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Abstract:  Fifteen phenylpropanoids were isolated from the ethanol extract of Solanum melongena L. roots, 

including a new compound, melongenapanoid A (1), and fourteen known compounds (2-15) were isolated from 

the species. Their chemical structures were elucidated by interpreting the 1D and 2D NMR and HR-MS data as 

well as in comparison with the literature. The anti-inflammatory activities of isolates were evaluated by measuring 

their inhibitory activities on nitric oxide (NO) production induced by lipopolysaccharide (LPS) in RAW 264.7 cell 

line. Compounds 2, 4 and 5 showed potential inhibition of NO production with IC50 values of 28.7, 24.4 and 32.6 

μM, respectively. 
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1. Introduction 

Solanum melongena L. (Solanaceae), is widely distributed across the world, and there are 40 

species and 14 varieties of the genus Solanum were cultivated in the different parts of China [1,4]. As a 

traditional Chinese medicine, the roots of Solanum melongena L., are widely used for the treatment of 

chilblains, wind-damp-heat syndrome, and toothache. The pharmacological studies showed that the 

Solanum melongena L. have antioxidant [2], anti-inflammatory [3], antitumor [4]. Previous 

phytochemical investigations on genus Solanum have identified more than 100 compounds, which 

include flavonoids [5], steroidal glycosides [6,7], steroids [8,9], phenylpropanoid amides [1], alkaloids 

[4]. Among them, there are more than 30 kinds of alkaloids and they are also the main active 

components, and the extract has anti-inflammatory activity [4,10,11], but no one has elucidated the 

active substance. In order to discover the phenylpropanoids with anti-inflammatory activity, the 70% 
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ethyl alcohol extracts of Solanum melongena L. roots were subjected to phytochemistry identification, 

leading to the isolation of one new phenylpropanoid, melongenapanoid A (1), together with fourteen 

knowns (2-15) for the first time isolated from this plant. While, the determination of the anti-

inflammatory activity of isolates by measuring their inhibitory activities on NO production by LPS-

induced RAW 264.7 cell line was carried out. The isolation, structural elucidation, and anti-

inflammatory activity procedures details were reported in the following section. 

 

2. Materials and Methods 

2.1. Materials and Instruments  

NMR spectra were obtained on Bruker DPX 400 instrument (Bruker, Karlsruhe, Germany) and 

the optical rotations were determined with a JASCO P-2000 instrument (Jasco, Tokyo, Japan) while, the 

HR-ESI-MS data was recoreded on Waters Xevo-TOF-MS (Waters, Milford, America). Semi-

preparative HPLC was conducted with a Waters XBridgeTM Prep C18 column (250×10 mm, 5 μm) 

(Waters, Milford, America), and the HPLC system was equipped with a Shimadzu CBM-20A, RID 

detector, and LC-6AD pump (Shimadzu, Tokyo, Japan). Column chromatography was performed using 

silica gel of 100-120 mesh and 200-300 mesh (Qingdao Marine Chemical Co., Qingdao, China), ODS 

(YMC Company Ltd., Japan), and Sephadex LH-20 (Merck, Germany). All the solvents were of 

analytical grade (Tianjinfuyu Co., Tianjin, China). 

The roots of Solanum melongena L. were collected in September 2016 from Anguo City, Hebei 

Province, People's Republic of China. They were identified by Prof. Rui-Feng Fan of the Heilongjiang 

University of Chinese Medicine. The voucher specimen (No. 20160918) was deposited in Heilongjiang 

University of Chinese Medicine, Harbin, China. 

 

2.2. Isolation of Compounds 

The dried roots of S. melongena (20 kg) were extracted with 70% ethanol under reflux for three 

times (2 h, each), and the solvent was recovered to afford the extract (1503 g). The extract was separated 

through MCI chromatographic column and successively eluted by 30%, 60%, and 80% CH3OH. The 

different elutions were dried under vacuum to afford 30% CH3OH fraction (A, 597 g), 60% CH3OH 

fraction (B, 403 g), and 80% CH3OH fraction (C, 171 g), respectively.  

Fraction B (200 g) was subjected to silica gel column chromatography (CH2Cl2-CH3OH, 1:0-

0:1, v/v) to afford nine fractions B1-B9. Fraction B2 was separated by ODS column chromatography 

with MeOH-H2O (2:8 to 1:0) to afford sub-fractions B2A-B2K. Sub-fraction B2F was applied to semi-

preparative HPLC to yield compounds 1 (1.5 mg), 5 (14.3 mg), 6 (3.7 mg), 13 (4.2 mg), and 15 (1.4 

mg), respectively. Fraction B3 was purified through semi-preparative HPLC to afford compounds 14 

(8.4 mg). Fraction B4 was separated by semi-preparative HPLC to yield compounds 2 (3.7 mg), 3 (5.3 

mg), 10 (3.0 mg), and 11 (8.8 mg). 

 
 

Figure 1. 1H-1H COSY correlations and the selected HMBC correlations of compound 1 

Fraction C (150 g) was subjected to silica gel column chromatography (CH2Cl2-CH3OH, 1:0-

0:1, v/v) to afford seven fractions C1-C7. Sub-fraction C2 was performed on Sephadex LH-20 eluted 

with MeOH to give ten sub-fractions C2A-C2J. Fractions C2D was purified by semi-preparative HPLC 

to yield compounds 4 (2.9 mg), 7 (17.9 mg), 8 (4.0 mg), and 9 (1.9 mg). Sub-fraction C2F was performed 
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on Sephadex LH-20 (MeOH) and purified by semi-preparative HPLC to obtain compounds 7 (2.6 mg) 

and 12 (6.9 mg). 

 

2.3. Spectroscopic Data 

Melongenapanoid A (1): White amorphous powder. []𝐷
21 = +7.5, (c = 1.2, MeOH); IR(KBr) ν 

2935, 1754, 1425, 1308, 1240, 1017 cm-1; 1H-NMR (MeOH, 400 MHz) and 13C-NMR (MeOH, 100 

MHz), see Table 1; The pseudomolecular-ion peaks in the HR-ESI-MS m/z 319.1152 [M+Na]+ (calcd. 

for C15H20O6Na, 319.1152). 

 

3. Results and Discussion  
 

3.1. Structure Elucidation 

 
Compound 1 was obtained as a white amorphous powder. The pseudomolecular-ion peaks in the 

HR-ESI-MS m/z 319.1152 [M+Na]+ (calcd. for C15H20O6Na, 319.1152), and the fragment ion peak at 

265.1080 showed that one methoxy group was removed (Figure S1). The 1H-NMR spectrum of 1 (Table 

1) represented a group of 1,3,4,5-disubstituted benzene rings proton signals at δH 6.61 (2H, s, H-2,6), 

two pairs of oxide methylenes proton signals [δH 4.14 (1H, dd, J=12.6, 4.2 Hz, H-1'a) and 4.02 (1H, dd, 

J=12.6, 8.4 Hz, H-1'b), 4.00 (1H, dd, J=11.4, 3.0 Hz, H-9a) and 3.83 (1H, overlap, H-9b)], as well as 

four methylene signals [δH 4.59(1H, d, J=7.8 Hz, H-7), 2.97(1H, m, H-8), 3.17(1H, m, H-2') and 4.93 

(1H, d, J=5.4 Hz, H-3')]. In addition, three methoxy groups existed at δH 3.83(6H, s, 3,5-OCH3) and 

3.42(3H, s, 3'-OCH3). The combination of 13C NMR and HSQC spectra exhibited 15 carbon signals 

including a group of ,3,4,5-disubstituted benzene rings [(δC 133.1, C-1), (δC 104.6, C-2 and 6), (δC 149.3, 

C-3 and 5), (δC 136.3, C-4)], four methylene carbons [(δC 87.3, C-7), (δC 54.1, C-8), (δC 51.9, C-2'), (δC 

106.1, C-3')] and three methoxy groups, together with a methylene signals. Then, the whole structure of 

compound 1 was connected on basis of the 1H-1H COSY and HMBC correlations (Figure S5-9). 

Meanwhile, the attachments of the methoxy groups to C-3, C-5 and C-3' were confirmed by the HMBC 

cross peaks of δH 3.83 (3,5-OCH3) to C-3 and C-5, δH 3.842 (3'-OCH3) to C-3'. By comparing the 

reference [12], H-7 was confirmed to be β configuration. The correlations of δH 3.17 and 4.59 showed 

that H-2' was β configuration, and the correlations of δH 4.02 and 2.97, 4.59 and 4.14 proved that H-8 

was α configuration, and the correlations of δH 4.93 and 3.83 showed that H-3' was β configuration by 

NOE spectrum (Figure S10). Therefore, the planar structure of melongenapanoid A (1) was established 

as shown in Figure 1. 

 

Table 1. 1H and 13C NMR data of compound 1 (400 and 100 MHz, in CD3OD) 

No δC δH No δC δH 

1 133.1 - 1' 67.9 4.14(1H, dd, 12.6,4.2) 

2,6 104.6 6.61(2H, s)   4.02(1H, dd, 12.6,8.4) 

3,5 149.3 - 2' 51.9 3.17(1H, m) 

4 136.3 - 3' 106.1 4.93(1H, d, 5.4) 

7 87.3 4.59(1H, d, 7.8) 3-OCH3 56.7 3.83(6H, s) 

8 54.1 2.97(1H, m) 5-OCH3 56.7 3.83(6H, s) 

9 69.6 4.00(1H, dd, 11.4,3.0) 3'-OCH3 55.9 3.42(3H, s) 

  3.83(1H, o)    

 
The fourteen known compounds were identified by comparison of their spectroscopic data with 

those reported in the literatures as (7R,7'R,7''S,7'''S,8S, 8'S,8''S,8'''S)-4'',4'''-dihydroxy-3,3',3'',3''',5,5'-

hexamethoxy-7,9',7',9-diepoxy-4,8',4',8'''-bisoxy-8,8'-dineolignan-7'',7''',9'',9'''-tetraol (2) [13], (7R,7'R, 

7''R,7'''S,8S,8'S,8''S,8'''S)-4'',4'''-dihydroxy-3,3',3'',3''',5,5'-hexamethoxy-7,9',7',9-diepoxy-4,8',4',8'''-bi-

soxy-8,8'-dineolignan-7'',7''',9'',9'''-tetraol (3) [13], threo-buddlenol A (4) [14], lirioresinol A (5) [15], 
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7'-hydroxyl-syringaresinol (6) [16], meliasendanin D (7) [17], threo-dihydroxydehy-drodiconiferylal-

cohol (8) [17], (7S,8S)-4-hydroxy-3,1',3'-trimethoxy-4',7-epoxy-8,5'-neolign-9-ol (9) [18], 1,2-bis (4-

hydro xy-3-methoxyphenyl)propane-1,3-diol (10) [19], threo-2,3-bis-(4-hydroxy-3- methoxyphenyl)-3-

raethoxypropanol (11) [3], C-veratroylglycol (12) [20], 2-methoxy-4-(3-methoxy-l-propenyl)-phenol 

(13) [21], 7-O-ethylguaiacylglycerol (14) [22], isoscopoletin (15) [23] (Table S1 and Figure S11). 

The anti-inflammatory test of isolated compounds was evaluated by measuring their inhibitory 

activities on NO production by LPS-induced RAW 264.7 cell line [24]. In brief, RAW 264.7 cells 

(1×105 cells in 100 μL) were cultivated in 96-well microplates for 24 h, and LPS (1.0 μg/mL) was 

added, as well as the serum-free medium with various concentrations of compounds 1-15. After 24 h 

treatment, the supernatant was transferred to another 96-well microplate, 0.15% N-(1-naphtyl)-

ethylenediamine and 1.5% sulfanilamide in 7.5% phosphoric acid (50 μL) were added. After incubation 

for 30 min, the absorbances were measured at 570 nm using a microplate reader. 

The results of inhibitory activities (Table 2) against NO production suggested that compounds 

1, 2-8, 10-11 and 13 exhibited different levels of inhibitory activities on NO production, and other 

compounds were not active (IC50 values >80 μM). Especially, compounds 2, 4 and 5 showed better 

activities than the positive control of Indomethacina with IC50 values of 28.7, 24.4 and 32.6 μM, 

respectively. 

 

Table 2. Inhibitory effects of compounds 1-15 on NO production by LPS-induced RAW264.7 cells. 

a Positive control 

 

There are many kinds of phenylpropanoids, including simple phenylpropanoids, flavonoids, 

lignans, etc. In the present study, fifteen phenylpropanoids were obtained from the roots of Solanum 

melongena L., including five simple lignans (1, 12-15) four bisepoxylignans (2, 3, 5, and 6), four 

benzofuran lignans (4, 7-9), and two other lignans (10, 11). All the compounds enrich the chemical 

diversity of S. melongena and deepened the research on the phenylpropanoids of S. melongena. 

Lirioresinol A (5), 7-O-ethylguaiacylglycerol (14), and isoscopoletin (15) are all found from the 

family Rubiaceae [20,22,25], and (7R,7'R,7''S,7'''S,8S,8'S,8''S,8'''S)-4'',4'''-dihydroxy-3,3',3'',3''',5,5'-

hexamethoxy-7,9',7',9-diepoxy-4,8',4',8'''-bisoxy-8,8'-dineolignan-7'',7''',9'',9'''-tetraol (2), (7R,7'R,7''R, 

7'''S,8S,8'S,8''S,8'''S)-4'',4'''-dihydroxy-3,3',3'',3''',5,5'-hexamethoxy-7,9',7',9-diepoxy-4,8',4',8'''-bisoxy-

8,8'-dineolignan7'',7''',9'',9'''-tetraol (3), and C-veratroylglycol (12) are all found from the family 

Celastraceae [10,26] previously. Therefore, the family Solanaceae is relevant to the family 

Celastraceae and Rubiaceae.   

As a conclusion, we reported a new compound and from the species herein. Compounds 2, 4 

and 5 showed inhibitory activity on NO production by LPS-induced RAW264.7 cells 
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Compound IC50 (mean ± SD, μM) Compound IC50 (mean ± SD, μM) 

1 56.4±3.4 9 >80 
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4 24.4±1.7 12 >80 
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8 66.8±4.4 Indomethacina 39.6±2.2 
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