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Abstract
!

Three new sauchinone analogues, sauchinones B–
D (1–3), together with sauchinone (4), were iso-
lated from the aerial part of Saururus chinensis.
Structures of the new compounds were deter-
mined by extensive spectroscopic data as well as
X‑ray analysis. Compounds 3 and 4 inhibited ni-

tric oxide production in lipopolysaccharide stim-
ulated RAW 264.7 cells with IC50 values of 13.0
and 14.2 µM, respectively.
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Introduction
!

Saururus chinensis (Lour.) Baill. (Saururaceae), a
perennial herb widely distributed in China and
southern Korea [1], has been used as folk medi-
cine for the treatment of inflammation, jaundice,
and gonorrhea [2]. Previous chemical studies of S.
chinensis have demonstrated the presence of lig-
nans [3], aristolactams [4], flavonoids [4], fu-
ranoditerpenes [5], and C13-norisoprenoids [6].
To date, a lot of lignans were isolated from S. chi-
nensis, some of which exhibited diverse pharma-
cological effects including anti-inflammatory [5],
hepatoprotetive [6], antidiabetic [7], and antioxi-
dant activities [8]. Among them, sauchinone, a
known lignan with a unique structure (4), has at-
tracted extensive interest because of its various
activities such as attenuating oxidative stress-in-
duced skeletal muscle myoblast damage through
the downregulation of ceramide [9], reducing tu-
mor necrosis factor-alpha production through the
inhibition of c-raf/MEK1/2/ERK 1/2 pathway acti-
vation [10], and ameliorating allergen-induced
airway inflammation, in part, by repressing GA-
TA-3 activity for Th2 cell development [11]. Until
now, only four sauchinone analogues (sauchinone
(4) [12], sauchinone A, 1′-epi-sauchinone [13],
and ent-sauchinone [14]) have been reported.
As part of our effort to discover naturally bioac-
tive metabolites from the traditional medicine, a
phytochemical investigation of the aerial parts of
S. chinensiswas carried out, which resulted in the
Planta Med 2013; 79: 1720–1723
isolation of three new sauchinone analogues, sau-
chinones B−D (1–3) and the known compound
sauchinone (4) (l" Fig. 1). Among them, com-
pounds 3 and 4 showed nitric oxide production
inhibition in lipopolysaccharide-stimulated RAW
264.7 cells. Reported herein are the isolation,
structure elucidation, and nitric oxide (NO) pro-
duction inhibition of the isolates.
Results and Discussion
!

The acetone extract of the aerial part of S. chinen-
siswas partitioned between EtOAc and water. The
EtOAc fraction was repeatedly subjected to col-
umn chromatography over silica gel, reverse-
phase gel, and Sephadex LH-20, and subsequently
recrystallized to afford three new sauchinone
analogues, sauchinones B–D (1–3) (l" Fig. 1), to-
gether with the known compound sauchinone
(4).
Sauchinone B (1), colorless crystals, had a molec-
ular formula of C20H20O7 as established on the
basis of HREIMS at m/z 372.1205 [M]+ (calcd.
372.1209). Its IR spectrum showed the absorption
bands of hydroxyl (3546 cm−1), methylenedioxy
(2916 cm−1), conjugated carbonyl (1678 cm−1),
and aromatic ring (1651 and 1438 cm−1) function-
alities. The 1D NMR spectra (l" Table 1) displayed
the presence of two aromatic protons (δH 6.48,
1H, s, H-3; δH 7.09, 1H, s, H-6), two methy-
lenedioxy groups [δC 102.5, t, C-1″ (δH 6.00, 5.98,



Fig. 2 Key 2DNMR correlations and X‑ray structure of compound 1.
(Color figure available online only.)

Fig. 1 Chemical structures of compounds 1–4
isolated from S. chinensis.
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each 1H, s, H2-1″); δC 99.7, t, C-2″ (δH 5.80, 5.70, each 1H, s, H2-

2″)], an enone group [δC 197.9, s, C-2′; δC 100.3, d, C-3′ (δH 5.44,
1H, s, H-3′); δC 169.2, s, C-4′], and two secondary methyl groups
[δC 17.2, q, C-9 (δH 1.25, 3H, d, J = 7.3 Hz, H3-9); δC 20.7, q, C-9′ (δH
0.58, 3H, d, J = 7.6 Hz, H3-9′)]. Detailed 2DNMR data analysis
(l" Fig. 2) indicated that 1 was a sauchinone analogue. The only
difference was that 1 had one more hydroxy group which was
connected to C-7 as deduced from the HMBC correlations of H-6
(δH 7.09, 1H, s), H-9 (δH 1.25, 3H, d, J = 7.3 Hz), H-6′ (δH 2.64, 1H, d,
J = 12.5 Hz), and H-8′ (δH 2.02, m) with C-7 (δC 69.0, s).
The relative configurations of compound 1were determined by a
ROESY experiment (l" Fig. 2). The ROESY correlations of H-8/Me-
9′, H-1′/Me-9′, and Me-9/H-6′ suggested that the relative config-
urations of H-8, H-1′, H-6′, and H-8′ should be β, β, α, and α, re-
spectively. To establish the configurations of C-7 and C-5′, a sin-
gle-crystal X‑ray structure determination was undertaken
(l" Fig. 3) which ultimately established the structure of com-
pound 1 and the α-orientation of OH-7. Thus, the structure of 1
was concluded as 7α-hydroxy-sauchinone, and the compound
was named sauchinone B.
Compound 2 was isolated as colorless crystals. The molecular
formula was determined as C19H20O6 on the basis of HREIMS.
The IR absorption bands at 3421, 2957, and 1639 cm−1 indicated
the presence of hydroxy, methylenedioxy, and carbonyl function-
alities, respectively. The carbonyl band was almost 30 cm−1

shifted compared to that of 1 due to an intramolecular hydrogen
bond (see below). The 1H and 13C NMR spectra of 2 resembled
closely those of sauchinone. The sole difference was that 2 had
only one methylenedioxy group, which was connected to C-4′
and C-5′ as deduced from the HMBC correlations of δH 5.76 (s,
H-2″) and 5.68 (s, H-2″) with δC 169.7 (s, C-4′) and 100.9 (s, C-
5′). The ROESY correlations of H-7/H-9, H-7/H-6′, and H-9′/H-1′
demonstrated that H-7, H-9, and H-6′ were β-oriented and H-9′
and H-1′ were α-oriented, which was confirmed by X‑ray analy-
sis (l" Fig. 3). The X‑ray determination also confirmed the exis-
tence of intramolecular H-bonding in 2. Therefore, the structure
of compound 2 was designated, and the compound was named
sauchinone C.
Compound 3, colorless powder, had a molecular formula of
C20H20O7 as deduced from the HREIMS (m/z 372.1210 [M]+, calcd.
372.1209). The 1H and 13C NMR spectra showed signals for 20 car-
bons due to one methyl, four methylenes (two methylenedioxy
groups, one oxygenated methylene), eight methines, and seven
quaternary carbons. The above data suggested that compound 3
was a sauchinone analogue. The only difference was that the
Me-9 in sauchinone was replaced by a hydroxymethyl in 3 as in-
ferred from the HMBC correlations of δH 3.69 (2H, d, J = 7.5 Hz, H-
9) with δC 30.0 (C-7, CH), 26.5 (C-8, CH), and 28.9 (C-8′, CH). The
ROESY correlations of H‑7/H-9, H-7/H-6′, and H-9′/H‑1′ indicated
Fig. 3 X‑ray structures of compounds 1 and 2.
(Color figure available online only.)
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that 3 had the same relative configuration as sauchinone. There-
fore, compound 3was designated as sauchinone D.
Considering the medical applications of S. chinensis, all isolates
(purity > 95%) from this plant material were evaluated for their
inhibitory effects on NO release in the LPS-stimulated RAW 264.7
macrophage cell line and their cytotoxicity activity. The results
showed that compounds 3 and 4 displayed NO production inhib-
itory activity with IC50 values of 13.0 and 14.2 µM, respectively.
However, none of them exhibited cytotoxic activity.
Materials and Methods
!

General experimental procedures
Melting points were obtained on an X-4 micromelting point ap-
paratus. Optical rotations were measured on a JASCO-20C digital
polarimeter. IR spectra were obtained on a Tensor 27 spectrome-
ter with KBr pellets. UV spectra were recorded using a Shimadzu
UV-2401A spectrophotometer. 1D and 2DNMR spectrawere per-
formed on DRX-500 and Avance III-600 spectrometers with TMS
as an internal standard. Mass spectra were taken on a VG Auto
Spec-3000 or API-Qstar-Pulsar instrument. X‑ray diffraction was
performed on a Bruker APEX DUO diffractometer using graphite-
monochromated Mo Kα radiation. Column chromatography (CC)
was performed using silica gel (100–200 and 200–300 mesh;
Qingdao Marine Chemical Co. Ltd.), MCI reverse-phase gel (75–
150 µm; Mitsubishi Chemical Corporation), and Sephadex LH-20
(Amersham Pharmacia Biotech). TLC analysis was run on GF254
silica gel plates (10–40 µm; Qingdao).

Plant material
The aerial part of S. chinensis was collected in BoZhou, Anhui
Province, Peopleʼs Republic of China, in May 2010, and the plant
was identified by Prof. Xiao Cheng. A voucher specimen
(200908M) was deposited with the State Key Laboratory of Phy-
tochemistry and Plant Resources in West China, Kunming Insti-
tute of Botany, Chinese Academy of Sciences.

Extraction and isolation
The air-dried and powdered stems and leaves of S. chinensis
(20 kg) were extracted with acetone (3 × 100 L), each for 48 h, at
room temperature and concentrated under reduced pressure to
give the crude extract. The extract was partitioned between H2O
and EtOAc. The EtOAc portion (737 g) was chromatographed on
silica gel column (4 kg, 100–200 mesh, 10 × 200 cm) eluting with
a gradient of petroleum ether-acetone (1:0, 9 :1, 8 :2, 7 :3, 3 :2,
and 0:1) to then afford three fractions (fr. A–D). Fraction A
(80 g) was chromatographed on silica gel column (300 g, 100–
200 mesh, 5 × 60 cm) eluting with a gradient of petroleum
ether-EtOAc (from 90:10 to 80:20) to afford 4 (12 g). Fraction B
(128 g) was fractionated by MPLC (MCI reverse-phase gel
15.0 × 110.0 cm, 1 kg) eluting with MeOH‑H2O (from 30% to
100%) to provide five subfractions (B1−B5). Subfraction B2 (12 g)
was chromatographed repeatedly over silica gel CC (200–300
mesh, 3 × 50 cm), eluting with CHCl3–Me2CO (50:1) to afford
B2.1–B2.3. Subfraction B2.2 was recrystallized to afford 1 (45mg).
Subfraction B2.3 (235mg) was chromatographed over silica gel
CC (20 g, 200–300 mesh 1 × 40 cm) and eluted with petroleum
ether–EtOAc (7:3) to afford 2 (4mg). Subfraction B3 (23 g) was
chromatographed over silica gel CC (200–300 mesh, 4 × 50 cm),
eluting with CHCl3–Me2CO (from 50:1 to 95:5) and then by
Sephadex LH-20 (1.0 × 150 cm, MeOH, 500mL) to give 3 (8mg).
Gao X et al. Further Lignans from… Planta Med 2013; 79: 1720–1723
Isolates
Sauchinone B (1): colorless crystal; mp 155–158°C; [α]D25 − 45 (c
0.08, MeOH); UV (MeOH) λmax (log ε): 296 (2.98), 240 (3.47); IR
(KBr) νmax 3546, 2916, 1678, 1651, 1504, 1438, 1307, 1280, 1207,
1182, 1109 cm−1; 1H and 13C NMR data, see l" Table 1; positive
ESIMS m/z 395 [M + Na]+; HREIMS m/z 372.1205 [M]+ (calcd. for
C20H20O7, 372.1209).
Crystal data for sauchinone B (1): C20H20O7, M = 372.36; ortho-
rhomic, space group P212121; a = 10.7319 (9) Å, b = 11.1595 (10)
Å, c = 14.0422 (12) Å, α = 90.00, β = 90.00, γ = 90.00, V = 1681.7 (3)
Å3, Z = 4, µ (MoKα) = 0.112mm−1, a crystal dimension of 0.62 ×
0.48 × 0.44mm was used for measurement on a Bruker APEX
DUO diffractometer using graphite-monochromated Mo Kα radi-
ation. The total number of reflections measured was 17912, of
which 4779 were observed, I > 2σ(I). Final indices: R1 = 0.0289,
wR2 = 0.0773. Crystallographic data for the structure of 1 have
been deposited in the Cambridge Crystallographic Data Centre
(deposition number CCDC 930553). Copies of the data can be
obtained free of charge from the CCDC via www.ccdc.cam.ac.uk.
Sauchinone C (2): colorless crystal; mp 150–153°C; [α]D25 − 76 (c
0.08, MeOH); UV (MeOH) λmax (log ε): 296.5 (2.1), 240.5 (3.5); IR
(KBr) νmax 3427, 2957, 2923, 2854, 1708, 1639, 1551, 1411, 1273,
1187, 1102, 1046 cm−1; 1H and 13C NMR data, see l" Table 1; pos-
itive ESIMSm/z 367 [M + Na]+; HREIMSm/z 344.1262 [M]+ (calcd.
for C19H20O6, 344.1260).
Crystal data for sauchinone C (2): C19H20O6 · H2O, M = 362.37;
orthorhomic, space group P212121; a = 8.1498 (10) Å, b = 11.7904
(14) Å, c = 17.831 (2) Å, α = 90.00, β = 90.00, γ = 90.00, V = 1713.3
(4) Å3, Z = 4, µ (MoKα) = 0.107mm−1, a crystal dimension of
0.30 × 0.12 × 0.11mm was used for measurement on a Bruker
APEX DUO diffractometer using graphite-monochromated Mo
Kα radiation. The total number of reflections measured was
16946, of which 4261 were observed, I > 2σ(I). Final indices:
R1 = 0.0403, wR2 = 0.0776. Crystallographic data for the structure
of 2 have been deposited in the Cambridge Crystallographic Data
Centre (deposition number CCDC 930554). Copies of the data can
be obtained free of charge from the CCDC via www.ccdc.cam.ac.
uk.
Sauchinone D (3): colorless powder; [α]D25 − 33 (c 0.01, MeOH); UV
(MeOH) λmax (log ε): 296.5 (2.52), 240.5 (2.96); IR (KBr)
νmax 3433, 2923, 1638, 1482, 1410, 1273, 1188, 1156, 1102,
1046 cm−1; 1H and 13C NMR data, see l" Table 1; positive ESIMS
m/z 395 [M + Na]+; HREIMS m/z 372.1210 [M]+ (calcd. for
C19H20O6, 372.1209).

Inhibition of NO production
Inhibition of NO production and cell viability of LPS-stimulated
RAW 264.7 macrophage cells were determined. The NO pro-
duction assay was carried out according to the method described
before [15]. The murine monocytic RAW 264.7 macrophages
were dispensed into 96-well plates (2 × 105 cells/well) containing
RPMI 1640 medium (Hyclone, Logan, USA) with 10% FBS under a
humidified atmosphere of 5% CO2 at 37°C. After 24 h of preincu-
bation, cells were treated with serial dilutions of compounds 1–4
with the maximum concentration of 25 µM in the presence of
1 µg/mL LPS for 18 h. Each compound (purity > 95%) was dis-
solved in DMSO and further diluted in the medium to produce
different concentrations. NO production in each well was as-
sessed by adding 100 µL of Griess reagents A and B to 100 µL of
each supernatant from LPS or the compound-treated cells in trip-
licate. After 5min of incubation, the absorbance was measured at
570 nm with a 2104 Envision multilabel plate reader (Perkin-El-



Table 1 1H and 13C‑NMR spectroscopic data for compounds 1–3 (δ in ppm, J in Hz).

No. 1a 2a 3b

δC δH δC δH δC δHc

C-1 120.5 s 115.0 s 115.3 s

C-2 145.5 s 144.4 s 145.4 s

C-3 99.7 d 6.48 (s) 104.9 d 6.37 (s) 99.5 d 6.35 (s)

C-4 144.2 s 141.3 s 143.5 s

C-5 149.1 s 145.3 s 146.9 s

C-6 107.1 d 7.09 (s) 114.6 d 6.92 (s) 106.5 d 6.77 (s)

C-7 69.0 s 35.0 d 3.02 (d, 5) 30.0 d 3.36 (d, 6)

C-8 41.0 d 2.58 (m) 35.3 d 2.52 (m) 26.5 d 1.42 (m)

C-9 17.2 q 1.25 (3H, d, 7.3) 21.4 q 1.23 (3H, d, 7.3) 65.3 t 3.69 (2H, d, 7.5)

C-1′ 41.0 d 2.41 (td, 6.0, 12.0) 38.2 d 2.41 (td, 3.7, 12.3) 37.5 d 2.52 (td, 3.8, 12.4)

C-2′ 197.8 s 198.9 s 199.7 s

C-3′ 100.3 d 5.44 (s) 99.9 d 5.38 (s) 99.5 d 6.35 (s)

C-4′ 169.2 s 169.7 s 168.8 s

C-5′ 101.7 s 100.9 s 100.1 s

C-6′ 45.1 d 2.64 (d, 12.5) 38.2 d 2.55 (d, 5.7) 38.3 d 2.35 (d, 5.9)

C-7′ 25.2 t 1.72, 1.74 (2H, m) 26.2 t 1.63 (2H, ddd, 4.1, 4.7, 4.8) 26.6 t 1.42 (ddd, 3.8, 4.9, 4.4)

1.81(m) 1.92 (m)

C-8′ 35.7 d 2.02 (m) 34.4 d 1.87 (m) 28.9 d 2.07 (m)

C-9′ 20.7 q 0.58 (3H, d, 7.6) 21.3 q 0.72 (3H, d, 7.3) 21.0 q 0.71 (3H, d, 7.3)

C-1′′ 102.6 t 6.00 (s) 101.4 t 5.84 (s)

5.98 (s) 5.88 (s)

C-2′′ 99.7 t 5.80 (s) 99.6 t 5.76 (s) 98.8 t 5.57 (s)

5.71 (s) 5.68 (s) 5.70 (s)

a Assignments are based on 1D and 2DNMR experiments. In acetone-d6, 500MHz for 1H and 125MHz for 13C; b Assignments are based on 1D and 2DNMR experiments. In CDCl3,

600MHz for 1H and 150MHz for 13C
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mer Life Sciences, Inc.). Cytotoxicity was determined by the MTT
assay. MG-132 (Sigma–Aldrich, purity ≥ 99, IC50 value = 0.15 µM)
was used as a positive control.

Supporting information
1D and 2DNMR spectra, as well as HREIMS spectra of the three
new compounds are available as Supporting Information.
le
ct
ro
n
ic

re
p
ri
n
t

Acknowledgments
!

This work was financially supported by the National Basic Re-
search Program of China (973 Program Nos. 2011CB915503 and
2009CB522303) and the National Natural Science Foundation of
China (Nos. U09326024 and 9081300).
E

Conflict of Interest
!

None of the authors have conflicts of interest in this study.

References
1 Editorial Committee of Flora of China, Chinese Academy of Sciences. Flora
of China, Volume 20 (1). Beijing: Science Press; 1982: 6–8

2 Chung BS, Shin MG. Dictionary of Korean folk medicine. Seoul: Young
Lim Publishing Co.; 1990

3 Sung SH, Huh MS, Kim YC. New tetrahydrofuran-type sesquilignans of
Saururus chinensis root. Chem Pharm Bull 2001; 49: 1192–1194

4 Chen H, Li X, Chen J, Zhang J. An analysis of chemical components of
overground portion of Saururus chinensis. J Nanjing Univ Tradit Chin
Med 2009; 25: 286–288
5 Hwang BY, Lee JH, Jung HS, Kim KS, Nam JB, Hong YS, Paik SG, Lee JJ. Sau-
chinone, a lignan from Saururus chinensis, suppresses iNOS expression
through the inhibition of transactivation activity of RelA of NF-kB.
Planta Med 2003; 69: 1096–1101

6 Jeong GS, Li B, Lee DS, Kwon JW, Lee HS, Kwon TO, Kim YC. Hepatoprotec-
tive constituents of Saururus chinensis roots against tacrine-induced
cytotoxicity in human liver-derived Hep G2 cells. Korean
J Pharmacogn 2007; 38: 176–180

7 Hwang JY, Zhang J, Kang, MJ, Lee SK, Kim HA, Kim JJ, Kim JI. Hypoglyce-
mic and hypolipidemic effects of Saururus chinensis Baill in streptozo-
tocin-induced diabetic rats. Nutr Res Pract 2007; 1: 100–104

8 Jung JY, Lee KY, Lee MY, Jung D, Cho ES, Son HY. Antioxidant and anti-
asthmatic effects of saucerneol D in a mouse model of airway inflam-
mation. Int Immunopharmacol 2011; 11: 698–705

9 JungMH, SongMC, Bae K, KimHS, Kim SH, Sung SH, Ye SK, Lee KH, Yun YP,
Kim TJ. Sauchinone attenuates oxidative stress-induced skeletal muscle
myoblast damage through the down-regulation of ceramide. Biol
Pharm Bull 2011; 34: 575–579

10 Bae HB, Li M, Son JK, Seo CS, Chung SH, Kim SJ, Jeong CW, Lee HG, KimW,
Park HC, Kwak SH. Sauchinone, a lignan from Saururus chinensis, re-
duces tumor necrosis factor-alpha production through the inhibition
of c-raf/MEK1/2/ERK 1/2 pathway activation. Int Immunopharmacol
2010; 10: 1022–1028

11 Min HJ, Won HY, Kim YC, Sung SH, Byun MR, Hwang JH, Hong JH, Hwang
ES. Suppression of Th2-driven, allergen-induced airway inflammation
by sauchinone. Biochem Biophys Res Commun 2009; 385: 204–209

12 Wang EC, Shih MH, Liu MC, Chen MT, Lee GH. Studies on constituents of
Saururus chinensis. Heterocycles 1996; 43: 969–976

13 Sung SH, Kim YC. Hepatoprotective diastereomeric lignans from Sauru-
rus chinensis herbs. J Nat Prod 2000; 63: 1019–1021

14 Wang L, Zhao D, Cheng D, Liu Y. ent-Sauchinone from Saururus chinen-
sis. Heterocycles 2008; 75: 1241–1246

15 Zhou XJ, Chen XL, Li XS, Su J, He JB, Wang YH, Li Y, Cheng YX. Two dimeric
lignans with an unusual α,β-unsaturated ketone motif from Zanthoxy-
lum podocarpum and their inhibitory effects on nitric oxide produc-
tion. Bioorg Med Chem Lett 2011; 21: 373–376
Gao X et al. Further Lignans from… Planta Med 2013; 79: 1720–1723


