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The present study was carried out in order to determine the phytochemical composition of the marine brown alga Cystoseira foeniculacea collected off the coasts of Algeria. After a preliminary fractionation of its organic crude extracts by column chromatography, the resulting fractions were further analysed by 1 H NMR. Even though algal species of the genus Cystoseira are commonly known to produce a wide variety of meroditerpenoids, in the case of C. foeniculacea none of the fractions were found to contain such compounds: most of the fractions showed typical 1 H NMR signals of fatty acids and derivatives (mainly glycerolipids and glycolipids). Nevertheless, the thorough analysis of a sterol-enriched fraction by RP-C8

Introduction

Brown seaweeds constitute an important part of the marine biomass. However, if the exploitation of hydrocolloids for the food industry is flourishing, the valorization of algal metabolites remains under-exploited. Indeed, more than 1300 chemical compounds have been isolated from brown algae and this chemical group represents more than 5% of all natural products described to date from marine sources [START_REF] Marinlit | MarinLit Database[END_REF]. In this phylum, the phytochemical composition of species belonging to the Sargassaceae and Dictyotaceae families has been widely studied: more than 1100 secondary metabolites have been described from such brown algae. More particularly, among the species of Sargassaceae, a number of them are thus recognized for their ability to produce high amounts of terpenoids, especially acyclic diterpenoids and meroditerpenoids.

Cystoseira foeniculacea (Linnaeus) Greville is a marine brown alga (Fucales, Sargassaceae) which is distributed extensively, as most of the Cystoseira species, in the Mediterranean Sea and to a lesser extent, along the northwestern coasts of the Atlantic Ocean [START_REF] Guiry | World-wide electronic publication National University of Ireland[END_REF].

According to the literature review, there had been no specific study conducted on the chemical composition of this species.

As part of our ongoing research on phytochemical investigation of brown algae [START_REF] Bouzidi | Determination of total sterols in brown algae by Fourier transform infrared spectroscopy[END_REF][START_REF] El Hattab | Novel trihydroxylated linear diterpenes from the brown alga Bifurcaria bifurcata (Fucales, Phaeophyta)[END_REF], 2009;[START_REF] Mokrini | Meroditerpenoids and derivatives from the brown alga Cystoseira baccata and their antifouling properties[END_REF][START_REF] Viano | Dictyotadimer A, a novel dissymmetric bis-diterpene from a brown alga of the genus Dictyota[END_REF][START_REF] Othmani | Anti-microfouling properties of compounds isolated from several Mediterranean Dictyota spp[END_REF], the present paper describes the chemical analysis of organic extracts obtained from Mediterranean samples of C. foeniculacea collected off the Algerian coasts. This work highlights the absence of terpenoids and allows the isolation and characterization of three known sterols, fucosterol (1) and saringosterols (2 and 3) (Fig. 1), for the first time from this species. In this study, a simple chromatographic method for the analysis of algal sterols by RP-C8 HPLC is described. The oxidative degradation of fucosterol (1) into a C-24 epimeric mixture of saringosterols (2 and 3) is as well revealed.

Material and methods

General

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance 400 MHz spectrometer. Compounds were solubilized in CDCl3 (Sigma-Aldrich, France): chemical shifts were given in ppm and were referenced to the residual solvent peaks (δH 7.26 and δC 77.16). Fractions were solubilized in CDCl3, CD3OD or D2O (Sigma-Aldrich, France) according to their polarity. Silica gel (Si60, 40-63 μm, Merck) was used for column chromatography.

HPLC analyses and purification of compounds 1-3 were performed on a Biotek Instrument chromatographic chain composed of a degasser (Model 3493), a ternary pump (Model 525), a column oven (Model 582), and an autosampler (Model 560). This chromatographic system was equipped with a LDC Analytical UV single-wavelength detector.

The chemicals and solvents used in this study were all of analytical grade, in exception of acetonitrile (MeCN) which was of HPLC gradient grade, all of them were provided by Sigma Aldrich (France).

Plant material

Whole thalli of C. foeniculacea were collected off the Mediterranean coasts of Algeria at Cherchell (36°36'40'' N, 2°12'19'' E). A voucher specimen (n° HS-17) was deposited in the Herbarium of the Laboratory of Biological Oceanography and Marine Environment (University of Sciences and Technology Houari Boumediene, Algiers, Algeria).

Extraction and isolation of compounds 1-3

After collection, algae were carefully inspected in order to remove biological contaminants and shade-dried at room temperature. The algal material (537 g) was extracted with CHCl3/MeOH (1:1, v/v) at room temperature yielding a dark greenish residue (9.1 g).

Following the partition of this crude extract in a mixture of CHCl3/MeOH/H2O (1/1/1; v/v/v), an organic phase (CHCl3/MeOH) and an aqueous phase (MeOH/H2O) were then obtained.

After removal of the solvents under reduced pressure, the organic extract (7 g) was fractionated by silica gel column chromatography with mixtures of n-hexane/EtOAc of increasing polarity. A 1 H NMR spectrum was then recorded for each fraction. Fraction eluted with n-hexane/AcOEt (3:2, v/v), which was previously treated with Na2CO3 (5%, w/v) in order to remove fatty acids, was subjected to analytical RP-C8 HPLC (Merck, Purospher STAR; 4.6 × 125 mm, 5 μm) with pure MeCN as eluent (flow rate: 1 mL.min -1 ; UV detection: 205 nm) to give a mixture (1:1) of compounds 2 and 3 (tR = 3.5 min.; 4 mg) and pure compound 1 (tR = 5.8 min.; 9 mg). Both compounds which were isolated as white crystalline solids, were analyzed by 1D and 2D NMR.

Results

The extraction step allowed the obtaining of a lipidic extract from C. foeniculacea air-dried material in a yield of 1.7% (weight of extract/dry algal weight) which ranged in typical values found for algae of the genus Cystoseira [START_REF] Valls | Secondary metabolites from Morocco brown algae of the genus Cystoseira[END_REF]. After partition of the crude extract, its organic part was fractionated by column chromatography. Then, each fraction was analysed by 1 H NMR spectroscopy in order to carry out a large scale chemical screening and to determine the overall chemical composition of C. foeniculacea. Most of the fractions were found to be constituted by simple lipids, e.g. fatty acids and their derivatives, but one of them showed typical 1 H NMR signals of steroids. This fraction was further investigated by reversed-phase HPLC on a C8 column (RP-C8) in order to characterize its main chemical components. The chromatographic profile of this sterol fraction showed two main peaks which were separated and obtained in sufficient amounts, by repetitive chromatographic runs, for further NMR study.

The complete analysis of the NMR data of the two sub-fractions along with a comparison with literature data allowed their structure to be elucidate as fucosterol (1) [START_REF] Hwang | Isolation of fucosterol from Pelvetia siliquosa by high-speed countercurrent chromatography[END_REF] and an epimeric mixture of saringosterols (2 and 3) [START_REF] Ayyad | The structural determination of a new steroidal metabolite from the brown alga Sargassum asperifolium[END_REF][START_REF] Catalan | Synthesis of (24R)-and (24S)-5,28-stigmastadien-3β-ol and determination of the stereochemistry of their 24hydroxy analogs, the saringosterols[END_REF][START_REF] Huh | Fucosterols from Hizikia fusiformis and their proliferation activities on osteosarcoma-derived cell MG63[END_REF]. The duplicate signals (C-17, C-20, C-22 to C-24, C-27 to C-29) in the 13 C NMR spectrum of 2/3 were in accordance with the occurrence of the two C-24 epimers.

Further analysis of 2D NMR data, in particular HMBC and 1 H-1 H COSY spectra allowed corrections of some attributions for the 13 C NMR data of these compounds (Table1) in comparison with those reported in the literature [START_REF] Ayyad | The structural determination of a new steroidal metabolite from the brown alga Sargassum asperifolium[END_REF][START_REF] Huh | Fucosterols from Hizikia fusiformis and their proliferation activities on osteosarcoma-derived cell MG63[END_REF].

Moreover, after its storage during 24 h at room temperature in an unsealed vial, a further NMR analysis of fucosterol (1) was performed and additional signals were then observed on its 1 H and 13 C NMR spectra. A thorough examination revealed that these new signals were the same as those reported for saringosterols (Fig. 2). This sample was also analyzed by RP-C8 HPLC under the same conditions as above; the chromatogram revealed the existence of two peaks eluted at retention times which were exactly the same as those of 1 and 2/3. These data therefore confirmed the spontaneous oxidative degradation of fucosterol (1) into saringosterols (2 and 3). Thus, saringosterols (2/3) isolated in this study from the crude extracts of C. foeniculacea could be considered as artifacts formed throughout the various stages of the process that led to the obtaining of pure compounds from these algal samples.

Discussion

From a chemotaxonomic aspect, this work states that, as several other Cystoseira species (e.g.

Cystoseira humilis and Cystoseira compressa), C. foeniculacea could be classified into a

"chemical group" holding none lipophilic secondary metabolites (e.g. diterpenoids or meroditerpenoids) [START_REF] Amico | Marine brown algae of family Cystoseiraceae: Chemistry and chemotaxonomy[END_REF][START_REF] Jégou | LC/ESI-MS n and 1 H HR-MAS NMR analytical methods as useful taxonomical tools within the genus Cystoseira C. Agardh (Fucales; Phaeophyceae)[END_REF][START_REF] Valls | The chemistry of the Cystoseiraceae (Fucales: Pheophyceae): chemotaxonomic relationships[END_REF]. These results were in accordance with a recent study which described Cystoseira as a polyphyletic genus where all these terpenoids non-producing species were gathered into the same clade [START_REF] Draisma | DNA sequence data demonstrate the polyphyly of the genus Cystoseira and other Sargassaceae genera (Phaeophyceae)[END_REF].

Concerning the chromatographic method developed here for the analysis of the sterol fraction of C. foeniculacea, it may be pointed out that algal sterols, and more generally plant sterols, could be detected and quantified through a variety of analytical techniques [START_REF] Abidi | Chromatographic analysis of plant sterols in foods and vegetable oils[END_REF]. The final isolation of sterols from algal lipophilic extracts was mainly conducted by RP-C18 HPLC [START_REF] Hwang | Isolation of fucosterol from Pelvetia siliquosa by high-speed countercurrent chromatography[END_REF][START_REF] Terasaki | Evaluation of recoverable functional lipid components of several brown seaweeds of Japan with special reference to fucoxanthin and fucosterol contents[END_REF]. In this work, a chromatographic method based on the use of a stationary phase with a smaller hydrophobic selectivity (RP-C8 instead of RP-C18) was developed: it allowed a quick and easy separation of the main steroidal components from algal extracts. In the case of sterols with few polar groups, which were highly retained on a C18 stationary phase, this method led to a similar separation with a significant economy of time and mobile phase.

Finally, with such a methodology it was then possible to characterize easily the main components of the sterol fraction of C. foeniculacea by NMR as fucosterol (1) and saringosterols (2 and 3). Fucosterol occurs as the predominant sterol in brown algae [START_REF] Terasaki | Evaluation of recoverable functional lipid components of several brown seaweeds of Japan with special reference to fucoxanthin and fucosterol contents[END_REF] and this characteristic component displays a wide variety of biological activities [START_REF] Balboa | In vitro antioxidant properties of crude extracts and compounds from brown algae[END_REF]. In Sargassaceae, fucosterol has been described in several species, particularly, in some representatives of the genus Cystoseira, such as C. usneoides, C. nodicaulis, C. tamariscifolia [START_REF] Lopes | Sterol profiles in 18 macroalgae of the Portuguese coast[END_REF], C. hakodatensis [START_REF] Abidi | Chromatographic analysis of plant sterols in foods and vegetable oils[END_REF], C. amentacea var. stricta [START_REF] Piovetti | Determination of sterols and diterpenoids from brown algae (Cystoseiraceae)[END_REF], C. barbata and C. crinita [START_REF] Milkova | Sterols and volatiles in Cystoseira barbata and Cystoseira crinita from the Black Sea[END_REF].

Saringosterols were noted in a number of Phaeophyta [START_REF] Ikekawa | Saringosterol: a new sterol from brown algae[END_REF][START_REF] Knights | Sterols in Ascophyllum nodosum[END_REF][START_REF] Liu | Chemical constituents from Sargassum pallidum (Turn.) C. Agardh[END_REF][START_REF] Okano | Constituents of marine algae VIII. Non polar constituents of Hizikia fusiformis (Harvey) Okamura[END_REF][START_REF] Wachter | Inhibition of Mycobacterium tuberculosis growth by saringosterol from Lessonia nigrescens[END_REF] and in rare cases, they were described in both red and green algae [START_REF] Huang | Proteasome and NF-κB inhibiting phaeophytins from the green alga Cladophora fascicularis[END_REF][START_REF] Shi | A new ketosteroid from red alga Acanthophora spicifera[END_REF]. Saringosterols have been previously shown to exhibit wide-ranging biological activities [START_REF] Chen | 24(S)-Saringosterol from edible marine seaweed Sargassum fusiforme is a novel selective LXRβ agonist[END_REF][START_REF] Hoet | Antitrypanosomal activity of triterpenoids and sterols from the leaves of Strychnos spinosa and related compounds[END_REF][START_REF] Huh | Fucosterols from Hizikia fusiformis and their proliferation activities on osteosarcoma-derived cell MG63[END_REF][START_REF] Kim | Lipase inhibitory activity of chlorophyll a, isofucosterol and saringosterol isolated from chloroform fraction of Sargassum thunbergii[END_REF][START_REF] Wachter | Inhibition of Mycobacterium tuberculosis growth by saringosterol from Lessonia nigrescens[END_REF].

Fucosterol is highly reactive and its degradation was already mentioned. Thereby, it has been shown that the presence of saringosterols in the brown algae Ascophyllum nodosum [START_REF] Knights | Sterols in Ascophyllum nodosum[END_REF] or Cystoseira crinita [START_REF] Milkova | Sterols and volatiles in Cystoseira barbata and Cystoseira crinita from the Black Sea[END_REF] were in fact artefacts arising from the autooxidation during the air-drying of the alga, while, the fresh material would contains only fucosterol. Thus, chemical analysis of fucosterol, and more generally of sterol fractions and/or crude extracts containing fucosterol, might absolutely take into account the chemical conversions of this compound, in particular through degradation process, they necessarily lead to biased results otherwise.

Conclusion

The present study investigated the separation and the characterization of fucosterol (1) and a mixture of 24R-(2) and 24S-(3) saringosterols from the brown alga C. foeniculacea by using a simple and easy method based on RP-C8 chromatography. The analysis by 1D and 2D NMR experiments allowed the reassignment of some attributions of chemical shift of the isolated sterols 2 and 3 by comparison with those reported in the literature. We have also confirmed the oxidative degradation by HPLC analysis of a degraded sample of fucosterol. Indeed, the NMR analysis of pure 1 stored for few times revealed the presence of new signals corresponding to those of the 2/3 mixture. Importantly, we highlighted in this work the spontaneous oxidation of fucosterol (1) into saringosterols (2 and 3). 
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Figure 2

 2 Figure 2 Details of 1 H NMR spectra of: a) fucosterol (1), b) mixture of saringosterol C-24 epimers (2-3), and c) naturally oxidized fucosterol.

Table 1 13

 1 C NMR data of compounds 2-3 (CDCl3, 100 MHz)

	N°	Compounds	Ayyad et al. (2003)	Huh et al. (2012)
		2/3δC a	δC	δC b
	1	37.35	37.15	36.47
	2	31.76	32.55	31.87
	3	71.94	72.47	71.77
	4	42.40 c	37.91	31.87
	5	140.86	141.41	140.71
	6	121.87	122.38	121.67
	7	32.00 d	32.33	31.62
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