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Triterpene saponins from the roots of Bupleurum spinosum Gouan

Keywords: 

Three previously undescribed triterpene saponins, and four known ones, were isolated from the EtOH/H2O extract of the roots of Bupleurum spinosum. Their structures were characterized using spectroscopic techniques including 1D and 2D NMR ( 1 H, 13 C, COSY, TOCSY, ROESY, HSQC, and HMBC) experiments and mass spectrometry as 3

16β,28trihydroxy-23-oxoolean-12-ene, 3-O-β-D-glucopyranosyl-

Introduction

The genus Bupleurum, family Apiaceae, consisting of about 200 species, is widespread in semi tropical regions of the Northern Hemisphere, Eurasia and North Africa, and particularly in the Mediterranean regions [START_REF] Pan | Bupleurum species: Scientific Evaluation and Clinical Applications[END_REF]. The flora of Algeria contains 14 species of Bupleurum [START_REF] Quézel | Nouvelle flore de l'Algérie et des régions désertiques méridionales[END_REF]. In the Chinese Pharmacopoeia, the official drugs are represented by Bupleurum chinense D.C. and B. scorzonerifolium Willd. They are often used in combination with other drugs as antihepatotoxic, antipyretic, analgesic, sedative, and antidepressant agents, in case of menstrual complaints, sudden loss of hearing, and malaria [START_REF] Lacaille-Dubois | Newest results of the chemistry and pharmacology of triterpene and steroid saponins containing TCM-drugs[END_REF].

Saikosaponins are the major biological active substances in the genus Bupleurum, amounting to up to 7% of the total dry weight in roots (Bupleuri Radix, Chinese name: Chaihu, Japanese name: Saiko), which is a well known and a very important crude drug in the Traditional Chinese Medicine, and has been used for at least 2000 years [START_REF] Ding | Chemical evaluation of Bupleurum species collected in Yunnan, China[END_REF][START_REF] Ashour | Genus Bupleurum: a review of its phytochemistry, pharmacology and modes of action[END_REF]. Saikosaponins represent a group of oleanane-type glycosides, which are commonly found in a number of plant families. Saikosaponins isolated from medicinal plants such as in Bupleurum spp [START_REF] Chelghoum | Four new triterpene saponins from Bupleurum rigidum L[END_REF], Heteromorpha spp [START_REF] Cheng | Antiviral effects of saikosaponins on human coronavirus 229E in vitro[END_REF], and Scrophularia scorodonia [START_REF] Giner | Antiinflammatory glycoterpenoids from Scrophularia auriculata[END_REF] have been reported to possess various biological activities, namely antihepatitis, antinephritis, antihepatoma, anti-inflammation, and antibacterial effects, as well as being able to modulate the immune function [START_REF] Li | Saikosaponins: a review of pharmacological effects[END_REF]. Furthermore, essential oils, lignans, flavonoids, coumarins, polysaccharides, polyacetylenes, phytosterols, and phenylpropanoids are also reported [START_REF] Pan | Bupleurum species: Scientific Evaluation and Clinical Applications[END_REF].

Bupleurum spinosum Gouan is a hemispherical bush with woody stems, strongly thorny at the extremities. The leaves 3-5 cm wide, are sparse, persistant, oblong, and sessile.

Small yellow-green flowers form umbels with 8-20 equal radii. [START_REF] Quézel | Nouvelle flore de l'Algérie et des régions désertiques méridionales[END_REF].

Previous phytochemical analysis on Maroccan species led to the isolation of five oleananetype saponins [START_REF] Barrero | Saikosaponins from roots of Bupleurum gibraltaricum and Bupleurum spinosum[END_REF], polyacetylenes, terpenoids and flavonoids [START_REF] Barrero | Polyacetylenes, terpenoids and flavonoids from Bupleurum spinosum[END_REF]. However, there are no studies of the Algerian species. In this study, the isolation and structure elucidation of three new triterpene saponins together with four known ones from the roots of B. spinosum Gouan. are described.

Results and discussion

An aqueous-ethanolic extract of the roots of B. spinosum was submitted to multiple chromatographic steps on normal and reverse phase RP-18 silica gel yielding seven pure saponins (1-7), three of them (1-3) being previously undescribed. Their structures were elucidated by spectroscopic analysis, including HR-ESI-MS, 1D and 2D NMR ( 1 H-1 H COSY, TOCSY, ROESY and 1 H-13 C HSQC, HMBC) spectroscopic data and by comparison with literature values for the known compounds. These latter (4-7) were identified as

nepasaikosaponin K (3-O-β-glucopyranosyl(1→6)-[(α-rhamnopyranosyl(1→4)]-β- glucopyranoside-3β,16β
,23,28-tetrahydroxyolean-12-ene) (4), previously isolated from B. marginatum and B. falcatum [START_REF] Ishiguro | Studies on medicinal plant resources of the Himalayas(4), chemical evaluation of Bupleurum falcatum var.gracillimum collected in Nepal[END_REF][START_REF] Fang | Anti-influenza triterpenoid saponins (saikosaponins) from the roots of Bupleurum marginatum var. stenophyllum[END_REF], chikosaikoside II (3-O-

β-glucopyranosyl(1→6)-[(α-rhamnopyranosyl(1→4)]-β-glucopyranoside of saikogenin F) (5),
previously obtained from B. longeradiatum [START_REF] Kimata | Saponins of Juk-Siho and roots of Bupleurum longeradiatum Turcz[END_REF] -fucopyranosyl-3β,16α,23,28-tetrahydroxy-olean-11,13(18)-dien-30-oic acid-30-O-xylitol ester) (7), isolated from B. chinense [START_REF] Liang | Saikosaponin v-2 from Bupleurum chinense[END_REF][START_REF] Liu | Saikosaponin v-1 from roots of Bupleurum Chinense DC[END_REF].

Compounds 1-3 were obtained as white amorphous powders. The sugar residues were identified by gas chromatography (GC) after acid hydrolysis and derivatization of each compound (see experiments) [START_REF] Hara | Gas-liquid chromatographic separation of aldose enantiomers as trimethylsilyl ethers of methyl 2-(polyhydroxyalkyl)-thiazolidine-4(R)carboxylates[END_REF] and 1D and 2D NMR spectroscopic analysis as β-D-glucopyranosyl (Glc) and α-L-rhamnopyranosyl (Rha) for the three compounds.

Compound The distribution and structure characters of saponins in plants are significant for the classification and chemotaxonomy [START_REF] Yang | Bioactive triterpenoid and steroid saponins from medicinal plants in southwest China. In "Saponins used in Traditional and Modern Medicine[END_REF]. To date, there are more than 100 saikosaponins isolated from the genus Bupleurum including five saikosaponins from B.

spinosum [START_REF] Barrero | Saikosaponins from roots of Bupleurum gibraltaricum and Bupleurum spinosum[END_REF]. In this study, seven triterpene saponins (1-7) were isolated and characterized from the roots of B. spinosum, including three undescribed ones (1-3).

Nepasaikosaponin K (4), chikosaikoside II (5), saikosaponine v-1 (6), saikosaponine v-2 (7)

were previously reported exclusively in the genus Bupleurum: B. marginatum and B. falcatum for 4 [START_REF] Ishiguro | Studies on medicinal plant resources of the Himalayas(4), chemical evaluation of Bupleurum falcatum var.gracillimum collected in Nepal[END_REF][START_REF] Fang | Anti-influenza triterpenoid saponins (saikosaponins) from the roots of Bupleurum marginatum var. stenophyllum[END_REF], B. longeradiatum for 5 [START_REF] Kimata | Saponins of Juk-Siho and roots of Bupleurum longeradiatum Turcz[END_REF], and B. chinense (6, 7) [START_REF] Liang | Saikosaponin v-2 from Bupleurum chinense[END_REF][START_REF] Liu | Saikosaponin v-1 from roots of Bupleurum Chinense DC[END_REF]. Thus, the presence of compounds spinosum, whereas those with an hydroxyl group at C-23 were common [START_REF] Barrero | Saikosaponins from roots of Bupleurum gibraltaricum and Bupleurum spinosum[END_REF][START_REF] Sánchez Contreras | Bioactive components of Bupleurum rigidum L. subsp. rigidum[END_REF].

In conclusion, the saponins isolated from B. spinosum are characterized by different aglycons related to 23-hydroxylongispinogenin (1-4), saikogenin F (5), and olean-11,13(18)diene (6 and 7), and different sugar moieties linked to C-3 of the aglycon, containing glucose and rhamnose (1-5), and fucose and glucose (6-7). Therefore, the results of this study corroborated with those obtained by [START_REF] Barrero | Saikosaponins from roots of Bupleurum gibraltaricum and Bupleurum spinosum[END_REF], enriching the phytochemical diversity of B. spinosum and reinforcing the view that saikosaponins are the major constituents of the genus Bupleurum, in which the oleanane-type is predominant. 

Experimental

1. General

Plant material

The roots of B. spinosum were collected, in Tirourda pass in Djurdjura Mountain (Algeria), in March 2019 and authenticated by Pr D. Smati, a botanist of the Department of Pharmacy, University of Algiers (Algeria), where one voucher specimen (N° 201904) was deposited.

Extraction and isolation

Air-dried finely powdered roots of B. spinosum (100 g) were submitted to an ultrasound assisted extraction three times for 30 min with EtOH/H2O 75 : 35 (3 x 1000 ml).

After evaporation of the solvent under vacuum, a residue of 23 g was obtained. An aliquot of 10 g was submitted to a VLC on reversed-phase RP-18 silica gel (H2O/MeOH 100:0, 50:50 and 0:100) to give three fractions (F1, 2g; F2, 3.6 g; F3, 1.63 g). F2 was fractionated by VLC on silica gel 60 (CHCl3/MeOH/H2O 80:20:2, 70:30:5, 60:32:7 and 64:40:8), yielding five subfractions (SF1, 1g; SF2, 643 mg; SF3, 601 mg; SF4, 744 mg; SF5, 288.4 mg). SF4 and SF5 were subjected to MPLC (silicagel 60, CHCl3/MeOH/H2O 80:20:2, 70:30:5 and 60:30:7) to give different subfractions (SF44, 60 mg; SF45, 60 mg; SF54, 19 mg; SF55, 150 mg). They were purified by successive MPLC (RP-18, MeOH/H2O 30/70 → 100:0) yielding 3 (3.9 mg) and 7 (7 mg) from SF44, whereas 4 (3 mg) and 5 (10 mg) from F45, 6 (5 mg) from F54, 2 (3 mg), 3 (3.5 mg), and 1 (17 mg) from F55. -glucopyranosyl -3β,16β,23,28-tetrahydroxyolean-12-ene (1) White amorphous powder; [α] 20 D -40.2° (MeOH; c 0.1); 1 H-NMR (C5D5N, 600MHz) and 13 C-NMR (C5D5N, 150MHz), see Tables 1 and2; HR-ESI-MS (positive-ion mode): m/z 1129.5868 [M+Na] + . (calcd. For C54H90O23Na, 1129.5873). -glucopyranosyl -3β,16β,28-trihydroxy-23-oxoolean-12-ene (2) White amorphous powder; [α] 20 D -25.2° (MeOH; c 0.1); 1 H-NMR (C5D5N, 600MHz) and 13 C-NMR (C5D5N, 150MHz), see Tables 1 and2; HR-ESI-MS (positive-ion mode): m/z 1127.5725 [M+Na] + . (calcd. For C54H88O23Na, 1127.5716). -glucopyranosyl-3β,16β,28-trihydroxy-olean-12-ene-23-oic-acid (3) White amorphous powder; [α] 20 D -28.2° (MeOH; c 0.1); 1 H-NMR (C5D5N, 600MHz) and 13 C-NMR (C5D5N, 150MHz), see Tables 1 and2; HR-ESI-MS (positive-ion mode): m/z 981.5142 [M+Na] + . (calcd. For C48H78O19Na, 981.5137).

4. Compound characterization

3.4.1. 3-O-β-D-glucopyranosyl-(1→6)-[β-D-glucopyranosyl-(1→2)]-[α-L- rhamnopyranosyl(1→4)]-β-D
3.4.2. 3-O-β-D-glucopyranosyl-(1→6)-[β-D-glucopyranosyl-(1→2)]-[α-L- rhamnopyranosyl(1→4)]-β-D

3-O-β-D-glucopyranosyl-(1→6)-[α-L-rhamnopyranosyl(1→4)]-β-D

Acid hydrolysis and GC analysis

Each compound (3 mg) was hydrolyzed with 2 N aq. CF3COOH (5 mL) for 3 h at 95 °C. After extraction with CH2Cl2 (3 ×5 ml), the aq. layer was repeatedly evaporated to dryness with MeOH until neutral, and then analyzed by TLC over silica gel (CHCl3/MeOH/H2O 8:5:1) by comparison with authentic samples. Furthermore, the residue of sugars was dissolved in anhydrous pyridine (100μl), and L-cysteine methylester hydrochloride (0.06 mol/l) was added. The mixture was stirred at 60 °C for 1 h, then 150 μl of HMDS-TMCS (hexamethyldisilazane/tri-methylchlorosilane 3:1) was added, and the mixture was stirred at 60 °C for another 30 min. The precipitate was centrifuged off, and the supernatant was concentrated under a N2 stream. The residue was partitioned between nhexane and H2O (0.1 ml each), and the hexane layer (1 μl) was analyzed by GC (DB-1701 capillary column (30m × 0.25mm, i.d) (J and W Scientific) with detection by FID, detector temperature, 250°C, injection temperature, 230°C;initial temperature was maintained at 80°C for 5min and then raised to 270°C at 15°C/min; carrier gas, He) [START_REF] Hara | Gas-liquid chromatographic separation of aldose enantiomers as trimethylsilyl ethers of methyl 2-(polyhydroxyalkyl)-thiazolidine-4(R)carboxylates[END_REF]. The absolute configurations were determined by comparing the retention times with thiazolidine derivatives prepared in a similar way from standard sugars (Sigma-Aldrich). L-rhamnose and D-glucose were characterized by co-injection of the silylated derivatives with standard silylated samples having tR 13.1 min (L -rhamnose) and 18.6 min (D-glucose). 

R1 R2 1 S 1 CH2OH 2 S 1 CHO 3 S 2 COOH

  , saikosaponine v-1 (3-O-β-D-glucopyranosyl(1→3)-β-D-fucopyranosyl-3β,16α,23,28-tetrahydroxy-olean-11,13(18)dien-30-oic-acid-30-O-xylitol ester) (6) and saikosaponine v-2 (3-O-β-D-glucopyranosyl-(1→2)-β-D-glucopyranosyl-(1→3)-β-D

  presence of a double bond between C-12 and C-13 in the aglycon. This was confirmed by the HMBC correlation at δH/δC 1.26 (H3-27)/143.8 (C-13). The HSQC cross peaks at δH/δC 3.73, 4.35 (H-23a, H-23b)/64.7 (C-23) and 3.67, 4.42 (H-28a, H-28b)/68.7 (C-28) were characteristic of two hydroxymethyl groups. The hydroxymethyl at the C-23 position was confirmed by the HMBC correlation at δH/δC 1.07 (H3-24)/64.7 (C-23), 47.8 (C-5), 43.5 (C-4), 82.6 (Agly C-3). Two oxygen-bearing methine protons were observed at δH 4.10 (H-3) and at 4.61 (H-16). The relative configuration was determined by the 13 C-NMR data and ROESY correlation. In particular, the ROESY correlations of δH 4.61 (H-16) with δH 1.26 (H3-27) suggesting an α-axial orientation of H-16, thus a β-equatorial orientation of OH-16. While 3-OH was determined to be β-oriented from the ROESY correlation of δH 4.10 (H-3) with δH 1.53 (H-5). Thus, the aglycon of 1 was elucidated as 3β,16β,23,28-tetrahydroxyolean-12-ene, or 23-hydroxylongispinogenin as in 4, previously reported from other species of the genus Bupleurum[START_REF] Tori | Carbon-13 NMR spectra of saikosaponins A, C, D and F isolated from Bupleurum falcatum L[END_REF]. Furthermore, the HSQC spectrum of 1 displayed four anomeric signals at δH/δC 4.96 (d, J = 7.3 Hz)/103.9, 4.92 (d, J = 7.7 Hz)/104.9, 5.38 (d, J = 7.6 Hz)/105.5, 5.81 (s)/102.5, indicating the presence of four sugar units. Complete assignments of each sugar unit were achieved by extensive 1D and 2D NMR analyses and GC analysis after derivatization (see experimental) allowing the characterization of three β-Dglucopyranosyl (GlcI, GlcII, GlcIII) and one α-L-rhamnopyranosyl (Rha). The HMBC correlations at δH/δC 4.96 (GlcI H-1)/82.6 (Agly C-3), 4.92 (GlcII H-1)/68.7 (GlcI C-6), 5.38 (GlcIII H-1)/82.7 (GlcI C-2) and 5.81 (Rha H-1)/78.5 (GlcI C-4) suggested the sequence GlcII-(1→6)-[GlcIII-(1→2)]-[Rha-(1→4)]-GlcI-Aglycon, which was confirmed by HMBC correlations at δH/δC 4.10 (Agly H-3)/103.9 (GlcI C-1), 4.11 (GlcI H-2)/105.5 (GlcIII C-1), 4.07 (GlcI H-6)/104.9 (GlcII C-1), 4.25 (GlcI H-4)/102.5 (Rha C-1) and by the ROESY cross peaks at δH/δH 4.96 (GlcI H-1)/4.10 (Agly H-3), 4.92 (GlcII H-1)/4.07 (GlcI H-6),5.38(GlcIII H-1)/4.11(GlcI H-2) and 5.81 (Rha H-1)/4.25 (GlcI H-4). Therefore, compound 1 was characterized as 3-O-β-D-glucopyranosyl-(1→6)-[β-D-glucopyranosyl-(1→2)]-[α-Lrhamnopyranosyl-(1→4)]-β-D-glucopyranosyl-3β,16β,23,28-tetrahydroxyolean-12-ene. Compound 2 exhibited in the HR-ESI-MS (positive-ion mode) a pseudo-molecular ion peak at m/z 1127.5725 [M+Na] + (calcd. for C54H88O23Na, 1127.5716) compatible with the molecular formula C54H88O23. The spectral data of the aglycon of compound 2 were similar to those of the aglycon of 1, except for one obvious difference for the functional group at C-23.Indeed, detailed observation of the 13 C-NMR spectrum revealed that the hydroxymethyl signal at δH 64.7 (C-23) of 1 disappeared in 2 and was replaced by a signal at δC 208.9 in 2.This suggested a carbonyl function of an aldehyde group at C-23, which was proved by the HMBC correlation at δH/δC 1.39 (H3-24)/46.7 (C-5), 54.9 (C-4) and 208.9 (C-23). The structure of the aglycon of 2 was thus recognized to be the 3β,16β,28-trihydroxy-23oxoolean-12-ene. Extensive 2D NMR analysis confirmed the same sugar sequence as in compound 1. On the basis of these results, the structure of compound 2 was elucidated as 3-O-β-D-glucopyranosyl-(1→6)-[β-D-glucopyranosyl-(1→2)]-[α-L-rhamnopyranosyl-(1→4)]β-D-glucopyranosyl-3β,16β,28-trihydroxy-23-oxoolean-12-ene. Compound 3 exhibited in the HR-ESI-MS (positive-ion mode) a pseudo-molecular ion peak at m/z 981.5142 [M+Na] + (calcd. for C48H78O19Na, 981.5137) compatible with the molecular formula C48H78O19. The 1 H-NMR and 13 C-NMR signals of the aglycon part of 3 are almost superimposable to those of the aglycon of 1 and 2, except the presence of a carboxylic function at C-23 in 3 (δC 183.1). This was confirmed by the HMBC cross peak at δH/δC 1.60 (H3-24)/183.1 (C-23), and the structure of the aglycon of compound 3 was determined to be 3β,16β,28-trihydroxyolean-12-ene-23-oic acid. The 1 H and 13 C NMR signals of the oligosaccharidic chain of 3 were almost similar with those of 1 and 2 except the disappearance of the characteristic signals of the terminal GlcIII in 1 and 2. This was confirmed by the extensive 2D NMR analysis showing the presence of the signals at δH 3.84 (GlcI H-2) and δC 75.0 ppm (Glc I C-2) characteristic of a free hydroxyl function at C-2 of Glc-I. Consequently, compound 3 was characterized as 3-O-β-D-glucopyranosyl-(1→6)-[α-Lrhamnopyranosyl(1→4)]-β-D-glucopyranosyl-3β,16β,28-trihydroxyolean-12-ene-23-oic acid.

4- 7

 7 indicated the close chemotaxonomic relationship between B. spinosum and other Bupleurum species. All isolated saponins are monodesmosidic compounds different by their aglycones and the nature of C-3 osidic sequence. To the best of our knowledge, the sequence GlcII-(1→6)-[GlcIII-(1→2)]-[Rha-(1→4)]-Glc, found in the two undescribed compounds (1, 2) has never been previously reported, whereas the sequence GlcII-(1→6)-[Rha-(1→4)]-Glc, common to this family, was found in the undescribed compound (3) and two known compounds (4 and 5). Compounds 1-3 shared the same oleanane-type skeleton for the aglycon, the key difference being the functional group at C-23, which is a hydroxymethyl in 1, an aldehyde in 2, and a carboxyl in 3. Compounds 2 and 3 are the first examples found in saikosaponins bearing a carbonyl group at C-23, and can be considered as chemical markers for the taxonomy of B.

  Optical rotation values were recorded on a AA-10R automatic polarimeter (Optical activity LTD). The 1D and 2D spectra of compounds 2-7 ( 1 H and 13 C-NMR, 1H-1H COSY, TOCSY, ROESY, HSQC and HMBC) were performed using a Varian INOVA 600 (Agilent Technologies) at the operating frequency of 600 MHz. The NMR spectra of compound 1 were measured on a Bruker AV-400 equipped with a 5 mm dual probe at 298K. Pulse sequences are taken from Bruker pulse sequence library. Spectra are referenced with respect to residual solvent signals. HR-ESI-MS (positive-ion mode) were carried out on a Bruker micrOTOF II mass spectrometer. GC analysis was carried out on a Thermoquest gas chromatograph. Isolations were carried out using vacuum liquid chromatography (VLC) on reversed-phase RP-18 silica gel (75-200 µm, Silicycle) and silica gel 60 (Merck, 60-200 µm) and mediumpressure liquid chromatography (MPLC) on reversed-phase RP-18 silica gel (75-200 µm, Silicycle) and silica gel 60 (Merck, 15-40 μm) [Alltech pump, Büchi column (460 × 15 mm and 230 × 15 mm), Büchi precolumn (110 × 15 mm)]. Thin-layer chromatography (TLC, silicycle) and high-performance thin-layer chromatography (HPTLC, Merck) were carried out on precoated silica gel plates 60F254, solvent system: CHCl3/MeOH/H2O 80:20:2, 70:30:5 and 60:32:7. The spray reagent for saponins was vanillin reagent (1 % vanillin in EtOH/H2SO4, 50:1).

Fig

  Fig. 1. Structure of compounds 1-3

Table 1 1

 1 H-NMR (600 MHz) and 13 C-NMR (150 MHz) spectroscopic data of the aglycons of compounds 1-3 in C5D5N (δ in ppm and J in Hz) a . Overlapped signals are reported without designated multiplicity; nd: not determined; s: singlets ; d: doublet ; dd: double doublet ; t: triplet ; m: multiplet.

	1		2		3	
	δC	δH	δC	δH	δC	δH
	1 38.7	0.97, 1.49 m	39.7	0.95 -1.54 m	38.9	1.10, 1.52 m
	2 26.0	1.80, 2.78 m	24.7	1.84, 2.77 m	26.0	1.78, 2.76 m
	3 82.6	4.10	83.2	4.04	86.0	4.67
	4 43.5	-	54.9	-	53.7	-
	5 47.8	1.53	46.7	1.62	51.8	2.00 d (11.1)
	6 18.1	1.32, 1.69	nd	nd	21.6	1.58, 1.68
	7 32.5	1.32, 1.62	32.0	1.18, 1.44	32.5	1.18, 1.68
	8 40.1	-	40.1	-	41.5	-
	9 47.1	1.65	47.6	1.32	47.0	1.72
	10 36.5	-	36.0	-	36.5	-
	11 23.8	1.82	23.5	1.84	23.8	1.95
	12 122.6	5.23 t like (3.7)	122.1	5.26 t	122.4 5.24 t
	13 143.8	-	144.5	-	143.7 -
	14 43.7	-	43.5	-	44.1	-
	15 36.7	1.86, 2.22	35.7	1.72, 2.19	36.2	1.66, 2.15
	16 66.5	4.61	66.3	4.65	66.3	4.60 dd (11.7, 6,0)
	17 40.9	-	40.7	-	40.7	-
	18 44.3	2.39 dd (13.7, 4.6)	44.0	2.41 dd (14.0, 4.6)	44.1	2.38 dd (13.4, 4.6)
	19 47.0	1.16 m, 1.86	47.0	1.20 m, 1.86	46.8	1.18 m, 1.82
	20 31.0	-	30.8	-	31.0	-
	21 34.2	1.28, 1.60	33.9	1.30, 1.68	34.0	1.28, 1.64
	22 26.1	1.94 m, 2.30 m	25.7	1.90 m, 2.22 m	26.1	1.85 m, 2.20 m
	23 64.7	3.73, 4.35	208.9	-	183.1 -
	24 13.3	1.07 s	10.5	1.39 s	13.0	1.60 s

a

Acknowledgments

This work was supported by the Algerian Ministry of Higher Education and Scientific

Research who provided a fellowship to Amina Dahmoune

The chemotaxonomic is underlined.

- -----------------------------------------------------------------------------------

Declaration of competing interest

The authors declare no conflict of interest.