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Abstract 

A new 2-alkylhydroquinone glucoside, 1-O-β-D-glucopyranosyl-1,4-dihydroxy-2-((E) 2-oxo-

3-butenyl)benzene (1), in addition to nine known compounds were isolated  from  the  aerial 

parts of Phagnalon saxatile (L.) Cass. (Asteraceae). Their structures were identified based on 

spectroscopic methods including 1D and 2D NMR, mass spectrometry (HR-ESI-MS), UV 

spectral analyses and by comparison with literature data. The cytotoxic activity of three isolated 

compounds (1-3) was evaluated against fibrosarcoma (HT1080), human lung cancer (A549) 

and breast cancer (MCF7) cell lines. 

 

Keywords: Phagnalon saxatile (L.) Cass.; Asteraceae; alkylhydroquinone glucoside; cytotoxic 

activity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Introduction  

Phagnalon is one of the Euro-Mediterranean genuses, which is represented by about 36 species 

distributed throughout Northeastern tropical Africa, the Macaronesian region, the 

Mediterranean basin, the Irano-Turanian and the Saharo-Arabian regions, but its greatest 

diversity is found in the Arabian Peninsula (Qaiser et al. 2003). Phagnalon species are used in 

folk medicine as antiallergic, antioxidant, anti-inflammatory and in the treatment of asthma and 

headache (Ali-Shtayeh et al. 1998; Conforti et al. 2010; Haddouchi et al. 2014). Many reports 

have shown that Phagnalon species possess biological properties, e.g., hypertensive, 

anticholinesterase, antimicrobial, antibacterial, antiproliferative and cytotoxic activities 

(Hausen et al. 1977; Conforti et al. 2010; Wamidh et al. 2010a; Wamidh et al. 2010b). The 

phytochemistry of the genus Phagnalon is not well known, only 4 of the 36 recorded Phagnalon 

species have been subjected to phytochemical examination. It appears that flavones glycosides 

(apigenin and its derivative and luteolin and its derivatives), prenylhydroquinone glycosides 

and dicaffeoylquinic acid derivatives are characteristics to this genus (Dolci et al. 1982; 

Góngora et al. 2001, 2002; Conforti et al. 2010). In addition, terpenoids were reported from 

Phagnalon species (Bicchi et al. 1979; Epifano et al. 2002). Phagnalon saxatile (L.) Cass. 

growing in Algeria is a fairly common Mediterranean plant, which grows on walls and rocks, 

but also in rocky lawns. The leaves, very narrow, are green on the upper side and cottony 

underneath. The heads are solitary at the extremity of the branches. The external bracts are bent 

outwards (Quezel & Santa 1963). The essential oil of the aerial parts of the plant was found to 

contain sesquiterpenes, fatty acids and waxes (Conforti et al. 2010). In addition, 3,3-

dimethylallyl-p-benzoquinone and flavonoids such as apigenin, apigenin-7-glucoside and 

luteolin were reported from this plant but phytochemical data are incomplete and 

pharmacological information on the plant and its metabolites are lacking (Conforti et al. 2010). 

In the present work, a new 2-alkylhydroquinone glucoside (1), along with nine known 

compounds (2–10), was isolated from the air-dried extracts of P. saxatile. The cytotoxic activity 

of the three most original compounds (1–3) was tested against HT1080, A549 and MCF7 cells 

lines.  

 

2. Results and Discussion 

The EtOAc and the n-BuOH extracts of the aerial parts of P. saxatile (L) Cass. were subjected 

to combined chromatographic methods to obtain a new 2-alkylhydroquinone glucoside (1) (Fig. 

1), in addition to nine known compounds (2-10) (see Figure S1). They include potassium 4-

hydroxy-3-methoxybenzoic acid methyl ester-5-sulfate (2) (Benmerache et al. 2017), 



hydroquinone glucoside, 1-O-β-D-glucopyranosyl-1,4-dihydroxy-2-(3′,3′-dimethyl-

allyl)benzene (3) (Góngora et al. 2001), six flavonoids, apigenin 7-O-β-D-glucopyranoside (4), 

luteolin-4′-O-β-D-glucopyranoside (5), luteolin-7-O-β-D-glucopyranoside (6), 3′-

methoxyluteolin (7), apigenin (8) and luteolin (9) (Dommisse et al. 1986; Agrawal  et al. 1989; 

Nacer et al. 2006; Touafek et al. 2011), and dicaffeoylquinic acid derivative, 3,5-di-O-

caffeoylquinic acid methyl ester (10) (Timmermann et al. 1983). The isolated compounds were 

identified by analysis of 1H and 13C NMR spectra along with 2D experiments (COSY, HMBC, 

HSQC, NOESY and HMBC) and by comparison with those reported in the literature. 

Compound 1 displayed a pseudo-molecular ion peak at m/z 363.1053 [M+Na]+ (calcd for 

C16H20O8Na, 363.1056) indicating its molecular formula to be C16H20O8. The 1H NMR 

spectrum displayed the signal pattern typical of an alkylhydroquinone (David et al. 1998; 

Góngora et al. 2001): three aromatic protons (H-3, H-5, and H-6) exhibited an ABX system (δH 

7.04, 6.81, and 7.11, respectively), two olefinic protons conjugate to a carbonyl group at δH 

6.61 and 7.99, and one methyl group at δH 2.33 arising from a prenyl residue. This was 

confirmed by analysis of the 13C NMR spectrum, which showed six aromatic signals, two of 

them were oxygenated (δC 149.7 and 153.2), two olefinic carbons (δC 128.1 and 138.1), one 

methyl (δC 27.4) and one carbonyl carbon (δC 199.1). The analysis of COSY spectrum showed 

correlation between the two olefinic protons with the coupling constant of 16.6 Hz, indicating 

a trans configuration of the double bond. In the HMBC spectrum, the carbon of a ketone group 

at δC 199.1 showed correlations with the two olefinic protons H-3' at δH 6.61 and H-4' at δH 7.99 

and the methyl H3-1' at δH 2.33. These latter were correlated to the carbon C-3' (δC128.0), 

indicating the presence of a 3-buten-2-one moiety as in a phenyl butanoid glucoside, isolated 

from Hypochoeris radicata (Ohmura et al. 1989). In addition, an anomeric proton at δH 4.66 

and six methine protons, appearing between 3.17 and 3.65 ppm, were attributed by using the 

COSY spectrum. Their corresponding carbons identified by the HSQC spectrum are 

characteristic of a glucopyranose moiety (Ohmura et al. 1989; Góngora et al. 2001) (see Table 

S1). The HMBC spectrum indicated that the glucose was attached to the hydroxylated carbon 

C-1 at δC 149.7 which correlated to the anomeric proton H-1'' at δH 4.66. This was confirmed 

by the ROESY correlation between the aromatic proton H-6 and H-1''. The olefinic proton H-

4' at δH 7.99 showed HMBC correlations with carbons C-1, C-2 and C-3, indicating that the 

butanone moiety was attached to the C-2 position. This was confirmed by the HMBC 

correlation between the quaternary carbon C-2 at δC 125.6 to the olefinic proton H-3'. The 

remaining oxygenated carbon C-4 (δC 153.2) exhibited a 3JC-H correlation with the aromatic 



proton H-6 (δC 7.11). All these results led us to identify compound 1 as 1-O-β-D-

glucopyranosyl-1,4-dihydroxy-2-((E) 2-oxo-3-butenyl)benzene.  

The cytotoxic activity of methyl 3,5-dicaffeoylquinate (10) was previously described. It 

inhibited cell proliferation of HT-29 (Hu et al., 2011) and HeLa cells (Hu et al., 2014), but was 

inactive on MCF7 and KB cells (Watchara et al., 2016). As flavonoids 4-9 are well-known 

compounds found in most plant species, we have evaluated only the cytotoxic activity of the 

three most original compounds from this species. The new alkylhydroquinone glucoside 1 and 

its derivative 3, and the potassium 4-hydroxy-3-methoxybenzoic acid methyl ester-5-sulfate (2), 

previously isolated in our laboratory for the first time (Benmerache et al. 2017), were tested for 

their cytotoxic activity against HT1080, MCF7 and A549 cell lines (Table S2). Compound 3, 

showed moderate cytotoxic activity against HT1080, MCF7 and K562 cells with IC50 values of 

33.2, 37.0 and 77.0 μM, respectively. Compounds 1 and 2 showed also moderate cytotoxicity 

on HT1080 cells only with IC50 values of 48.0 and 44.0 μM, respectively. The butanone side 

chain in compound 1 seems to reduce the cytotoxic activity compared to the isoprenyl side 

chain in compound 3. 

 

3. Experimental 

3.1. General experimental procedures 

NMR spectra were carried in MeOH-d4 and DMSO on Bruker Avance DRX III 500 instruments. 

HR-ESI-MS experiment was performed using a Micromass Q-TOF micro instrument. 

Compounds were observed under UV light at 254 and 365 nm or visualized by spraying the 

dried plates with 50% H2SO4, followed by heating. CC was carried out on Kieselgel 60 (63-200 

mesh) or polyamid SC6 Merck.  

3.2. Plant material 

The aerial parts of Phagnalon saxatile (L.) Cass. were collected in April 2013 from Constantine 

(Eastern Algerian). The plant was authenticated by Mr. Kamel Kabouche. A voucher specimen 

(LOST Phs04/13) was deposited at the herbarium of the Laboratory of Therapeutic Substances 

(LOST), faculty of Sciences, University of Constantine, Algeria. 

3.3. Extraction and isolation 

Air-dried aerial part of Phagnalon saxatile (L.) Cass. (1200 g) were extracted with the mixture 

of ethanol and water (8:2) for 48 h, at room temperature. The solvent was removed under 



reduced pressure. The 80% EtOH extract was suspended in water and fractionated with solvents 

of increasing polarity to obtain petroleum ether (1.05 g), CHCl3 (1.86 g), EtOAc (11.32 g) and 

n-BuOH (25.31 g) fractions. The n-BuOH and EtOAc fractions were combined (20 g) and 

column chromatographed on polyamid SC6 eluting with a gradient of toluene-MeOH with 

increasing polarity to yield 20 fractions (F1-F20 respectively). Compounds 7 (20 mg), 4 (16 

mg), 5 (12.5 mg) and 2 (15 mg) were precipitated from fractions F10, F14, F15 and F17, 

respectively. Fraction F12 (673 mg) was separated on silica gel column chromatography eluted 

with CHCl3–MeOH with increasing polarity to afford compounds 1 (7 mg), 3 (9 mg), and 8 (10 

mg). Fraction F16 (915 mg) was further subjected to silica gel column chromatography eluted 

with CHCl3–MeOH with increasing polarity to give compounds 6 (4.5 mg), 9 (4 mg) and 10 (6 

mg). 

 

3.3.1. 1-O-β-D-glucopyranosyl-1,4-dihydroxy-2-((E) 2-oxo-3-butenyl)benzene(1) was 

obtained as a white amorphous solid, [α]D
20+48°(c 0.58, MeOH), 1H NMR (600 MHz, DMSO): 

H 7.04 (d, J = 2.8 Hz, H-3), 6.81 (dd, J = 8.9, 2.8 Hz, H-5), 7.11 (d, J = 8.9 Hz, H-6), 6.61 (d, J = 16.6 

Hz, H-3), 7.99 (d,  J = 16.6 Hz, H-4), 2.33 (s, 3H-1), 4.66 (d, J = 7.5 Hz, H-1"), 3.29 (m, H-2"), 3.25 

(t, J = 8.3Hz, H-3"), 3.17 (t, J = 8.9 Hz, H-4"), 3.24 (m, H-5), 3.48 (m, H-6"a), 3.69 (brd, J = 11.6 Hz, 

H-6"b), 13C NMR (150 MHz, DMSO): c 149.7 (C-1), 125.6 (C-2), 112.8 (C-3), 153.2 (C-4), 119.3 (C-

5), 119.6 (C-6), 27.4 (C-1), 199.1 (C-2), 128.0 (C-3), 138.7 (C-4), 102.9 (C-1"), 73.9 (C-2"), 77.0 (C-

3"), 70.2 (C-4"), 77.5 (C-5"), 61.3 (C-6"). HR-ESI-MS [M+Na]+m/z 363.1053 (calcd for 

C16H20O8Na, 363.1056). 

 

3.4. Cell proliferation assay 

The fibrosarcoma cells HT1080 were cultured in Minimum Essential Media (MEM), while 

human lung cancer cells A549 and MCF7 were cultured in Dulbecco's Modified Eagle's 

Medium (DMEM), supplemented with 10% fetal bovine serum (FBS) and 1% Penicillin 

Streptomycin (PS) at 37 °C with 5% CO2 and harvested every three days for maintenance. 

Compounds 1-3 were dissolved in DMSO to be tested. 

HT1080, A549 and MCF7 cells were plated at a density of 104 cells/mL in 24-well plates, in 

fully humidified incubator (5% CO2, 37 °C). After 24h, the culture medium was discarded and 

cells were treated with the compounds in a fresh culture medium at various concentrations for 

72h. Therefore, the cells were washed once with 1 mL of D-PBS and then detached with 0.2% 

Trypsin/EDTA. Cell counting was carried out on a KOVA® slide and with a phase contrast 

microscope as indicated by the manufacturer’s. Camptothecin and doxorubicin were used as 



positive control. The results of these assays were used to determine the IC50 as the concentration 

of each compound which induced 50% inhibition of cell growth. 

 

4. Conclusions 

 

In summary, one new 2-alkylhydroquinone glucoside, together with nine known compounds, 

including six flavonoids, were isolated from the aerial parts of Phagnalon saxatile(L.) Cass. 

Four from the six known flavonoids: apigenin (8), apigenin 7-O-β-D-glucopyranoside (4), 

luteolin (9), and luteolin-4′-O-β-D-glucopyranoside (5) were previously isolated from P. 

saxatile (L.) Cass. (Conforti et al. 2010). Luteolin-7-O-β-D-glucopyranoside (6) was previously 

reported from P. rupestre (Góngora et al. 2002), and 3′-methoxyluteolin (7) was isolated for 

the first time from the Phagnalon genus. The prenylhydroquinone 1-O-β-D-glucopyranosyl-1,4-

dihydroxy-2-(3′,3′-dimethylallyl)benzene (3) was isolated from P. rupestre (Góngora et al. 

2001), and 3,5-di-O-caffeoylquinic acid methyl ester (10) was reported from P. rupestre 

(Góngora et al. 2002) and P. saxatile (L.) Cass. (Conforti et al. 2010). Potassium 4-hydroxy-3-

methoxybenzoic acid methyl ester-5-sulfate was isolated for the first time from the Phagnalon 

genus. 

Compound 3, showed a moderate cytotoxic activity against HT1080, MCF7 and K562 whereas 

compounds 1 and 2 showed also moderate cytotoxicity on HT1080 cell line only. 
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