
Kadsura coccinea (LEM.) A. C. SMITH is widely distributed
throughout southwestern of China. Plant extracts have been
used in Chinese folk medicine for treatment of cancer and
dermatosis and as an anodyne to relieve aches in China.2)

Previous investigations of K. coccinea have yielded some lig-
nans and triterpenoids.3—12) However, little work on the isola-
tion and characterization of anti-inflammatory constituents
from this plant has been made. As a part of our continuing
phytochemical investigation of anti-allergic agents from nat-
ural sources,1) the chemical composition of the rhizoma of K.
coccinea has been examined.

The roots of K. coccinea were extracted with 80% acetone.
The extract was then partitioned with hexane, chloroform,
ethyl acetate, n-butanol and water, successively. The chloro-
form fractions showed strong NO production inhibitory ac-
tivity. Further bioassay-directed fractionation of this fraction
led to the isolation of two new dibenzocyclooctadiene lig-
nans, kadsuralignan A (1), kadsuralignan B (2), and one new
arylnaphthalene lignan kadsuralignan C (3), with three
known dibenzocyclooctadiene lignans gomisin R (4),
schizanrin F (5), and schizanrin H (6).

To our knowledge, it’s the first report about arylnaphtha-
lene lignan was isolated from K. coccinea.

Here, we describe the isolation, structure elucidation and
biological evaluation of these compounds.

The configuration of biphenyl groups in all isolated diben-
zocyclooctadiene lignans was determined basing on their
characteristic circular dichroism (CD) spectra. The CD spec-
tra of 1, 2, 4—6 showed a positive Cotton effect around
215—225 nm and a negative Cotton effect around 230—
255 nm, suggesting that these dibenzocyclooctadiene lignans
possessed an S-biphenyl configuration as gomisin B.13,14)

Kadsuralignan A (1) was obtained as colorless needles and
assigned to possess a molecular formula of C22H26O7 by high
resolution electron impact ionization MS (HR-EI-MS)
([M]�, m/z 402.1679) with ten unsaturation. The UV spec-
trum of 1 possessed characteristic UV spectrum (lmax 220,
255, 289sh nm) of dibenzocyclooctadiene lignans.15) It pos-
sessed a biphenyl moiety due to two aromatic protons at d
6.67 and 6.34 (each 1H, s, H-4 and H-11) and twelve carbon

atoms at d 150.6, 138.3, 148.5, 113.5, 133.7 and 121.1 (C-1,
2, 3, 4, 5, 16, respectively); d 138.2, 102.5, 148.7, 135.7,
141.1, 119.2 (C-10, 11, 12, 13, 14, 15, respectively). More-
over, one methylenedioxy moiety at d 5.97 (2H, s, CH2-19)
and three methoxyl groups at d 3.63, 3.79 and 3.95 (each 3H,
s) occurred, and predictably located them at the biphenyl
rings. In the cyclooctadiene ring, two secondary methyl
groups at d 0.93 (3H, d, J�7.5 Hz) and 1.16 (3H, d,
J�6.9 Hz) were assigned to CH3-17 and CH3-18, respec-
tively. Moreover, the signal of oxygenated methine at d 83.9,
4.61 (1H, d, J�11.7 Hz, C-9 and H-9).

The detailed analysis of 1 using 1H–1H COSY and HMQC
disclosed partial structure unit with correlated protons:
CH2–CH(CH3)–CH(CH3)–CH(OH), this unit should belong
to the cyclooctadiene ring and clearly suggested the substitu-
tion of cyclooctadiene ring.

Detailed analysis of HMBC spectrum showed the correla-
tions between the protons of methylenedioxy moiety CH2-19
at d 5.97 (2H, s) with carbons C-12 and C-13; H-4 with the
carbon C-2, 3, 5, 6, and 16; H-11 with the carbon C-10, 12,
13, 15 and 9; the proton of hydroxyl in OH-3 with the carbon
at C-2 and 4. These facts affirmed the planar structure of 1
showed in Fig. 1.

The relative configuration at C-7, C-8 and C-9 were deter-
mined by the difference NOE. The irradiation of H-11 shows
NOE with H-9b ; the irradiations of H-4 shows NOE with H-
6a , indicating the hydroxyl group in C-9 were located at the
9a . Moreover the NOE between H-4 and OH-3 affirmed the
position of aryl hydroxyl at C-3. Like the other cyclooctadi-
ene,13) 1 has a twist-boat conformation due to the correlated
peaks between H-4 and CH3-17; H-11 and H-8 (Fig. 2).

Thus, the structure of 1 was assigned as shown in Fig. 2.
Kadsuralignan B (2) was obtained as colorless needles and

assigned to possess a molecular formula of C27H32O11 by
HR-EI-MS ([M]�, m/z 532.1938) with twelve unsaturation,
and the IR spectrum with bands at 3400 (OH), 1720 (ester),
1610 and 1590 (aromatic) cm�1. Like 1, 2 also possessed a
biphenyl moiety due to two aromatic protons at d 6.74, 6.45
(H-4 and H-11, respectively) and twelve carbon atoms at d
151.1, 140.6, 151.8, 110.3, 130.0, and 121.8 (C-1, 2, 3, 4, 5,

1022 Vol. 54, No. 7

New Lignans from Kadsura coccinea and Their Nitric Oxide Inhibitory
Activities1)

He-Ran LI,a,b Yu-Lin FENG,a Zhi-Gang YANG,a Jue WANG,b Akihiro DAIKONYA,b Susumu KITANAKA,*,b

Li-Zhen XU,a and Shi-Lin YANG*,a

a Institute of Medicinal Plant Development, Peking Union Medical College & Chinese Academy of Medical Sciences;
Beijing, 100094 P.R. China: and b College of Pharmacy, Nihon University; 7–7–1 Narashinodai, Funabashi, Chiba
274–8555, Japan. Received March 8, 2006; accepted April 20, 2006; published online May 2, 2006

In vitro anti-allergic screening of medicinal herbal extracts revealed that the chloroform extract of the rhi-
zoma of Kadsura coccinea inhibited nitric oxide (NO) production in a lipopolysaccharide (LPS) and recombinant
mouse interferon-gg (IFN-gg) activated murine macrophage like cell line RAW 264.7. Further fractionation of the
chloroform extract led to the isolation of three new lignans, including two dibenzocyclooctadiene lignans and one
arylnaphthalene lignan, together with other three known dibenzocyclooctadiene lignans. This is the first report
of NO production inhibitory activity of Kadsura coccinea and first report about the isolation of arylnaphthalene
lignan from K. coccinea.

Key words Kadsura coccinea; kadsuralignan; arylnaphthalene lignan; nitric oxide (NO)

Chem. Pharm. Bull. 54(7) 1022—1025 (2006)

© 2006 Pharmaceutical Society of Japan∗ To whom correspondence should be addressed. e-mail: kitanaka@pha.nihon-u.ac.jp



16, respectively); d 132.9, 102.0, 148.6, 135.4, 141.1 and
120.4 (C-10, 11, 12, 13, 14, 15, respectively). And 2 also
have a methylenedioxy moiety at d 5.94 and 5.96 (each 1H,
d, J�1.4 Hz) and four methoxyl groups at d 3.62, 3.85, 3.91
and 3.88 (each 3H, s) occurred, and predictably they were lo-
cated at the biphenyl rings. In the cyclooctadiene ring, one
secondary methyl group at d 1.23, (3H d, J�9.0 Hz) and one
singlet methyl group at d 1.30 (3H, s), were assigned to CH3-
18 and CH3-17, respectively, together with an oxygenated
carbon at d 73.9 was assignable to C-7. Moreover, the signals
of two acetyl groups were found in the NMR spectrum. De-
tailed inspection of the HMBC spectrum, the couplings be-
tween H-6 and C-1� (d 168.8), and between H-9 and C-1� (d
169.3) were found and further suggested that two ester
groups were present at C-6 and C-9, respectively. Thus, the
structure of 2 was similar to the known schizanrin F (5)15)

except for a benzoate at C-6 in 5 replaced by an acetyl
groups. Moreover, the mass spectrum of 2 showed two in-
tense peaks at m/z 472 [M��CH3COOH] and m/z 412
[M��CH3COOH�CH3COOH], both of them reflected the
elimination of acetic acid. The NOESY spectrum of 2
showed correlations between H-4 and H-6a , and between H-
11 and H-9b , indicating that the acetyl groups were located
at the 6b and 9a position, respectively. Moreover, like the
other cyclooctadiene lignans,16,17) 2 has a twist-boat-chair

conformation due to the correlated peaks between CH3-17
and CH3-18, H-9b and CH3-18, and CH3-17 and H-6a (Fig.
3).

Kadsuralignan C (3) was obtained as colorless needles and
assigned to possess a molecular formula of C21H26O5 by HR-
EI-MS ([M]�, m/z 358.1781) with nine degrees of unsatura-
tion. Detailed analysis of the NMR and DEPT spectra
showed that 3 contained three methoxyl groups, one methyl-
ene, seven methines and eight quaternary carbons. The IR
spectrum showed a wide absorption band at 3400 cm�1 for
hydroxyl group.

The 1H-NMR of 3 accounted for the presence of four aro-
matic hydrogens by three singlets, two of them at d 6.55 and
6.39 (H-6, H-3, respectively), and both of them have cross
peaks with d 127.5, 132.8, 143.4 and 144.9 (C-1, 2, 4, 5) in
the HMBC spectrum (Fig. 5), suggested that they are in the
same phenyl ring; while the third singlet at d 6.24 (2H, s), in-
tegrating for two hydrogens, representing the methine pro-
tons of another phenyl ring, was evident. It was also proved
by the cross peaks with the carbon at d 130.7, 105.9, 105.9,
146.6, 146.6 and 138.0 (C-1�, 2�, 6�, 3�, 5�, 4�, respectively)

July 2006 1023

Fig. 1. Structure of Compounds 1—6

Fig. 2. Key NOEs of 1

Fig. 3. Key NOEs of 2

Fig. 4. Key NOEs of 3

Fig. 5. Partial HMBC Correlations of 3



in the HMBC spectrum.
The 3JCH correlations obtained from the HMBC experi-

ment provided sound evidence for the structure of 3 as hav-
ing the basic arylnaphthalene framework, with one methoxyl
groups at C-5, and the other methoxyl groups at 3� and 5� of
ring C.

The detailed analysis of 3 using 1H–1H COSY and HMQC
disclosed partial structure unit with correlated protons:
CH2–CH(CH3)–CH(CH3)–CH. Thus, the unit can be as-
signed to the partial structure of ring B.

Due to its chemical shift of d 143.4, C-4 was an oxy-
genated quaternary carbon, thus pointing at the position of
hydroxyl (OH-4) substitution; meanwhile, H-2� and 6� have
cross peaks with another hydroxyl quaternary carbon in ring
C, which only can be assigned as C-4�.

The 1H, 13C, 1H–1H COSY, HMQC and HMBC spectra
supported the planar structure of 3. The relative configura-
tions at C-8, C-8� and C-7 were determined by the difference
NOE. The irradiation of H-7� showed NOE with CH3-9�; the
irradiation of H-8� showed NOE with CH3-9. These results
indicated that the phenyl and the two methyl groups are in
trans–trans relationship to one another.18) In addition, a nega-
tive CD cotton effect at 288 nm let us conclude that 3 is a
(7�S,8�S,8R)-aryl-tetralin derivative.19) Thus, the structure of
3 was assigned as shown in Fig. 4.

Compounds 4,20) 5,15) and 6,15) were known compounds,
whose structure were elucidated by comparison of their spec-
tral data with those of the literature.

Compounds 1—6 had been tested for their ability to in-
hibit nitric oxide (NO) production in a LPS and IFN-g acti-
vated murine macrophage like cell line RAW 264.7 (Table
2).

Compound 3 (IC50�21.2 mM) showed somewhat stronger
inhibition than quercetin (IC50�24.8 mM). Quercetin is re-
ported to have an inhibitory effect on the production of NO
by LPS stimulated macrophage cell RAW 264.7.21,22)

Recently, Rao and coworkers have reported that some aryl-
naphthalene type lignans significantly inhibited LPS-induced
NO production.23) Which is well in agreement with our find-
ings that 3 showed inhibition effect on NO production.

Experimental
General Procedures The UV spectra were obtained in MeOH on a Shi-

madzu UV-160 spectrophotometer, and the IR spectra were recorded on a
JASCO IR A-2 spectrophotometer. Optical rotations were measured in
MeOH on a JASCO DIP-360 polar meter. The NMR spectra were recorded
on a JEOL-ECA600 MHz spectrometer, with TMS as an internal standard.
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Table 1. 1H- and 13C-NMR Data for Compounds 1—3 in CDCl3
a)

1 2 3
No. No.

dC dH (mult; J, Hz) dC dH (mult; J, Hz) dC dH (mult; J, Hz)

1 150.6 151.1 1 127.5
2 138.3 140.6 2 132.8
3 148.5 151.8 3 115.9 6.39 s
4 113.5 6.67 s 110.3 6.74 s 4 143.4
5 133.7 130.0 5 144.9
6 38.3 2.59 m 84.4 5.65 s 6 110.5 6.55 s
7 34.7 2.07 m 73.7 7 35.4 2.44 (dd, 16.3, 5.3)

2.90 (dd, 16.3, 5.3)
8 43.0 1.91 m 42.6 2.08 (dd, 11, 5) 8 40.5 1.95 m
9 83.9 4.61 (d, 11.7) 83.4 5.66 s 9 15.5 0.91 (d, 7)

10 138.2 132.9 1� 130.7
11 102.5 6.34 s 102.0 6.45 s 2� 105.9 6.24 s
12 148.7 148.6 3� 146.6
13 135.7 135.4 4� 138.0
14 141.1 141.1 5� 146.6
15 119.2 120.4 6� 105.9 6.24 s
16 121.1 121.8 7� 50.7 3.54 m
17 15.1 0.93 (d, 7.5) 28.5 1.30 s 8� 29.6 2.05 m
18 19.7 1.16 (d, 6.9) 16.8 1.23 (d, 9) 9� 16.0 0.87 (d, 7)
19 101.1 5.97 s 101.0 5.94 (d, 1.4)

5.96 (d, 1.4)
1� 168.8
2� 20.5 1.58 s
1� 169.3
2� 20.1 1.62 s

1-OCH3 60.1 3.63 s 60.3 3.62 s
2-OCH3 61.0 3.95 s 59.3 3.85 s 5-OCH3 55.7 3.85 s
3-OCH3 56.0 3.91 s 3�-OCH3 56.3 3.79 s
14-OCH3 59.7 3.79 s 60.5 3.88 s 5�-OCH3 56.3 3.79 s

3-OH 5.76 s

a) Data were recorded on Jeol ECA-600 MHz spectrometer (1H, 13C); chemical shifts (d) are in ppm; assignments were confirmed by 1H–1H COSY, HMQC and HMBC.

Table 2. Inhibitory Effects on NO Production of Compounds 1—6

Compound IC50 (mM)

1 137.0
2 61.0
3 21.2
4 50.7
5 �200
6 97



The MS data were obtained on a JEOL GC mate spectrometer. Column
chromatographies were conducted with a silica gel column (Wako gel C-
300, Wako Pure Chemical Industry Ltd.). Thin layer chromatography (TLC)
was performed on Merck TLC plates (0.25 mm thickness), with compounds
visualized by spraying with 5% (v/v) H2SO4 in ethanol solution and then
heating on a hot plate. HPLC was performed on a JASCO PU-2089 instru-
ment equipped with a JASCO UV-2075 detector. A Senshu Pak PEGASIL
silica 60-5 (10�250 mm i.d.) column and a Senshu Pak PEGASIL ODS 2
were used for preparative purposes.

Plant Materials The dried rhizoma of K. coccinea were collected in
Guangxi Province, People’s Republic of China, in April 2004 and was iden-
tified by Dr. Bao-Lin Guo, Peking Union Medical College, Beijing, China.
Voucher specimens were deposited in the Department of Pharmacognosy,
College of Pharmacy, Nihon University

Extraction and Isolation The dried rhizoma of K. coccinea (1.75 kg)
were extracted three times with 80% acetone. Evaporation of the solvent
under reduced pressure from the combined extract gave the extract (82.5 g,
NO inhibitory effect 100 mg/ml, 78.5%). The extract was dissolved and sus-
pended in water (2 l) and partitioned with chloroform (3�2 l), ethyl acetate
(3�2 l), and n-butanol (3�2 l), respectively. The amounts extracted were
44.7 g (47.8%), 4.0 g (4.3%), and 14.2 g (15.4%), respectively, and the resid-
ual aqueous extract yielded 30.6 g (33.2%). The chloroform fraction was
subjected to silica gel column chromatography (13f�65 cm, eluted with
CHCl3 and MeOH 95 : 5→70 : 30). The column chromatographic fractions
(500 ml each) were combined according to TLC monitoring into eleven por-
tions. Fraction 10 was subjected to silica gel column chromatography
(3f�21 cm, eluted with CHCl3 and MeOH in increasing polarity). The col-
umn chromatographic fractions (100 ml each) were combined according to
TLC monitoring into seven portions. Portion four was isolated and further
purified by HPLC (Fluofix 120N, 10f�250 mm, CH3CN : H2O, 70 : 30) to
give 1 (5 mg), 2 (14 mg) and 5 (6 mg). Portion five, was subjected to silica
gel column chromatography (3f�21 cm, eluted with CHCl3 : MeOH
95 : 5→70 : 30). The column chromatographic fractions (100 ml each) were
combined according to TLC monitoring into six portions. Portion four was
isolated and further purified by HPLC (Fluofix 120N, 10f�250 mm,
CH3CN : H2O, 80 : 20) to give 3 (9 mg), 4 (12 mg) and 6 (7 mg).

Compound 1: Colorless needles from hexane; mp 157—158 °C; UV
(MeOH) lmax nm (log e): 220 (3.90), 255 (sh), 289 (sh); EI-MS m/z (rel. int.
%): 402 [M]� (100), 384 (55), 346 (80), 208 (65), 188 (55); HR-EI-MS m/z:
402.1679 ([M]�, Calcd 402.1678 for C22H26O7); 

1H- and 13C-NMR: see
Table 1.

Compound 2: Colorless needles from hexane; mp 140—142 °C; UV
(MeOH) lmax nm (log e): 230 (3.88), 255 (sh), 280 (sh); EI-MS m/z (rel. int.
%) : 532 [M]� (35), 472 (100), 412 (40), 358 (65), 328 (55); HR-EI-MS
m/z: 532.1938 ([M]�, Calcd 532.1944 for C27H32O11); 

1H- and 13C-NMR:
see Table 1.

Compound 3: Colorless needles from hexane; mp 209—210 °C; UV
(MeOH) lmax nm (log e): 215 (4.00), 240 (sh), 288 (3.50); IR (KBr) cm�1:
3400 (OH), 1605, 1511, 1459, 1372, 1259; EI-MS m/z (rel. int. %): 358
[M]� (100), 271 (80), 204 (40), 151 (30), 135 (28); HR-EI-MS m/z:
358.1781 ([M]�, Calcd 358.1780 for C21H26O5); 

1H- and 13C-NMR: see
Table 1.

Inhibitory Activity on NO Production from Activated Macrophages-
Like Cell Line, RAW 264.7 The cells were seeded at 1.2�106 cells/ml
onto 96-well flat bottom plate (Sumitomo Bakelite, #8096R, Tokyo) and
then incubated at 37 °C for 2 h. Next, the test extract was added to the cul-

ture simultaneously with both Escherichia coli LPS (100 ng/ml) and recom-
binant mouse IFN-g (0.33 ng/ml). Then cells were incubated at 37 °C for ap-
proximately 16 h and subsequently chilled on ice. One hundred microliters
of the culture supernatant was placed in duplicate in the wells of 96-well flat
bottomed plates. A standard solution of NaNO2 was placed in alternate wells
on the same plate. To quantify nitrite, 50 m l of Griess reagent (1% sulfanil-
amide in 5% H3PO4 and 0.1% N-1-naphthyletyl-enediamide dihydrochlo-
ride) was added to each well. After 10 min the reaction products were colori-
metrically quantified at 550 nm using a Model 3550 Microplate Reader
(BIO-RAD) and the background absorbance (630 nm) was subtracted. Cyto-
toxicity was measured by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT) assay method.
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