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One new cerebroside, macaocerebroside A (1), and 15 known compounds (2–16) were isolated from Solanum macaonense for the first time. In an antineutrophilic inflammatory assay, four caffeic acid derivatives (2–5) were active against superoxide anion generation with IC50 values of 3.3–4.8 μM; especially, 3 inhibited elastase release with an IC50 value of 4.0 μM. Additionally, kaempferol (8) also showed inhibition against elastase release with an IC50 value of 4.0 μM. In a cytotoxic assay, rutin (14) had selective moderate cytotoxicity toward human lung (A549), bladder (NTUB1), and prostate (DU145) cancer cell lines with IC50 values of 34.6, 41.3, and 31.8 µM, respectively.
Keywords:  Solanum macaonense, Solanaceae, Anti-inflammation, Cytotoxicity.

Solanum macaonense Dunal (Solanaceae) grows in the southwestern plains of Taiwan [1]. It was found that the 95% MeOH-soluble and n-BuOH-soluble extracts of the aerial parts of S. macaonense showed antineutrophilic inflammatory and cytotoxic activities. However, no phytochemical and biological studies of this species have been reported, except data in relation to the anti-inflammatory spirostanol and furostanol saponins [2].
In the current study, chromatographic fractionation of the two above-mentioned soluble extracts of S. macaonense led to the isolation of 16 compounds. Among these secondary metabolites, one new cerebroside, macaocerebroside A (1) and 15 known compounds (Figure 1), four caffeic acid derivatives, trans-​caffeic acid (2), chlorogenic acid butyl ester (3), chlorogenic acid methyl ester (4), chlorogenic acid (5), two amides, trans-N-(p-coumaroyl)tyramine (6), trans-​N-​feruloyltyramine (7), seven flavonoids, kaempferol (8), kaempferol 3-O-β-D-galactopyranoside (9), kaempferol 3-O-β-D-glucopyranoside (10), kaempferol 3-O-robinoside (11), kaempferol 3-O-rutinoside (12), quercetin 3β-​O-​glucoside (13), rutin (14), one ligand, (+)​-​syringaresinol 4'-​O-​β-​glucopyranoside (15), and benzaldehyde (16) were identified by NMR spectroscopic and MS data interpretation. Most of them were assayed by both the aforementioned biological tests.
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Figure 1: Structures of compounds 1−16.

The HRESIMS of 1 showed a [M+H]+ ion at m/z 714.5510 (C40H76O9N). Hydroxyl (3325 cm-1) and amide (1643 and 1539   cm-1) absorptions were observed in the IR spectrum. Based on the 
Table 1: 1H and 13C NMR spectroscopic data of compound 1 (500 MHz, 125 MHz C5D5N)a.
	
	1

	position
	δH
	δC

	1
	4.24 (o), 4.71 (dd, 10.5, 6.0)
	70.1

	2
	4.81 (m)
	54.5

	3
	4.76 (m)
	72.2

	4
	5.99 (dd, 15.5, 6.0)
	131.9b

	5
	5.93 (dt, 15.5, 5.5)
	132.1b

	6
	2.17 (2H, o)
	32.9c

	7
	2.02 (o), 2.15 (o)
	32.8c

	8
	5.50 (o)
	129.9d

	9
	5.50 (o)
	131.0d

	10
	2.15 (o), 2.02 (o)
	32.7c

	11-15
	1.27-1.39 (m)
	29.5-30.0

	16
	1.27 (2H, o)
	32.1e

	17
	1.27 (2H, o)
	22.9

	18
	0.88 (t, 5.0)
	14.2

	NH
	8.35 (d, 8.5)
	

	1′
	
	175.6

	2′
	4.58 (m)
	72.4

	3′
	2.00 (m), 2.18 (m)
	35.6

	4′
	1.72 (m), 1.80 (m)
	25.8

	5′-13′
	1.27-1.39 (m)
	29.5-30.0

	14′
	1.27 (2H, o)
	32.1e

	15′
	1.27 (2H, o)
	22.9

	16′
	0.88 (t, 5.0)
	14.2

	Glc
	
	

	1″
	4.91 (d, 8.0)
	105.5

	2″
	4.03 (t, 7.5)
	75.0

	3″
	4.20 (o)
	78.4

	4″
	4.20 (o)
	71.5

	5″
	3.90 (m)
	78.5

	6″
	4.35 (dd, 12.0, 5.0), 4.51 (d, 12.0)
	62.6


a o: overlapped with other signals; m: multiplet signals.
b−e Data with the same superscript letter are interchangeable.
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Figure 2: Key COSY and HMBC correlations for compound 1.
NMR data (Table 1), compound 1 could be assigned as having a glycosphingolipid skeleton with an amide linkage (NH: δH 8.35, H-2/C-2: δH 4.81/δC 54.5, C-1′: δC 175.6), a sugar (H-1″/C-1″: δH 4.91/δC 105.5), and two long-chain aliphatic moieties (H-18/C-18, H-16′/C-16′: δH 0.88/δC 14.2, H-11-15/C-11-15, H-5′-13′/C-5′-13′: δH 1.27-1.39/δC 29.5-30.0). An oxygenated methylene (δH 4.24, 4.71/δC 70.1), two carbinol (δH 4.76/δC 72.2, δH 4.58/δC72.4), and two pairs of olefinic (δH 5.50/δC 129.9, δH 5.50/δC 131.0, δH 5.93/δC 132.1, δH 5.99 /δC 131.9) groups were also observed (Table 1).
The C-4 and C-5 double bond was found to be trans, as evidenced by the vicinal coupling constant (JH-4,H-5 = 15.5 Hz) [3]. The E-configuration of the C-8 and C-9 double bond in 1 was determined from the carbon chemical shift values of allylic methylenes (C-7: δ 32.8, C-10: δ 32.7) (E: δC > 30 ppm; Z: δC < 28 ppm) [4,5]. The key HMBC and COSY correlations of 1 are shown in Figure 2. Accordingly, the structure of 1 was very similar to that of soya-cerebroside I [5]. Methanolysis of 1 afforded the fatty acid methyl ester, methyl 2-hydoxyhexadecanoate, which was identified by GC-MS analysis and a mixture of α- and β- methyl glucopyranosides, indicating that the other long chain has a C18 skeleton. The S-configuration at C-2 of methyl 2-hydoxyhexadecanoate was elucidated by comparison of the optical rotation data ([α]24D +23.9, CHCl3) with that of soya-cerebroside I  ([α]D −0.9, ethanol) [5].
The optical rotation of the methyl glucoside mixture, [α]23D +76.3, was close to that of an authentic sample ([α]25D +77.3) [6]. Therefore, the β-glucose (H-1″, δH 4.91, d, J = 8.0) moiety was deduced to be the D-isomer. The chemical shifts at δH 4.81 (H-2) and δC 70.1 (C-1), 54.5 (C-2), and 72.2 (C-3) in 1 were in agreement with those reported for (2S, 3R)-phytosphingosine moieties [3,7]. Thus, the structure of 1 was determined to be 1-O-β-D-glucopyranosyl-(2S,3R,4E,8E)-2-[(2′S)-2′-hydroxypalmitoyl- amino]-4,8-octadecadiene-1,3-diol.
All isolates were assayed for antineutrophilic inflammatory effects (Table 2). In the assay, neutrophils were activated by formyl-L-methionyl-L-leucyl-L-phenylalanine (FMLP)/cytochalasin B (CB) to produce mediators of neutrophilic inflammation, superoxide anion and elastase. Four caffeic acid derivatives (2–5) were active against superoxide anion generation (IC50 3.3, 4.6, 4.8, and 4.2 μM, respectively); especially, 3 inhibited elastase release, with an IC50 value of 4.0 μM. Besides, kaempferol (8) showed inhibition against elastase release with an IC50 value of 4.0 μM. Compounds 11 and 15 were isolated in insufficient quantity for testing in the cytotoxicity assays. Rutin (14) showed selective moderate cytotoxicity toward human lung (A549), bladder (NTUB1), and prostate (DU145) cancer cell lines, with IC50 values of 34.6, 41.3, and 31.8 µM, respectively.
Table 2: Effects of compounds 1−16 on superoxide anion generation and elastase release in FMLP/CB-induced human neutrophilsa.
	compound
	superoxide anion
	elastase release

	
	IC50 (µM)b
	IC50 (µM)b

	2
	3.3
	± 0.8
	*
	> 10

	3
	4.6
	± 1.1
	*
	4.0
	± 0.3
	*

	4
	4.8
	± 0.3
	*
	> 10

	5
	4.2
	± 0.7
	*
	> 10

	8
	> 10
	4.0
	± 0.5
	*

	Apocyninc
	48.4
	± 6.3
	
	> 10

	Sivelestatc
	> 10
	0.1
	± 0.0
	


aResults are presented as means ± S.E.M. (n = 3) (* p < 0.001 compared with the control value). Compounds 1, 6, 7, and 9–16 were inactive in both assays (IC50 > 10 µM). bConcentration necessary for 50% inhibition (IC50). cApocynin and sivelestat were used as positive controls for superoxide anion generation and elastase release, respectively.
In our preliminary investigation of S. macaonense, spirostanol, furostanol saponins [2], caffeic acid derivatives, amides, flavonoids, a ligand, and benzaldehyde were found. Spirostanol saponins [2] and caffeic acid derivatives could be the principles of the antineutrophilic inflammatory property and were chosen for further research of anti-inflammatory drug development.
Experimental

General: Optical rotations and IR spectra were recorded on a JASCO-P-1020 polarimeter (cell length 10 mm) and a Shimadzu model IR Prestige-21 Fourier- transform infrared spectrophotometer, respectively. NMR spectra were measured on a Bruker UltrashieldTM 500 Plus instrument. Chemical shift (δ) values are in ppm and coupling constants (J) in Hz with C5D5N used as the internal standard. Low- and high-resolution ESIMS were measured on a Bruker Daltonics Esquire HCT ultra high capacity trap mass spectrometer and an Orbitrap mass spectrometer (LTQ Orbitrap XL, Thermo Fisher Scientific), respectively. TLC was performed on Kieselgel 60 F254 (0.25 mm, Merck) and/or RP-18 F254S (0.25 mm, Merck) coated plates, and then stained by spraying with 10% H2SO4 and heating on a hot plate. Silica gel (Silicycle 70–230 and 230–400 mesh), RP-18 (LiChroprep® 40–63 µm, Merck), SephadexTM LH-20 (GE Healthcare, Uppsala, Sweden) and Diaion® HP-20 (Supelco) were used for column chromatography. A Shimadzu LC-20AT pump and a Shimadzu RID-10A refractive index detector (Shimadzu Inc., Kyoto, Japan), along with a Supelco Ascentis® (250 × 10 mm i.d., 5 µm, C18) column, were used for HPLC at a flow rate of 2.0 mL/min.
Plant material: Aerial parts of S. macaonense were collected in Kaohsiung, Taiwan, in March, 2011 and identified by C.-L. K. A voucher specimen (SM201103) was deposited at the Chinese Medicine Research and Development Center, CMUH, Taichung, Taiwan.
Extraction and isolation: The aerial parts of S. macaonense (1.2 kg) were extracted 4 times with MeOH (8.0 L each) at room temperature to obtain a crude extract. The MeOH extract was partitioned between EtOAc and H2O (1:1, v/v) to give an EtOAc-soluble fraction (25.1 g) and an aqueous phase (113.3 g), which were partitioned with n-hexane/95% MeOH and n-BuOH/H2O (1:1), respectively, to give 4 fractions. 

Fractionation of the 95% MeOH-soluble fraction (16.3 g) was subjected to open CC on silica gel (column: 8 × 20 cm), using gradients of CHCl3–MeOH–H2O, to give 10 sub-fractions (SME1–SME10). SME4 (381.9 mg) was separated by silica CC (column: 3 × 28 cm; CHCl3–MeOH, 100:0 to 50:1), and its sub-fraction SME4-2 (50.4 mg) was further subjected to Sephadex LH-20 CC (column: 2 × 28 cm; MeOH) to give two additional sub-fractions. Sub-fraction SME4-2-1 (52.4 mg) was purified by silica CC (column: 2 × 28 cm; EtOAc–n-hexane, 3:1) and RP-18 CC (column: 1 × 28 cm; MeOH–H2O, 50:50) to give 16 (6.8 mg). Sub-fraction SME5 (2.0 g) was fractionated into 7 fractions by Sephadex LH-20 (column: 5 × 57 cm; CHCl3–MeOH, 1:1) to give 8 (14.0 mg). Fraction SME5-5 (322.0 mg) was subjected to silica CC (column: 1.5 × 26 cm; CHCl3–MeOH 40:1) and on precipitation 7 (7.5 mg) was obtained with 50% MeOH. Fraction SME6 (1.0 g) was separated by Sephadex LH-20 CC (5 × 57 cm; CHCl3–MeOH 1:1) to obtain seven sub-fractions. Sub-fraction SME6-4 (66.4 mg) was partitioned with CHCl3–MeOH, and its MeOH sub-fraction SME6-4-M (42.0 mg) was subjected to silica CC (column: 1.5 × 30 cm; CHCl3–MeOH, 18:1) and then RP-HPLC (MeOH–H2O, 43:57) to give 6 (15.8 mg, tR = 35 min). SME7 (1.4 g) was chromatographed over Sephadex LH-20 (column: 5 × 57 cm; CHCl3–MeOH, 1:1), with sub-fraction SME7-8 (44.0 mg) then subjected to silica CC (column: 2 × 25 cm; CHCl3–MeOH, 8:1) to give 2 (26.0 mg). Sub-fraction SME8 (3.1 g) was subjected to separation over Sephadex LH-20 (column: 5 × 53 cm; CHCl3–MeOH, 1:1) to obtain 6 sub-fractions. Sub-fraction SME8-3 (808.2 mg) was separated by silica CC (column: 3 × 23 cm; CHCl3–MeOH, 15:1 to 10:1), and its sub-fraction SME8-3-3 (165.0 mg) was further subjected to RP-18 CC (column: 2 × 28 cm; MeOH–H2O, 85:15, 90:10, 100:0) to give 1 (59.4 mg). Sub-fraction SME9 (3.4 g) was subjected to separation over a Sephadex LH-20 (column: 5 × 58 cm; CHCl3–MeOH, 1:1) to obtain 7 sub-fractions. SME9-5-A (239.4 mg) was further purified by RP-HPLC (MeOH–H2O, 45:55 and 43:57) to obtain 9 (15.3 mg, tR = 28 min) and 10 (11.2 mg, tR = 31 min), respectively. SME10 (3.3 g) was subjected to Sephadex LH-20 (column: 5 × 58 cm; CHCl3–MeOH, 1:1) and silica CC (column: 3 × 28 cm; CHCl3–MeOH, 18:1), and purified by RP-HPLC (MeOH–H2O, 50:50) to obtain 3 (14.8 mg, tR = 22 min). 
The n-BuOH-soluble fraction (34.4 g) was chromatographed over a Diaion HP-20 column (7 × 14.5 cm; H2O–MeOH–acetone, 100:0:0, 80:20:0, 60:40:0, 40:60:0, 20:80:0, 0:100:0, 0:0:100), to give 9 sub-fractions (SMB1–SMB9). Sub-fraction SMB4 (4.6 g) was purified over Sephadex LH-20 (column: 5 × 58 cm; MeOH) to produce 7 sub-fractions. Sub-fraction SMB2 (4.3 g) was separated over a Sephadex LH-20 column (5 × 48 cm; MeOH) to obtain 8 sub-fractions. Sub-fraction SMB2-5 (466.0 mg) was purified by silica CC (column: 2.5 × 20 cm; CHCl3–MeOH, 4:1 to 2:1) to give 5 (81.0 mg), and its sub-fraction SMB2-5-3 (126.0 mg) was subjected to silica CC (column: 2.5 × 21.5 cm; CHCl3–MeOH, 7:1) to give 4 (38.0 mg). Sub-fraction SMB4-2 (2.9 g) was separated by silica CC (column: 4.5 × 30 cm; CHCl3–MeOH, 5:1, 4:1, 3:1, 2:1, 1:1), and its sub-fraction SMB4-2-2 (46.0 mg) was further purified by RP-18 CC (column: 2 × 21 cm; MeOH–H2O, 50:50) to give 15 (8.0 mg). Sub-fraction SMB4-4 (398.0 mg) was separated into 6 sub-fractions by silica CC (column: 2 × 24 cm; CHCl3–MeOH, 4:1), and sub-fraction SMB4-4-3 (36.0 mg) was subjected to RP-18 CC (column: 2 × 21 cm; MeOH–H2O, 50:50). Sub-fraction SMB4-4-3-2 (22.0 mg) was purified by RP-HPLC (MeOH–H2O, 45:55) to obtain 11 (3.0 mg, tR = 30 min) and 12 (9.0 mg, tR = 34 min). Sub-fraction SMB4-4-5 (46.0 mg) was subjected to RP-18 CC (column: 2 × 21 cm; MeOH–H2O, 50:50) to give 14 (13.0 mg). SMB4-6 (59.0 mg) was subjected to RP-18 CC (column: 2 × 20.5 cm; MeOH–H2O, 50:50). Sub-fraction SMB4-6-2 (20.0 mg) was purified by RP-HPLC (MeOH–H2O, 50:50; MeCN–H2O, 20:80) to obtain 13 (6.0 mg, tR = 20 min).
Macaocerebroside A (1)
[α]26D: +35.7 (c 0.07, MeOH).
IR (neat) νmax: 3325 (OH), 2920, 2851, 2361, 2338, 1643, 1539 (amide), 1466, 1076, 1034, 964, 721, 652 cm-1.
1H and 13C NMR: Table 1. 
HRMS-ESI: m/z [M + H]+ calcd for C40H76O9N: 714.5515; found: 714.5510.
Methanolysis of 1: Compound 1 (1.0 mg) was refluxed separately with 5% HCl in MeOH (2 mL) at 70°C for 6 h. The reaction mixture was extracted with n-hexane (2 mL) and the n-hexane layer was concentrated to give a fatty acid methyl ester (FAME) for GC-MS analysis (DSQ II GC/MS, Thermo Scientific, USA) under the following conditions: DB-5MS capillary column (30 m × 0.25 mm × 0.25 µm); injector, 250°C; injection volume, 1 µL; column oven temperature, 50°C, 3 min, 50–200°C, Δ 25°C/min, 200°C, 15 min; column flow, 1.0 mL/min; ion source temperature, 250°C; EI, 70 eV; mass range, m/z 45–400. Under these conditions, the retention time (tR) for the FAME of 1 was 15.9 min, m/z 286, 227 [M]+, which was identifed as 2S-hydoxyhexadecanoate by 1: [α]24D +23.9 (c 0.31, CHCl3) [5]. The MeOH layer was concentrated under reduced pressure and partitioned between H2O and diethyl ether. The H2O layer was evaporated to yield methyl D-glucopyranoside, 1: [α]23D +76.3 (c 0.24, MeOH) [6].
Measurement of superoxide anion generation: The assay of the generation of superoxide anions was carried out according to established protocols by monitoring the reduction of ferricytochrome c that could be inhibited by superoxide dismutase [2]. The positive control was apocynin, which is a NADPH oxidase inhibitor. An IC50 value of > 10 µM is regarded as inactive.
Elastase release assays: Elastase release was measured by degranulation of azurophilic granules, as described previously [2]. Sivelestat, a serine protease inhibitor, was used as the positive control. An IC50 value of > 10 µM is regarded as inactive.
Cytotoxicity: Compounds were tested against human lung (A549, H1299), breast (MCF-7), ovarian (SKOV3), colon (HCT116), bladder (NTUB1), prostate (DU145) and oral (Ca922) cancer cell lines using an established colorimetric MTT assay protocol [8]. The absorbance was measured at 550 nm using a microplate reader. The IC50 is the concentration of agent that reduced cell viability by 50% under the experimental conditions. The IC50 value of > 20 µM is regarded as inactive. Taxol was used as the positive control.
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