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Investigation of the fruits of Schisandra sphenanthera led to the isolation of two new dibenzo-
cyclooctadiene lignans, methylgomisin O (1) and chloromethyl schisantherin B (2), together with
twelve known lignans (3 – 14). Their structures were elucidated by using extensive spectroscopic
techniques including 1D and 2D NMR spectra. Compound 2 was identified as a cyclooctadiene moi-
ety substituted with a chloromethyl group, which is rarely found in natural products, especially in
terrestrial higher plants. Among these isolates, compounds 1 and 7 exhibited considerable inhibitory
activity against tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) production, and did not
display any cellular toxicity against RAW264.7 cells.
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Introduction

Approximately 150 lignan derivatives possessing
the dibenzocyclooctadiene skeleton have been isolated
from plants of the schizandraceae family [1, 2], and a
wide variety of biological activities exhibited by these
lignans have been uncovered. Extracts from lignan-rich
plants have been used in Chinese traditional medicine
as tonics, sedatives, and astringent agents [3]. In addi-
tion to insecticidal [4 – 7] and antifeedant activity [8],
dibenzocyclooctadiene lignans from Schizandraceae
have been reported to inhibit cyclic-AMP phosphodi-
esterases. Several lignan derivatives inhibit the bind-
ing of the platelet activating factor to receptors on
platelets [9 – 11]. A number of other derivatives sup-
press the proliferation of human peripheral blood lym-
phocytes and, thus, may be useful as immunosuppres-
sive agents [12]. Several lignans exhibit significant bio-
logical activity, both in vitro and in vivo against carbon
tetrachloride- and galactosamine-induced liver damage
in different animal models. (–)-Wuweizisu C is consid-
ered a crucial component for the antihepatotoxic activ-
ity found in traditional Chinese medicine formulations
of wuweizi lignan-containing plants [13 – 26]. Lignans
also exhibit inhibitory activity against viral reverse
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transcriptase. For example, gomisin-G exhibited potent
anti-HIV activity with an EC50 of 0.006 µg mL−1 and
a therapeutic index (TI) of 300, while schizantherin D,
kadsuranin, and (–)-wuweizisu C showed good activ-
ities with EC50 values of 0.5, 0.8, and 1.2 µg mL−1

and TI values of 110, 56, and 33.3, respectively. The
results with these natural lignans have suggested that
9-benzoyl and 8-hydroxy substituents might enhance
the biological activity [27 – 30].

However, little work on the isolation and characteri-
zation of anti-inflammatory constituents from this fam-
ily has been done. As a part of our research program
to find new compounds with anti-inflammatory activ-
ities from natural sources, the phytochemical investi-
gation of Schisandra sphenanthera has been carried
out. Repeated column chromatography of an EtOAc
extract of S. sphenanthera led to the isolation of two
new dibenzocyclooctadiene lignans, methylgomisin O
(1) and chloromethyl schisantherin B (2), as well
as twelve known ones, epigomisin O (3) [31], 6-O-
benzoylgomisin (4) [32], gomisin J (5) [33], methyl-
gomisin R (6) [34], schisantherins A – D (7 – 10) [35],
(+)-deoxyschisandrin (11) [33], (+)-gomisin K3 (12)
[36], myristargenol A (13) [37], and sphenanlignan
(14) [38].
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Table 1. 1H and 13C NMR spectral data of 1 and 2 (δ in ppm, J in Hz).

— 1a,b — — 2c,d —

δC δH δC δH

1 151.3 (s) 153.0 (s)

2 141.2 (s) 142.6 (s)

3 151.9 (s) 152.8 (s)

4 111.1 (d) 6.53 (s) 110.2 (d) 7.26 (s)

5 133.8 (s) 132.4 (s)

6 90.1 (d) 3.87f 81.6 (d) 6.06 (s)

7 38.6 (d) 1.83 – 1.86 (m) 75.8 (s)
8 36.5 (d) 1.67 – 1.71 (m) 43.2 (d) 2.34 – 2.37 (m)

9 37.5 (t) 2.25 – 2.30 (m) 36.8 (t) 2.34 – 2.37f

1.94 – 2.03 (m) 2.22 – 2.25 (m)

10 134.2 (s) 135.4 (s)

11 102.3 (d) 6.39(s) 102.7 (d) 6.55 (s)

12 148.5 (s) 149.7 (s)

13 135.1 (s) 136.0 (s)

14 142.0 (s) 141.7 (s)
15 121.5 (s) 122.0 (s)

16 123.7 (s) 123.0 (s)

17 17.1 (q) 0.89 (d. 6.76) 18.8 (q) 1.20 (d. 9.3)

18 17.2 (q) 0.88 (d. 6.99)

1-OMe 60.9 (q) 3.54 (s) 60.7 (q) 3.45 (s)

2-OMe 60.3 (q)e 3.87 (s)e 60.7 (q) 3.81 (s)

3-OMe 56.0 (q) 3.93 (s) 56.1 (q) 3.91 (s)

OCH2O 100.6 (t) 5.95. 5.91 (each s) 101.5 (t) 5.95. 5.90 (each ABd. 0.8)
CH2Cl 48.3 (t) 3.86. 3.53 (each ABd. 11.8)

6-OMe 55.7 (q) 3.03 (s)

14-OMe 59.4 (q)e 3.91 (s)e 59.1 (q) 3.68 (s)

OH 4.03 (brs)

1′ 166.2 (s)

2′ 128.5 (s)

3′ 139.5 (d) 5.98 (m)

4′ 19.8 (q) 1.36 (brs)
5′ 15.8 (q) 1.81 (dd. 7.2. 1.5)

a Measured in CDCl3; b measured at 500 MHz; c measured in (CD3)2CO; d measured at 400 MHz; e assignments may be interchanged;
f overlapped.

Results and Discussion

Compound 1 was isolated as a colorless amor-
phous powder, and its molecular formula of C24H30O7

was established on the basis of HR-ESI-MS analy-
sis ([M+Na]+, m/z = 453.1881) and its 13C NMR
spectrum, indicating 10 degrees of unsaturation. The
1D NMR spectrum of 1 revealed that it possessed a
biphenyl moiety due to two aromatic protons at δH =
6.53 and 6.39 (4-H and 11-H) and twelve aromatic
carbon atoms (δC = 151.9, 151.3, 148.5, 142.0, 141.2,
135.1, 134.2, 133.8, 123.7, 121.5, 111.1, 102.3) (see
Table 1), which indicated that 1 was a dibenzocyclooc-
tadiene lignan.

The 1H NMR spectrum of 1 displayed signals for
four methoxy groups (δH = 3.93, 3.91, 3.87, and 3.54)
and one methylenedioxy group (δH = 5.95 and 5.91) as
substituents on the biphenyl rings. Moreover, in the cy-

clooctadiene ring, two secondary methyl groups [δ =
0.88 (d, J = 6.99 Hz, 18-Me), 0.89 (d, J = 6.76 Hz,
17-Me)] are placed at C-7 and C-8, respectively, which
could be confirmed by the HMBC correlations from
Me-18 to C-8, C-7 and C-6 and from Me-17 to C-7,
C-8 and C-9. In addition, a benzylic methylene group
[δ = 2.25 – 2.30 (m, 9-H), 1.94 – 2.03 (m, 9-H)], a ben-
zylic oxymethine [δ = 3.87 (overlapped, 6-H)] and two
methine groups at δ = 1.84 (m, 7-H) and δ = 1.67 (m,
8-H) were also found at the cyclooctadiene ring.

Comparison of the 1H and 13C NMR data between
1 and gomisin O [31] indicated that the substitution
pattern on their biphenyl moieties was identical. The
only difference was the presence of one more methoxy
group (δH = 3.03) in 1, instead of the hydroxy group
at C-6 in gomisin O. The HMBC correlations (Fig. 1)
of the methoxy group at δ = 3.03 with C-6 and of δ =
3.87 (overlapped, 6-H) with the aromatic carbon C-4
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Fig. 1. Key HMBC correlations of
compound 1.

further supported this conclusion. Thus, 1 was a methyl
derivative of gomisin O.

The ROESY spectrum of 1 showed cross-peaks be-
tween 17-Me and 4-H, 17-Me and 6-H, indicating
that 1 possesses a twist-boat (TB) conformation of
the cyclooctadiene ring. The similar chemical shifts of
17-Me and 18-Me further confirmed this conclusion
[18, 27, 33]. A correlated peak between 4-H and 6-H
indicated that the methoxy group at C-6 was located in
β -position [39, 40]. The CD spectrum of 1 exhibited a
positive Cotton effect around 210 – 231 nm and a nega-
tive Cotton effect around 250 – 255 nm, suggesting that
1 possesses an S-biphenyl configuration [31].

The EI-MS of 2 gave a molecular ion peak at m/z =
548, accompanied by an isotopic peak at m/z = 550
(their relative abundance ratio was 3 : 1), suggesting
the presence of a chlorine atom [41], which was fur-
ther supported by the fragment at m/z = 512 [M–
HCl]+. Its HR-ESI-MS [m/z = 571.1703, [M+Na]+

(calcd. 571.1710 for C28H33O9ClNa)] further revealed
the molecular formula as C28H33O9Cl. In addition,
the elemental analytical results of 2 (anal. calcd. for
C28H33O9Cl·1/2H2O: C 60.27; H 6.14; found C 59.50;
H 6.03) showed good agreement with the calculated
values.

The 1H NMR spectrum of 2 showed signals of two
aromatic protons [δ = 7.26 (s, 4-H), 6.55 (s, 6-H)] of a
biphenyl moiety. The signals at [δ = 3.45, 3.68, 3.81,
3.91 (each s, 4 × -OCH3), and δ = 5.90, 5.95 (each
ABd, J = 0.8 Hz, -OCH2O-) indicated the presence of
four methoxy and one methylenedioxy groups as sub-
stituents on the biphenyl rings. Moreover, one hydroxy
at δ = 4.03 (s, -OH) and one secondary methyl at δ =
1.20 (d, J = 9.3 Hz, 17-Me) were also observed in the
cyclooctadiene ring. The 13C NMR spectral data of
2 indicated the presence of an angeloyl group (δC =
166.2, 139.5, 128.5, 19.8 and 15.8), which was fur-
ther supported by the significant peaks at m/z = 83
[MeCH=C(Me)CO]+ and 55 [MeCH=CMe]+ in the
EI-MS. The HMBC correlation (Fig. 2) observed be-
tween the proton at δ = 6.06 (s, 6-H) and the carbonyl

Fig. 2. Key HMBC correlations of compound 2.

Fig. 3. Key ROESY correlations of compound 2.

group at δ = 166.2 (C-1′) suggested that the angeloyl
group was attached to C-6.

Careful analysis of the 1H and 13C NMR spectral
data of compound 2 suggested that this compound
also was a dibenzocyclooctadiene lignan and similar
to schisantherin B (8) [35] concerning the biphenyl
group and the cyclooctadiene moiety including their
substituents. The only difference between the two com-
pounds was that a chloromethyl group in 2 replaced
the methyl group in 8 at C-7. The presence of the
chloromethyl group was indicated by the signals at δ =
3.53, 3.86 (each ABd, J = 11.8 Hz, CH2Cl) in the 1H
NMR and at δC = 48.3 in the 13C NMR spectrum (Ta-
ble 1). In addition, HMBC correlations from two pro-
tons at δH = 3.86 and 3.53 to C-6, C-7 and C-8 further
confirmed that the chloromethyl was located at C-7.
Therefore, 2 was a chlorinated derivative of schisan-
therin B.



214 R. Ren et al. · New Dibenzocyclooctadiene Lignans from Schisandra sphenanthera

The stereochemistry of the cyclooctadiene moiety
was elucidated by the ROESY spectrum (Fig. 3).
The ROESY correlation observed between 4-H and
6-H suggested the α-orientation of 6-H. Therefore,
the angeloyl group was located on the β -face of the
molecule. The NOE interactions between 6-H and
7-OH, 7-OH and 17-Me designated the α-orientation
of hydroxyl at C-7 and methyl at C-8. This was further
evident from the significant NOE interaction between
9-Hα and 17-Me. Therefore, the chloromethyl group
at C-7 was in a β -orientation. Further, the ROESY cor-
relations between 4-H and 6-H, between Me-17 and
9-H, as well as between 9-H and 11-H indicated a
twist-boat-chair (TBC) conformation of the cycloocta-
diene ring [42]. Besides, 2 showed negative Cotton ef-
fects around 255 nm and positive effects around 220 –
232 nm in the CD spectrum, indicating that 2 possesses
an S-biphenyl configuration. Therefore, the complete
structure of 2 was determined to be that shown in
Fig. 2, and named as chloromethyl schisantherin B.

Naturally occurring halogenated compounds have
been isolated mainly from the marine environment and
microorganisms [43]. Many chlorine- and bromine-
containing metabolites from marine source have been
investigated because of recent interest in their vari-
ous biological activities as well as in their structural

diversity [44]. However, only a few organochlorine
compounds have been isolated from terrestrial higher
plants [45]. Considering the distinct differences in en-
vironmental factors between the land and the sea, the
limited occurrence of halogenated compounds in ter-
restrial higher plants is not surprising. This is the first
example of chlorinated metabolites from the family
Schisandraceae [46]. However, the isolation of 2 from
the fruits of Schisandra sphenanthera posed a signifi-
cant question about the origin of the chlorine atom.

We could not examine the biosynthetic origin due to
the small quantity of 2. We speculate that chloromethyl
schisantherin B was derived from schisantherin B by
induced enzymatic chlorination in the plant under
stress conditions [43].

The known compounds were determined to be
epigomisin O (3), 6-O-benzoylgomisin (4), gomisin
J (5), methylgomisin R (6), schisantherins A–D (7 –
10), (+)-gomisin K3 (11), (+)-deoxyschisandrin (12),
myristargenol A (13) and sphenanlignan (14) by com-
parison of their spectral data with those of the litera-
ture.

The effects of compounds 1 and 7 on lipopolysac-
charide (LPS)-induced TNF-α and interleukin-6
(IL-6) production in RAW264.7 macrophages were in-
vestigated. As is known, macrophage activation plays
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Fig. 4. The respective effects of 1 and 7 on the viability of
RAW264.7 cells.

an important role in the inflammatory process and
produces potent proinflammatory cytokines such as
TNF-α and IL-6 [47]. TNF-α is one of the most
important cytokines, and is required for the syner-
gistic induction of NO synthesis in LPS-stimulated
macrophages. Moreover, TNF-α elicits a number of
physiological effects, such as septic shock, inflamma-
tion, cachexia, and cytotoxicity [48]. IL-6 also is one
of the most important inflammatory cytokines, and its
production is induced by several factors, such as TNF-
α , IL-1β as well as LPS. IL-6 is believed to be an
endogenous mediator of LPS-induced fever in addi-
tion to its multiple effects on the immune system and
hematopoiesis [49]. Recently, new approaches for the
use of Chinese herbal plants to prevent and treat in-
flammatory responses by inhibiting inflammatory cy-

Fig. 5. The respective effects on the secretion of TNF-α in
vitro for 1 and 7.

tokines, such as TNF-α , IL-6, and IL-1β have become
an important area of investigation [47].

In our present study, the anti-inflammatory poten-
tial and cellular toxicity of compounds 1 and 7 were
tested, using the method previously described [50].
Compounds 1 and 7 did not display cellular toxicity
against RAW264.7 cells over 20 h, as determined by
the MTT assay (Fig. 4). TNF-α and IL-6 concentra-
tions in the culture supernatants of RAW264.7 cells
were measured by sandwich ELISA. Compared to the
LPS control group, the concentration of TNF-α de-
creased significantly at 2.5 and 12.5 mg L−1 (∗P <

0.05, ∗∗P < 0.01) with 1 or 7 pretreatment, respec-
tively (Fig. 5). Moreover, IL-6 levels decreased from
0.5 to 12.5 mg L−1 (∗P < 0.05, ∗∗P < 0.01) with on
pretreatment with compound 1 or 7 (Fig. 6).

The present study demonstrated that compounds 1

and 7 inhibit the production of TNF-α and IL-6 in a
dose-dependent manner in LPS-stimulated RAW264.7
cells. It also suggests that compounds 1 and 7 are
bioactive lignans in S. sphenanthera, and thus their
regulating effect on TNF-α and IL-6 formation might
be associated with its putative anti-inflammatory ef-
fect. Future studies will focus on the basic mecha-
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Fig. 6. The respective effects on the secretion of IL-10 in
vitro for 1 and 7.

nisms governing compounds’ 1 and 7 inhibition of pro-
inflammatory cytokine production.

Experimental Section

General experimental procedures

Optical rotations were measured with a Jasco DIP-370

digital polarimeter. CD spectra were measured with a JASCO

J-810 spectropolarimeter. 1D and 2D NMR spectra were

recorded using Bruker AM-400 and DRX-500 instruments

with tetramethylsilane (TMS) as an internal standard. Chem-

ical shifts (δ ) were expressed in ppm with reference to the

solvent signals. EI-MS were measured on a VG Auto Spec-

3000 spectrometer, and HR-ESI-MS were taken on an API

Qstar Pulsar instrument. Column chromatography (CC) was

performed on silica gel (200 – 300 mesh, 100 – 200 mesh,

80 – 100 mesh, Qingdao Marine Chemical Factory, Qing-

dao, China), YMC∗GEL ODS-A (12 nm, S-50 µm, Ky-

oto, Japan), Sephadex LH-20 (Amersham Biosciences AB)

and MCI (MCI-gel CHP-20P). Fractions were monitored by

TLC, and spots were visualized by heating silica gel plates

sprayed with 10 % H2SO4 in EtOH. Semipreparative HPLC

was performed on an Agilent 1200 liquid chromatograph

with Zorbax SB-C18 (Agilent, 9.4 mm × 250 mm) column.

Plant material

The fruits of S. sphenanthera were purchased in Herb Ma-

terial Market of Juhuacun, Kunming, Yunnan Province, P. R.

China, in July 2005, and were identified by Mrs. Xiao-Lei Li.

A voucher specimen (KMUST 2005050101) was deposited

at the Laboratory of Phytochemistry, the College of Life Sci-

ence and Technology, Kunming University of Science and

Technology. Dimethy sulfoxide (DMSO), LPS (Escherichia

coli 055:B5), Aspirin (ASP) and 3-(4, 5-dimethylthiazol-

2-y1)-2, 5-diphenyl-tetrazolium bromide (MTT) were pur-

chased from Sigma Chemical Co. (St. Louis, MO, USA).

TNF-α and IL-6 ELISA kits were purchased from Biole-

gend. Dulbeccos modified Eagle’s medium (DMEM) and fe-

tal bovine serum (FBS) were obtained from Invitrogen-Gibco

(Grand Island, NY). The purity (> 95 %) of compounds 1

and 7 used for the biological assay in vitro, was determined

by HPLC.

Extraction and isolation

The air-dried fruits of S. sphenanthera (8 kg) were ex-

tracted with 70 % aq. Me2CO (3 × 25 L) at r. t. to yield

an extract which was successively extracted with petroleum

ether and EtOAc. The EtOAc extract (145 g) was subjected

to column chromatography (CC) over silica gel (2 kg, 100 –

200 mesh) eluting with a CHCl3/Me2CO gradient system

(1 : 0, 20 : 1, 10 : 1, 8 : 2, 7 : 3, 6 : 4, 5 : 5, 0 : 1) to give frac-

tions A–H. Fraction B (22 g, CHCl3/Me2CO 20 : 1) also was

chromatographed over a silica gel (600 g, 200 – 300 mesh)

column, eluting with a petroleum ether/Me2CO gradient sys-

tem (20 : 1, 10 : 1, 8 : 2, 7 : 3, 0 : 1), to give fractions B-1 to

B-5. Fraction B-2 (8 g) was repeatedly chromatographed

over silica gel and RP-18, and then recrystallized to yield

compounds 4 (3 mg), 6 (5 mg), 13 (25 mg) and 14 (18 mg).

Fraction B-3 (10 g) was purified by Sephadex LH-20, sil-

ica gel, and finally its components separated by semiprepara-

tive HPLC with 65 – 76 % (flow rate 3.0 mL min−1) MeOH/

H2O to afford compounds 1 (6 mg), 2 (8 mg), 3 (9 mg), 5

(14.5 mg), 7 (20 mg), 8 (80 mg), 9 (21.3 mg), 10 (7.6 mg),

11 (6 mg) and 12 (11 mg).

Methylgomisin O (1): colorless amorphous powder. –

[α]27
D = +9.62 (c = 0.156, CHCl3). – CD (c = 0.05, MeOH):

222 (+32.24), 252 (−20.87). – 1H and 13C NMR data see Ta-

ble 1. – MS (EI, 70 eV): m/z (%) = 430 (93) [M]+, 399 (28),

398 (100), 383 (11), 374 (16), 343 (26), 329 (13), 313 (16),

312 (29), 172(5). – HRMS ((+)-ESI): m/z = 453.1881 (calcd.

453.1889 for C24H30O7Na+, [M+Na]+).

Chloromethyl schisantherin B (2): colorless oil. – [α]27
D =

−29.66 (c = 0.118, CH3COCH3). – CD (c = 0.05, MeOH):

226 (+19.20), 256 (−15.52). – 1H and 13C NMR data see

Table 1. – MS (EI, 70 eV): m/z (%) = 550 (16) [M+2]+, 548

(45) [M]+, 512 (9), 448 (29), 359 (25), 343 (86), 331 (66),

316 (40), 300 (100), 83 (49), 55 (53). – HRMS ((+)-ESI):
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m/z = 571.1703 (calcd. 571.1710 for C28H33O9ClNa+,

[M+Na]+). – Anal. for C28H33O9Cl·1/2H2O: calcd. C 60.27,

H 6.14; found C 59.50, H 6.03.

Cell culture

The RAW264.7 mouse macrophage cell line was obtained

from the China Cell Line Bank (Beijing, China). Cells were

cultured in DMEM supplemented with 3 mm glutamine, an-

tibiotics (100 U mL−1 penicillin and 100 U mL−1 strepto-

mycin), and 10 % heat-inactivated fetal bovine serum. The

cells were maintained at 37 ◦C in a humidified incubator con-

taining 5 % CO2. In all experiments, cells were allowed to

acclimate for 24 h before any treatments. Compounds 1 and

7 were always added 1 h prior to LPS treatment.

MTT assay for cell viability

To measure cell viability, the MTT assay was performed.

RAW264.7 cells were mechanically scraped, seeded in 96-

well plates at 4 × 105 cells mL−1, and incubated in a 37 ◦C,

5 % CO2 incubator overnight. After 24 h, the cells were

treated with 50 µL aliquots with different concentrations of

compounds 1 and 7 or 10 nm ASP (0.5 – 12.5 mg L−1) for

2 h, followed by stimulation with 50 µL of LPS for 18 h. Sub-

sequently, 20 µL of 5 mg mL−1 MTT in FBS-free medium

was added to each well and incubated for an additional 4 h.

Cell-free supernatants were then removed and resolved with

150 µL per well DMSO. The optical density was measured

at 570 nm on a microplate reader.

Monitor cytokine in vitro

To investigate the effect of compounds 1 and 7 on cytokine

responses from LPS-treated cells, RAW264.7 cells (4 × 105)

were seeded into 24-well plates, pretreated with 0.5, 2.5 or

12.5 mg/L of 1 and 7 for 1 h prior to treatment with 1 mg L−1

of LPS for 12 h. Cells were treated with 10 nM ASP as a posi-

tive control. Cell-free supernatants were collected and stored

at −20 ◦C until assayed for cytokine levels. The concentra-

tions of TNF-α and IL-6 in the cell supernatants were deter-

mined using an ELISA kit. Concentrations were determined

for six wells of each sample.

Acknowledgements

The work was financially supported by the Foundation for

the Author of National Excellent Doctoral Dissertation of PR

China (200780), the National Natural Science Foundation of

China (20862011), the Program for New Century Excellent

Talents on University (No. NCET-06-0824), the Young Aca-

demic and Technical Leader Raising Foundation of Yunnan

Province (No. 2005py01-32), and the Fok Ying Tong Educa-

tion Foundation (111040).

[1] D. C. Ayres, J. D. Loike, in Lignans: Chemical, Bio-

logical and Clinical Properties, (Eds. D. C. Ayres, J. D.

Loike), Cambridge University Press, Cambridge, 1990,

p. 1.
[2] J. B. Chang, J. Reiner, J. X. Xie, Chem. Rev. 2005, 105,

4581-4609.

[3] W. L. Xiao, R. T. Li, S. H. Li, X. L. Li, H. D. Sun, Y. T.

Zheng, R. R. Wang, Y. Lu, C. Wang, Q. T. Zheng, Org.

Lett. 2005, 7, 1263 – 1266.

[4] S. Yamauchi, E. Taniguchi, Agric. Biol. Chem. 1991,
55, 3075 – 3084.

[5] S. Yamauchi, E. Taniguchi, Biosci., Biotechnol., Bio-

chem. 1992, 56, 412 – 417.

[6] S. Yamauchi, S. Nagata, E. Taniguchi, Biosci., Biotech-

nol., Biochem. 1992, 56, 1193 – 1197.

[7] S. Yamauchi, E. Taniguchi, Biosci., Biotechnol., Bio-

chem. 1992, 56, 1744 – 1750.

[8] J. K. Nitao, K. S. Johnson, J. M. Scriber, M. G. Nair,

J. Chem. Ecol. 1992, 18, 1661 – 1671.

[9] A. S. Krauss, W. C. Taylor, Aust. J. Chem. 1991, 44,

1307 – 1333; A. S. Krauss, W. C. Taylor, Aust. J. Chem.

1991, 44, 1335 – 1340.
[10] A. S. Krauss, W. C. Taylor, Aust. J. Chem. 1992, 45,

925 – 933; A. S. Krauss, W. C. Taylor, Aust. J. Chem.

1992, 45, 935 – 939.

[11] A. R. Carroll, A. S. Krauss, W. C. Taylor, Aust. J.

Chem. 1993, 46, 277 – 292.

[12] T. Hirano, A. Wakasugi, M. Oohara, K. Oka, Y. Sashi-

da, Planta Med. 1991, 57, 331 – 334.
[13] Y. Ikeya, H. Taguchi, H. Mitsuhashi, S. Takeda,

Y. Kase, M. Aburada, Phytochemistry 1988, 27, 569 –

573; Y. Ikeya, K. Sugama, M. Okada, H. Mitsuhashi,

Phytochemistry 1991, 30, 975 – 980.

[14] H. Hikino, Y. Kiso, H. Taguchi, Y. Ikeya, Planta Med.

1984, 50, 213 – 218.
[15] K. T. Liu, P. Lesca, Chem. Biol. Interact. 1982, 41, 39 –

47.

[16] S. Takeda, I. Arai, Y. Kase, Y. Okura, M. Hasegawa,

Y. Sekiguchi, K. Sudo, M. Aburada, E. Hosova, Yaku-

gaku Zasshi. 1987, 107, 517 – 524.

[17] Y. Kiso, M. Tohkin, H. Hikino, Y. Ikeya, H. Toguchi,
Planta Med. 1985, 51, 331 – 334.

[18] Y. Ikeya, H. Taguchi, I. Yosioka, Chem. Pharm. Bull.

1982, 30, 3207 – 3211.

[19] X. W. Yang, H. Miyashiro, M. Hattori, T. Namba,

Y. Tezuka, T. Kikuchi, D. F. Chen, G. J. Xu, T. Hori,

M. Extine, H. Mizuno, Chem. Pharm. Bull. 1992, 40,
1510 – 1516.

[20] Y. Y. Chen, Z. B. Shu, L. N. Li, Sci. Sin. 1976, 19, 276 –

290.



218 R. Ren et al. · New Dibenzocyclooctadiene Lignans from Schisandra sphenanthera

[21] C. S. Liu, S. D. Fang, M. F. Huang, Y. L. Kao, J. S. Hsu,
Sci. Sin. 1978, 21, 483 – 502.

[22] J. S. Liu, M. F. Huang, W. A. Ayer, T. T. Nakashima,

Phytochemistry 1984, 23, 1143 – 1145.

[23] X. W. Yang, M. Hattori, T. Namba, D. F. Chen, G. J.

Xu, Chem. Pharm. Bull. 1992, 40, 406 – 409.

[24] H. Nagai, I. Yakuo, M. Aoki, K. Teshima, Y. Ono,
T. Sengoku, T. Shimazawa, M. Aburada, A. Koda,

Planta Med. 1989, 55, 13 – 17.

[25] S. Kubo, Y. Ohkura, Y. Mizoguchi, I. Matsui-Yuasa,

S. Otani, S. Morisawa, H. Kinoshita, S. Takeda,

M. Aburada, E. Hosoya, Planta Med. 1992, 58, 489 –

492.
[26] G. Shiota, S. Yamada, H. Kawasaki, Res. Commun.

Mol. Pathol. Pharmacol. 1996, 94, 141 – 146.

[27] D. F. Chen, S. X. Zhang, K. Chen, B. N. Zhou, P. Wang,

L. M. Cosentino, K. H. Lee, J. Nat. Prod. 1996, 59,

1066 – 1068.

[28] S. Y. Liu, B. D. Hwang, M. Haruna, Y. Imakura, K. H.
Lee, Y. C. Cheng, Mol. Pharmacol. 1989, 36, 78 – 82.
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