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Anti-inflammatory Constituents from Solanum nigrum
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Figure 1. Structures of 1-5.
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Figure 2. Key 1H-1H COSY ( ), HMBC (H C) and ROESY 
( ) correlations of compound 1.

The whole plant of Solanum nigrum L. (Solanaceae) has been 
used as a folk medicine in Asian countries for the treatment of 
inflammation, edema, and mastitis.1,2 Chemical constituents of 
this plant have been reported to comprise alkaloids, glyco-
proteins, flavonoids, polyphenols, and triterpenoids.3,4 Accord-
ing to the literatures, a wide range of bioactivities including 
anti-inflammatory,5 antioxidant,6 antinociceptive,5 antipyretic,5 
antitumor,7,8 antiulcerogenic,9 cancer chemopreventive,10 hepa-
toprotective,11 and immunomodulatory8 effects were observed 
while the active constituents responsible for these activities 
were not fully resolved so far. In the present study, the structure 
elucidation of a new compound along with 14 known com-
pounds and their inhibitory activities on leukotriene C4 release 
are described.

The 50% EtOH extract of the fruits of S. nigrum was par-
titioned successively into ethyl acetate and water. The ethyl 
acetate-soluble fraction was purified by silica gel, reversed- 
phase C18 gel column chromatography yielded one new com-
pound 1 together with 14 known compounds, N-trans-feruloyl-
tyramine (2),12 (R)-3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4- 
hydroxyphenyl)-2-methoxyethyl]acrylamide (3),13 (E)-ethyl 
caffeate (4),14 ethyl 4-hydroxy-3-methoxycinnamate (5),15 gua-
iacylglycerol-β-ferulic acid ether (6),16 3-O-acetylbetulinic acid 
(7),17 chlorogenic acid (8),18 caffeic acid (9),19 methylsinapate 
(10),20 β-sitosterol (11),21 drummondol (12),22,23 2α,9-dihy-
droxy-1,8-cineole (13),24 tryptophol acetate (14),25 and 4-amino- 
3-methoxyphenol (15)26 (Figure 1).

Compound 1 was obtained as an amorphous powder and its 
molecular formula was assigned as C26H40O4, based on the 
[M-H]– peak at m/z 415.2859 (calcd for C26H39O4 415.2848) 
in the HRESIMS. The 1H NMR spectrum showed two tertiary 
methyl groups at δH 0.78 (3H, s, H-18) and 1.06 (3H, s, H-19), 
one secondary methyl at δH 1.03 (3H, d, J = 6.4 Hz, H-21), an 
olefinic proton at δH 5.35 (1H, d, J = 5.1 Hz, H-6), assignable 

to a spirostane moiety.27 The 13C and DEPT NMR spectroscopic 
data showed three methyls at δC 11.6, 14.0, and 19.9, two ole-
finic carbons at δC 122.4 and 142.3, three oxygenated methines 
at δC 72.4, 80.4, and 82.3, one oxygenated methylene at δC 
63.3, and one spiroketal carbon at δC 110.6. From 1H, 13C, and 
DEPT NMR data, it was observed that a methyl group corres-
ponding to C-27 in F ring was absent in this molecule when 
compared with the typical spirostane-type compound.27 In the 
HMBC experiment, the presence of a double bond (∆5,6) in the 
B ring was determined by the observation of long range corre-
lations between the methyl proton at δH 1.06 (Me-19) and the 
olefinic carbon at δC 142.3 (C-5), as well as the olefinic proton 
at δH 5.35 (H-6) and δC 38.0 (C-10) as shown in Figure 2. 
HMBC correlations of H-18 (δH 0.78) to both of C-12 and C-13 
were able to locate a hydroxy group on C-12. The relative 
configuration of the hydroxy group at C-12 was assigned as β 
orientation, based on the observed ROESY correlations of H-12 
to H-14 and H-17, and H-17 to H-12, H-14 and H3-21. The 
ROESY correlations of H2-26 to H-16, and H-16 to H-17, and 
H-17 to H-12 confirmed the relative configuration of the C-22 
position as R*. By comparing the coupling constant of H-3 
(W1/2 = 24 Hz) with the published value (W1/2 = 24 Hz),28 the 
hydroxy group on C-3 was found to be β-oriented. Thus, the 
structure of 1 was determined to be a spirost-5-ene-3β,12β-diol. 
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Table 1. 1H-(400 MHz), and 13C-NMR (100 MHz) Chemical Shifts 
of Compound 1 in MeOH-d4

position
1

       δC δH (J in Hz)

1 38.6 t 1.08, 1.86 (m)
2 32.3 t 1.53, 1.81 (m)
3 72.4 d 3.39 (m W1/2 24)
4 43.0 t 2.24 (m)
5 142.3 s 　 -
6 122.4 d 5.35 (d, 5.1)
7 31.8 t 1.62 (m)
8 31.9 d 1.46 (m)
9 51.4 d 1.08 (m) 
10 38.0 s 　 -
11 32.4 t 1.39 (m)
12 80.4 d 3.28 (dd, 6.7, 4.5)
13 47.0 s 　 -
14 56.5 d 1.10 (m)
15 33.0 t 2.01 (m)
16 82.3 d 4.41 (q, 7.3, 7.3, 7.3)
17 63.3 d 1.90 (m)
18 11.6 q 0.78 (s)
19 19.9 q 1.06 (s)
20 43.8 d 1.89 (m)
21 14.0 q 1.03 (d, 6.4)
22 110.6 s    -
23 31.7 t 1.71 (m)
24 31.7 t 1.71 (m)
25 24.9 t 1.92 (m)
26 63.0 t 3.76 (m)

Assignments were based on 1H, 13C, DEPT, 1H-1H COSY, HMQC and 
HMBC experiments.

Table 2. Inhibition of LTC4-Release by Compounds 1-14 Obtained 
from the Fruits of S. nigruma,b

compound
IC50 (µM)

RBL-1

1 22.4 ± 0.1
2 16.6 ± 1.2
3 22.6 ± 1.3
4 2.2 ± 1.2
5 10.3 ± 1.3

zileutonc  0.75 ± 0.03
aThe results are means ± standard deviation of three independent replicates. 
bCompounds (6-14) were found to be inactive (IC50 25 > µM). cA positive 
control.

Spirostane-type compounds with C26 have not been reported 
from natural sources so far while a few steroids with C26 have 
been found in the marine organisms.29,30

All the compounds obtained from the fruits of S. nigrum 
were evaluated for their inhibitory activities on LTC4 release, 
and the results were summarized in Table 2. Of the compounds 
tested, compound 4 exhibited the most potent inhibition of 
LTC4 release with an IC50 value of 2.2 µM (the positive control, 
zileuton, 0.75 µM). Compound 5, an analog of 4, also was found 

to inhibit LTC4-release (IC50 10.3 µM), consistent with the 
literature.31 The new compound (1) displayed weak inhibition 
of LTC4 release (IC50 22.4 µM). Leukotrienes including LTC4 
are lipid mediators found elevated in various inflammatory 
diseases such as allergic rhinitis, asthma, and atopic dermitis. 
Currently, antileukotrienes are being prescribed for the treat-
ment of asthma and have been approved for the treatment of 
allergic rhinitis.32 In the present study, compound 4 was found 
to possess the inhibitory activity and seemed to be a potential 
therapeutic effect on the aforementioned inflammatory diseases.

Experimental Section

General Procedures. Melting points were determined on a 
Kofler micro-ho tstage (uncorrected). Optical rotations were 
measured on a JASCO P-1020 polarimeter. UV spectra were 
measured on a Shimadzu UV-1601 UV-visible. The NMR spec-
tra were recorded on a Varian Unity 400 FT-NMR spectrometers 
with the tetramethylsilane as an internal standard. Chemical 
shifts are presented in ppm. HRESIMS were measured on a 
Waters Q-Tof Premier mass spectrometer. Column chromato-
graphy (CC) was performed on silica gel (70 - 230 and 230 - 
400 mesh, Merck), reverse-phase C18 gel (40 µm, Nacalai, 
USA, Inc.). Thin layer chromatography (TLC) was performed 
on Kieselgel 60 F254 (Merck) or RP-18 F254s (Merck) plates. 
Spots were visualized by spraying 10% aqueous H2SO4 solution 
on the plates and heating them for 5 min.

Plant Material. The fruits of Solanum nigrum were collected 
at a farm of Ggamajoong Korea Co. (Jeungpyeong, Korea) in 
July 2007. The plant material was identified by Dr. Joongku Lee 
(KRIBB), and a voucher specimen (01283) has been deposited 
at the Plant Extract Bank, Korea Research Institute of Bio-
science and Biotechnology, Korea.

Extraction and Isolation. The fresh fruits of S. nigrum (15.0 
kg) was extracted with aqueous EtOH (50%) at room tempe-
rature (20 L × 3) to obtain 2 kg of the solid extract. The EtOH 
extract was suspended in H2O and extracted with EtOAc (3 L × 
3) to give the EtOAc-soluble fractions (97.0 g). The EtOAc- 
soluble fraction (97.0 g) was chromatographed on a silica gel 
column eluted with a stepwise gradient of hexane and EtOAc 
to yield six fractions (Fr. A-F: 0.9 g, 2.4 g, 12.0 g, 18.7 g, 8.5 g, 
41.0 g each). Fr. B (2.4 g) was subjected to a silica gel column 
chromatography eluted with a CHCl3-MeOH (100 : 1) to give 
compounds 5 (28.0 mg), 7 (3.0 mg), 11 (5.0 mg) and 14 (3.0 
mg). Compounds 4 (3.3 g) and 15 (84.0 mg) were purified from 
Fr. C (12.0 g) by a reversed-phase C-18 column chromatogra-
phy using an isocratic solvent system MeOH-H2O (1 : 2). Fr. 
D (18.7 g) was applied to a reversed-phase C-18 column chro-
matography MeOH-H2O (3 : 1) and gave compound 9 (1.7 g). 
Fr. E (8.5 g) was chromatographed on a silica gel column, using 
CHCl3-MeOH-H2O (70 : 30 : 4) as eluting solvent, to yield 
seven sub-fractions (Fr. E1-E7: 0.5 g, 0.9 g, 1.1 g, 2.7 g, 0.4 g, 
0.25 g, 2.0 g each). Fr. E3 (1.1 g) was further chromatographed 
on a reversed-phase C18 column MeOH-H2O (1 : 2) to give 
compounds 1 (8.5 mg), 12 (5.0 mg) and 13 (3.0 mg). Fr. E4 
(2.7 g) was chromatographed on a reversed-phase C18 column 
using MeOH-H2O (1 : 3) to give compounds 3 (15.0 mg), 6 
(5.8 mg), and 10 (6.0 mg). Compound 2 (17.0 mg) was isolated 
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from Fr. E6 (0.25 g) by a RP C-18 column eluted with MeOH- 
H2O (1 : 2). Compound 8 (5.9 g) was obtained from Fr. F (41.0 g) 
by a silica gel column chromatography eluted with a solvent 
mixture of CHCl3-MeOH-H2O (70 : 30 : 4).

Spirost-5-ene-3β,12β-diol (1): White amorphous powder. 
mp 283 - 284 oC. [α]19 –66.0o (c = 0.1, MeOH). UV (MeOH) 
λmax (log ε): 203 (3.80) nm. HR-negative ESI-MS m/z: 415.2859 
[M-H]– (calcd. for C26H39O4, 415.2848). 1H- and 13C-NMR 
data see Table 1.

LTC4 Release Assay. This assay was performed according 
to the literature.33 Rat basophilic leukemia (RBL-1) cells were 
plated in 96-well plates at a density of 1 × 105 cells/well. The 
test compounds were added and then incubated for 10 mins. 
Later, calcium ionophore A23187 was added and incubated 
further for 15 minutes. After incubation period, plates were 
centrifuged at 3000 rpm and 4 oC for 10 min. LTC4 in the 
supernatant of each well was measured using an ELISA kit 
(Cayman Chemical Co., USA) according to the manufacturer’s 
recommended procedures. In brief, 50 µL of supernatant, LTC4 
acetylcholinetransferase, and LTC4 antiserum were added to 
each EIA well. Following incubation for 18 h at room tem-
perature, the well was emptied and washed five times with 
washing buffer. Ellman’s reagent (200 µL) was added to each 
well, and the plate was placed on an orbital shaker for 1 h in 
the dark. The absorbance was measured at a wavelength of 
405 nm. Zileuton (Sequoia Research. Products Ltd, Oxen, UK) 
was used for a positive control.
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