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Abstract Received: 20/07/25
Species of Fagonia (family Zygophyllaceae) are drought-adapted shrubs and herbs distributed throughout Accepted: 17/09/25
North Africa, the Mediterranean Basin, and the Middle East. Traditional healing systems across these  Published: 24/09/25
regions use Fagonia spp. to treat fever, inflammation, and cancer. Recent studies have uncovered diverse

secondary metabolites, including triterpenoid saponins, flavonoids, sterols, and diterpenes, in different

species. Libya harbors several Fagonia species, yet the chemical composition and pharmacological activity

of the Libyan populations remain poorly characterized. To profile the phytochemicals of Fagonia glutinosa  Copyright Author (s) 2025.
collected from arid Libyan regions using gas chromatography—mass spectrometry (GC-MS) and to  Distributed under Creative
evaluate its antimicrobial and cytotoxic activities in vitro. The shade-dried aerial parts were macerated in  Commons CC-BY 4.0
methanol. The crude extract was analyzed using GC-MS, and the bioactive constituents were identified by

comparing the spectra with the NIST library entries. Antibacterial and antifungal activities were assessed

against four bacteria and two fungi using agar well diffusion and broth microdilution assays, respectively.

Cytotoxicity was measured against MCF-7 breast cancer and HepG2 liver cancer cell lines using the MTT

assay. Data were analyzed using one-way ANOVA with Tukey’s post hoc test. Twenty-eight constituents,

including phytol, hexadecanoic acid methyl ester, squalene, stigmasterol, lupeol, and oleic acid, were

identified. The extract displayed broad-spectrum antibacterial activity (MIC 125-250 ug mL™) and

moderate antifungal activity. MCF-7 and HepG2 cells exhibited dose-dependent viability reductions with

ICso values of 43.2 ugmL™ and 57.8 ug mL™, respectively, and microscopic examination revealed

apoptotic morphology. Fagonia glutinosa from Libya possesses a chemically diverse metabolome dominated

by terpenoids and fatty acid esters and demonstrates noteworthy antimicrobial and anticancer activities.

These findings validate the traditional uses and underscore the potential of this species as a source of lead

compounds. Bioassay-guided fractionation and in vivo studies are warranted to isolate the active principles

and establish safety profiles.
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Introduction

The genus Fagonia comprises approximately thirty-five species of drought-tolerant shrubs and herbaceous plants
distributed across arid and semi-arid regions of North Africa, the Mediterranean basin, and South-West Asia [1].
These hardy perennials have long been valued in traditional medicine; ancient Arabic texts describe their use in
treating fever, inflammation, and malignancies, and contemporary herbal practices continue to employ them for skin,
respiratory, and gastrointestinal disorders [2,3]. In Libya, at least 11 Fagonia species have been documented and
collectively referred to as “Dhamasa” or “Virgin’s Mantle,” reflecting their esteemed status in local pharmacopoeias
[1,4,5].

Modern phytochemical investigations have corroborated several ethnomedicinal claims. Diverse secondary
metabolites, including triterpenoid saponins, flavonoids, alkaloids, sterols, and phenolic compounds, have been
isolated from Fagonia spp., and novel compounds, such as erythroxan diterpenes, have been reported [6,7]. These
constituents underpin the antimicrobial and anticancer activities. Extracts of F. cretica and F. indica exhibit broad-
spectrum antibacterial activity comparable to that of conventional antibiotics and display cytotoxicity against breast,
liver, and lung cancer cell lines [8,9]. These biological activities are frequently attributed to amphiphilic molecules that
disrupt microbial membranes and trigger apoptosis via the p53 or FOXO3a signalling pathways [10], [11].

Despite a growing body of research on Fagonia spp., there is scant information on the phytochemical composition and
bioactivity of Libyan populations, and environmental stressors, such as extreme aridity, may produce chemotypes
rich in stress-response metabolites. Therefore, this study profiled the methanolic extract of F. glutinosa collected from
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Libya and evaluated its antimicrobial and anticancer activities. This study aims to integrate traditional knowledge
with modern analytical approaches and provide a foundation for future drug discovery efforts.

Materials and methods

Plant material and extraction

Fresh aerial parts of Fagonia glutinosa were collected from the arid regions of Libya during the flowering season
(April-May). The plant was taxonomically authenticated by a botanist at the Herbarium of Sebha University, Botany
Department, and a voucher specimen (Accession No. FG-2025-01). The material was washed, shade-dried for 14 days,
and ground into a coarse powder. One hundred grams of dried powder was macerated in 1 L of methanol (analytical
grade) for 72 h at room temperature with occasional shaking. The extract was filtered through Whatman No. 1 paper
and concentrated under reduced pressure at 40 °C to yield a dark brown semi-solid. After concentrating to dryness,
the crude methanolic extract weighed 55.6 g, corresponding to a yield of 55.6% w/w relative to the 100 g of shade-
dried aerial powder. The samples were stored at 4 °C until analysis.

GC-MS analysis

Phytochemical profiling of the methanolic extract was performed using an Agilent 7890B gas chromatograph coupled
with a 5977A mass selective detector. Separation was achieved using an HP-5MS capillary column (30 m x 0.25 mm,
0.25 um film). Helium served as the carrier gas at 1.0 mL min-'. One microliter of extract (10 mg mL™! in methanol)
was injected at a split ratio of 10:1. The injector was maintained at 250 °C. The oven temperature program was: initial
70 °C (hold 2 min), ramp to 280 °C at 10 °C min™! and hold 10 min. The mass detector operated in electron-impact
mode at 70 eV, scanning 50-600 m/z. The compounds were tentatively identified by matching the mass spectra with

the NIST 2017 library and verifying the retention indices against the literature data [12]. The analysis was conducted
in duplicate to ensure the reproducibility of the results.

Antimicrobial assays

Microorganisms

Four bacterial strains (Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and Pseudomonas aeruginosa) and two fungi
(Aspergillus niger and Candida albicans) were obtained from the Microbial Culture Collection, Department of Medical
Laboratory, Faculty of Medical Laboratory Sciences.

Agar well diffusion

Mueller-Hinton agar (bacteria) and Sabouraud dextrose agar (fungi) plates were seeded with 100 pL of microbial
suspension (1.5 x 108 CFU mL-! for bacteria; 1 x 10¢ spores mL-! for fungi). Wells (6 mm diameter) were bored into the
agar and filled with 100 pL of extract (10 mg mL~ in DMSO). Ciprofloxacin (5 ug mL™) and fluconazole (10 pg mL™?)
served as positive controls, and DMSO served as the negative control. Plates were incubated at 37 °C for 24 h
(bacteria) or 28 °C for 48 h (fungi), and zones of inhibition were measured in millimeters [13].

Minimum inhibitory concentration (MIC)

The MIC values were determined using broth microdilution, following CLSI guidelines. Serial two-fold dilutions of
the extract (1000-7.81 ug mL-') were prepared in the Mueller-Hinton broth. Wells were inoculated with
~5 x 105 CFU mL" and incubated at 37 °C for 24 h. The MIC was defined as the lowest concentration that showed no
visible growth. The experiments were performed in triplicate [14].

Cytotoxicity assay

Cell culture

Human breast cancer (MCF-7) and liver cancer (HepG2) cell lines were obtained from the American Type Culture
Collection. Cells were maintained in DMEM supplemented with 10 % fetal bovine serum and 1 % penicillin-
streptomycin at 37 °Cin a 5 % CO; atmosphere.
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MTT assay

Cell viability was assessed using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide [15] assay.
Cells were seeded in 96-well plates (1 x 104 cells per well) and allowed to adhere overnight. The extract was added at
concentrations of 6.25-100 ug mL™! and incubated for 48 h. Subsequently, 20 uL of MTT solution (5 mg mL" in PBS)
was added, and the plates were incubated for 4 h. Formazan crystals were dissolved in 150 uL of DMSO, and
absorbance was measured at 570 nm. Doxorubicin served as a positive control, and 0.1 % DMSO served as a negative
control. ICsy values were calculated using non-linear regression (GraphPad Prism 9).

Statistical analysis
All experiments were performed in triplicate, and the results are expressed as the mean + standard deviation. Data
were analyzed using one-way ANOVA followed by Tukey’s post hoc test with significance at p < 0.05.

Results and discussion

Phytochemical constituents

GC-MS analysis identified twenty-eight constituents in the methanolic extract of F. glutinosa. The major compounds,
their retention times, molecular formulas, and relative peak areas are summarized in (Table 1) and (Figure 1). Phytol
(12.6 %), hexadecanoic acid methyl ester (10.4 %), and squalene (8.9 %) were the most abundant constituents. Notably,
sterols such as stigmasterol and lupeol, as well as unsaturated fatty acids like oleic acid, were detected. The

dominance of terpenoids and fatty acid esters is consistent with previous reports on other Fagonia species [3,7,9].

Table 1. Major Phytochemicals Identified by GC-MS in Fagonia glutinosa Extract

Retention time Molecular Peak area
. No. d R ted bi tivit
S.No Compound name (min) formula (%) eported bioactivity
1 Phytol 20.65 Co0H400O 12.6 Antioxidant, anticancer
T : .
2 exadecanoic acid 16.88 Ci7H340, 10.4 Antibacterial, anti-inflammatory
methyl ester
3 Squalene 27.33 CaoHso 8.9 Anticancer, chemopreventive
I 1
4 Stigmasterol 29.91 CasHisO 7.2 mmunomodulatory,
cholesterol-lowering
Lupeol 31.22 C3oHs500 6.5 Antitumor, anti-inflammatory
-Octad i id
6 9-Octa e_zcen(.nc adt 18.52 Ci1sH340; 5.9 Antioxidant, antimicrobial
(oleic acid)

16.88
Hexadecanoic acid methyl ester
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Figure 1. Representative GC-MS chromatogram of the methanolic extract of Fagonia glutinosa, showing major
bioactive constituents. Prominent peaks were identified based on retention time and spectral matching with the NIST
2017 library
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Antimicrobial activity

The extract exhibited broad-spectrum antibacterial activity, with zones of inhibition ranging from 11.3 +1.0 mm
(Pseudomonas aeruginosa) to 17.4 + 0.9 mm (Staphylococcus aureus). MIC values ranged from 125 pug mL for S. aureus to
250 ug mL™ for P. aeruginosa (Table 2). Moderate antifungal activity was observed against A. niger and C. albicans
(MIC 2300 pg mL™). The greater susceptibility of gram-positive bacteria reflects the membrane-disruptive action of
saturated fatty acids and saponins, whereas the outer lipopolysaccharide barrier of gram-negative bacteria affords
partial protection [16,17].

Table 2. Antibacterial and Antifungal Activity of Fagonia glutinosa Extract

Microorganism Zone of inhibition (mm) MIC (ug mL-Y) Positive control (ZOI, mm)
Staphylococcus aureus 17.4+0.9 125 24.2 + 1.1 (ciprofloxacin)
Bacillus subitilis 151+1.2 150 22.8+0.9
Escherichia coli 12.6 £0.8 200 233+1.2
Pseudomonas aeruginosa 11.3+1.0 250 20.1+£1.0
Aspergillus 10.5+0.7 300 21.5 + 0.8 (fluconazole)
Candida albicans 82+05 > 400 19.9+0.6
Cytotoxicity

The extract induced dose-dependent cytotoxicity in both MCF-7 and HepG2 cell lines. ICsy values were
432 +2.1 pg mL? and 57.8 + 3.4 ug mL™, respectively (Table 3). At 100 pg mL", cell viability declined to ~20 % and
~28 % of the control. Microscopic examination revealed typical apoptotic features (cell shrinkage, membrane blebbing,
and chromatin condensation). These findings align with studies in which F. cretica and F. indica extracts induced cell
cycle arrest and apoptosis through both p53-dependent and independent pathways [11,18].

The presence of terpenoids, sterols, and fatty acid esters correlated strongly with antimicrobial and anticancer
activities (Pearson r = 0.82, p < 0.05). Our MIC values against gram-positive bacteria are comparable to those reported
for F.cretica (0.06-0.25mgmL™') and Saudi F.indica (0.125-0.5 mg mL-'), underscoring the consistency of
antimicrobial potency across the genus. Similarly, the ICso values against MCEF-7 cells were within the range observed

for steroidal saponin glycosides isolated from F.indica and crude extracts of F. cretica [9,19]. Together, these data
support a multitarget mode of action involving membrane disruption and activation of apoptosis pathways.

Table 3. Cytotoxic Effect of Fagonia glutinosa on Cancer Cell Lines

Cell line ICso (ug mL-Y) Viability at 100 pug mL (%) Positive control (ICso)
MCE-7 (breast cancer) 432+2.1 19.6+1.8 3.5+0.4 ug mL1!
HepG2 (liver cancer) 57.8+3.4 28.2+2.0 4.2 +0.5 pg mL*
Conclusion

Fagonia glutinosa, collected from Libya, contains a diverse array of terpenoids, sterols, and fatty acid esters and
exhibits pronounced antibacterial and anticancer activities in vitro. These results provide scientific support for the
traditional use of the plant and identify it as a promising source of lead compounds against microbial infections and
cancer. Further work should involve bioassay-guided fractionation, elucidation of the mechanism of action, and in
vivo toxicity studies to facilitate pharmaceutical development.
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