pathway that is initiated by
trigger inflammatory pathways, leading to a persistent the activation of 5-LOX. LOX enzymes are classified into
cycle of oxidative stress and chronic inflammation. Con-  5/8/12/15-LOX classes according to their positional speci-
sequently, addressing both oxidative stress and inflamma-  ficity of AA oxygenation: the 5-, 12- and 15-LOX insert
tion is crucial for effectively managing diseases related to  O2 at the C-5, -12 and -15 positions of AA, respectively,
inflammation [2]. and produce the 5-, 12- and 15- hydroperoxy-eicosatet-

Inflammatory mediators such as eicosanoids, leukot- raenoic acid [4]. This pathway leads to the production of
rienes, prostaglandins, and thromboxane produced by the leukotriene B4, a strong inflammatory mediator associated
cyclooxygenase (COX) and lipoxygenase (LOX) pathways ~ with the onset of conditions like atherosclerosis, cancer,
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and cardiovascular diseases [3].

Non-steroidal anti-inflammatory drugs (NSAIDs) are
often the primary treatment choice for inflammatory dis-
eases because they target COX-1 and COX-2 which are
responsible for producing the key mediators of inflam-
mation. By inhibiting these enzymes, NSAIDs reduce the
production of pro-inflammatory eicosanoids [3]. However,
long-term treatment with traditional NSAIDs such as ibu-
profen, indomethacin, diclofenac, ketoprofen, naproxen,
piroxicam and nabumetone is associated with gastrointes-
tinal bleeding, ulceration and perforation [6].

The non-selective inhibition of the constitutive COX-1,
or the simultaneous inhibition of both COX-1 and COX-2,
is linked to the significant adverse effects of NSAIDs. The
gastrointestinal complications associated with traditional
NSAIDs, along with the withdrawal of selective COX-2
inhibitors like valdecoxib and rofecoxib from the market
due to cardiovascular risks, have further complicated the
treatment of inflammation [7]. In the search for new drugs
that minimize side effects while maintaining strong anti-
inflammatory efficiency, the innovative dual inhibition of
COX-2 and 5-LOX has been proposed [7]. Several dual in-
hibitors have been explored to inhibit COX-2 and 5-LOX
enzymes, aiming to prevent the production of prostaglan-
dins and leukotrienes, which are involved in inflammatory
processes. This multi-target approach is gaining popularity
in drug discovery due to its enhanced safety profile and
reduced risk of side effects on the gastrointestinal, renal,
and cardiovascular systems [6]. Darbufelone, tepoxalin
and licofelone were designed as anti-inflammatory drugs
and tested as inhibitors of both COX and 5-LOX in hu-
mans in phase III clinical trials [3,7]. However, their com-
mercialization did not proceed because of high kidney and
liver toxicity and insufficient efficacy [7]. This highlights
the need to find or design new drugs able to inhibit both
COX and 5-LOX enzymes, as this approach offers a prom-
ising avenue for creating compounds with improved ef-
ficacy and fewer side effects. Such dual inhibitors could
be beneficial not only for controlling inflammation but
also for treating other conditions, such as cancer, where
both COX-derived prostanoids and LOX-derived leukot-
rienes are involved [3]. Therefore, identifying new dual
inhibitors of both COX-2 and 5-LOX could improve the
anti-inflammatory efficacy of drug candidates. In line with
this, medicinal plants are widely used in traditional herbal
medicine and are well-regarded for their effectiveness in
addressing various diseases, especially inflammation [8].
The use of phytotherapeutic remedies for treating chronic
inflammatory conditions can offer an effective alterna-
tive to patient therapy [9]. Actually, the pharmacological
effects of various used plants are primarily attributed to
their content of polysaccharides (such as inulin), phenolic
compounds, and polyphenols like flavonoids (quercetin).
They also contain terpene compounds found in essential
oils (such as anethole, apiol, and carvone), fatty acids
(petroselinic acid), coumarins (coumarin, umbelliferone),
phenolic acids (gallic acid, ellagic acid), hydrolysable tan-
nins (gallotannin), as well as steroid and phenolic glyco-
sides (sitosterin, urticin) [9]. It has been reported that the
anti-inflammatory effect of several plant extracts is attrib-
uted to the polyphenol contents that are able to incorporate
into AA metabolism by inhibiting various pro-inflammato-
ry enzymes COX-1/2, LOX, and sPLA s [9].

A. campestris belonging to the Asteraceae family, is a

polymorphic species with several subspecies and variet-
ies, known for its mild aromatic properties. It is native to
North Africa, particularly prevalent in central and south-
ern Tunisia [10]. Research has highlighted the antivenom,
anti-inflammatory, antirheumatic, and antimicrobial prop-
erties of several 4. campestris extracts [10]. The phyto-
chemical analysis of A. campestris identified the presence
of tannins, polyphenols, flavonoids, and saponins, as ma-
jor compounds as well as essential oils [11].

H. articulatum, belonging to the Chenopodiaceae fam-
ily, is predominantly found in desert and semi-desert re-
gions with high-salinity soils. It is commonly used in tra-
ditional medicine, particularly for treating diabetes, and is
noted for its antiseptic and anti-inflammatory properties
since its leaves and stems are particularly rich in alkaloids
and phenolic compounds [12].

The genus Retama belongs to the Fabaceae family and
comprises four species found in the Mediterranean region
and North Africa. Retama raetam (R. raetam) is a native
plant commonly found in the North and East Mediter-
ranean regions. Pharmacological research has identified
a range of medicinal properties for this plant, including
antimicrobial, antioxidant, antiviral, diuretic and hypogly-
cemic. Additionally, Retama species are known to contain
essentially flavonoids and alkaloids [13].

The biological effects observed in various plant extracts
have been attributed to a complex mixture of several com-
pounds among them monoterpenes, oxygenated monoter-
penoids, sesquiterpenes, phenolic acids, flavonoids, and
phenylpropanoids [4]. The extensive array of bioactive
compounds found in these plants presents a promising op-
portunity for developing new therapies. This underscores
the need for continued research to fully explore and use
these natural molecules in the fight against several dis-
eases notably inflammation. Although the described in
vitro and especially in vivo anti-inflammatory effect of ex-
tracts from A. campestris, H. articulatum and R. raetam,
the inhibitory effect of enzymes involved in inflammation
pathways was not investigated so far. Accordingly, this
study aimed to address the current gap in knowledge by
assessing the anti-inflammatory activity of selected tradi-
tional medicinal plants, thereby contributing to a deeper
understanding of their therapeutic potential. Therefore, in
addition to analyzing and identifying the chemical compo-
sitions of the ethanolic extracts of three medicinal plants
(A. campestris, H. articulatum, and R. raetam), the present
study focused on evaluating substantial antioxidant activ-
ity and inhibiting most important inflammatory enzymes
such as sPLA2, COX-1, COX-2, and 5-LOX. Through
investigating the relationship between inflammation and
oxidative stress, this study also established a basis for cre-
ating natural, plant-based treatments for inflammatory dis-
eases.

2. Materials and Methods
2.1. Extraction method

The plants used in this study A. campestris, H. articu-
latum, and R. raetam were collected from the region of
Stax in Tunisia. The aerial parts of the three plants were
first dried in the shade, weighed and macerated in an am-
ber bottle containing ethanol solvent at a 1/5 ratio (weight/
volume), with regular agitation in an orbital shaker set at
160 rpm at room temperature for 72 h. Then, the ethanol
extracts were concentrated under vacuum using a rotary
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evaporator at 60°C and subsequently stored at 4 °C until
further use.

2.2. Determination of total phenols

The total phenolic content of the ethanolic extracts
of A. campestris, H. articulatum and R. raetam was de-
termined using the Folin-Ciocalteu reagent composed of
acidic polyheterocycles containing phosphotungstic and
phosphomolybdic acids. Following the oxidation of phe-
nolates and the reduction of the polyheterocycles, a stable
blue molybdenum-tungsten complex is formed, which
strongly absorbs at 765 nm [14]. For the assay, 200 pL
of each extract was mixed with 1 mL of 10-fold diluted
Folin-Ciocalteu reagent and 0.8 mL of 7.5% sodium car-
bonate. After mixing, the mixtures were incubated in the
dark for 30 minutes. The absorbance was then measured at
765 nm. A standard curve using different concentrations of
GA was prepared simultaneously to interpret the results.
The total phenolic content of the extracts is expressed as
mg GAE/g DW.

2.3. Determination of total flavonoids

The total flavonoid content was measured using alumi-
num chloride and sodium hydroxide. A volume of 200 pL
of the diluted extract was mixed with 60 pL of 5 % NaNO,,.
After 5 minutes, 60 uL of 10% AICI, was added and mixed
using a vortex. After 5 minutes, 400 pL of 1 M NaOH was
added. The absorbance was immediately measured at 510
nm against a blank containing only the reagents. The total
flavonoid content is expressed as milligrams of catechin
equivalent per gram of extract, based on a standard curve
of GA [14].

2.4. High-performance liquid chromatography (HPLC)
analysis

The ethanolic extracts of A. campestris, H. articulatum,
and R. raetam were subjected to HPLC analysis using a
LC-20AD HPLC system (Shimadzu, Japan). A system
comprised of a binary solvent delivery system (LC-20AD),
a Rheodyne-type injector with a 20 uL sample loop, and a
DAD detector (SPD-M 20 A) was applied for the analysis
of prepared extracts. Chromatographic separation was con-
ducted on a Capcell Packed C-18, (MGII, 250 mm x 4.6
mm dimensions and 5 um particle sizes) with an extended
guard column using a reverse phase column mechanism.
The mobile phase constituted the Methanol-acetonitrile
water (40:15:45, v/v/v) with 1.0% acetic acid and isocratic
elution for 30 minutes. Software Shimadzu LC Solution
was employed to collect and process the data. The Diode
array detector was limited to a wavelength range of 240 to
800 nm. 20 pL of the sample volume and reference solu-
tion were administered, at a flow rate of 1 mL/min. The
peaks were found by monitoring retention times and ex-
amining UV spectra. These findings were then verified by
running the samples with small amount of the standards
and comparing them to reference standards.

2.5. Antimicrobial activity assay

The antimicrobial activity of the different extracts was
initially assessed by measuring the diameters of bacte-
rial growth inhibition zones using the agar well diffusion
method, as described by Berghe and Vlietinck [15]. After
inoculating Luria Broth agar medium (LB) with approxi-
mately 10° CFU/mL of the tested microorganism, 5 mm

diameter wells were punched into the agar. A volume of
100 pL of each extract, at concentrations of 100 and 300
mg/mL, was introduced into the wells. Ampicillin (25 pg/
well) was used as a positive control. The antimicrobial
activity of each extract was determined by measuring the
diameter of the microbial growth inhibition zones around
the wells after incubation for 24 hours at 37°C.

The MIC was determined using the method of Eloff
[16]. In a 96-well plate, 180 pL of liquid LB medium and
20 uL of each bacterial suspension (10° CFU/mL) were
added to each well. Then, 100 pL of each extract was
added to the first well from which serial dilutions were
performed across the plate which was incubated for 24 h
at 37°C. Bacterial growth was detected by adding 20 uL
of MTT solution ((3-[4,5-dimethylthiazol-2-yI]-2,5 di-
phenyl tetrazolium bromide) at 0.5 mg/mL to each well.
This reagent reacts with succinate dehydrogenase in live
bacterial cells, producing a purple color while dead cells
produce a yellow color. The MIC is defined as the low-
est concentration of the extract (mg/mL) that completely
inhibits visible bacterial growth. The bacterial strains used
were: Escherichia coli ATCC 25922, Staphylococcus au-
reus ATCC 25923, Bacillus cereus ATCC 14759, Listeria
monocytogenes ATCC 43251, Salmonella enterica ATCC
43972, and Pseudomonas aeruginosa ATCC 27853.

2.6. Antifungal activity

Three fungal strains Rhizoctonia solani, Fusarium
graminearum, and Fusarium verticillioides were used to
assess the antifungal activity of the studied ethanolic ex-
tracts. These fungal strains were kindly provided by the mi-
crobial collection of the Sfax Biotechnology Center (Sfax-
Tunisia). Strains were cultured on Yeast-Peptone-Dextrose
Agar (YPDA) for 3 to 5 days at 25°C, and the spore count
was determined using a Thomas counting chamber. The
antifungal activity was evaluated using the microdilution
method in a sterile 96-well plate. In each well, 80 puL of
liquid YPD medium and 10 pL of a fungal spore solution
(10° spores/mL) were added. A volume of 100 uL of each
extract was placed in the first well, followed by serial dilu-
tions. Negative control wells contained 90 pL of YPD and
100 pL of ethanol. The plates were incubated at 25°C for
3 days. The MIC was defined as the minimum concentra-
tion of the extract that completely inhibited visible fungal
growth after incubation.

2.7. Antioxidant assays

The antioxidant activity of the different ethanolic ex-
tracts was assessed using the 2, 2- diphenyl-1-picrylhydra-
zyl (DPPH) radical scavenging assay and reducing power
assay. The DPPH radical scavenging capacity was deter-
mined using the method described by Bersuder et al. 1998
[17]. A volume of 500 uL of each extract at different con-
centrations (ranging from 0.1 to 1 mg/mL) was mixed with
375 pL of absolute ethanol and 125 pL of a 0.02% DPPH
solution dissolved in the same solvent. A negative control
was prepared in parallel without the extract. Butylated hy-
droxyanisole (BHA) was used as a reference antioxidant
(positive control). The DPPH radical scavenging activity
expressed in percentage was calculated as follows:

DPPH radical scavenging (%) = [(A_,..; = At/ Aeon.
trol] X 100
Where: A : Absorbance of the control reaction at

control

517 nm, prepared by mixing 875 uL of absolute ethanol
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with 125 pL of 0.02% DPPH. A
extract at 517 nm.

The reducing power of iron (Fe**) to ferrous iron (Fe*")
for the different extracts was determined using the method
described by Das et al. [18]. A volume of 0.5 mL of each
extract at increasing concentrations (ranging from 0.1 to 1
mg/mL) was mixed with 1 mL of 1% potassium ferricya-
nide and 1 mL of 0.2 M phosphate buffer (pH 6.6). After
incubation at 50°C for 30 minutes and subsequent cool-
ing, 1 mL of 10% trichloroacetic acid was added, followed
by 15 minutes of decantation. A volume of 1.5 mL of the
resulting supernatant was mixed with 1.5 mL of distilled
water and 0.5 mL of 0.1% FeCls. After incubation at room
temperature for 10 minutes, the absorbance was recorded
at 700 nm. The positive control was represented by a solu-
tion of BHA at various concentrations.

: Absorbance of the

extract”

2.8. Assessment of In Vitro anti-inflammatory activity
2.8.1. HRBC membrane stabilization

Human red blood cell (HRBC) membrane stabilization
was used to evaluate the in vitro anti-inflammatory activity
of A. campestris, H. articulatum and R. raetam extracts,
following the method of Gandhidasan et al. [19]. A total of
5 mL of human blood was collected from ten healthy vol-
unteers aged 35-45, who had not used NSAID medications
for at least 2 weeks. The blood was centrifuged at 2500
rpm for 5 min, and the supernatant was discarded. Cells
were resuspended in an equal volume of isosaline, and
centrifuged again at 2500 rpm for 5 min, and this process
was repeated 4-5 times until the supernatant was clear. A
10% HRBC suspension was prepared with normal saline
buffer and stored at 4°C until use. For the assay, a 4.5 mL
reaction mixture was prepared with 1 mL isosaline buffer
(pH 7.4), 2 mL hyposaline (0.25% NaCl), varying volumes
of'the 10 mg/mL extract solution in isotonic buffer, and 0.5
mL of 10% HRBC in normal saline. After incubation at
56°C for 30 min, the mixture was cooled for 20 min and
centrifuged at 2500 rpm for 5 min. The absorbance of the
supernatant was recorded at 560 nm. Two controls were
used: control 1 (1 mL of isosaline buffer instead of extract)
and control 2 (1 mL of extract solution without HRBC).
The percentage of membrane stabilization was calculated
using the following formula:
Percentage of Stabilization= 100-(V__—
)x100
where V, V1, and V2 are the absorbance values of the
tested extract, control 1, and control 2, respectively. Di-
clofenac sodium served as the drug reference standard,
while control 1 corresponds to 100% HRBC lysis.

IV

Controll Con-

trol2

2.8.2. Secreted PLA, (sPLA,) inhibition

The phospholipase activities were assessed using the
method outlined by De Aratijo and Radvanyi [20]. To eval-
uate the inhibitory effects of various extracts, dromedary
(DrPLA)) and human (hPLA)) groups V and IIA phos-
pholipases were used. 10 pL of each ethanolic extract was
mixed with 10 pL of DrPLA -GIIA or DrPLA -GV and in-
cubated for 20 min at room temperature. This mixture was
then added to 1 mL of substrate, which included lecithin
(3.5 mM) dissolved in 100 mM NaCl, 3 mM sodium tau-
rodeoxycholate, 10 mM CaClz, and 0.055 mM red phenol
at pH 7.6. Phospholipase activity was monitored spectro-
photometrically by measuring absorbance at 558 nm over
5 min. The percentage of inhibition was calculated based

on the residual activity relative to a negative control with-
out extract. IC50 values were derived from the resulting
curve. Each experiment was conducted in duplicate.

The sPLA -GV inhibitor screening assay kit (Cayman
test kit 10004883, Cayman Chemical Company, Ann Ar-
bor, USA) was utilized to evaluate the inhibitory effects of
four concentrations (25, 50, 100, and 200 pg/mL) of the
extracts according to the manufacturer's protocol. This kit
includes reaction mixtures and human recombinant sSPLA -
GV. Arachidonic thioester phosphatidylcholine (TEPC)
served as the positive control. To conduct the assay, 10 pL
of each extract was preincubated in a 96-well plate with
25 mM Tris-HCI buffer (pH 7.5) and 10 puL of enzyme.
The reaction was initiated by adding 200 pL of 1.66 mM
diheptanoylthio-PC, followed by shaking the plate for 30
seconds and incubating for 15 min at room temperature.
The reaction was halted by adding 10 pL of 5,5'-dithio-
bis-(2-nitrobenzoic acid), and the plate was shaken for 1
min. The absorbance of the resulting color was measured
at 405 nm using a plate reader. Each experiment was con-
ducted in duplicate.

2.8.3. COX-1/2 inhibition assay

The COX inhibitory activity of the studied extracts was
assessed using a colorimetric COX inhibitor screening as-
say kit (Cayman Chemical Company, catalog no. 560131),
following the manufacturer's protocol. Extracts were test-
ed in duplicate at concentrations ranging from 25 to 200
pug/mL. The assay measures the amount of prostaglandin-
F2a produced during the COX reaction, with diclofenac
sodium used as a positive control for its ability to inhibit
both COX-1 and COX-2 enzymes. Each extract (10 pL)
was mixed with an equal volume of Tris-HCI buffer (0.1
M, pH 8.0) and preincubated with the enzyme (100 units
of ovine COX-1 and human recombinant COX-2) for 15
min at 37°C. Then, 10 pL of AA (10 mM) was added to
the reaction mixture, which was then incubated for an ad-
ditional 2 min at 37°C. The reaction was terminated by
adding saturated stannous chloride and 50 pL of HCI (1
N). A sample of the solution was then analyzed spectro-
photometrically to quantify the prostanoid produced.

2.8.4. LOX inhibition assay

The inhibition of 5-LOX was evaluated in duplicate
using the colorimetric LOX inhibitor screening assay kit
(Cayman Chemical Company, catalog no. 766700), fol-
lowing the manufacturer's guidelines. This assay quanti-
fies the amount of hydroperoxide generated by the 5-LOX
enzyme acting on its substrate, AA. In a 96-well plate,
90 pL of 5-LOX enzyme was preincubated with 10 pL
of each test extract, at concentrations of 25, 50, 100, and
200 pg/mL. After that, 10 pL of 1 mM AA was added to
the plate, which was then shaken for 5 min. The reaction
was stopped by adding 100 pL of the chromogen and the
plate was shaken for 5 min. The absorbance of the result-
ing color was measured at 490 nm. Nordihydroguaiaretic
acid (NDGA) served as the positive control.

2.8.5. Statistical analysis

All experiments were performed in triplicate, and the
results are presented as mean + standard deviation. IC,
values were calculated using dose-response curves fitted
with non-linear regression analysis.
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3. Results
3.1. Determination of extracts’ yields and phenols and
flavonoids quantification

The extracts’ yields of 4. campestris; H. articulatum
and R. raetam using ethanol as solvent were determined.
As presented in Table 1, extraction yields ranged from
2.94% to 6.84% and were comparable to previous findings
for A. campestris (3.33%+0.09%) [21] and H. articula-
tum (4.27%+0.98%) from Algeria [22]. In contrast, higher
yields were reported for A. campestris from Moroco (14%)
[23] and west-central Tunisia (13.62%=+4.92%) [10]. Like-
wise, R. raetam extraction yields ranged between 10.68%
and 15.36% [24]. These variations likely stemmed from
differences in the availability of extractable components
due to the plants' chemical composition, which varies by
region, as well as the efficiency of the extraction meth-
ods used [25]. Also, the calibration curves for catechin and
gallic acid, which are essential for quantifying flavonoids
and polyphenols respectively, are illustrated in Figure 1.

The obtained ethanolic extracts (4. campestris, H. ar-
ticulatum and R. raetam) were then assessed for their total
phenol and flavonoid contents, the most important phyto-
chemical compounds commonly associated with diverse
biological properties of plants. The total polyphenol (PP)
and flavonoid (Fv) quantification data were presented in
Table 1 and clearly showed that the ethanolic extract of
A. campestris exhibited the highest PP content (85.59+2.4
mg GAE/g), followed by H. articulatum (70.66+1.7 mg
GAE/g) and R. raetam (55.68+£2.5 mg GAE/g) extracts.
On the other hand, the highest Fv concentration was re-
corded in R. raetam extract (34.77+£3.09 mg CE/g) while
H. articulatum and A. campestris extracts displayed com-
parable Fv concentrations of 29.88+2.9 and 28.99+2.6 mg
CE/g, respectively (Table 1).

3.2. HPLC analysis

The HPLC chromatograms of the extracts, along with
the identified components, were shown in Figure 2. Quan-
tification was achieved using standard calibration meth-
ods, with the amounts of the identified compounds pre-
sented in Table 2. The present findings demonstrated that
the ethanolic extracts were rich in phenolic and flavonoid
compounds. In the 4. campestris extract, sinapic acid was
the most abundant compound (4.45 £+ 2.2 mg/g), followed
by quinic acid (3.47 + 0.1 mg/g) and vanillic acid (2.64 +
0.52 mg/g). The H. articulatum extract was notably rich in
p-coumaric acid (5.56 = 0.22 mg/g) and quinic acid (5.42
+ 0.32 mg/g), with moderate amounts of caffeic acid (3.23
+0.21 mg/g), ferulic acid (2.46 + 1.1 mg/g), and 1,5-dicaf-
feoylquinic acid (2.23 £ 0.54 mg/g). In the R. raetam ex-
tract, salicylic acid was predominant (5.73 + 0.24 mg/g),

followed by quinic acid (4.57 + 0.12 mg/g), caffeic acid
(3.87 £ 0.25 mg/g), caffeoylquinic acid (3.27 £ 1.1 mg/g),
and myricetin (2.58 £+ 0.52 mg/g). It is worth noting that
all of the quantified phenolic compounds in these extracts
have recognized therapeutic applications.

3.3. Antimicrobial activity

The antibacterial activity of all extracts was assessed
by measuring the bacterial growth inhibition zones using
the agar well diffusion method [26] and determining the
minimum inhibitory concentration (MIC) through the se-
rial dilution method in a liquid medium [16]. The agar dif-
fusion method offers a quick and qualitative assessment of
antimicrobial activity by measuring the zone of inhibition
growth, which indicates the sensitivity of the tested micro-
organisms. The serial dilution method provides a quantita-
tive evaluation, determining the MIC necessary to inhibit
microbial growth. The combination of these methods en-
sures both an initial screening and precise measurement
of the antimicrobial potential of the extracts. Three Gram-
negative bacterial strains: Escherichia coli, Salmonella
enterica, and Pseudomonas aeruginosa and three Gram-
positive strains Staphylococcus aureus, Bacillus cereus,
and Listeria monocytogenes were used in order to high-
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Fig. 1. Calibration curve of catechin (A) and gallic acid(B) for deter-
mining flavonoids and polyphenols contents, respectively.
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Fig. 2. HPLC chromatogram of ethanolic extract of Artemisia cam-
pestris (A.c) (A), Haloxylon articulatum (H.a) (B), and Retama rae-
tam (R.r) (C).

Table 1. Extraction yields, polyphenol and flavonoid contents of Artemisia campestris (A.c), Haloxylon

articulatum (H.a), and Retama raetam (R.r) aerial parts using ethanol solvent. The total phenolic content was

expressed as milligrams (mg) of Gallic Acid Equivalent (GAE) per gram (g) of dry weight (mg GAE/g DW).

The total flavonoid content was expressed as mg of catechin equivalent (CE) per g of DW (mg CE/g DW).

Results were presented as the mean value + standard deviation.

Extract  Extraction yield (%) Po(lliléhérpl‘(;al/sgcgr&t;nt (mg Igg;,;g?lec)l(iract)
A.c 6.84+1.2 85.59+2.4 28.99+2.6

H.a 4.27+0.98 70.66+1.7 29.88+2.9

R.x 2.94+1.6 55.68+2.5 34.77+3.09
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Table 2. HPLC profile of components of Artemisia campestris (A.c), Haloxylon articulatum (H.a), and Retama raetam

Extract Phenolic/flavonoids compounds Quantity (mg/g) Retention time
Quinic acid 3.47 3.65
Vanillic acid 2.64 4.53
cis-Sinapic acid 4.45 8.52
Cinnamic acid 2.32 9.87
Apigenin 1.47 10.36
Auc 3,5-dicaffeoylquinic acid 0.21 13.54
Caffeoyl-quinic acid 1.56 15.52
Quinic acid 5.42 3.48
Caffeic acid 3.23 4.21
p-Coumaric acid 5.56 16.42
Ferulic acid 2.46 17.02
1,5-Dicaffeoylquinic acid 2.23 19.21
Chlorogenic acid 0.15 31.21
H.a Sinapic acid 0.17 37.98
m-Coumaric acid 0.12 49.87
Quinic acid 4.57 3.48
Caffeic acid 3.87 4.32
Salicyclic acid 5.73 8.04
Caffeoyl-quinic acid 3.27 16.23
Myricetin 2.58 18.87
Dicaffeoyl derivative 1.01 20.56
Sinapic acid 0.04 23.48
R.r Chlorogenic acid 0.03 31.21
Ferulic acid 0.02 36.63
Naringin 0.01 43.51
Isoquercitrin 0.01 44.78

Table 3. Diameter of growth inhibition zones (mm) of bacterial strains treated with 100 and 300 mg/mL of each extract. Minimum inhibitory

concentrations (MIC, mg/mL) of Gram-positive strains and three fungal strains: Rhizoctonia solani, Fusarium graminearum and Fusarium

verticillioides treated with plant extracts. Results were presented as the mean value with standard deviation.

Extracts/Standard A.c H.a R.r Ampicillin
Concentration (mg/mL) 100 300 100 300 100 300 25 pg/well
Bacterial strains Diameter of growth inhibition zones (mm)
Listeria monocytogenes 7£0.6 12+11 10+0.5 1742 8+1 10£1 24+1
Staphylococcus aureus 9+0.5 15£1.5 4+1.6 12+0.5 8+1 13£2 20+2
Bacillus cereus 5+0.8 9+0.9 6+1 10+1 5+0.5 9+0.5 30+1
Escherichia coli - - - - - - 2242
Salomonella enterica - - - - - - 35+1
Pseudomonas aerigenosa - - - - - - 21£1.5
MIC (mg/mL)

Listeria monocytogenes 9+1.5 9+1 18.7542 -
Staphylococcus aureus 18.75+1.6 18.75+2 18.75+1.5 -
Bacillus cereus 18.75+2 9+1.8 18.75+1.5 -

Fungal strains MIC (mg/mL)
Rhizoctonia solani - 75+3 - -
Fusarium graminearum 37427 75+2.8 3743 -
Fusarium verticillioides 753 75€2.5 37£3.5 -

light the spectrum of antimicrobial activity of the extracts
and their potential as versatile antimicrobial agents. Table
3 revealed that only the Gram-positive strains displayed
sensitivity to the tested extracts, while the Gram-negative
strains remained resistant even at the highest concentra-
tion of 300 mg/mL. Based on the classification by Ponce
et al. [27], strains are considered sensitive when the inhi-

bition zone diameter ranges from 9 to 14 mm, and highly
sensitive when the diameter falls between 15 and 19 mm.
Results presented in Table 3, therefore, indicated that the
three tested strains were sensitive to ethanolic extracts (at
a concentration of 300 mg/mL). At a lower concentration
of 100 mg/mL, these strains were, however, less sensitive
(Inhibition zone diameter less than 8 mm) (Table 3).

93



Medicinal plants for anti-inflammatory and antioxidant therapies.

Cell. Mol. Biol. 2025, 71(3): 88-100

Table 3 presented the MIC values of the various ex-
tracts, determined within a concentration range of 0.29 to
150 mg/mL. A MIC of 9 mg/mL was observed for both
A. campestris and H. articulatum extracts against Liste-
ria monocytogenes, and Bacillus cereus. Both extracts in-
hibited Staphylococcus aureus at a MIC of 18.75 mg/mL,
while the R. raetam extract showed a MIC of 18.75 mg/
mL against all three bacterial strains.

The antifungal activity of the different extracts was
assessed against three fungal strains (Rhizoctonia solani,
Fusarium graminearum, and Fusarium verticillioides) us-
ing the agar diffusion and the liquid micro-dilution meth-
ods. At 300 mg/mL of extract, no inhibition zones around
the wells were observed for all tested fungal strains. Fur-
thermore, to our knowledge, the MIC values of the three
extracts were determined, for the first time in the current
study, across a concentration range of 0.29 to 150 mg/mL
(Table 3). Among the extracts, only H. articulatum demon-
strated inhibitory activity against Rhizoctonia solani, with
a MIC of 7543 mg/mL. All tested ethanolic extracts inhib-
ited the growth of Fusarium graminearum and Fusarium
verticillioides, with MIC values ranging from 3743 mg/
mL to 75+£3.5 mg/mL.

3.4. Antioxidant activity

The different extracts from 4. campestris, H. articula-
tum, and R. raetam were tested for their antioxidant activ-
ity by determining their ability to scavenge free radicals
(DPPH test) as well as their reducing power (FRAP test)
and compared and compared to BHA, a reference antioxi-
dant substance.

The DPPH radical is generally one of the most used
compounds for the rapid and direct assessment of antioxi-
dant activity due to its stability in radical form and the sim-
plicity of the analysis [17,28]. The DPPH anti-radical ac-
tivity is typically expressed as the IC, jvalue. As illustrated
in Figure 3, the percentage of DPPH radical inhibition in-
creased as the concentrations of the plant extracts as well
as the standard (BHA) increased. Interestingly, at all con-
centrations used, the different extracts were more effective
than BHA. At 1| mg/mL, H. articulatum extract showed
the highest percentage of DPPH inhibition (91.5840.04%)
followed by R. raetam extract (90.186+0.07%) and the A.
campestris extract (70.398+0.03%) whereas the standard,
BHA, showed the lowest DPPH inhibition percentage

(65.184+0.06%) (Figure 3). As presented in Table 4, H.
articulatum and R. raetam extracts exhibited the highest
antioxidant capacity since both recorded the lowest IC,
values of about 130 ug/mL. The 4. campestris extract was
less effective showing an IC of 450 +£10 ug/mL but still
lower than that of BHA, (IC,, = 500+18 pg/mL) (Table 4).

The FRAP method [18] was used in order to evaluate
the extracts reducing power of the Fe**/ferricyanide com-
plex to its ferrous form (Fe*). All the extracts, as well as
the BHA standard, possessed varying degrees of reducing
power in a dose-dependent manner (Data not shown). The
antioxidant capacity of the examined extracts was quanti-
fied by determining the EC_, which represents the effec-
tive concentration that yields an absorbance of 0.5 for re-
ducing power (Table 4). As indicated in Table 4, the iron-
reducing efficiency was in the following order BHA > R.
raetam > A. campestris > H. articulatum.

3.5. In-vitro anti-inflammatory activity of different ex-
tracts
3.5.1. HRBC membrane stabilization

The in vitro anti-inflammatory effectiveness of ethano-
lic extracts of A. campestris, H. articulatum, and R. rae-
tam plants was assessed by measuring the stabilization
percentage of HRBC membranes and the inhibition rates
of key enzymes involved in inflammation, specifically
COX-1, COX-2, 5-LOX, and sPLA, at various concentra-
tions (25 pg/mL -200 pg/mL).

Data presented in Figure 4 revealed that the R. raetam
extract, at different concentrations, provided significantly
high protection, ranging from 88.25% to 92.5% which
was comparable to the effect of diclofenac-sodium used
as a positive control. At 200 pg/mL, 4. campestris and
H. articulatum extracts exhibited less HRBC protection

Table 4. IC, and EC, values of Artemisia campestris (A.c), Haloxylon
articulatum (H.a), and Retama raetam (R.r) extracts and the standard
butylated hydroxyanisole (BHA). Results were presented as the mean
value with standard deviation.

Extracts IC,, (ng/mL) EC,, (ng/mL)
A.c 450+10 557.95+18.4
H.a 130+9 822.36£19.6
R.r 130+12 498.31+£23
BHA 500+18 200+£24
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Fig. 3. Scavenging activity of ethanol extracts of Artemisia campes-
tris (A.c), Haloxylon articulatum (H.a), and Retama raetam (R.r) and
the standard butylated hydroxyanisole (BHA). Experiments were
conducted in triplicate and corresponding results were presented as
the mean value with standard deviation.
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Fig. 4. Degree of membrane stabilization induced by Artemisia cam-
pestris (A.c), Haloxylon articulatum (H.a), and Retama ractam (R.r)
extracts on human red blood cells, with diclofenac sodium used as the
positive control. The results presented are the mean values obtained

from three separate replicates.
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(70.5£3.53% and 73+2.82%, respectively).

3.5.2. Inflammatory enzyme inhibition

The ethanolic extracts of the three selected plants dem-
onstrated a dose-dependent enzymatic inhibitory potential,
with concentrations ranging from 25 to 200 pg/mL, and ef-
fectively inhibited the activity of key enzymes associated
with the inflammatory process. Particularly, A. campestris
extract exhibited the most potent efficacy, causing almost
complete inhibition of all tested SPLA s (99%-100%) at a
concentration of 200 pg/mL. For comparison, TEPC at 20
uM achieved 98% inhibition (Figure 5.A-C).

Likewise, H. articulatum extract effectively inhibited
DrPLA -GV and hPLA -GV, and to lesser extent, DrPLA -
GIIA reaching up to 80% and 68% inhibition, respectively,
at 100 pg/mL (Figure 5. A-C). In contrast, R. raetam ex-
tract was the least efficacious against all SPLA, enzymes,
with inhibition values ranging between 72% to 79.5%
were recorded at the highest tested concentration, 200 pg/
mL (Figure 5. A-C). This suggested that while 4. campes-
tris and H. articulatum extracts showed significant poten-
tial in targeting enzymes involved in inflammation, the ef-
ficacy of R. raetam extract was relatively less pronounced.
The current findings highlighted the promising role of A.
campestris and H. articulatum extracts in modulating in-
flammatory responses through their sPLA, inhibitory ac-
tivities, particularly targeting GV- and GIIA- phospholi-
pases, which are key mediators in inflammatory pathways
[29]. However, the reduced efficacy of R. raetam extract
needed further investigation into its potential mechanisms
and whether its inhibition might be enhanced under differ-
ent conditions or with synergistic combinations of other
inhibitors.

These data indicated that ethanolic extracts could reg-
ulate the release of AA from membrane phospholipids,
which are produced during tissue injury. Besides, these
extracts demonstrated the capacity to inhibit the accumu-
lation of critical inflammatory leukotrienes in the 5-LOX
pathway, which plays a significant role in promoting tissue
damage [29]. In fact, the three extracts displayed signifi-
cant inhibition of 5-LOX (Figure 5.D) and COX-1 (Fig-
ure 5.E), with less pronounced effects on COX-2 enzyme
(Figure 5.F). Remarkably, the R. raetam extract fully sup-
pressed the activity of both 5-LOX and COX-1 enzymes at
low concentrations, 50 pg/mL (Figure 5.D-E). Similarly,
the A. campestris extract reduced, in a dose-dependent
manner, the activity of COX-1, 5-LOX, and COX-2 up to
76.54£3.35%, 66.5+3.53% and 62.5+£3.35%, respectively
(Figure 4.E-D). At 200 pg/mL, the H. articulatum extract
achieved 85.5+3.35% and 71£2.82% inhibition towards
5-LOX and COX-1, respectively (Figure 5.D-E).

A. campestris extract demonstrated exceptional poten-
cy, achieving 99%-100% inhibition of all tested sSPLA s,
including DrPLA -GV (100% inhibition) at 200 ug/mL,
surpassing TEPC (98% at 20 uM). H. articulatum extract
showed moderate efficacy, particularly against DrPLA -
GV (80%) and hPLA -GV (68%), while R. raetam extract
was less effective (72%-79.5%). These results highlighted
the A. campestris's strong inhibitory potential, especially
against DrPLA2-GV, as a promising anti-inflammatory
agent.

4. Discussion
The therapeutic potential of plants in phytotherapy is
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lon articulatum (H.a), and Retama raetam (R.r) extracts on DrPLA2-
GV (A), DrPLA2-GIIA (B), hPLA2-GV (C), 5-LOX (D), COX-1 (E),
and COX-2 (F) were represented as inhibition percentage (%) values,
calculated in comparison to a control (without extract). For reference,
TEPC (20 pM) was used for sSPLA2, NGDA (100 pM) for 5-LOX,
and Diclofenac (0.3 mg/mL) for COX. The results presented are the
mean values obtained from three separate replicates

primarily linked to their secondary metabolites, especially
phenolic compounds. It has been reported that the quality
of plant extracts is highly affected by the effectiveness and
selectivity of the extraction process. Commonly used tech-
niques include aqueous maceration, infusion, and decoc-
tion, each of which influences the yield and purity of the
final extract [30,31]. In this study, maceration with agita-
tion was chosen to accelerate extraction, minimize solvent
contact time, and preserve bioactivity. The plant material
was mixed with solvent, agitated, filtered, and pressed.
The liquid was then evaporated and concentrated, with
solvent recovered under reduced pressure to maximize
yield and prevent heat-induced denaturation [32]. Differ-
ent solvents were used for polyphenol extraction, with dif-
ferent effectiveness depending on their ability to dissolve
specific phenolic compounds. Indeed, the choice of sol-
vent is based on the extraction purpose, component nature,
matrix properties, reagent availability, cost, and safety
concerns [33]. However, ethanol is the most commonly
used solvent for the quantitative extraction of polyphenols
from aromatic plants due to its ability to dissolve various
phenolic groups [32]. Thus, aerial parts of the three stud-
ied plants (4. campestris, H. articulatum, and R. raetam)
were extracted using ethanol as a solvent.

The ethanolic extracts (4. campestris, H. articulatum,
and R. raetam) were analyzed for total phenol and fla-
vonoid contents, with A. campestris showing the highest
phenol content (85.59+2.4 mg GAE/g) and R. raetam the
highest flavonoid concentration (34.77+3.09 mg CE/g). H.
articulatum and A. campestris exhibited comparable fla-
vonoid levels, while phenol content followed the order 4.
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campestris > H. articulatum > R. raetam (Table 1). Buta-
nolic extract of A. campestris previously collected from
Algeria showed total PP and Fv contents values of 312.32
mg GAE/mg DW and 11.3 pg QE/mg DW, respectively
[21]. A total polyphenol content of 1123 mg CE/g DW in
the ethanolic extract of R. raetam was also reported [24].
More recently, R. raetam extract recorded total PP and Fv
contents of 112.12+0.11 GAE/mg DW and 15.93+0.23 mg
CE /g DW, respectively [34]. The variation in PP and Fv
contents and composition among the same plant species
collected from different regions may be attributed to en-
vironmental and climatic factors, as well as geographical
location, which could promote genetic differentiation be-
tween distinct taxonomic groups [34].

HPLC is a widely used method for analyzing pheno-
lic compounds in plant extracts. Given the vast diversi-
ty and complexity of plant phenolic, it is not feasible to
fully characterize every individual component. However,
HPLC allows for the identification of key categories and
representative phenolics. In this study, HPLC was em-
ployed to further explore the phytochemical profile of
ethanolic extracts of A. campestris, H. articulatum, and R.
raetam as well as identify and quantify their flavonoids
and phenolic compounds with the aim of exploring the di-
versity of bioactive components known for their biological
properties. In comparison with other studies, quinic acid
was also identified as a major compound (24 pg/mg DW)
in hydro-ethanolic extracts of aerial organs of A. campes-
tris from southern Portugal using LC-PDA-MS [35]. The
authors additionally reported chlorogenic acid (16 pg/mg
DW), caffeic acid (1.6 pg/mg DW), protocatechuic acid
(0.27-0.43 ng/mg DW), luteolin (0.19-0.47 pg/mg DW),
and coumaric acid (0.17-0.33 pg/mg DW). Meanwhile,
HPLC analysis of ethanolic extracts of H. articulatum col-
lected from central Tunisia revealed the presence of gal-
lic acid, rosmarinic acid, ferulic acid, 3-hydroxycinnamic
acid, and p-coumaric acid at 1.30 mg/g [36]. Similarly, a
study on R. raetam butanolic extract from the southeastern
Sahara region of Algeria highlighted high levels of ascor-
bic acid (8.43 pg/mg), p-coumaric acid (3.35 pg/mg), and
rutin (4.03 ug/mg) [37]. These comparisons illustrate vari-
ations in phenolic profiles across geographic regions and
extraction methods, contributing to the understanding of
the chemical diversity and therapeutic potential of these
species.

The antibacterial activity of all extracts was evalu-
ated by measuring bacterial growth inhibition zones via
the agar well diffusion method [26] and determining the
minimum inhibitory concentration (MIC) using the serial
dilution method in liquid medium [16]. The tested ex-
tracts were effective only against Gram-positive bacteria,
while Gram-negative strains exhibited resistance, even at
a maximum concentration of 300 mg/mL (Table 3). Simi-
larly, the ethanol extract of 4. campestris collected from
southeastern Morocco, at 5 mg, inhibited the growth of the
Gram-positive strains Staphylococcus aureus and Bacillus
anthracis with inhibition zone diameter of 13 mm and 11
mm, respectively while smaller diameters were observed
for the Gram-negative strains Escherichia coli and Pseu-
domonas aeruginosa (7 mm and 6 mm, respectively) [38].
A. campestris extract collected from west-central Tunisia
significantly inhibited Staphylococcus aureus (inhibition
zone diameter = 12.22 mm) and, to lesser extent, Pseudo-
monas aeruginosa (inhibition zone diameter = 7.66 mm)

[10]. Besides, the ethanol extract of R. raetam (from north-
western Saudi Arabia), at 0.3 g/mL, showed growth inhibi-
tion halos for the strains Staphylococcus aureus (5.8 mm),
Pseudomonas aeruginosa (6.2 mm), and Escherichia coli
(3.8 mm) [39]. At 10 mg/well, the ethanol extract of R.
raetam from Palestine exhibited growth inhibition diam-
eters of approximately 6 mm for both Gram-negative and
Gram-positive strains [40]. Butanol plant extracts from
H. articulatum exhibited inhibition zone diameter values
ranging between 10 and 20 mm against Staphylococcus
aureus, Bacillus cereus and Escherichia coli strains [22].
The MIC values of the different extracts were determined
within a concentration range of 0.29 to 150 mg/mL (Ta-
ble 3) and confirmed that the tested extracts inhibited the
growth of Gram-positive bacteria but were ineffective
against Gram-negative strains. Such resistance of Gram-
negative bacteria could be attributed to their outer mem-
brane's lipopolysaccharides, which block antibiotics and
other substances. Gram-positive bacteria are more sensi-
tive because their cell walls are composed of a less restric-
tive peptidoglycan layer [41].

Several studies reported the antimicrobial activity of
these extracts with different MIC values. Indeed, ethanolic
extract of A. campestris originated from Algeria showed
MIC values of 12.5 mg/mL or 25 mg/mL against Pseu-
domonas aeruginosa, Aeromonas hydrophila, Escherichia
coli, and Klebsiella pneumoniae or Salmonella paratyphi,
respectively [42]. However, no specific MIC values have
been reported for H. articulatum ethanolic extract so far,
except in one study by Jdey et al. [36] who demonstrated
that 1 mg/mL of H. articulatum (from Tunisia) inhibited
Escherichia coli, Staphylococcus aureus, Micrococcus
luteus, and Salmonella enterica by 96.2%, 55.9%, 80%,
and 100%, respectively. These differences in MIC values
could be due to the geographical variations that influence
plant phytochemical composition, as well as environmen-
tal conditions such as soil, climate, and altitude affecting
the concentration and diversity of bioactive compounds
in plant extracts [34]. Additionally, differences in extrac-
tion methods such as solvent used, extraction duration and
bacterial strains tested could also explain these variations
[25].

The effectiveness of medicinal plant extracts in inhibit-
ing bacterial growth is due to the synergy between their
active compounds, which can disrupt bacterial resistance
mechanisms and affect their physicochemical properties.
Bioactive compounds mainly phenols and flavonoids can
affect bacterial cells primarily by targeting the cytoplasmic
membrane, altering its structure, integrity, or permeability,
which can lead to cell damage or rupture. They may also
inhibit membrane pumps and disrupt cell communication,
protein interactions, and biofilm formation [43].

The antifungal activity of the extracts was tested against
Rhizoctonia solani, Fusarium graminearum, and Fusar-
ium verticillioides, with no inhibition zones observed at
300 mg/mL for any of the strains. Similar findings were
reported using different concentrations of H. articulatum
extract from Tunisia against Aspergillus niger, Fusarium
graminearum, and Fusarium oxysporum [44]. In contrast,
the ethanol extract of R. raetam collected from Libya, at
concentrations ranging from 5% to 15%, demonstrated an
inhibitory effect of 30% to 37% on the mycelial growth of
Fusarium solani, Fusarium moniliforme, Fusarium semi-
tectum, and Macrophomina phaseolina [45]. The antifun-
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gal activity of the various compounds may be attributed to
multiple mechanisms, including disruption of fungal cells
through inhibition of cell wall formation, interference with
cell division, nucleic acid and protein synthesis, and inhi-
bition of transmembrane pumps, as well as mitochondrial
dysfunction in the fungus [46].

Antioxidants are recognized as molecules with the po-
tential to neutralize or reduce the damage caused by free
radicals [47]. Plants contain high concentrations of anti-
oxidants particularly flavonoids and polyphenols that are
considered potential sources of plant-based antioxidants
[48]. They have a perfect chemical structure for trapping
free radicals [49]. Using DPPH assay, H. articulatum and
R. raetam extracts demonstrated the highest antioxidant
capacity, both exhibiting the lowest IC, values around
130 pg/mL. The A. campestris extract was less potent,
with an IC, of 450 + 10 pg/mL, though still lower than
BHA's IC,  of 500 = 18 pug/mL (Table 4). The higher anti-
oxidant activity of H. articulatum and R. raetam extracts
compared to 4. campestris may be attributed to their richer
phenolic and flavonoid content, as these compounds are
key contributors to antioxidant activity. Additionally, dif-
ferences in their phytochemical composition, influenced
by species-specific metabolic pathways and environmental
factors, could enhance their free radical-scavenging poten-
tial. Previous studies on the macerated ethanolic extracts
of R. raetam showed significantly lower anti-radical activ-
ity compared to the current findings [34,39]. The ethanolic
extract of H. articulatum plant, a variety collected from
Sfax-Tunisia, displayed an IC,  of 24 ug/mL against an
IC,, of 3.2 pg/mL for ascorbic acid [44]. The n-butanolic
A. campestris extract inhibited DPPH oxidation with an
IC,, of 2.239 + 0.32 mg/mL, which is comparable to that
of the used standard Ascorbic acid (IC, = 1.824 £ 0.97 mg/
mL) [21]. Similarly, the n-butanolic extract of 4. campes-
tris showed a moderate reducing power at 400 pg/mL [21].
The reducing capacity of the extracts may be partially at-
tributed to their richness in phenolic compounds. Thus, it
could be concluded that polyphenols and flavonoids play
a crucial role in the chelation of transition metals involved
in the Fenton reaction, which leads to the formation of hy-
droxyl radicals through the reaction of iron with hydrogen
peroxide [50].

The FRAP method [18] was utilized to measure the re-
ducing power of the extracts by evaluating their ability to
convert the Fe**/ferricyanide complex into its ferrous form
(Fe*"). The iron-reducing efficiency followed the order:
BHA > R. raetam > A. campestris > H. articulatum (Ta-
ble 4). EC50 values of about 900 png /mL and 380 pg/mL
were previously reported for R. raetam and H. articulatum
ethanolic extracts, respectively [34] and compared to BHA
(EC,, =130 pg/mL), used as positive reference.

The in vitro anti-inflammatory activity of 4. campes-
tris, H. articulatum, and R. raetam ethanolic extracts was
evaluated by HRBC membrane stabilization since the
red blood cell membrane is structurally similar to lyso-
somal membranes, and enzyme inhibition (COX-1, COX-
2, 5-LOX, sPLA)) at concentrations of 25-200 pg/mL.
The R. raetam extract provided strong HRBC protection
(88.25-92.5%), comparable to diclofenac-sodium, while
A. campestris and H. articulatum showed lower protection
(70.5+3.53% and 7342.82% at 200 pg/mL). This compari-
son allows us to establish the relative efficacy of the ex-
tracts and their potential as therapeutic agents. The higher

protection offered by R. raetam extract compared to the
other extracts can be attributed to its richer bioactive com-
pound profile, including higher concentrations of pheno-
lics and flavonoids, which are known for their potent anti-
inflammatory and membrane-stabilizing effects. Current
results underlined the significant in vitro anti-inflammato-
ry activity of the three extracts, which was comparable to
that of the standard drug, diclofenac sodium, by stabilizing
the HRBC membrane given the similarity between lyso-
somes and HRBC membranes. Indeed, both lysosomal and
RBC membranes are composed of phospholipid bilayers
lipid bilayer with embedded proteins that are crucial for
maintaining cell integrity and regulating transport func-
tions, making them vulnerable to damage under stress
or inflammatory conditions. During inflammation, the
release of lysosomal enzymes contributes to tissue dam-
age and inflammation. Therefore, compounds that prevent
HRBC membrane lysis can be presumed to exert a protec-
tive effect on lysosomal membranes in inflammatory cells,
reducing the release of inflammatory mediators [51]. The
anti-inflammatory properties of the extracts demonstrate
that they could be promising candidates for the develop-
ment of natural anti-inflammatory treatments. Their ability
to stabilize cell membranes and inhibit the release of pro-
inflammatory mediators suggests they may be effective in
managing conditions associated with chronic inflamma-
tion, such as arthritis, cardiovascular diseases, and neuro-
degenerative disorders. These extracts could be explored
further for incorporation into topical or oral formulations,
offering a plant-based alternative or complement to con-
ventional anti-inflammatory drugs.

The ethanolic extracts showed dose-dependent enzyme
inhibition, with A. campestris extract achieving 99-100%
inhibition of sPLA_s at 200 ug/mL, surpassing TEPC's
98% inhibition at 20 uM. COX-1 /2 inhibition could be
due to the interaction of the extract compounds with the
key residues of the active site Arg120 in hCOX-1 (Argl06
in hCOX-2) and the phenolic amino acid Tyr 355 (Tyr341
in hCOX-2) responsible for the interaction with the AA
carboxylate moiety through ionic and hydrogen bond in-
teractions, respectively [52].

5-LOX requires one non-heme iron atom per molecule,
which oscillates between Fe?" (inactive enzyme) and Fe**
(active form) during the catalytic cycle. Its inhibition by
the extracts might be linked to the nature of inhibitors
present in the extract. These inhibitors could be redox
inhibitors or antioxidants, which interfere with the redox
cycle of 5-LOX, iron-chelator agents, and non-redox com-
petitive inhibitors, which compete with AA to bind the en-
zyme active site [5]. Phenolic compounds in the extracts
could inhibit 5-LOX indirectly through interacting with
5-LOX activating protein (FLAP), a crucial protein that
transfers the substrate AA to 5-LOX resulting to leukotri-
enes biosynthesis [5].

The ethanolic extracts of 4. campestris, H. articulatum
and R. raetam demonstrated significant bioactive poten-
tial through their antioxidant, antimicrobial, and anti-in-
flammatory activities. A. campestris extract displayed the
highest total phenolic content and the most potent anti-
inflammatory effects, particularly in inhibiting sPLA, en-
zymes (DrPLA -GV, DrPLA -GIIA, and hPLA -GV) with
up to 100% inhibition at 200 pg/mL, indicating its strong
potential for therapeutic applications in inflammatory
conditions. The inhibition of key inflammatory enzymes
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(5-LOX, COX-1/2, and sPLA,) highlighted the capacity
of these extracts to regulate AA release and leukotriene
biosynthesis, with notable effects on COX-1 and 5-LOX
pathways. The antioxidant activity, particularly from H.
articulatum and R. raetam extracts, further supported
their utility as natural sources of bioactive compounds, ca-
pable of scavenging free radicals effectively. These find-
ings highlight the significant potential of these extracts for
therapeutic and industrial applications as bioactive ingre-
dients in cosmetics for skin protection, food preservation
to prevent spoilage, and in agriculture as natural bio-pes-
ticides. Further research into their active compounds us-
ing advanced techniques such as column chromatography,
HPLC, or liquid-liquid extraction and mechanisms of ac-
tion could pave the way for their incorporation into diverse
commercial products. The purification and identification
of active constituents, allows to be further studied to en-
hance efficacy and specificity in future applications.
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