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            Abstract
          
        

        
          Ten compounds, consisting of neoflavonoids (1-5), isoflavonoids (6 and 7), flavanone (8), and chalcones (9 and 10) were isolated from the ethyl acetate and n-butanol-soluble fractions of the heartwood of Dalbergia melanoxylon. The chemical structures were identified on the basis of spectroscopic evidence and compared to previously reported spectra. Compounds 1-10 were evaluated for cytotoxicity against HCT116 human colorectal cancer, MDA-MB-231 human metastatic breast cancer, and A2058 human melanoma cell lines. Among them, compounds 3 and 10 showed the strongest cytotoxic activity with IC50 values of 11.92 ± 1.07 μM, 10.83 ± 1.02 μM, and 14.37 ± 1.02 μM, 13.62 ± 1.09 μM against HCT116 and MDA-MB-231 cell lines, respectively. Compounds 9 and 10 also had cytotoxic activity with IC50 values of 13.49 ± 1.18 μM and 9.82 ± 0.91 μM against A2058 cell lines, respectively. To the best our knowledge, compounds 2 and 5-10 were isolated from this source for the first time.
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      Introduction
      During the screening for cytotoxic components from plants grown in Africa,1-4 Dalbergia melanoxylon (Guill. & Perr.) showed potent anti-proliferative activity on HCT116, MDA-MB-231 and A2058 cell lines. D. melanoxylon has been called by African people as “African Blackwood” or “Mpingo”. D. melanoxylon is high-profile species renowned for their use in high-quality products worldwide. D. melanoxylon is a small and heavily branched deciduous tree in the Family Leguminosae (= Fabaceae) that is widespread in at least 26 sub-Saharan countries including Tanzania, Kenya, Ethiopia and Nigeria.5,6 It normally reaches a height of 4-8 m, very occasionally 19-20 m, and often has multiple trunks. The wood has characteristically thin external yellowish white sapwood and internal purple heartwood. The hard, heavy wood is fine-grained, resistant to insect attack and is one of the most valuable timbers in Africa.7-9

      Dalbergia species has various local medicinal uses (bark, roots and leaves) for the treatment of abdominal pain, joint pain, headache, hernia, gonorrhea, bronchitis,10 antimicrobial,6,11 cardioprotective,12 dermatitis,13 and brine shrimp toxicity.14 Various chemical constituents have been identified, including neoflavones,15,16 flavanones,17 benzofurans,18 N-cinnamoyl,19 quinone pigments,20 sesquiterpene,21 and phenanthrenedione22 from Dalbergia species.

      However, the effects of components of D. melanoxylon on melanoma, breast and colorectal cancer activities have been rarely reported. Based on these backgrounds, the research was attempted to identify cytotoxic compounds from D. melanoxylon. This paper deals with the fractionation and isolation of ten constituents from the heartwood of D. melanoxylon, and the inhibitory effects of the them on the proliferation against HCT116 colorectal cancer, MDA-MB-231 breast cancer, and A2058 melanoma cell lines.

    

    

  
    
      Experimental
      General experimental procedures - The UV-visible spectra was recorded on a JP/U3010 Spectrophotometer (Hitachi Ltd., Tokyo, Japan). Nuclear magnetic resonance (NMR) spectra, including 1H-1H COSY, HMQC, and HMBC experiments were recorded on a Varian UI500 FT-NMR Spectrometer (Varian Inc, Palo Alto, CA, USA) operating at 500 MHz for 1H-NMR and 125 MHz for 13C-NMR with chemical shifts given in ppm (δ). Tetramethylsilane, acetone-d6, and DMSO-d6 were used as internal standard and NMR solvents. ESI-MS spectra was obtained on a JMS-AX 505 WA HP 5890 Series II, HP (Jeol, Tokyo, Japan). HPLC was carried out with JASCO model 887-PU pump an 875-UV variable-wavelength detector with a reversed-phase column (Develosil-Lop-ODS, 10-20 μm, 5 × 100 cm, Nomura Chemical co., Ltd, at 45 mL/min with detection at 205 nm). Column chromatography was run on a silica gel 60 (70-230 and 230-400 mesh, Merck, Darmstadt, Germany), C-18 (40-63 mesh, Merck), Diaion HP-20 (Merck) and Sephadex LH-20 (25-100 mm; GE Healthcare Life Sciences, Uppsala, Sweden). TLC was performed using Merck precoated silica gel 60F254 plates. Spots were detected on TLC under UV light and by heating after spraying with 10% H2SO4 in ethanol (v/v). NMR solvents were purchased from Sigma-Aldrich (St. Louis, MO, USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and propidium iodide (PI) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS), and 100 U/mL penicillin and 100 μg/mL streptomycin were purchased from Thermo Scientific Inc. (Waltham, MA, USA).

      Plant Material - The heartwood of D. melanoxylon were collected at Zanzibar, East province, Tanzania in September 2013. The plant was identified by Professor Henry Joseph Hjndangalasi, Department of Botany, Dar es Salaam University, A voucher specimen (No. DH-201-10-47) was deposited in the herbarium of Dar es Salaam University, Dar es Salaam, Tanzania.

      Extraction and Isolation - The dried heartwood of D. melanoxylon (600 g) was extracted with methanol (MeOH, 3 × 1.2 L) at room temperature for 3 days. The MeOH solution was evaporated to dryness to give 140.3 g of dark purple extracts. The MeOH extract was suspended in distilled water (600 mL) and partitioned with an equal volume of ethyl acetate (EtOAc), and then n-butanol (n-BuOH) successively, which afforded an EtOAc soluble fraction (32.6 g), n-BuOH soluble fraction (17.4 g) and remained aqueous fraction (20.1 g), respectively. The EtOAc soluble fraction (10 g) was subjected to silica gel column chromatographed (CC) (70-230 mesh), eluted with a gradient solvent system (MeOH in dichloromethane (CH2Cl2) 0% to 12%) to afford nine fractions (F1→F9). F1 (2.7 g) was subjected to silica gel CC (120 g, 230-400 mesh) and eluted with CH2Cl2-EtOAc (5% stepwise) to give seven subfractions (sub F1→sub F7). Sub F3 (320.8 mg) was chromatography on a silica gel eluted with n-hexane-EtOAc, and Sephadex LH-20 eluted with MeOH, and Diaion HP-20 eluted with MeOH-H2O to afford 1 (40.8 mg) and 5 (37.9 mg), while F2 (1.8 g) was chromatographed using silica gel CC (12 g, 230-400 mesh), eluted with a gradient solvent system (MeOH in CH2Cl2 5% to 35%) to afford five subfractions (sub F8→sub F12). Sub F9 (120.8 mg) was separated over RP-18 column chromatography with CHCl3: MeOH (10:1), which finally gave 8 (29.7 mg), and 9 (19.2 mg). Sub F11 (83.7 mg) was separated and crystallized with MeOH to yield 10 (22.8 mg).

      F5 (2.4 g) was separated over silica gel CC (86 g, 70-230 mesh) with a gradient eluent of n-hexane-EtOAc-MeOH (gradient, 3:1:0→3:2:1) to produce seven subfractions (sub F13→19). Sub F14 (280.2 mg) and sub F17 (237.6 mg) were further separated over silica gel CC and eluted with EtOAc-MeOH (40:1) and EtOAc-MeOH (30:1), to afford sub F20→27 and sub F28→33, respectively. Subsequently, sub F23-26 (72.6 mg) was purified by Sephadex LH-20 eluted with MeOH to afford compound 2 (18.1 mg). Similarly, sub F29-30 (102.8 mg) and sub F31-32 (47.8 mg) were separated over silica gel CC (230-400 mesh), and eluted with n-hexane-EtOAc-MeOH (4:3:1) and EtOAc-MeOH (20:1) to afford 4 (18.1 mg) and 3 (12.7 mg), respectively. Sub F7 (142.3 mg) was separated over silica gel CC (230-400 mesh) and eluted with CH2Cl2-MeOH (82:18) to afford six sub fractions (sub F34→39). Sub F35-38 were purified with HPLC on Develosil-Lop. ODS (5 × 10 cm, 205 nm) eluted with acetone-H2O (45:55, 45 mL/min) to afford 6 (tR = 228 min, 16.1 mg), and eluted with acetone-H2O (20:80, 45 mL/min) to afford 7 (tR = 192 min, 12.5 mg), respectively.

      Dalbergin (1) - White powder; ESI-MS, m/z 267.25 [M-H]-; 1H-NMR (acetone-d6, 500 MHz): δ 11.40 (1H, s, 6-OH), 7.59 (1H, m, H-4′), 7.48 (2H, m, H-3′,5′), 7.21 (2H, m, H-2′,6′), 7.08 (1H, s, H-8), 6.79 (1H, s, H-5), 6.16 (1H, s, H-3), 3.86 (3H, s, 7-OCH3); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      
        Table 1. 
				
        

        
          13C-NMR data of Compounds 1-10
        
        

      

      
        
          
            	Position Carbon
            	Compounds
          

          
            	1*
            	2
            	3
            	4
            	5
            	6
            	7
            	8
            	9
            	10
          

        
        
          	1
          	
          	
          	112.6
          	
          	
          	
          	
          	
          	
          	
        

        
          	2
          	160.9
          	151.3
          	159.8
          	161.6
          	161.0
          	154.2
          	154.7
          	80.4
          	120.1
          	125.8
        

        
          	3
          	111.7
          	125.4
          	101.1
          	111.8
          	111.1
          	122.1
          	122.3
          	44.5
          	130.2
          	130.6
        

        
          	4
          	155.6
          	104.9
          	156.3
          	155.8
          	155.7
          	180.7
          	180.8
          	190.8
          	116.3
          	115.8
        

        
          	5
          	110.6
          	147.9
          	140.3
          	112.2
          	110.6
          	152.9
          	152.7
          	129.4
          	159.6
          	159.9
        

        
          	6
          	144.0
          	149.1
          	118.7
          	144.9
          	143.8
          	131.7
          	132.8
          	111.2
          	116.3
          	115.8
        

        
          	7
          	152.4
          	96.3
          	199.3
          	152.5
          	152.1
          	153.4
          	153.1
          	165.3
          	130.2
          	130.6
        

        
          	8
          	101.0
          	145.0
          	
          	100.6
          	100.9
          	94.1
          	94.3
          	103.5
          	-
          	-
        

        
          	9
          	148.8
          	111.2
          	-
          	149.7
          	148.8
          	157.6
          	156.8
          	163.9
          	-
          	-
        

        
          	10
          	111.3
          	
          	-
          	112.4
          	111.5
          	105.1
          	106.8
          	115.8
          	-
          	-
        

        
          	
          	
          	-
          	-
          	-
          	-
          	
          	
          	
          	-
          	-
        

        
          	1′
          	135.7
          	125.4
          	132.1
          	129.2
          	126.7
          	121.5
          	121.3
          	131.1
          	124.0
          	113.2
        

        
          	2′
          	128.7
          	114.4
          	117.3
          	120.0
          	120.8
          	130.3
          	130.3
          	128.8
          	160.4
          	164.6
        

        
          	3′
          	129.2
          	148.2
          	148.0
          	148.3
          	146.3
          	115.3
          	115.3
          	116.3
          	99.2
          	102.6
        

        
          	4′
          	130.0
          	148.7
          	151.8
          	149.4
          	147.4
          	157.6
          	157.7
          	158.5
          	162.4
          	165.4
        

        
          	5′
          	129.2
          	113.3
          	111.1
          	112.2
          	120.3
          	115.3
          	115.5
          	116.3
          	107.9
          	107.9
        

        
          	6′
          	128.7
          	119.4
          	122.0
          	116.7
          	116.1
          	130.3
          	130.3
          	128.8
          	132.3
          	132.3
        

        
          	α
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	120.3
          	117.8
        

        
          	β
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	141.7
          	143.8
        

        
          	C=O
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	189.2
          	191.4
        

        
          	4-OCH3
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	-
        

        
          	5-OCH3
          	-
          	-
          	56.0
          	-
          	-
          	-
          	-
          	-
          	-
          	-
        

        
          	6-OCH3
          	-
          	56.9
          	-
          	-
          	-
          	60.1
          	60.5
          	-
          	-
          	-
        

        
          	7-OCH3
          	56.6
          	-
          	-
          	55.9
          	56.6
          	-
          	-
          	-
          	-
          	-
        

        
          	2′-OCH3
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	55.7
          	-
        

        
          	4′-OCH3
          	-
          	57.4
          	55.8
          	56.1
          	-
          	-
          	-
          	-
          	-
          	-
        

        
          	CH3
          	-
          	10.3
          	-
          	-
          	-
          	-
          	-
          	-
          	-
          	-
        

        
          	1″
          	-
          	-
          	-
          	-
          	-
          	-
          	100.
          	-
          	-
          	-
        

        
          	2″
          	-
          	-
          	-
          	-
          	-
          	-
          	73.4
          	-
          	-
          	-
        

        
          	3″
          	-
          	-
          	-
          	-
          	-
          	-
          	76.9
          	-
          	-
          	-
        

        
          	4″
          	-
          	-
          	-
          	-
          	-
          	-
          	70.7
          	-
          	-
          	-
        

        
          	5″
          	-
          	-
          	-
          	-
          	-
          	-
          	77.5
          	-
          	-
          	-
        

        
          	6″
          	-
          	-
          	-
          	-
          	-
          	-
          	61.2
          	-
          	-
          	-
        

      

      
        
          *Measured at 125 MHz for 13C
        

      

      

      Dehydromelanoxin (2) - White powder; ESI-MS, m/z 299.30 [M-H]-; 1H-NMR (acetone-d6, 500 MHz): δ 7.86 (1H, s, 3′-OH), 7.34 (1H, s, 5-OH), 7.28 (1H, d, J = 2.4 Hz, H-2′), 7.21 (1H, dd, J = 2.4, 8.4 Hz, H-6′), 7.13 (1H, s, H-7), 7.04 (1H, d, J = 8.4 Hz, H-5′), 6.96 (1H, s, H-4), 3.91 (3H, s, 7-OCH3), 3.89 (3H, s, 4′-OCH3), 2.37 (3H, s, 3-CH3); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      Melanoxoin (3) - White powder; ESI-MS, m/z 289.27 [M-H]-; 1H-NMR (acetone-d6, 500 MHz): δ 13.08 (1H, s, 2-OH), 11.65 (1H br s, 3′-OH), 11.10 (1H, br s, 5-OH), 7.77 (1H, d, J = 2.0 Hz, H-2′), 7.69 (1H, s, H-6), 7.38 (1H, d, J = 2.0, 8.4 Hz, H-6′), 6.86 (1H, s, H-3), 6.75 (1H, d, J = 8.4 Hz, H-5′), 3.84 (3H, s, 4′-OCH3), 3.80 (3H, s, 4-OCH3); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      Melannein (4) - White powder; ESI-MS, m/z 313.30 [M-H]-, 1H-NMR (acetone-d6, 500 MHz): δ 11.61 (1H, br s, 3′-OH), 11.50 (1H, br s, 6-OH), 7.49 (1H, s, H-8), 7.31 (1H, dd, J = 2.1, 8.4 Hz, H-6′), 7.08 (1H, d, J = 8.4 Hz, H-5′), 7.07 (1H, s, H-5), 7.01 (1H, d, J = 2.1 Hz, H-2′), 6.44 (1H, s, H-3), 3.84 (3H, s, 4′-OCH3), 3.81 (3H, s, 7-OCH3); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      3′-Hydroxymelanettin (5) - White powder; ESI-MS, m/z 299.27 [M-H]-; 1H-NMR (acetone-d6, 500 MHz): δ 10.71 (1H, s, 3′-OH), 9.50 (1H, s, 4′-OH), 9.47 (1H, s, 6-OH), 7.38 (1H, dd, J = 2.4, 8.4 Hz, H-6′), 7.31 (1H, s, H-8), 7.12 (1H, s, H-5), 7.06 (1H, d, J = 8.4 Hz, H-5′), 6.98 (1H, d, J = 2.4 Hz, H-2′), 6.45 (1H, s, H-3), 3.81 (3H, s, 7-OCH3); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      Tectorigenin (6) - Pale yellow powder; ESI-MS, m/z 299.26 [M-H]-; 1H-NMR (acetone-d6, 500 MHz): δ 13.04 (1H, s, 5-OH), 10.74 (1H, s, 4′-OH), 9.58 (1H, s, 7-OH), 8.31 (1H, s, H-2), 7.28 (2H, d, J = 8.5 Hz, H-2′, H-6′), 6.81 (2H, d, J = 8.5 Hz, H-3′, 5′), 6.54 (1H, s, H-8), 3.71 (3H, s, 6-OCH3); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      Tectoridin (7) - Yellow plates; ESI-MS, m/z 461.43 [M-H]-; 1H-NMR (acetone-d6, 500 MHz): δ 13.04 (1H, s, 5-OH), 10.74 (1H, s, 4′-OH), 8.31 (1H, s, H-2), 7.35 (2H, d, J = 8.5 Hz, H-2′, H-6′), 6.83 (2H, d, J = 8.5 Hz, H-3′, 5′), 6.51 (1H, s, H-8), 4.65 (1H, d, J = 7.5 Hz, H-1″), 3.75 (3H, s, 6-OCH3), 3.69 (1H, m, H-6″b), 3.46 (1H, m, H-6″a), 3.40 (1H, m, H-3′′), 3.24 (1H, m, H-5″), 3.19 (1H, m, H-2″), 3.15 (1H, m, H-4″); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      Liquiritigenin (8) - Pale yellow plates; ESI-MS, m/z 255.23 [M-H]-; 1H-NMR (acetone-d6, 500 MHz): δ 7.67 (1H, d, J = 8.7 Hz, H-5), 7.53 (2H, d, J = 7.4 Hz, H-2′, 6′), 6.74 (1H, dd, J = 2.1, 6.4 Hz, H-6), 6.31 (1H, s, H-8), 6.08 (2H, d, J = 7.4 Hz, H-3′, 5′), 5.51 (1H, dd, J = 2.8, 12.8 Hz, H-2), 3.26 (1H, dd, J = 2.8, 12.8 Hz, H-3a), 2.65 (1H, dd, J = 2.8, 12.8 Hz, H-3b); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      2′-O-Methylisoliquiritigenin (9) - Colorless powder; ESI-MS, m/z 269.28 [M-H]-; 1H-NMR (DMSO-d6, 500 MHz): δ 10.1 (1H, br s, 4-OH), 9.86 (1H, br s, 4′-OH), 7.76 (1H, d, J = 15.0 Hz, H-β), 7.73 (1H, d, J = 15.2 Hz, H-α), 7.64 (1H, d, J = 8.6 Hz, H-6′), 7.51 (2H, d, J = 8.4 Hz, H-2, H-6), 7.40 (1H, d, J = 2.1 Hz, H-3′), 6.89 (2H, d, J = 8.4 Hz, H-3, H-5), 6.30 (1H, dd, J = 2.0, 8.4 Hz, H-5′), 3.85 (3H, s, 2′-OCH3); 13C-NMR (DMSO-d6, 125 MHz): Table 1.

      Isoliquiritigenin (10) - White needles; ESI-MS, m/z 255.25 [M-H]-; 1H-NMR (acetone-d6, 500 MHz): δ 11.28 (3H, s, 2′-OH), 10.9 (1H, br s, 4-OH), 9.72 (1H, br s, 4′-OH), 7.73 (1H, d, J = 15.2 Hz, H-β), 7.64 (1H, d, J = 15.2 Hz, H-α), 7.60 (1H, d, J = 8.0 Hz, H-6′), 7.53 (2H, d, J = 8.4 Hz, H-2, H-6), 7.42 (1H, d, J = 2.0 Hz, H-3′), 6.89 (2H, d, J = 8.4 Hz, H-3, H-5), 6.32 (1H, dd, J = 2.0, 8.0 Hz, H-5′); 13C-NMR (acetone-d6, 125 MHz): Table 1.

      Cell cultures - HCT116, MDA-MB-231, and A2058 cell lines were obtained from the Korean Cell Line Bank (KCLB, Seoul, Korea). The cells were maintained in Roswell Park Memorial Institute Media 1640 (RPMI 1640), supplemented with 10% FBS, 100 units/mL penicillin, and 100 μg/mL streptomycin, and the cells were incubated at 37oC in a humidified incubator in a 5% CO2 atmosphere. Cell counts were performed using a hemocytometer from Hausser Scientific (Horsham, PA, USA).

      Cytotoxicity assay - The cytotoxic effect of each compound against the HCT116, MDA-MB-231 and A2058 cell lines were estimated colorimetrical using MTT assay, which is based on the reduction of a tetrazolium salt by a mitochondrial dehydrogenase in viable cells.23 Doxorubicin (Sigma-Aldrich Co., >98.0%) was used as positive control. The results were expressed as relative viable cells compared to the controls (untreated cells). The 50% inhibitory concentration (IC50) values of anti-proliferative activity were calculated and converted into the IC50 Dose.

    

    

  
    
      Results and Discussion
      The MeOH extract of the dried heartwood of D. melanoxylon was partitioned successfully with EtOAc, n-BuOH and aqueous soluble fractions. Column chromatography was repeated using silica gel, Sephadex LH-20, and Diaion HP-20 of the soluble fractions of EtOAc and n-BuOH led to the isolation of ten compounds (1-10) (Fig. 1). The structures of the isolated compounds were identified by spectroscopic analysis including 1H,13C-NMR, and ESI-MS spectral data with those in the literatures to be dalbergin (1),24,25 dehydromelanoxoin (2),(25), melanoxoin (3),25 melannein (4),25 3′-hydroxymelanettin (5),24 tectorigenin (6),26-28 tectoridin (7),29 liquilitigenin (8),30,31 2′-O-methylisoliquilitigenin (9),31 and isoliquilitigenin (10)32,33 (Table 1). The isolated compounds 1-10 were evaluated for the cytotoxic activity against HCT116, MDA-MB-231, and A2058 cell lines through MTT assay, using Doxorubicin as a positive control. Among the compounds tested, compounds 2, 3, and 7-10 showed strong cytotoxicity with an IC50 values of < 30 μM against tested cell lines (Table 2).

      
        
        

        Fig. 1. 
				
        

        
          Chemical structure of compounds 1-10.
        
        

        

      

      
        Table 2. 
				
        

        
          Inhibition of tumor cell proliferation by compounds 1-10 against HCT116, MDA-MB-231, and A2058 cell lines
        
        

      

      
        
          
            	Compounds
            	IC50 ± SD (μM)*
          

          
            	HCT116
            	MDA-MB-231
            	A2058
          

        
        
          	
            1
          
          	> 30
          	> 30
          	> 30
        

        
          	
            2
          
          	> 30
          	> 30
          	21.64 ± 1.28
        

        
          	
            3
          
          	11.92 ± 1.0714.
          	14.37± 1.02
          	> 30
        

        
          	
            4
          
          	> 30
          	> 30
          	> 30
        

        
          	
            5
          
          	> 30
          	> 30
          	> 30
        

        
          	
            6
          
          	> 30
          	> 30
          	> 30
        

        
          	
            7
          
          	> 30
          	27.38 ± 1.07
          	> 30
        

        
          	
            8
          
          	24.74 ± 1.62
          	> 30
          	> 30
        

        
          	
            9
          
          	> 30
          	> 30
          	13.49 ± 1.18
        

        
          	
            10
          
          	10.83 ± 1.02
          	13.62 ± 1.09
          	9.82 ± 0.91
        

        
          	Doxorubicin**
          	0.216
          	0.102
          	0.09
        

      

      
        
          *IC50 values of compounds against each cancer cell lines, which was defined as a concentration (μM) that caused 50% inhibition of cell proliferation in vitro
        

        
          **positive control
        

      

      

      The naturally occurring neoflavonoids have been grouped together in accordance with their structural types and sources. Neoflavonoids are found in Leguminosae, Guttiferae, Rubiaeeae and more recently Passifloraceae. Among them, the arylcoumarins are of widespread distribution. The open-chain neoflavonoids can be subdivided according to their oxidation levels giving dalbergiquinol, dalbergione, and benzophenone groups. It is interesting to compare the different oxidation levels of isolated compounds from Dalbergia species.34 Up to date, arylcoumarin, arylbenzofuran, and benzophenone groups were isolated from the heartwood of Dalbergia melanoxylon. In the present study, compound 2 had a cytotoxicity with IC50 values of 21.64 ± 1.28 μM in A2058, and compound 3 of 11.92 ± 1.07 μM and 14.37 ± 1.02 μM in HCT116 and MDA-MB-231 cell lines, respectively. Compound 3, which has a carbonyl (C=O) linkage between the phenyl A and B rings exhibited cytotoxicity against HCT116 and MDA-MB-231 cell lines. Whereas, compounds 1, 4, and 5 which contain a lactone ring C and allyl (CH-CH=CH2) group formed by cyclization of a –C7-C8-C9-O- moiety onto ring B, was inactive (IC50 > 30.0 μM). These results were supported from previously studies that the presence of a carbonyl group in neoflavonoids structure can increase cytotoxic activity.25 Therefore, the structural comparison of compound 3 with the other neoflavonoids 1, 4, and 5 indicate that carbonyl linkage contribute cytotoxicity, whereas, heterocyclic ring C abolish to cytotoxicity in HCT116 and MDA-MB-231 cell lines.

      Chalcone-based compounds (1,3-diaryl-2-propen-1-ones), natural or synthetic, have been widely reported to exhibit various biological activities, especially with regard to anticancer activities.35,36 Isoliquiritigenin (10) and its derivatives is applied into disease treatment such as cancer therapy and antibiotic therapy.37 In our experiments, compound 10 had a highest cytotoxicity against HCT116, MDA-MB-231, and A2058 cell lines of IC50 values of 10.83 ± 1.02 μM, 13.62 ± 1.09 μM, and 9.82 ± 0.91 μM, respectively. These results were supported from previously studies on cytotoxicity in colorectal cancer,32 and melanoma cell lines.38,39 Melanoma is the most aggressive type of skin cancer that originates from melanocytes, accounting for a high mortality rate annually.40 It is well known that surgical resection is the most common treatment for melanoma, but it is mostly invalid for patients with advanced melanoma, and the prognosis is poor with a 5-year survival rate < 16%.41 For these reasons, it has attracted increasing attention that looking for natural components and exploring the potential molecular mechanism of melanoma development is important for the treatment of malignant melanoma. Compound 9 also showed the anti-proliferative activity of IC50 values of 13.49 ± 1.18 μM in A2058 cell lines. On the other hand, compound 8 has rather inhibitory activity in HCT116 cell lines of IC50 values of 24.74 ± 1.62 μM, similar to published data.30 Colorectal cancer is thought to occur as a result of changes in the normal colon epithelial cells as adenomatous colorectal polyps. Chemotherapy and surgery are commonly used to treat cancer, but have many side effects. Flavonoids and related plant-derived phenolic compounds are well-known to have a wide range of cytotoxic activities. In the present study, compounds 3 and 10 might be intended to find natural resources with potent cytotoxic activity.

      Overall, our research exhibited the heartwood of D. melanoxylon might be precious and valuable traded timber species. To the best our knowledge, compounds 2, and 5-10 were isolated from this source for the first time. However, further studies are required for investigation of cytotoxicity in molecular basis underlying in vitro and in vivo.
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