
Aljohany et al. 
Future Journal of Pharmaceutical Sciences           (2025) 11:57  
https://doi.org/10.1186/s43094-025-00810-w

RESEARCH Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Future Journal of
Pharmaceutical Sciences

Molecular docking, antimicrobial, antibiofilm 
formation, and antiproliferative activities 
of furano‑based sesquiterpenoids from Euryops 
arabicus
Fayza A. Aljohany1, Samyah D. Jastaniah2, Fatima B. Alamri3, Nahed O. Bawakid1, Hanan I. Althagbi4, 
Ashraf B. Abdel‑Naim5, Mohammad Y. Alfaifi6, Magda M. Aly2,7, Fitri Budiyanto8 and Walied M. Alarif9*    

Abstract 

Background  Euryops arabicus is well known in the Arabian Peninsula as traditional herbal medicine. The plant 
synthesizes various types of flavonoids, terpenes, and furoermophilanes skeletons in either steroidal or nonsteroidal 
conformation, and this wide range of chemical compounds might play an increasingly prominent role in medicine. 
This study aimed to isolate pure secondary metabolites and assess their antibacterial, antiproliferation, and antibiofilm 
formation properties.

Methods  The organic extract of the areal parts of E. arabicus was chromatographically fractionated to afford pure 
compounds characterized using NMR, UV, and IR along with mass spectrometry. The activity of the isolated com‑
pounds was assessed against three cancer cells and a set of Gram-negative and positive bacteria.

Results  Four specific sesquiterpenoids were identified: 6β-senecioyloxy-1,10-dehydrofuranoeremophilan-9-one 
(1), 6β-acetoxy-9-oxoeuryopsin (2), 6β-(2′-methyl, 2′,3′-epoxy-butyryloxy)-euryopsin (3), and 6β-angloyloxy-1,10-
dehydrofuraoeremophilan-9-one (4). Molecular docking studies indicated the epidermal growth factor receptor 
and methionyl-tRNA synthetase as probable antibacterial and antiproliferative activities of the compounds. In 
the in vitro studies, compounds 2 and 4 showed remarkable activity against all examined Gram-negative and posi‑
tive pathogens with inhibition diameters (mm) ranging from 13.1 ± 0.23 to 19.0 ± 0.44 and 12.9 ± 0.20 to 16.2 ± 0.23, 
respectively. Compounds 2 and 4 showed moderate biofilm formation inhibition of both Pseudomonas aeruginosa 
and Staphylococcus aureus with 58% and 79%, respectively. Moreover, the isolated sesquiterpenoids showed potent 
antiproliferative activities against MCF-7, HepG2, and HCT116 human cancer cells.

Conclusion  Four sesquiterpenoids were isolated from E. arabicus. Compound 2 showed a relatively high antibacterial 
and cytotoxic activity. Additional studies are recommended to substantiate the observed activities further.
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Graphical abstract

Background
Historically, many studies have shown that medicinal 
plants are an essential source for discovering new natural 
compounds with unique structures and pharmacological 
properties. Therefore, the interest in natural compounds 
as a source for drug discovery has been widely studied 
in the last few years [1]. Many of these natural products 
have played a major contribution in drug discovery pro-
cesses and have been widely used due to their effective-
ness and low side effects compared with synthetic drugs 
[2].

The vascular plant family Asteraceae (Composite) is 
one of the biggest widespread families and includes 1100 
genera and 25,000 species of herbaceous or shrubs that 
are widely located in tropical and subtropical regions. 
The natural metabolites of its genera are considered 
unique sources of biologically active compounds. Eury-
ops arabicus is well known in the Arabian Peninsula as 
a traditional herbal medicine. It is characterized by a 
small erect undershrub of a height of up to one m [3]. The 
majority of isolated compounds from the plant belong 
to flavonoids, terpenes, and furoermophilanes skeletons 
as either steroidal or nonsteroidal conformation, and 
this wide range of chemical compounds might play an 
increasingly prominent role in the field of medicine [4].

Pharmacological studies have proven that the organic 
extract of the aerial parts of Euryops arabicus pos-
sesses potential biological activities, including anti-
inflammatory and antitumor activities. For instance, the 
isolated kaurane diterpene (18,19-dihydroxy-kaura-16-
en-3-one) and methoxylated flavones (7-hydroxy-3′,4′, 
6,8-tetrtamethoxyflavone and 5-hydroxy-3′,4′,7-
trimethoxyflavone) from chloroform–methanol extract 
were evaluated against tumor activities through different 

cancer cell lines (WI-38, VERO, HepG2, and MCF-7) and 
possessed significant antiproliferative activities against 
cells with IC50 in range 10–125  mM. The methylated 
moiety in flavones induced stronger activity compared 
to the diterpenes [5]. In addition, polymethoxylated fla-
vonoid compounds isolated from the plant exhibited 
in vivo and in vitro anti-inflammatory activity in a rat 
injected with carrageenan in the plantar area and periph-
eral blood mononuclear cells (PBMCs), respectively 
[5]. The isolated furanoeremophilanes 6-isovaleryloxy-
euryopsin, 6-isopropionyl euryopsin, (adenostylone), 
6-senecioyl-euryopsin-9-on, 6-β-(2′-methyl-2′,3′-epoxy-
butyryloxy)-10-α-H-9-oxofuranoeremophilane, and 
euryopsonol-senecioate compounds showed significant 
vasodilatory activities. The presence of an oxirane ring in 
furanoeremophilanes enhanced their vasodilatory effects 
[6]. Therefore, Euryops arabicus is a wealthy natural anti-
cancer and anti-inflammatory drug-lead source.

The antimicrobial properties of some medicinal plants 
growing in various localities, especially Euryops arabi-
cus, against human pathogenic microorganisms, were not 
well detected, and there was a strong correlation between 
plant chemical composition, biological properties, and 
geographic plant distribution [7]. The essential oil derived 
from E. arabicus is rich in oxygenated sesquiterpenes and 
has demonstrated antimicrobial activity against various 
bacteria, with minimum inhibitory concentration (MIC) 
values ranging from 0.32 to 5.25  mg/mL [8]. This anti-
microbial effect assists in preventing biofilm formation 
through at least two mechanisms: inhibiting cell division 
and interfering with quorum sensing. Biofilm formation 
typically occurs in four stages, beginning with the adhe-
sion of primary colonizers (such as planktonic cells) to a 
surface and the subsequent production of a conditioning 
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film. Disrupting this initial stage, for instance by inhibit-
ing microbial growth, maybe a key strategy in preventing 
the establishment of bacterial biofilms [9].

The bacterial biofilms are more challenging to treat 
than their planktonic cells due to the form of a complex 
of polysaccharides, proteins, and other organic compo-
nents. Biofilms enable microbes that attach to a surface 
to persist even in severe conditions. Therefore, bacterial 
biofilm formation is one of the indirect mechanisms that 
enhances bacteria resistance to antibiotics and can trans-
fer resistance genes within the bacterial members of the 
biofilm. The genera Escherichia, Staphylococcus, Pseu-
domonas, Pasteurella, Bacillus, and Salmonella cause 
infections that are difficult to treat due to their ability to 
form biofilms. Therefore, searching for potential drugs 
is a promising method that leads to many new approved 
natural antibacterial products and their derivatives 
[10–13].

Studies on the compounds and biological activities 
of E. arabicus remain limited. A search in Scopus, Sci-
Finder, and Web of Science databases retrieved 21, 18, 
and 13 documents, respectively (accessed on February 
25th, 2025). The isolation of compounds such as fura-
noeremophilanes and eremophilanolides has been con-
ducted since the 1980s; however, these studies primarily 
focused on structure elucidation without biological test-
ing [14]. Research on the antimicrobial properties of E. 
arabicus has mostly utilized crude extracts from metha-
nol or mixed organic solvents without further compound 
isolation [4, 15, 16]. In contrast, the isolation and char-
acterization of diterpenes and flavones from this species 
have been performed specifically for in  vitro anticancer 
investigations [3]. Other studies have explored differ-
ent biological activities, including antioxidant and anti-
inflammatory activities [6, 17]. However, in silico studies 
are absent from most of the existing literature. Therefore, 
a comprehensive investigation of E. arabicus compounds 
with antimicrobial, biofilm-preventive, and anticancer 
properties, along with in silico analysis, is highly war-
ranted. The major endeavor of the current work is to 
analyze the chemical composition of the Saudi plant E. 
arabicus and evaluate the antimicrobial and anticancer 
activities of its metabolites.

Materials and methods
General
Merck silica gel 60 columns and thin-layer chromatogra-
phy (TLC) using Merck silica gel 60 F254 0.25 mm thick-
ness plates (Macherey–Nagel) were used. All commercial 
solvents and reagents were obtained from various com-
mercial suppliers (Honeywell and Sigma) and used with-
out further purification. The visualizing agent on TLC 
was UV light (254 nm) and 50% sulfuric acid in methanol 

as spraying reagent followed by heating at 150  °C for 
1–2  min BRUKER Unity INOVA 600  MHz instrument 
used for detection of nuclear magnetic resonance spectra 
(1H-NMR, 13C NMR, and 2D) at 25 °C. Deuterated chlo-
roform (CDCl3, Sigma-Aldrich) was used as a solvent.

Plant material
The aerial parts of Euryops arabicus were collected 
on August 27, 2021, from Al-Swdah, Abha, located in 
the southern part of the Kingdom of Saudi Arabia (18° 
10′ 16.5″ N; 42° 25′ 55.7″ E). A voucher specimen was 
deposited in the collection of the Chemistry Department, 
Faculty of Science, KAU, Jeddah, Saudi Arabia.

Extraction and isolation
The dried aerial parts of the plant (2501.4  g) were 
extracted twice with a mixture of n-hexane, methanol, 
and chloroform (1:1:1, 15 L; 3 times) at 22 °C for 3 days. 
The combined extracts were filtered and concentrated to 
dryness, yielding a dark green residue (168.75  g; coded 
FE).

The extract (40  g) was further fractionated through 
column chromatography on silica gel. Gradient elution 
was carried out with gradation of polarities starting from 
n-hexane to n-hexane: diethyl ether mixtures to yield 60 
fractions (1.FE–60.FE), followed by mixtures of n-hex-
ane: ethyl acetate to yield 181 fractions (61.FE–242.FE), 
then by dichloromethane: methanol to yield 97 fractions 
(243.FE–340.FE). The fraction eluted with pure n-hex-
ane afforded compound 3 (Rf 0.85) after purification 
with PTLC (5% diethyl ether in n-hexane). The fraction 
eluted with n-hexane: diethyl ether (95:5, v/v) afforded 
compound 2 (Rf 0.70) after purification with PTLC (10% 
diethyl ether in n-hexane). The fraction eluted with 
n-hexane: ethylacetate (85:15, v/v) afforded compounds 
1 (Rf 0.63) and 4 (Rf 0.52) after purification with PTLC 
(20% ethylacetate in n-hexane).

Molecular docking experiment
Molecular docking experiments were conducted to assess 
both antibacterial and anticancer activities. For the anti-
bacterial experiment, the proteins selected included 
D-amino acid aminotransferase (D-AAAT), methionyl-
tRNA synthetase (MetRS), DNA gyrase, and penicillin-
binding protein 1a (PBP1a). Meanwhile, the anticancer 
experiment focused on epidermal growth factor recep-
tor (EGFR), vascular endothelial growth factor receptor 
2 (VEGFR2), and B cell CLL/lymphoma 2 (Bcl-2). The 3D 
structures of these proteins were obtained from the RCSB 
Protein Data Bank (PDB) (https://​www.​rcsb.​org, accessed 
on 17 October 2023). As for compounds 1–4, their 3D 
conformers were generated using ChemDraw®, followed 
by energy minimization using the same software. Prior to 

https://www.rcsb.org
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the docking experiments, thorough protein preparation 
and optimization were conducted using AutoDock4 and 
AutoDock1.5.7. This preparation included removing co-
factors, ions, and water molecules, adding polar hydro-
gen, and applying Kollman charges to ensure precise 
docking accuracy [18]. Similarly, compounds 1–4 were 
optimized using these tools. Subsequently, molecular 
docking experiments were executed using the aforemen-
tioned software. To validate the docking experiments, re-
docking of native ligands was performed.

Molecular dynamic simulation
The NAMD program, developed by the Theoretical 
and Computational Biophysics Group, the NIH Center 
for Macromolecular Modeling and Bioinformatics, 
and the Beckman Institute of the University of Illinois, 
Urbana-Champaign, Illinois, USA, was employed to 
execute molecular dynamics (MD) simulations [19]. The 
CHARMM-GUI web server (https://​charmm-​gui.​org, 
accessed on 20 October 2023) was applied to prepare the 
proteins and ligands [20–22]. A TIP3P water box extend-
ing 12  Å from the edge of proteins was utilized for the 
explicit solvation of proteins and their complexes. A 
standard protocol involving energy minimization and 
system equilibration was executed before initiating MD 
simulations using NAMD. The equilibration of water 
continued until convergence was achieved for both tem-
perature and total energy. Periodic boundary conditions 
(PBCs) were maintained throughout each system’s 100 ns 
(ns) MD simulations. The simulations were carried out 
with a time step of 2 femtoseconds (fs). A van der Waals 
and electrostatics cutoff of 14 Å was set, with a switching 
function within 2 Å. To maintain the system at a temper-
ature of 310 K and a pressure of 1 atm, the isothermal-
isobaric (NPT) ensemble was utilized. Temperature 
control was implemented using a Langevin thermostat, 
while pressure regulation employed the Nose–Hoover 
Langevin piston method [23]. Visualization of molecu-
lar dynamics was performed using the visual molecular 
dynamics (VMD) program developed by the Theoretical 
and Computational Biophysics Group, the NIH Center 
for Macromolecular Modeling and Bioinformatics, Beck-
man Institute, University of Illinois at Urbana-Cham-
paign, Illinois, USA [24].

Antibacterial assay
The antimicrobial activities of the isolated compounds 
were tested against some Gram-positive and Gram-neg-
ative bacteria obtained from King Fahd General Hospi-
tal, Jeddah, Saudi Arabia, using the agar well diffusion 
method of Holder and Boyce [25].

Biofilm assay
All collected bacterial isolates were screened and 
assayed for biofilm formation using the crystal violet 
staining (CVS) method described by Christensen et al. 
(1995), and the ability to form biofilm was measured 
[26]. Broth cultures were incubated in 96-well micro-
plates under standard conditions. The biofilm biomass 
was assayed as described before, and the percentage of 
inhibition was estimated [27].

Cell culture
Adenocarcinoma (MCF-7), hepatocellular carcinoma 
(HepG2), and colon cancer (HCT116) cell lines were 
obtained from the American Type Culture Collec-
tion (ATCC) (Manassas, VA, USA). The cell lines were 
cultured in the Eagle’s Minimum Essential Medium 
(MCF-7 and HepG2) or McCoy’s 5A (HCT116) that 
contained penicillin (100 U/mL), streptomycin (100 µg/
mL), and heat-inactivated fetal bovine serum (FBS; 
10%). The cells were propagated in a humidified cell 
culture incubator with 5% (v/v) CO2 at 37 °C.

Cell viability assay
Cell viability was assayed by the sulforhodamine B 
(SRB) as previously reported [28].

Cell cycle analysis
The effect of the isolated compounds and the total 
extract on the cell cycle distribution of MCF-7, HepG2, 
and HCT 116 cells was determined by using flow 
cytometry analysis (FCA). Except for the control group, 
cells were subjected to the pre-determined IC50 isolates 
for 48  h. After incubation, the cells were collected by 
trypsinization, washed twice with ice-cold PBS, and 
resuspended in 0.5  ml of PBS. 60% ice-cold ethanol 
(2 ml) was added gently while vortexing, and cells were 
incubated for fixation at 4 °C for 1 h. Upon analysis, the 
fixed cells were washed and resuspended in 1 ml of PBS 
containing 50 μg/ml RNase A and 10 μg/ml propidium 
iodide (PI), after 20  min of incubation in darkness at 
37  °C. Finally, FACS analysis was performed using a 
Cytek® Northern Lights 2000 spectral flow cytometer 
(Cytek Biosciences) using SpectroFlo™ Software ver-
sion 2.2.0.3 (Cytek Biosciences), USA, was used to eval-
uate the data from 10,000 cells and the distribution of 
cell cycle phases for each sample.

Annexin V staining
The effects of compounds 1–4, in addition to the total 
extract, on apoptosis and necrosis of the studied cell 
lines were determined by flow cytometry analysis using 
a Cytek® Northern Lights 2000 spectral flow cytometer 

https://charmm-gui.org
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(Cytek Biosciences) and SpectroFlo™ Software version 
2.2.0.3 (Cytek Biosciences), USA. The method was con-
ducted as previously reported [29].

Statistical analysis
Data were analyzed using one-way analysis of variance 
(ANOVA) followed by Tukey test. Differences between 
groups were considered significant at p < 0.05. Graphs 
were plotted using GraphPad Prism software, version 
8.00 (GraphPad Software, La Jolla, CA, USA).

Results
Phytochemical characterization
Chromatographic purification of the organic 
extract obtained from the semi-dried whole plant 
of E. arabicus yielded four furano-based ses-
quiterpenoids, sesquiterpenoids identified as 
6β-senecioyloxy-1,10-dehydrofuranoeremophilan-
9-one (1), 6β-acetoxy-9-oxoeuryopsin (2), 6β-(2′-
methyl, 2′,3′-epoxy-butyryloxy)-euryopsin (3), and 
6β-angloyloxy-1,10-dehydrofuranoeremophilan-9-one 
(4) (Fig. 1).

6β‑senecioyloxy‑1,10‑dehydrofuranoeremophilan‑9‑one (1)
Colorless oil (11 mg); 1H-NMR (600 MHz, CDCl3): δ 7.0 
[1H, t, J = 3.6 Hz H-1], 2.25 [1H, m, Ha -2], 2.25 [1H,m, 
Hb-2], 1.55 [1H, m, Ha-3], 1.56 [1H, m, Hb-3], 1.98 
[1H, m, H-4], 6.40 [1H, s, H-6], 7.40 [1H, s, H-12], 1.88 
[3H, s, H-13] 1.13 [3H, s, H-14], 0.98 [3H, d, J = 6.8 Hz, 
H-15], 5.80 [1H, s, H-2’], 2.25 [3H, s, H-4’], 1.98 [3H, s, 
H-5’]; 13C NMR (125 MHz, CDCl3): δ 176.51 (C-9), 145.9 
(C-8), 146 (C-12), 137.99 (C-7), 121.17 (C-11), 74.9 (C-6), 
135.79 (C-1), 141.38 (C-10), 46.6 (C-5), 37.17 (C-4), 24.72 
(C-2), 27.8 (C-3), 15.88 (C-14), 17.49 (C-15), 8.8 (C-13), 
166.16 (C-1’), 127.20 (C-2’), 159.74 (C-3’), 18.72 (C-4’), 
20.57 (C-5’).

6β‑acetoxy‑9‑oxoeuryopsin (2)
Colorless oil (23 mg); 1H-NMR (600 MHz, CDCl3): δ 6.87 
[1H, brs, H-1], 2.25–2.28 [2H, m, H-2], 1.74 [1H,m, Ha-3], 
1.76 [1H, m, Hb-3], 1.98 [1H, m, H-4], 6.43 [1H, s, H-6], 
7.40 [1H, s, H-12], 1.91 [3H, s, H-13] 1.00 [3H, s, H-14], 
1.17 [3H, d, J = 6.8 Hz, H-15], 2.05 [3H, s, CH3CO]; 13C 
NMR (125 MHz, CDCl3): δ 176.6 (C-9), 176.4 (COCH3), 
146.4 (C-8), 146.5 (C-12),141 (C-10), 139.0 (C-1), 135.9 
(C-7), 121.3 (C-11), 73.2 (C-6), 47.1 (C-5), 34.3 (C-3), 27.2 
(C-4), 24.7 (C-2), 19 (CH3CO), 18.6 (C-15), 15.1 (C-14), 
8.7 (C-13).

6β‑(2′‑methyl, 2′,3′‑epoxy‑butyryloxy)‑euryopsin (3)
Colorless oil (4  mg) C20H24O5 HRESIMS m/z 345.1695 
(calculated for C20H24O5 [m + 1]+, 345.1688), 1 H-NMR: 
δ 6.96 (1H, m, H-1), 1.49 (1H, m, H-2), 1.65 (1H, m, H-2), 
2.22 (1H,m, H-3), 2.29 (1H, m, H-3), 1.93 (1H, m, H-4), 
6.48 (1H,s,H-6), 7.41 (1H, s, H-12), 1.95 (3H, s, H-13), 
1.16 (3H, s, H-14), 0.99 (3H, d, J = 6.8  Hz, H-15), 3.16 
(1H, m, H-3’), 1.48 (3H, d, J = 6.8 Hz, H-4’), 1.66 (3H, s, 
H-5’). 13 C NMR: δ 177.1 (C-9), 169.8 (C-1’), 147.1 (C-8), 
145.9 (C-12), 141.0 (C-10), 138.1 (C-1), 134.9 (C-7), 134.9 
(C-11), 75.41 (C-6), 61.3 (C-3’), 58.8 (C-2’), 47.0 (C-5), 
36.0 (C-4), 27.6 (C-2), 24.0 (C-3), 19.5 (C-5’), 16.3 (C-14), 
13.4 (C-4’), 8.8 (C-13).

6β‑angloyloxy‑1,10‑dehydrofuranoeremophilan‑9‑one (4)
Colorless oil (18  mg); HREIMS: m/z 328.1686 [M]+; 
calcd. For C20H24O4, 1H-NMR (600 MHz, CDCl3): δ 7.0 
[1H, t, J = 3.6 Hz H-1], 2.33 [1H, m, Ha -2], 2.33 [1H,m, 
Hb-2], 1.55 [1H, m, Ha-3], 1.56 [1H, m, Hb-3], 1.99 [1H, 
m, H-4], 6.43 [1H, s, H-6], 7.39 [1H, s, H-12], 1.87 [3H, s, 
H-13] 1.13 [3H, s, H-14], 0.98 [3H, d, J = 6.8  Hz, H-15], 
6.28 [1H, qq, J = 6.0, 1.4  Hz, H-3’], 2.10 [3H, dq, J = 5.8, 
1.5  Hz, H-4’], 1.99 [3H, s, H-5’]; 13C NMR (125  MHz, 
CDCl3): δ 176.6 (C-9), 145.9 (C-8), 146.82 (C-12), 136.04 
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Fig. 1  Compounds isolated from E. arabicus 
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(C-7), 121.19 (C-11), 73.9 (C-6), 138.27 (C-1), 141.36 
(C-10), 46.6 (C-5), 37.8 (C-4), 25.17 (C-2), 27.9 (C-3), 
15.55 (C-14), 17.50 (C-15), 8.4 (C-13), 167.07 (C-1’), 
126.98 (C-2’), 141.65 (C-3’), 16.06 (C-4’), 20.57 (C-5’).

Molecular studies
The data in Table S1 represented the selected protein and 
the respective root-mean-square deviation (RMSD) from 
the re-docking of native ligands. The RMSD value < 2  Å 
in all re-docking of native ligands indicated the docking 
procedure used in this study was valid.

The binding energy of compounds 1–4 exhibited 
negative values for all the targeted anticancer and anti-
bacterial properties, indicating their potential to bind 
to the respective proteins. In the anticancer docking 
experiment, the binding energies of compounds 1–4 to 
1M17 were the most substantial, ranging from −  7.2 to 
− 7.8 kcal/mol. Doxorubicin binding, used as a standard 
drug, to 1M17, displayed the highest binding energy at 
-10.6 kcal/mol (Table S2).

Interestingly, all bounds of compounds 1–4 to 1M17 
were established by hydrophobic interaction only. The 
visualization of compound 1 with 1M17 docking inter-
actions indicated 9 hydrophobic interactions as one Pi-
sigma, five alkyl, and three Pi-alkyl types. The docking 
of compound 2 with 1M17 revealed the presence of 8 
hydrophobic interactions. Thirteen hydrophobic interac-
tions were observed in the docking of compound 3 with 
1M17, ranging in distance from 3.55 to 5.44 Å. Similarly, 
13 hydrophobic interactions were observed in docking 
compound 4 with 1M17 (Table S3; Fig. S1).

Meanwhile, compounds 3 and 4 demonstrated their 
highest binding affinities with protein 1P7P, with bind-
ing energies of − 7.7 and − 7.8 kcal/mol, respectively. It is 
noteworthy that amoxicillin, a widely used antibacterial 
agent, also exhibited a strong binding affinity with 1P7P, 
with a binding energy of -8.6 kcal/mol (Fig. S3).

Compound 1 to 1P7P docking was established by two 
hydrogen bonds, one electrostatic interaction, and five 
hydrophobic interactions. In compound 2 with 1P7P 
docking, four hydrogen bonds, six hydrophobic bonds, 
and two electrostatic bonds are present. The hydro-
gen bonds were established between oxygen atoms and 
ASP296 (2.65 Å), ILE297 (2.71 Å), GLY23 (3.47 Å), and 
HIS24 (3.50  Å). The interactions of compound 3 with 
1P7P consisted of four hydrogen bonds, with distances 
ranging from 2.00 to 2.71 Å. In addition, six hydropho-
bic interactions were identified, spanning distances from 
3.66 to 5.24  Å. The docking of compound 4 with 1P7P 
was supported by four hydrogen bonds involving vari-
ous atoms from compound 4, i.e., VAL326, GLY23, and 
TYR325. Additionally, seven hydrophobic interactions 
with MET333, LYS332, VAL326, HIS21, and TYR325 

were noted, with distances within the range of 1.93–
5.37 Å (Fig. S4).

Molecular dynamic simulations were conducted for 
compounds exhibiting the highest affinity to their respec-
tive proteins. The results of molecular dynamic simula-
tions regarding root-mean-square deviation (RMSD) 
and root-mean-square fluctuation (RSMF) were pre-
sented. Molecular dynamic simulations with the anti-
cancer target protein 1M17, the RMSD values were as 
follows: 1.40 ± 0.16  Å; 1.22 ± 0.11  Å, 1.37 ± 0.17  Å, and 
1.41 ± 0.18 Å for compounds 1–4, respectively. The fluc-
tuation in the RMSD values displayed no significant 
alterations. It remained below 2  Å throughout 100  ns, 
indicating the stable complexation of compounds 1–4 
with the protein target throughout the simulation (Fig. 
S3a). In the RSMF analysis of compounds 1–4 with 1M17, 
a similar fluctuation trend was observed in the sequence 
residues that interacted with the compounds. The resi-
dues 304–309 exhibited the highest fluctuation, particu-
larly in the loop region (Fig. S3c). Molecular dynamic 
simulations involving the antimicrobial target protein 
1P7P, the RMSD values were recorded as 1.21 ± 0.24  Å, 
1.09 ± 0.12  Å, 1.05 ± 0.17  Å, and 1.04 ± 0.09  Å for com-
pounds 1–4, respectively. These RMSD values also dem-
onstrated fluctuations below 2 Å, indicating that all three 
compounds maintained stable complexation with 1P7P 
throughout the simulation period (Fig. S3b). The RSMF 
analysis of compounds 1–4 with 1P7P observed a similar 
fluctuation pattern in the sequence residues. The highest 
fluctuation was observed in the loop region, specifically 
involving residue 155–160 (Fig. S3d).

Antimicrobial activity
Antimicrobial activity (diameter of inhibition zone, mm) 
of the tested fractions was determined and compared to 
amoxicillin (+ ve control) on some multidrug-resistant 
bacteria using the agar well diffusion method (Table  1). 
Compounds 2 and 4 were more effective against all the 
tested bacteria compared to 3, which showed the lowest 
activity (inhibition zone diameters ranged from 9.0 to 
10.0 mm while it ranged from 12.1 to 16.2 mm for 2 and 
from 12.9 to 19.0 mm for 4.

The two compounds, 2 and 4, showed great inhibitory 
activity for the two bacterial species, Pseudomonas aer-
uginosa and Staphylococcus aureus. These two species 
are well known to form strong biofilm on different sur-
faces, making them difficult to treat. The recorded MICs 
ranged from 12.5 to 25.0 μg/ml. Low MIC was recorded 
for compound 4, which indicates a high antimicrobial 
activity (Table 2). Compounds 2 and 4, at a concentration 
of 1/2 MIC, inhibited biofilm formation by P. aeruginosa 
by 55 and 50%, respectively, while the recorded inhibition 
percentages were 58 and 79% for S. aureus. 
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Antiproliferative activity
Table  3 displays the antiproliferative activities of com-
pounds 1–4 as well as the total organic extract of E. 
arabicus. In general, compound 2 showed a high anti-
proliferative effect against all examined cell lines, while 
compound 1 showed potent activity against HepG2 and 
HCT 116 cells. Compounds 3 and 4 showed high activity 

against MCF-7 and HepG2 cells and marginal activities 
against HCT 116 cells.

Cell cycle analysis
DNA content analysis using flow cytometry was 
employed to investigate the impact of all isolates on cell 
cycle progression. In MCF-7 cells, both 2 and the total 
extract caused a significant cell cycle arrest at the G2 
phase at 48  h after treatment. The percentage of cells 
in the G2 phase increased notably from 48.6 ± 0.5 to 
64.1 ± 1.8% with the 2 and from 48.6 ± 0.5 to 61.4 ± 1.7% 
with the total extract. Furthermore, the 1 and 3 arrested 
cells in the S phase, increasing the percentage from 
40.6 ± 1.5 to 54.8 ± 1.3% with the 1 and from 40.6 ± 1.5 
to 59.4 ± 1.8% with the 3. In HepG2 and HCT116 cells, 
1 significantly increased the G2 phase cell population 
after 48 h of treatment. The percentage of cells in the G2 
phase rose from 1 ± 0.02 to 68.4 ± 1.6% in HepG2 cells and 
from 47.9 ± 1.7 to 75.3 ± 1.9% in HCT116 cells. Addition-
ally, 2 influenced HCT116 cells, causing an increase in 
cell arrest at the G2 phase. Similarly, 4 also induced G2 
arrest in HepG2 cells, increasing the percentage of cells 
in the G2 phase up to 86.7 ± 2.3%. Interestingly, the total 
extract exhibited different effects on HepG2 and HCT116 
cells. It caused cell cycle arrest at the S phase, increas-
ing the percentage of cells in the S phase from 46.6 ± 1.4 
to 87.9 ± 1.8% in HCT116 cells and from 49.5 ± 1.6 to 
69.3 ± 1.3% in HepG2 cells. Similarly, 2 influenced S 
phase arrest after 48 h. In addition, 3 arrested cells at the 
G2 phase in HepG2 cells, increasing the percentage up to 
58.3 ± 1.8%, while it affected cell arrest at the G1 phase in 
HCT116 cells, increasing the percentage from 5.4 ± 0.09 
to 70.9 ± 1.8% (Fig. 2).

Annexin V staining
Annexin V/FITC-PI staining combined with flow 
cytometry was used to evaluate apoptosis and necro-
sis in the treated cells. Our data revealed that all com-
pounds and the total extract had a significant capacity 
to induce apoptosis in all three cancer cell lines (MCF-
7, HePG2, and HCT116) after 48 h of exposure. Specifi-
cally, 2 and 4 exhibited a strong pro-apoptotic effect on 
MCF-7 cells compared to other compounds, with a total 
apoptotic percentage of approximately 94.87 ± 1.9%. 
Moreover, 3 and the total extract demonstrated potent 
apoptotic effects on MCF-7 cells compared to the con-
trol. In contrast, a notably high necrotic effect was 
observed in MCF-7 cells, accounting for 27.27 ± 0.9% 
compared to the necrotic percentage after treatment 
with other cancer cells. In HepG2 cells, 2, 3, and the total 
extract significantly enhanced cell death activity, with an 
apoptotic percentage of around 94.6 ± 1.9% compared 
to the 1 and 4. Additionally, 4 induced necrotic activity, 

Table 1  Antimicrobial activity (diameter of inhibition zone, 
mm) of the tested fractions compared to amoxicillin (control 
antibiotic) on some multidrug-resistant bacteria using agar well 
diffusion method

*Amoxicillin: positive control; mean ± SD (n = 3), MRSA: Methicillin-resistant 
Staphylococcus aureus

Bacterium Compounds Control

2 3 4

Gram-negative

 E. coli 19.0 ± 0.44 9.0 ± 0.4 14.1 ± 0.12 29.0 ± 0.49

 K. pneumoniae 16.2 ± 0.42 9.0 ± 0.2 13.1 ± 0.23 29.5 ± 0.29

 P. mirabilis 16.8 ± 1.01 9.0 ± 0.5 16.0 ± 0.33 27.3 ± 0.98

 P. aeuroginosa 16.8 ± 1.30 9.1 ± 0.5 15.0 ± 1.49 27.3 ± 0.89

Gram positive

 E. faecalis 14.7 ± 0.39 9.1 ± 1.0 14.0 ± 0.53 44.9 ± 0.99

 MRSA 12.9 ± 0.66 9 .3 ± 0.0 13.4 ± 0.11 20.9 ± 0.77

 S. aureus 12.9 ± 0.20 10.3 ± 0.1 16.2 ± 0.23 45.3 ± 0.33

 Streptococcus pyo-
genes

14.0 ± 0.49 10.0 ± 0.4 16.0 ± 0.40 46.0 ± 0.39

Table 2  The minimal inhibition concentration–MIC (μg/mL) and 
percentage of biofilm inhibition compared to negative control of 
the two compounds extracted from E. arabicus 

%BFI: Percentage of bacterial biofilm inhibition compared to negative control

Bacterium 2 4

MIC % BFI2 MIC % BFI4

P. aeruginosa 25.0 55 12.5 50

S. aureus 25.0 58 12.5 79

Table 3  Cytotoxic effects of the isolated metabolites (1–4)

Compound No IC50 (mean ± SD; n = 3; µg/L)

MCF-7 HepG2 HCT 116

1 6.94 ± 1.47 1.29 ± 0.22 2.00 ± 0.24

2 1.78 ± 0.49 1.42 ± 0.13 2.82 ± 0.13

3 2.15 ± 0.09 2.18 ± 0.16 15.8 ± 2.41

4 3.23 ± 0.16 1.48 ± 0.28 8.23 ± 0.71

Total extract 1.63 ± 0.28 0.78 ± 0.19 6.75 ± 0.92

Doxorubicin 1.03 ± 0.02 1.08 ± 0.01 1.5 ± 0.09



Page 8 of 12Aljohany et al. Future Journal of Pharmaceutical Sciences           (2025) 11:57 

resulting in 7.2 ± 0.3% necrotic cells compared to other 
extracts. Although a lower percentage of apoptotic cells 
were observed in HCT116 cells after treatment with 
isolates compared to other cancer cells, they exhibited 
apoptotic effects compared to the control. 1, 2, and 3 
compounds showed an apoptotic percentage of approxi-
mately 84.5 ± 1.7%, while necrosis was observed in the 
1 and the total extract samples compared to other com-
pounds (Fig. 3).

Discussion
This study discussed the isolation of four furano-sesquit-
erpenes from E. arabicus. Compound 1 was isolated as 
colorless oil. The molecular formula was indicated by 
HREIMS: m/z 328.1686 [M]+, calculated for C20H24O4. 
The 13C-NMR spectrum accounted for 20 carbons. With 
the aid of DEPT experiment the carbon atom signals 
were categorized into eight quaternary carbons resonat-
ing at δ 176.5, 166.1, 159.7, 145.9, 141.3, 137.9, 121.1, 
and 46.6 ppm, five methine carbon signals at 146, 135.7, 
127.2, 74.3, and 37.1 ppm two methylene carbon signals 
appeared at 27.8 and 24.7 ppm, and five methyl signals. 
HSQC spectrum indicated the J1 attachments. The com-
pound contains two carbonyl carbons and four carbon–
carbon double bonds. The presence of a de-shielded 

methine signal at δH/ δC 7.40/146 and δC 145.9 ppm sug-
gested the presence of a trisubstituted furan group. In 
addition, NMR data showed the presence of an senecioyl 
group [δH 5.80 (1H, s, H-2’), 2.25 (3H, s, H-4’), 1.98 (3H, 
s, H-5’), δC 167.07 (C-1’), 166.16 (C-1’), 127.20 (C-2’), 
159.74 (C-3’), 18.72 (C-4’), 20.57 (C-5’). 1H-1H COSY 
spectrum assigned the presence of a single sequence 
CH(1)-CH2(2)-CH2(3)-CH(4)-CH3. The presence of furo-
eremorphilan carbon skeleton is expected when studying 
the constituents of E. arabicus. The in-hand spectral data 
showed compound 1 was identical to 6β- senecioyloxy-
1,10-dehydrofuranoeremophilan-9-one [30].

Compound 2 was isolated as optically active oily mate-
rial. The structure elucidation of compound 2 com-
menced with measuring the 1H-NMR spectral data, three 
proton signals were observed in the downfield region 
of the spectra resonating at δ 7.40, 7.01, and 6.42  ppm, 
three tertiary methyl functions resonating at 2.05, 1.91, 
and 1.0  ppm, a secondary methyl group observed at 
1.17 ppm (d, 6.8 Hz), and five signals at 2.28, 2.24, 1.66, 
1.47 and 2.03 ppm. The molecular formula of compound 
2 was established as C17H20O4, implying eight degrees of 
unsaturation. 13C-NMR spectrum displayed fifteen car-
bon atom signals that were classified by DEPT experi-
ment into seven quaternaries (δ 176.6, 176.4, 146.4, 

Fig. 2  Cell cycle phases (mean ± SD; n = 3) of MCF-7, HepG2, and HCT 116 after compounds 1–4 and total extract exposure. After 48 h of exposure, 
DNA cytometry analysis was used to identify the cell cycle distribution. *p < 0.05

Fig. 3  The apoptotic effect of compounds 1–4 and total extract (mean ± SD; n = 3) on the cell apoptosis in MCF-7, HepG2, and HCT 116 cancerous 
cells by Annexin V-FITC/PI labeling by flow cytometry. Exposure to treatments for 48 h. **p < 0.01 and ***p < 0.001
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141, 135.9, 121.3, and 47.8  ppm), four methines (145.9, 
138.5, 74.4, and 27.2  ppm), two methylene (34.3 and 
24.7  ppm), and four methyl carbon signals (19, 15.1, 
18.6, and 8.7  ppm). HSQC spectrum indicated the J1 
attachments. The compound contains two carbonyl car-
bons and three carbon–carbon double bonds, which 
leave three sites unsaturated for the tricyclic structure. 
The presence of a de-shielded methine signal at δH/ δC 
7.40/146.5 and δC 146.4  ppm suggested the presence of 
a trisubstituted furan group. The absence of any other 
oxygenated function group assigned a tricyclic structure, 
including a fused trisubstituted furan ring. 1H-1H COSY 
spectrum assigned the presence of a single sequence 
CH(1)-CH2(2)-CH2(3)-CH(4)-CH3. The presence of furo-
eremorphilan carbon skeleton is expected when studying 
the constituents of E. arabicus. The in-hand spectral data 
are in agreement with the previous published data for 
6β-acetoxy-9-oxoeuryopsin (2) which were isolated from 
the same plant species [30].

Compound 3 was isolated as optically active oily mate-
rial. The structure elucidation of compound 3 com-
menced with measuring the 1H-NMR spectral data; two 
proton signals were observed in the downfield region of 
the spectra resonating at δ 7.41 and 6.96  ppm, two ter-
tiary methyl functions resonating at 1.16 and 1.95 ppm, 
three secondary methyl group were observed at 0.99 (d, 
6.8  Hz) 1.48 (d, 6.8  Hz), and at 1.66 (d, 6.8  Hz), along 
with a methine proton signal at 3.16 (d, m). The molecu-
lar formula of compound 3 was established as C20H24O5, 
implying nine degrees of unsaturation. 13C-NMR spec-
trum displayed ninteen carbon atom signals that were 
classified by DEPT into eight quaternaries (δ 177.1, 169.8, 
147.1, 145.9, 141.0, and 134.9, 134.9, 58.8, and 47.0 ppm), 
five methine (145.7, 138.1, 75.4, 61.3, and 36.0 ppm), two 
methylenes (27.6 and 24.0  ppm), and five methyl car-
bon signals (19.4, 17.2, 16.3, 13.4 and 8.8  ppm). HSQC 
spectrum indicated the J1 attachments. The presence of 
a de-shielded methine signal at δH/ δC 7.41/145.9 and 
δC 134.9 ppm suggested the presence of a trisubstituted 
furan group. The presence of the two carbon signals at 
61.1 and 58.8 together with the 1H-NMR absorption sig-
nal at 3.16  ppm, suggested the presence of an oxirane 
ring. The proposed molecular formula and the NMR data 
assigned a tetracyclic structure, including a fused trisub-
stituted furan ring. 1H-1H COSY spectrum assigned the 
presence of a single sequence CH(1)-CH(2)-CH2(3)-
CH(4)-CH3, the other protons appeared without cross-
correlations. The in-hand spectral data agree with the 
previously published data for 6β-(2′-methyl, 2′,3′-epoxy-
butyryloxy)-euryopsin (3), which were isolated from the 
same plant species [30].

Compound 4 was isolated as colorless oil. The molecu-
lar formula was established as C20H24O4 (HREIMS: m/z 

328.1686 [M]+; calcd. For C20H24O4). The 13C-NMR spec-
trum accounted for 20 carbons. With the aid of DEPT 
experiment the carbon atom signals were categorized 
into eight quaternary carbons resonating at δ 176.6, 
167, 145.9, 141.36, 136.04, 126.98, 121.19, and 46.6 ppm, 
five methine carbon signals at 146.82, 141.65, 138, 73.9, 
and 37.8  ppm two methylene carbon signals appeared 
at 27.9 and 25.17  ppm, and five methyl signals. HSQC 
spectrum indicated the J1 attachments. The compound 
contains two carbonyl carbons and four carbon–car-
bon double bonds, which leave four sites unsaturated 
for the tricyclic structure. The presence of a de-shielded 
methine signal at δH/ δC 7.39/146 and δC 145.9  ppm 
suggested the presence of a trisubstituted furan group. 
In addition, NMR data showed the presence of an ang-
eloyl group [δH 6.28 (1H, qq, H-3’], 2.10 (3H, dq, H-4’), 
1.99 (3H, s, H-5’), δC 167.07 (C-1’), 126.98 (C-2’), 141.65 
(C-3’), 16.06 (C-4’), 20.57 (C-5’). The absence of any other 
oxygenated function group assigned a tricyclic structure, 
including fused trisubstituted furan ring. 1H-1H COSY 
spectrum assigned the presence of a single sequence 
CH(1)-CH2(2)-CH2(3)-CH(4)-CH3. The presence of furo-
eremorphilan carbon skeleton is expected when study-
ing the constituents of E. arabicus. The in-hand spectral 
data showed compound 4 was identical to 6β-angloyloxy-
1,10-dehydrofuranoeremophilan-9-one. Compound 4 
was previously reported from the Asteraceae plant Sene-
cio otites [31].

Compounds 1–4 exhibited nearly identical cyto-
toxic properties, with compound 2 demonstrating the 
strongest cytotoxic effects across all tested cancer cell 
lines. Compound 3 displayed relatively weak cytotox-
icity against HCT 116. Compounds 2 and 4 showcased 
the most potent antibacterial properties. Despite hav-
ing identical core skeletons, these four compounds dif-
fer in their C-6 substitution patterns. Compound 2 
contains an acetoxy group at C-6, which enhances its 
cytotoxicity. Compounds 1 and 4 share nearly identical 
substitution patterns, except for the methylation posi-
tion—compound 1 has a methyl group at C-3’, while in 
compound 4, it appears at C-2’. Meanwhile, compound 3, 
which features an oxirane ring, exhibits lower cytotoxic-
ity and weaker antibacterial properties. Consequently, 
substitutions at C-6 in these isolated compounds sig-
nificantly influence their biological properties. Another 
study found that the substitution pattern at C-1, C-6, 
and C-8 of eremophilanolides from various Senecio spe-
cies impacts their cytotoxicity against human cancer cell 
lines [32]. The observed cytotoxic effects of compounds 
1–4, as well as the extract, were further substantiated 
by assessing their impact on cell cycle distribution. Our 
data indicated that the extract and compound 2 signifi-
cantly enhanced cell fraction in the G2/m phase. This is 
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consistent with previous studies that highlighted the abil-
ity of sesquiterpenes as tomentosin, isoalantolactone, and 
atractylenolide-I to cause cell cycle arrest at G2/M phase 
[33]. However, compound 3 significantly enhanced the 
cell population in G1, which is in harmony with the abil-
ity of the sesquiterpene artemisinin to accumulate endo-
metrial cancer cells in the G1 phase [34]. In addition, 
compounds 1 and 3 enhanced cell fraction in the S phase, 
an observation that gains support from the capability 
of acylfulvenes, a sesquiterpene derivative that induces 
DNA double-strand breaks and cell arrest in the S phase 
[35]. Furthermore, our data indicated that the observed 
cell phases were associated with pro-apoptotic activity, as 
evidenced by annexin V staining. In particular, late apop-
tosis was significantly enhanced by almost all test com-
pounds and the total organic extract. This is supported by 
several studies demonstrating the pro-apoptotic activities 
of sesquiterpenes in cancer cells. These include gaillardin 
[36], isoalantolactone [37], and costunolide [38].

This study extensively evaluates the anticancer activities 
of isolated compounds 1–4 against MCF-7, HepG2, and 
HCT 116 cell lines; however, some limitations remain. 
While the study includes a detailed cell cycle analysis, it 
does not investigate other mechanisms of action, such 
as signaling pathways. Additionally, the antimicrobial 
and biofilm prevention activities were assessed, yet their 
underlying mechanisms were not thoroughly explored. 
Therefore, further studies are encouraged to investigate 
the mechanisms of anticancer activity in greater depth, 
particularly through signaling pathway analysis. Given 
the potent in  vitro anticancer activity observed, in  vivo 
studies are also recommended. Moreover, a more com-
prehensive examination of the antimicrobial and biofilm 
prevention properties is warranted. Biofilm formation 
involves at least four key stages: bacterial adhesion and 
surface conditioning, polymeric matrix production, bio-
film maturation, and the release of persister cells from 
the biofilm [9]. Future research should explore how the 
isolated compounds influence each stage of biofilm for-
mation to understand their potential applications in bio-
film prevention better.

Conclusion
Eryopus arabicus, an endemic plant species in the Ara-
bian Peninsula, has been shown to have the ability to 
produce phytochemicals with multiple pharmacologi-
cal activities. Four furano-based sesquiterpenoids were 
isolated and characterized in the current study. Molec-
ular docking studies indicated probable antibacterial 
and antiproliferative activities of the whole organic 
extract as well as the isolated metabolites. Experimen-
tally, they displayed potent broad spectrum activities 
against Gram-negative and Gram-positive pathogens. 

In addition, these sesquiterpenoids showed powerful 
biofilm prevention for both P. aeruginosa and S. aureus. 
In addition, they exhibited potent antiproliferative 
effects against MCF-7, HepG2, and HCT116 human 
cancer cells. Collectively compound 2 showed a rela-
tively high cytotoxic activity. This was associated with 
accumulation of the cancer cells in G2/M phase and 
enhancement of apoptotic cell death. Additional studies 
are recommended to further substantiate the observed 
activities.
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