Lignans from the Roots and Rhizomes of Clematis manshurica
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Two new lignans, clemomanshurinane A and B, along with ten known compounds have been iso-
lated from the roots and rhizomes of Clematismanshurica. The structures were elucidated on the basis
of their physicochemical and spectroscopic evidence. Clemomanshurinane A and B, (+)-dihydrode-
hydrodiconiferyl alcohol and (+)-lariciresinol 4,4’-O-bis-f-D-glucopyranoside indicated inhibitory

effects on COX-2 at final concentration of 10~2 mol/l, with the inhibition rates 65.8%, 71.8%, 53.3%,

and 60.3%, respectively.
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Introduction

Clematis manshurica Pupr., the roots and rhizomes
of the plant named “W&ilingxian” in traditional Chi-
nese medicine (TCM), is widely distributed in the
northeast of China. It is popularly used as an anti-
inflammatory, antitumor, analgesic agent in TCM. Up
to date, only four triterpene saponins (clematoside A-C
and clematoside A’) have been isolated from the roots
and rhizomes of C. manshurica [1]. Our preliminary
investigations suggested that the 95% ethanol extract
of the roots and rhizomes of C. manshurica indicated
significant inhibitory activities on COX-2, so the in-
vestigations on the chemical constituents of the extract
were performed. Two new lignans together with ten
known compounds have been isolated and elucidated.
Herein we reported the isolation and structure elucida-
tion of the new compounds. The preliminary investiga-
tions of the biological activities on COX-2 of all these
compounds are also presented.

Results and Discussion

A 95% ethanol extract of the dried roots and rhi-
zomes of C. manshurica was suspended in water, then
extracted by petroleum, ethyl acetate and n-butanol
successively. The ethyl acetate extract was subjected to
silica gel, Sephadex LH-20 column chromatography

and purified by prep. HPLC to vyield three known
lignans, (+)-pinoresinol (1) [2], (+)-isolariciresinol
(2) [3], and (+)-dihydrodehydrodiconiferyl alcohol
(5) [4], together with two new lignans, clemoman-
shurinane A (3) and clemomanshurinane B (4). The
n-butanol extract was subjected to D101 porous
polymer resin, Sephadex LH-20 and silica gel column
chromatography, purified by prep. HPLC to vyield
seven known lignans, (+)-5’-methoxyisolariciresinol
9’-0O-B-D-glucopyranoside (6) [5], (+)-laricire-
sinol  4,4’-O-bis-B-D-glucopyranoside  (7)  [6],
(+)-pinoresinol  4-O-B-D-glucopyranoside (8) [7],
(+)-lyoniresinol 9’-O-B-D-glucopyranoside (9) [8],
(+)-lariciresinol 4’-O-f-D-glucopyranoside (10) [9],
(+)-(7’S8R,8°9)-4,4’ 9-trihydroxy-3,3’ 5-trimethoxy-
2,7’-lignan-9-O-fB-D-glucopyranoside  (11)  [10],
and (+)-pinoresinol 4,4’-O-bis-f-D-glucopyranoside
(12) [6].

Compound 3 was obtained as a pale yellow syrup.
The positive mode HRFABMS showed a [M]* ion
peak at m/z = 474.1898, in accordance with an
empirical molecular formula of CysH390g9, which
was supported by the *C NMR spectrum and various
DEPT data. The IR spectrum of 3 indicated the ab-
sorptions of hydroxyl groups at 3422 cm —1, aromatic
rings at 1605 and 1512 cm~! and carbonyl groups
at 1721 cm~1. The UV spectrum exhibited maximum
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absorptions at 241 and 283 nm. The 'H NMR spec-
trum showed the presence of two aromatic protons
at 6 = 6.69 (1H, s) and 6.19 (1H, s), an ABX sys-
tem at 6 = 6.76 (1H, d, J = 2.0 Hz), 6.78 (1H, d,
J =8.0 Hz) and 6.60 (1H, dd, J = 2.0, 8.0 Hz). The
13C NMR spectrum indicated 12 aromatic carbons,
three aliphatic methylene carbons (6 = 33.3, 64.5 and
63.9), and three aliphatic methane carbons (6 = 39.2,
44.1 and 48.0). All these suggested that 3 might be
a tetrahydroarylnaphthalene-type lignan. Moreover,
the 'H and 3C NMR spectra of 3 also exhibited the
signals due to a 5-hydroxy-4-oxo-pentanoyl group at
Oy = 2.66 (2H, t, 3 = 6.5 Hz), 2.79 (2H, overlapped)
and 4.23 (2H, s); 6c = 209.9, 172.9, 68.6, 33.6
and 28.2 [11], two methoxy groups at 6y = 3.80
(3H, s) and 3.79 (3H, s), 6c = 56.3 and 56.2. In the
HMBC spectrum of 3, the protons of H-9’ [§ = 4.15
(1H, dd, J = 2.0, 11.0 Hz), 3.91 (1H, dd, J = 2.0,
11.0 Hz)] showed long range correlations with the
carbonyl carbon (6 = 172.9), which suggested that
the 5-hydroxy-4-oxo-pentanoyl group was linked
to C-9°. In the NOESY spectrum of 3, the signals
of the methoxy groups showed cross peaks with
H-6 at 6 = 6.69 (1H, s) and H-2" at 6.76 (1H, d,
J = 2.0 Hz), which indicated that the methoxy groups
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Fig. 1. Structures of the isolated compounds 1-12.
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Fig. 2. Key HMBC correlations of 3.

were linked to C-5 and C-3’, respectively. The relative
stereochemistry of the tetrahydronaphtalene ring was
inferred from the careful analysis of the NOESY
spectrum of 3. The NOESY spectrum of 3 showed no
correlation peaks between H-7" and H-8’, H-8 and
H-8’, but cross peaks between H-7’ and H-8, H-7’
and H-9’, H-8" and H-9, which suggested that H-7’
had trans axial-axial relationship with H-8, but cis
relationship with H-8. In the 'H NMR spectrum of 3,
the values of the coupling constants between H-7’
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and H-8 (J = 9.0 Hz) also confirmed that proton
H-7" had trans axial-axial relationship with H-8’.
The absolute stereochemistry of 3 was established
by the molecular rotation ([er]Z + 39.5° (c = 0.38,
MeOH)) and CD spectrum. The negative Cotton effect
at 291 nm and the positive Cotton effect at 276 nm
determined the S-configuration at C-7° [12,13],
thus C-8 and C-8 must have R-configurations.
Accordingly, the structure of 3 was elucidated as
(+)-(7"S8R,8’R)-4,4’9-trihydroxy-3’,5-dimethoxy-
9’-(5-hydroxy-4-oxo-pentanoyl)-2,7’-cyclolignane,
named clemomanshurinane A.

Compound 4 was obtained as a pale yellow syrup.
The positive mode HRFABMS showed a M ion peak
at m/z = 474.1898, in accordance with an empirical
molecular formula of Co5H30g, Which was similar
to 3. The NMR spectroscopic data of 4 were very
similar to those of 3 except for the six aliphatic carbons
of the tetrahydronaphthalene ring. In compound 4, the
carbon of C-9 was shifted downfield to § = 67.6, but
C-9’ was shifted upfield to 6 = 61.0, which suggested
the 5-hydroxy-4-oxo-pentanoyl group to be linked
to C-9, which was confirmed by the cross peaks
between H-9 [6 = 4.32 (1H, dd, J = 4.0, 11.0 Hz),
4.14 (1H, dd, J = 7.5, 11.0 Hz)] and the carbonyl
carbon (6 = 173.1). Detailed analysis of the CD and
NOESY spectra of 4 suggested that compound 4
had the similar absolute configuration to 3 and in-
dicated positive rotation, [o]Z + 36.7° (c = 0.35,
MeOH). Thus the structure of 4 was determined as
(+)-(7"S8R,8’R)-4,4’,9’-trihydroxy-3’,5-dimethoxy-
9-(5-hydroxy-4-oxo-pentanoyl)-2,7’-cyclolignane,
named clemomanshurinane B.

Compounds 1- 12 were evaluated for inhibitory ef-
fects on COX-2 activity induced by lipopolysaccharide
(LPS) in murine peritoneal macrophages. The prelim-
inary research results showed that compounds 3, 4, 5
and 7 indicated inhibitory effects on COX-2 at a fi-
nal concentration of 10> mol/I with the inhibition
rates 65.8%, 71.8%, 53.3% and 60.3%, respectively.
The other compounds indicated weak inhibition activi-
ties on COX-2 with the inhibitory rates at about 30% —
45% (inhibition rates of the positive controls: Cele-
coxib at final concentration of 10~ mol/I was 75.8%,
Indomethacin at the same concentration was 85.9%).

Experimental Section

General

Melting points were measured on an electrothermal melt-
ing point apparatus. Optical rotations were recorded on a

Perkin-Elmer 243B digital polarimeter. UV spectra were
obtained from a TU-1901 spectrometer. IR spectra were
recorded on an AVATER-360 spectrometer. NMR spectra
were recorded on Inova 300 (300 MHz for 'H and 75 MHz
for 13C) and Inova 500 (500 MHz for 1H and 125 MHz
for 13C) spectrometers with TMS as internal standard.
HRFABMS were measured on an Autospec-UltimaETOF
spectrometer in positive ion mode. CD spectra were de-
tected on a J-810 spectrometer. prep. HPLC were carried
out on ODS columns (Alltech 250 x 10 mm i.d., 5 um)
with a Waters 2996 photodiode array detector. For CC, sil-
ica gel (200 —300 mesh, Qingdao Mar. Chem. Ind. Co. Ltd.),
Sephadex LH-20 gel (Pharmacia) and D101 porous polymer
resin (Tianjin Chem. Ind. Co. Ltd.) were used.

Plant material

The roots and rhizomes C. manshurica Rupr. were col-
lected in August 2002 from Heilongjiang province, north-
east China. The identification of the plant was performed by
Prof. Peng-Fei Tu, Peking University. A voucher specimen is
kept in the herbarium of Peking University Modern Research
Center for Traditional Chinese Medicine (CM200208).

Biological assay material

Mice (male, 16 —18 g), were provided by the Experimen-
tal Animal Center, Institute of Experimental Animal, Chinese
Academy of Medical Sciences & Peking Union Medical Col-
lege). Positive controls: Celecoxib and Indomethacin. LPS
(Sigma Chemical CO.). PGE; radioimmunoassay kit (PLA
General Hospital, Beijing, China).

Extraction and isolation

The dried roots and rhizomes (15 kg) of C. manshurica
were extracted with 95% ethanol for three times. After re-
moval of the solvent under reduced pressure at 60 °C, the
residue (1.7 kg) was suspended in water and defatted with
petroleum ether. The aq. layer was further extracted with
ethyl acetate and n-butanol successively. The ethyl acetate
extract (40 g) was subjected to silica gel (1000 g) column
chromatography and eluted with CHCl3—MeOH (100:0-
1:1) to afford fractions I-1V. Fraction | was subjected to
silica gel column chromatography and eluted with CHCIlz—
MeOH (10: 1), then purified by prep. HPLC (MeOH-H,0 =
39:61, 280 nm, 3.0 ml/min) to yield 1 (30 mg). Frac-
tion 1l was subjected to silica gel column chromatogra-
phy and eluted with CHCI3—MeOH (10: 1), then purified by
prep. HPLC (MeOH-H,0O = 30:70, 280 nm, 3.0 ml/min)
to yield compounds 2 (20 mg), 3 (4 mg) and 4 (5 mg).
Fraction IV was subjected to silica gel column chromatog-
raphy and eluted with CHCI3—MeOH (6: 1), then purified
by prep. HPLC (MeOH-H,0 = 40: 60, 280 nm, 2.5 ml/min)
to yield 5 (6 mg). The n-butanol extract (250 g) was sub-
jected to D101 porous polymer resin and eluted with H,O,
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3 4 Table 1. NMR data of 3 and 4

NO. IH 3C BC IH (in acetone-dg, 500 MHz for

1 - 1284 1278 - 1H and 125 MHz for 13C).

2 - 133.5 1338 -

3 6.19 (1H, s) 116.7 116.8  6.21 (1H,s)

4 - 145.3 1453 -

5 - 146.6 1465 -

6 6.69 (1H, s) 112.1 1120  6.69 (1H,s)

7 2.76 ~ 2.89 (2H, overlapped) 333 334 2.76 ~ 2.84 (2H, m)

8 2.02 (1H, m) 39.2 36.4  1.83(1H, m)

9a 3.70 (1H,dd,J=3.0,10.5Hz) 645 67.6  4.32(1H,dd, J =4.0,11.0 Hz)

9 3.64 (1H, dd, J =5.0, 10.5 Hz) 4.14 (1H, dd, J = 7.5, 11.0 Hz)

1 - 137.4 138.1 -

2’ 6.76 (1H, d, J=2.0 Hz) 113.7 1136 6.79 (1H,d, J=2.0Hz)

3’ - 148.3 148.2 -

4 - 145.9 1458 -

5 6.78 (1H, d, J=8.0 Hz) 115.7 1155 6.77 (1H,d, J =8.0 Hz)

6’ 6.60 (1H, dd, J=2.0,80Hz)  122.6 122.8  6.64 (1H, dd, J = 2.0, 8.0 Hz)

7 3.86 (1H, d, J=9.0 Hz) 48.0 473  3.93(1H,d,J=10.5Hz)

8’ 2.04 (1H, m) 441 470  2.28(1H, m)

9’a 4.15(1H,dd, J=2.0,11.0 Hz) 63.9 61.0  3.64 (1H, brd, J=11.0 Hz)

9’b 3.91 (1H, dd, J=2.0, 11.0 Hz) 3.42 (1H, br.d, J =11.0 Hz Hz)

Penrnoyl

1 - 172.9 1731 -

2 2.79 (overlapped) 33.6 335 2.81(2H,J=6.5Hz)

3 2.66 (2H, J=6.5 Hz) 28.2 282  2.64(2H,J=6.5Hz)

4 - 209.9 209.8 -

5 4.23 (2H, s) 68.6 68.7  4.23(2H,9)

5-OCH;  3.80 (3H,s) 56.3 56.3  3.80 (3H,s)

3-OCH3z 3.79(3H,s) 56.2 56.2  3.78 (3H,9)

10, 30 and 50% MeOH successively. The fraction eluted
with 10% MeOH (25 g) was subjected to Sephadex LH-20
column chromatography and eluted with water to afford
fractions 1-I1l. Fraction Il was applied to a silica gel col-
umn chromatography and eluted with CHClz—-MeOH-H,0
(7:3:0.1), then purified by prep. HPLC (CH3CN-H,0 =
28:72, 280 nm, 3.0 ml/min) to yield 6 (6 mg). Fraction Il
was subjected to a silica gel column chromatography and
eluted with CHCl3—MeOH-H,0 (7 : 3:0.1), then purified by
prep. HPLC (CH3CN-H,0 = 25:75, 275 nm, 3.0 ml/min)
to yield 7 (6 mg). The fraction eluted with 30% MeOH was
chromatographed on a Sephadex LH-20 column repeatedly
and eluted with H,O to afford fractions IV —VI. Fraction IV
was chromatographed on a Sephadex LH-20 and silica gel
column (CHCI3—MeOH = 3: 1), then purified by prep. HPLC
(CH30H-H,0 = 38:62, 280 nm, 2.0 ml/min) to yield 8
(5 mg). Fraction V was chromatographed on a Sephadex
LH-20 column repeatedly to afford subfractions 1-1I. Sub-
fraction | was purified by prep. HPLC (CH30H-H,0 =
33:67, 280 nm, 2.5 ml/min) to yield 9 (9 mg); subfrac-
tion 11 was subjected to Sephadex LH-20 and silica gel col-
umn chromatography (CHCI3-MeOH = 4: 1), then purified
by prep. HPLC (CH3OH-H,0 =42: 58, 280 nm, 2.5 ml/min)
to yield 10 (7 mg). Fraction VI was applied to a silica gel col-
umn chromatography and eluted with CHClz3—-MeOH-H,0
(7:3:0.1), then purified by prep. HPLC (CH30H-H,0 =

40:60, 280 nm, 2.5 ml/min) to yield compounds 11 (4 mg)
and 12 (6 mg).

Clemomanshurinane A (3): pale vyellow syrup. -
Mp 153 °C. - [a]& +39.5° (c = 0.38 MeOH). — UV/vis
(MeOH): Amax (loge) = 241 nm (4.18). — IR (KBr): v =
3422 (OH), 2929, 1721(C=0), 1605, 1512, 1453, 1380,
1273, 1205 cm™1. — CD (MeOH, 0.25) Agyy; — 59.97,
Agyrs +41.62, Agrsy + 3.79, Aepgg +55.90, Agyzy — 1.00.
—13C{'HINMR data see Table 1. - HRFABMS: m/z (%) =
exp. 474.1898 (100), calcd. 474.1890 [M]*.

Clemomanshurinane B (4): pale yellow syrup. -
Mp 158 °C. - [a]& +36.7° (¢ = 0.35 MeOH). — UV/vis
(MeOH): Amax log(e) = 240 nm (4.21). — IR (KBr): v =
3420 (OH), 2928, 1722 (C=0), 1608, 1513, 1455, 1382,
1270, 1207 cm™l. — CD (MeOH, 0.30) Agyy, — 68.16,
Agp76+46.73, Agpsy +2.67, Aepg1 + 45.58, Agpzp — 2.76.
—13C{'HINMR data see Table 1. - HRFABMS: m/z (%) =
exp. 474.1898 (100), calcd. 474.1890 [M]*.

Biological activities on COX-2 assay

Cs57BL/6J mice were given an i.p. injection with 1 ml
of 4% thioglycollate 4 days prior to sacrifice. Peritoneal
macrophages were collected by lavaging the peritoneal cav-
ity with 8 ml of HBSS. The cells were collected by cen-
trifugation (1000 r/min for 5 min), washed, and then sus-
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pended in RPMI 1640 medium and made the concentra-
tion of the cells at 1 x 10° cell/ml. The cells were seeded
in 48-well plates (0.5 ml/well), incubated under 37 °C with
5% CO, for 2 h, then the medium was removed and the
cells were washed by HBSS. After this period, to all com-
pounds (10> mol/l respectively) isolated from the roots
and rhizomes of C. manshurica positive controls Celecoxib
and Indomethacin (10~8 mol/I respectively) were added and
incubated under 37 °C with 5% CO, for 1 h, then stim-
ulated with LPS (1 mg/l) for 12 h. The level of PGE;
production from endogenous arachidonic acid was mea-

sured in cell culture supernatants of peritoneal macrophages
by RIA.

Acknowledgements

We are thankful to the Ministry of Science and Technol-
ogy of PRC for their financial support (2004AA2Z3730).
We are also grateful to members of the analytical center of
Peking University Health Science Center. The HRFABMS
were measured by the analyst of the Institute of Mate-
rial Medica, Chinese Academy of Medical Science, Peking
Union Medical College.

[1] Y.Y. Chirva, V.P. Konyikhov, P.L. Cheban, G.V.
Lazurevskii, Khim Biokhim Uglevodov Mater Vses
Konf, Vol. 4, p. 98— 100, Moscow, USSR (1967).

[2] S. Cowan, M. Stewart, D.K. Abbiw, Z. Latif, S.D.
Sarker, R.J. Nash, Fitoterapia 72, 80 (2001).

[3] S.F. Fonseca, J.P. Campello, L.E.S. Barata, E.A.
Ruveda, Phytochemistry 17, 499 (1978).

[4] F. Hanawa, M. Shiro, Y. Hayashi, Phytochemistry 45,
589 (1997).

[5] H.Achenbach, M. Lowel, R. Waibel, M. Gupta, P. Solis,
Planta med. 58, 270 (1992).

[6] H. Kizu, H. Shimana, T. Tomimori, Chem. Pharm. Bull.
43, 2187 (1995).

[7] M. Chiba, S. Hisada, S. Nishibe, H. Thieme, Phyto-
chemistry 19, 335 (1980).

[8] T. Kanchanapoom, M.S. Kamel, K. Ryoji, K. Ya-
masaki, C. Picheansoonthon, Y. Hiraga, Phytochem-
istry 56, 369 (2001).

[9] M. Sugiyama, M. Kikuchi, Heterocycles 36, 117
(1993).

[10] Y.L.Yang, F.R. Chang, Y. C. Wu, Helvetica. Chimica.
Acta. 88, 2731 (2005).

[11] Z.H. Song, J. L. Zhang, Y. M. Li, Y. Y. Zhao, X. Wang,
L.N. Cai, Nat. Prod. R & D 9 (2), 11 (1997).

[12] X.N. Zhong, T. Ide, H. Otsuka, E. Hirata, Y. Takeda,

Phytochemistry 49, 1777 (1998).

C.C.Chang, Y.C. Lien, K.C.S.C. Liy, S.S. Lee, Phy-

tochemistry 63, 825 (2003).

[13]



