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            Abstract
          
        

        
          The phytochemical investigation of the ethyl acetate fraction of the methanol seed extract of Salvadora persica resulted in the isolation and identification of five pentacyclic triterpenes (1-5), oleanolic acid (1), ursolic acid (2), β-amyrin (3), β-amyrin acetate (4) and lupeol tricosanoate (5). The structures of these compounds were established by the analysis of their NMR spectroscopic and mass spectrometric data. In the bioactivity assay, compound 5 showed moderate cytotoxic activities against breast cancer cell lines (MCF-7), colon cancer cell lines (HT-29) and hepatocellular carcinoma cell lines (HepG2) with IC50 values of 9.4, 6.85 and 12.74 μg/mL. respectively. In all previous studies, lupeol tricosanoate (5) has been isolated as a mixture of triterpenoid long-chain fatty acid esters and this is the first report of its isolation and characterization as a pure molecule. Moreover, the occurrence of fatty acid ester of triterpene in this plant is of taxonomic importance.
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      Introduction
      Salvadora persica L. (Salvadoraceae), locally called miswak, has been scientifically proven to be very useful in the prevention of tooth decay.1-3 Extracts of S. persica exhibit various biological activities including antibacterial and antifungal effects.4-6 The previous phytochemical investigations revealed that S. persica contains alkaloids, glycosides, flavonoids, carbohydrates, tannins, saponins, steroids and terpenoids.7,8

      Pentacyclic triterpene long-chain fatty acid esters are widely distributed in the plant kingdom and have been under investigation for many decades.9 Long-chain fatty acid esters of lupeol were shown to have strong anti-malarial, antinociceptive and anti-inflammatory activities.10 However, in most of the previous studies the isolation and identification of these compounds as mixtures prevented their complete characterization and biological evaluation. Our previously published data8 led to the isolation and identification of several phytosteroids from the n-hexane extract of S. persica. In continuation of our studies on the phytochemical investigation of this plant species, we report herein the isolation and characterization of five pentacyclic triterpenes from the ethyl acetate extract (1-5), oleanolic acid (1), ursolic acid (2), β-amyrin (3), β-amyrin acetate (4) and lupeol tricosanoate (5) (Fig. 1). To the best of our knowledge, a significant number of studies reported the identification of compound 5 in plant species in different families as a mixture with other triterpene long-chain fatty acid esters and has never been isolated as a pure molecule in these previous reports.11-14 Moreover, the cytotoxic activity of these metabolites was assessed towards breast cancer cell lines (MCF-7), colon cancer cell lines (HT-29) and hepatocellular carcinoma cell lines (HepG2) using MTT colorimetric assay method.15

      
        
        

        Fig. 1. 
				
        

        
          Chemical structure of compounds (1-5) isolated from the seeds of Salvadora persica.
        
        

        

      

    

    

  
    
      Experimental
      General experimental procedures – Silica gel (230-400 mesh; Merck, Darmstadt, Germany) was used for column chromatography. Silica gel 60 F254 plates (Merck, Germany) were used for thin layer chromatography analysis. The chromatograms were visualized under UV light then sprayed with Dragendorff’s and vanillin reagents. Optical rotations were measured on a Jasco P-1020 polarimeter in CHCl3. Infra-Red spectra were recorded on a Bruker IFS instrument. ESIMS spectra were recorded on LC-MS TOF (Bruker, Germany). NMR spectra were obtained in CDCl3 on Bruker 400 spectrometers using TMS as an internal standard.

      Plant materials – The seeds of S. persica were collected during the flowering period from Jabal Fayfa in Jazan region, Saudi Arabia on June 2021 and identified by Dr. Wael T. Kassim, Department of Botany, Jazan University, Saudi Arabia. A voucher specimen (120-42068) has been deposited in Jazan University Herbarium (JAZUH).

      Extraction and isolation – S. persica seeds (450 g) were extracted (4 × 1 L) with MeOH at room temperature. The MeOH extract (125 g) was partitioned successively with hexane, CH2Cl2, EtOAc and n-BuOH. The ethyl acetate residue (18.4 g) was separated by silica gel column chromatography using hexane/CH2Cl2 (5:1) as eluent. On the basis of their TLC characteristic, the fractions were combined to afford eight sub-fractions (F1-F8). The major fraction F3 (430 mg) was subjected to silica gel column chromatography and eluted with CH2Cl2/MeOH (20:1) to afford 1 (40 mg) and 2 (65 mg). Fraction F3 (280 mg) was separated by silica gel column chromatography and elution with CH2Cl2/MeOH (8:1) to give 3 (48 mg) and 4 (72 mg). Purification of fraction F1 (350 mg) by silica gel column chromatography and elution with hexane/CH2Cl2 (8:1) gave 5 (82 mg).

      Lupeol tricosanoate (5) – White amorphous powder: αD25: +11.7 (c 0.1, CHCl3); IR (KBr) νmax cm-1: 2946, 2832, 1734, 1665, 1468, 845, 712; 1H, 13C NMR: see Table 1.; ESI-TOF-MS: m/z 764.5668 [M+2H]+ (calcd. m/z 764.7410 for C53H96O2).

      
        Table 1. 
				
        

        
          NMR data of compound (5), (CDCl3, 1H 400 MHz, 13C 100 MHz; δ in ppm, J in Hz)
        
        

      

      
        
          
            	Position
            	δH
            	δC
            	DEPT
            	HMBC (C→H)
            	Position
            	δH
            	δC
            	DEPT
            	HMBC (C→H)
          

        
        
          	1
          	0.98 m, 1.64 m
          	38.33
          	CH2
          	H-3, H-5
          	19
          	2.38 br
          	47.98
          	CH
          	H-18, H-21
        

        
          	2
          	1.58 – 1.66 m
          	23.72
          	CH2
          	H-3
          	20
          	---
          	150.96
          	C
          	H-30
        

        
          	3
          	4.46 br
          	80.72
          	CH
          	H-5
          	21
          	1.36 m
          	29.80
          	CH2
          	H-22
        

        
          	4
          	---
          	37.81
          	C
          	H-6a
          	22
          	1.18 m, 1.38 m
          	39.97
          	CH2
          	H-28
        

        
          	5
          	0.78 m
          	55.34
          	CH
          	H-1
          	23
          	0.79 s
          	27.96
          	CH3
          	H-3, H-5
        

        
          	6
          	1.37 m, 1.48 m
          	18.18
          	CH2
          	H-7
          	24
          	0.84 s
          	16.56
          	CH3
          	H-5, H-23
        

        
          	7
          	1.36 m
          	34.18
          	CH2
          	H-26
          	25
          	0.94 s
          	16.15
          	CH3
          	H-1, H-5
        

        
          	8
          	---
          	40.82
          	C
          	H-26
          	26
          	1.01 s
          	15.95
          	CH3
          	H-9
        

        
          	9
          	1.25 m
          	50.30
          	CH
          	H-12, H-26
          	27
          	0.92 s
          	14.50
          	CH3
          	H-15
        

        
          	10
          	---
          	37.06
          	C
          	H-5
          	28
          	0.77 s
          	17.98
          	CH3
          	H-16, H-18, H-22
        

        
          	11
          	1.38 m
          	20.92
          	CH2
          	H-9
          	29
          	4.56 d (5.7), 4.67 d (5.7)
          	109.33
          	CH2
          	H-30
        

        
          	12
          	1.01 m, 1.62 m
          	25.06
          	CH2
          	H-19
          	30
          	1.65 s
          	19.26
          	CH3
          	---
        

        
          	13
          	1.64 m
          	38.01
          	CH
          	H-15, H-18
          	1`
          	---
          	173.76
          	C
          	H-3, H-2`
        

        
          	14
          	---
          	42.80
          	C
          	H-12, H-15
          	2`
          	2.28 br
          	34.79
          	CH2
          	H-4`
        

        
          	15
          	1.0 m, 1.52 m
          	27.41
          	CH2
          	H-27
          	3`
          	1.18 m
          	29.68
          	CH2
          	---
        

        
          	16
          	1.35 m, 1.48 m
          	35.54
          	CH2
          	H-28
          	4`
          	1.27 m
          	29.13
          	CH2
          	---
        

        
          	17
          	---
          	42.97
          	C
          	H-28
          	5`- 22`
          	1.43 m
          	29.30-29.68
          	CH2
          	---
        

        
          	18
          	1.34 m
          	48.26
          	CH
          	H-16, H-21
          	23`
          	0.78 t (6.6)
          	14.10
          	CH3
          	---
        

      

      
        
          aJ values are in parentheses and reported in Hz.
        

      

      

      Cytotoxicity assay – The cytotoxicity of compounds (1-5) was evaluated by using the previously described method,15 using MTT cell proliferation assay kits. The following three cancer cell lines have been studied: breast cancer cell lines (MCF-7), colon cancer cell lines (HT-29) and hepatocellular carcinoma cell lines (HepG2). The cells were cultured in RPMI-1640 at 37oC with 5% CO2, supplemented with 10% FBS, penicillin, and streptomycin sulphate. They were grown in a 96-well flat-bottom plate (200 µL, 1 × 105 cells/well, in triplicated) and incubated for 24 h. After that, DMSO solutions of the residues at concentrations of 30 and 100 µg/mL were added to the wells. Then the treated cells were incubated for 48 h at 37oC, followed by the MTT assay. The absorbance (OD; λ = 570 nm) was recorded and the cell survival was determined using non-linear regression analysis. Camptothecin (Sigma-Aldrich, St. Louis, Missouri, USA) was used as a positive control.

      Alkaline hydrolysis of 5 – Compound 5 (5.0 mg) was boiled with 2 mL 5 % KOH in 20 mL benzene for 24 h. The solution was evaporated to dryness and the residue, after addition of H2O, extracted with chloroform to remove the triterpene. The alkaline solution was acidified with HCI and extracted with ethyl acetate to remove the fatty acids. The solution was evaporated to dryness and esterified with diazomethane in benzene. The methyl tricosanoate ester was investigated by GC/MS (tR 31.3 min, m/z = 368).12

    

    

  
    
      Result and Discussion
      Structure characterization of compounds 1-4 was carried out by interpretation of their NMR spectral data and comparison with the data previously reported in the literature.10,11,13,16-19 Compound 5 was isolated as a white amorphous powder showing [α]D +11.7 (CHCl3). The ESI-TOF-MS in the positive ionization mode indicated a molecular ion peak [M+2H]+ at m/z 764.5668 which is consistent with the molecular formula C53H96O2. The peak at m/z 426 [C30H50O]+ was due to the loss of a tricosanoic acid unit from the molecular ion. One characteristic mass fragment at m/z 750 is due to the loss of one methylene group [M+H-CH2]+. Meanwhile, the successive loss of methylene groups gave fragment ions at m/z, 736 [M+H-2CH2]+, 722 [M+H-3CH2]+, 708 [M+H-4CH2]+ and 664 [M-7CH2]+. The fragments at m/z 326 [C21H42O2]+ and 312 [C20H40O2]+ were due to the loss of one methylene and two methylene groups from tricosanoic acid residue, respectively (Fig. 2).

      
        
        

        Fig. 2. 
				
        

        
          Proposed fragmentation pattern for compound 5.
        
        

        

      

      The complete 1H and 13C NMR assignments of 5 were achieved on the basis of extensive 1D and 2D NMR (1H and 13C, DEPT, COSY, ROESY, HSQC, and HMBC) as well as mass spectral data. The 1H, 13C and DEPT NMR spectra of 5 exhibiting features characteristic of lupeol-type triterpene [δH 4.67 (J = 5.7 Hz), H-29a; δH 4.56 (J = 5.7 Hz), H-29b; δH 4.21 (br), H-3; δC 80.72, C-3; δC 150.96, C-20; and δC 109.33, C-29] and signals due to seven tertiary methyl groups.11,20 In addition to these characteristic features of lupeol, a terminal overlapped triplet for methyl signal at δH 0.78 and strong methylene proton signals around δH 1.43 indicative of the presence of a long chain fatty acid unit. These observations were supported by the appearance of 13C signals due to an ester carbonyl group at δC 173.76, a long-chain of methylene groups at δC 29.30-29.68 and a terminal methyl group at δC 14.1.

      The 13C and DEPT NMR spectra of 5 revealed the presence of 53 resonances which were assigned with the help of an HSQC experiment and ascribed to 8 methyls, 32 methylenes, 6 methines, and 7 quaternary carbons (Table 1). The long chain fatty acid comprised a C23 moiety according to ESIMS measurements of 5 which displayed a small but important signal at m/z 338 [C23H46O]+.

      
        Table 2. 
				
        

        
          In-vitro cytotoxic activity of phytochemicals (1-5) on the tested human cell lines breast cancer cell lines (MCF-7), colon cancer cell lines (HT-29) and hepatocellular carcinoma cell lines (HepG2)
        
        

      

      
        
          
            	IC50 (μg/mL)
          

        
        
          	Compounds
          	MCF-7
          	HT-29
          	HepG2
        

        
          	Oleanolic acid
          	10.99
          	2.11
          	34.21
        

        
          	Ursolic acid
          	14.93
          	4.48
          	36.02
        

        
          	β-amyrin
          	39.78
          	23.07
          	47.52
        

        
          	β-amyrin acetate
          	>100
          	>100
          	no cytotoxic effect
        

        
          	Lupeol tricosanoate
          	9.4
          	6.85
          	12.74
        

      

      

      The significant downfield chemical shifts of H-3 and C-3 indicated the linkage of the long-chain fatty acid unit at C-3 of lupeol. This linkage was confirmed by the observed HMBC correlation (Fig. 3) from the oxygenated methine proton around δH 4.21 to the ester carbonyl carbon at δC 173.76. The presence of tricosanoic acid moiety was confirmed by the alkaline hydrolysis of 5 which yielded lupeol and a fatty acid residue. The methyl ester furnished by methylation of the corresponding acid with diazomethane12 were characterized by GC/MS analysis as methyl tricosanoate (tR 31.3 min, m/z = 368).

      
        
        

        Fig. 3. 
				
        

        
          Selected HMBC (Black arrows), COSY (Red bold lines) and ROESY (Blue arrows) correlations for compound 5.
        
        

        

      

      The relative configuration of 5 was inferred from the ROESY experiment (Fig. 3). The observed correlations of H-19/Me-28, H-13/Me-28, H-19/M2-26, Me-25/Me-26 and Me-23/Me-25 indicated the orientation of H-19, Me-28, H-13, Me-26, Me-25 and Me-23, respectively.

      The 1H and 13C resonance assignments for 5 are in perfect agreement with that reported for lupeol tricosanoate isolated in a mixture of long-chain fatty acid esters of triterpenes.11 Thus, the structure of 5 was determined unambiguously as lup-20(29)-en-3-tricosanoate. This is the first report for the occurrence of lupeol fatty acid ester in S. persica.

      Compounds (1-5) were evaluated for their in-vitro cytotoxic activity against breast cancer cell lines (MCF-7), colon cancer cell lines (HT-29) and hepatocellular carcinoma cell lines (HepG2) by MTT colorimetric assay method.15 Compounds 1 and 2 showed the most potent cytotoxic profile towards HT-29 with IC50 2.11 μg/mL and 4.48 μg/mL. respectively. In addition, compounds (1-3) showed cytotoxic effects with IC₅₀ values ranging from 10.99 to 47.52 μg/mL against MCF-7, and HepG2 while compound 5 displayed moderate cytotoxic activity toward MCF-7, HT-29 and HepG2 cell lines with IC50 values of 9.4, 6.85 and 12.74 μg/mL, respectively. On the other hand, compound 4 exhibited weak cytotoxic activity (>100 μg/mL) towards MCF-7 and HT-29 and inactivity towards HepG2.
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