Bioorganic & Medicinal Chemistry 16 (2008) 9603-9609

journal homepage: www.elsevier.com/locate/bmc

Contents lists available at ScienceDirect

Bioorganic & Medicinal Chemistry

Bicorganic & Medicinal
Chemistry

Anti-inflammatory activities of furanoditerpenoids and other constituents

from Fibraurea tinctoria

Chung-Ren Su?, Yuh-Fung Chen®, Meei-Jen Liou€, Huei-Yann Tsai 9, Wen-Shin Chang®, Tian-Shung Wu ®*

2 Department of Chemistry, National Cheng Kung University, No.1, University Road, Tainan 701, Taiwan
b Graduate Institute of Chinese Pharmaceutical Sciences and Department of Pharmacology, China Medical University Hospital, Taichung 40402, Taiwan

€ Department of Applied Chemistry, Providence University, Taichung 433, Taiwan

4 Department of Pharmacy, College of Pharmacy, China Medical University Hospital, Taichung 40402, Taiwan
€ Graduate Institute of Basic Medical Science, China Medical University Hospital, Taichung 40402, Taiwan

ARTICLE INFO ABSTRACT

Article history:

Received 11 May 2008

Revised 7 September 2008
Accepted 9 September 2008
Available online 12 September 2008

Keywords:

Fibraurea tinctoria Lour
Furanoditerpenoids
Anti-inflammatory activities

Five new furanoditerpenoids, epi-8-hydroxycolumbin (1), fibaruretin B (2), C (3), E (5), and F (6), were
isolated from the stems of Fibraurea tinctoria, as well as fibaruretin D (4) from the natural source for
the first time, and 39 known compounds. The structures (1-6) were elucidated on the basis of spectro-
scopic analysis. All the isolated furanoditerpenoids (1-16) were examined for their in vitro activity
and some were in vivo anti-inflammatory activity. Compounds 8 and 9 showed significant anti-inflam-
matory action administered at a dose of 100 mg/kg of reducing carrageenan mice paw edema, whereas
compound 7, 9, 10, 14, and 16 were more potent to inhibit NO production. The inhibitory effects of these
compounds are dose-dependent (1-4 pg/ml).

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Fibraurea tinctoria Lour. (Menispermaceae) is a common dye-
producing plant, and is widely distributed in Mainland China,
Indonesia, Malaysia, Thailand, and Vietnam.! The stem bark of this
species is used for the treatment of dysentery, and for analgesic,
antipyretic, antidote, and diuretic effects.> A number of chemical
constituents including protoberberine alkaloids and several fur-
anoditerpenoids have been isolated from this species.>* As a part
of our continuing studies on bioactive constituents of natural med-
icines, the air-dried and powdered whole plants of F. tinctoria were
extracted with methanol. The solvent was evaporated, and then
the resulting residue was successively partitioned with CHCls, n-
BuOH, and H,0. The CHCl; layer was further portioned with 5%
HCI and neutralized by NH,OH to obtain the alkaloid fraction. As
shown in Table 3, the crude methanol extract (FTM) and some sub-
fractions (FTA, FTB) indicated significant inhibition on the edema
induced by carrageenan. Therefore, this prompted us to undertake
the chemical investigation of the stems of F. tinctoria.

As a result of further fractionation efforts on this plant, we iso-
lated five new furanoditerpenoids termed epi-8-hydroxycolumbin
(1), fibaruretin B (2), C (3), E (5), and F (6), including fibaruretin
D (4) that was isolated from the natural source for the first time
(Chart 1). The molecular structures of these furanoditerpenoids
were established on the basis of extensive spectroscopic methods,
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including 1D and 2D NMR, and comparison of their NMR spectral
data with those of related compounds. Moreover, 39 known com-
pounds were also isolated from this plant. In this study we have at-
tempted to find the active anti-inflammatory agents reducing
carrageenan mice paw edema.

2. Chemistry

During this investigation, the chemical constituents of the
stems of F. tinctoria grown in Vietnam were studied and afforded
45 compounds. The compounds 1-6 were identified by spectral
methods (Chart 2).

epi-8-Hydroxycolumbin (1) was isolated as optically colorless
needle, mp 210-211 °C. The HREIMS of 1 showed a peak at m/z
374.1364 corresponding to the molecular CyoH5,07. IR absorption
bands at 1741 and 1721 cm™! indicated the presence of lactone
carbonyl groups, which were confirmed by carbon resonances at
5177.9 and 175.7 in the '*C NMR spectrum. The "H NMR spectrum
showed a set of olefinic protons at § 6.43 (1H, dd, J=7.9, 5.3 Hz)
and 6.29 (1H, dd, J= 7.9, 1.9 Hz), a signal at § 5.30 (1H, dd, J=5.3,
1.9 Hz), which are assignable to the protons of the lactone proton
at C-1 and a double-bond at C-2 and C-3. In addition, signals at §
6.40 (1H, dd, J=1.7, 1.1 Hz), 7.44 (1H, dd, J=1.7, 1.6 Hz), and
7.51 (1H, dd, J = 1.6, 1.1 Hz) were assignable to an «-substituted
furan ring. Comparison of the NMR spectra of 1 with those of fib-
leucin (11)* revealed these compounds to be similar. It showed 1
lacked a set of olefinic protons at C-7 and C-8, but appeared the
appearance of an additional signal at 5 74.4 in the '3C NMR spec-
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Table 1
"H NMR spectral data (g, mult, Ji;y in Hz) of 1-6
Proton 1 (CDCl3)? 2 (DMSO-dg)? 3 (DMSO-ds)° 4 (CDCl5)? 5 (CDCl3)? 6 (CDCl3)*
1 5.30, dd (5.3, 1.9) 2.19, dd (13.0, 12.8) 2.16, dd (13.4, 13.2) 2.80, ddd (20.5, 6.6, 3.1) 2.47, 4.48, dd (5.2, 4.7)
1.70, d (13.0) 1.73, m dd (20.5, 5.3)
2 6.43, dd (7.9, 5.3) 4.54, dd (6.0, 2.8) 4.53,d (5.7) 6.80, m 6.78, dd (10.1, 4.7) 6.75, d (10.3)
6.29, dd (7.9, 1.9) 4.13,d (6.0, 4.3) 4.11, dd (5.7, 4.3) 6.05, dd (10.3, 3.1) 6.10, d (10.1) 6.85, d (10.3)
6 1.67, m 1.51, m 1.75, m 3.57,dd (21.2, 4.0) 3.53,dd (21.2, 4.0) 3.60, dd (21.2, 3.9)
1.26, dd (13.2,9.3) 1.51, m 1.46, m 1.95, dd (21.2, 4.0) 2.00, dd (21.2, 4.0) 2.08, dd (21.2,4.2)
7 212, m 1.97, m 2.52, m 7.15, t (4.0) 7.16, t (4.0) 7.20, dd (4.2, 3.9)
1.67, m 1.63, m 1.76, m
8 2.95,dd (9.2, 8.9)
10 1.40, br s 2.24,brs 2.57, m 2.02, d (6.6) 2.08, s 2.08, s
11 2.55,dd (14.3, 12.3) 2.02, dd (14.5, 4.3) 1.88, dd (13.6, 6.3) 2.21,dd (13.6, 3.4) 2.33,dd (13.2, 3.3) 2.19, dd (14.3, 3.2)
1.85, dd (14.3, 4.4) 1.61, dd (14.5, 12.0) 1.70, m 1.67, dd (13.6, 12.3) 1.89, dd (13.2, 12.3) 1.94, dd (14.3, 12.3)
12 5.52,dd (12.3, 4.4) 5.52, dd (12.0, 4.3) 5.89, dd (9.3, 7.8) 5.51,dd (12.3, 3.4) 5.48, dd (12.3, 3.3) 5.43,dd (12.3, 3.2)
14 6.40, dd (1.7, 1.1) 6.55,dd (1.8, 1.0) 6.53,dd (1.7, 1.1) 6.41,dd (1.8, 1.4) 6.41,dd (1.7, 1.1) 6.42,dd (1.8, 1.4)
15 7.44, dd (1.7, 1.6) 7.65, dd (1.8, 1.6) 7.65, dd (1.7, 1.6) 7.41,dd (1.8, 1.7) 7.41,dd (1.7, 1.6) 7.41,dd (1.8, 1.7)
16 7.51,dd (1.6, 1.1) 7.69, dd (1.6, 1.0) 7.74, dd (1.6, 1.1) 7.47,dd (1.7, 1.4) 7.47,dd (1.6, 1.1) 7.47,dd (1.7, 1.4)
19 1.21,s 1.37,s 1.46, s 1.33,s 1.51,s 141, s
20 1.46, s 0.82, s 0.84, s 0.99, s 0.87, s 1.00, s
OH-1 2.48,d (5.2)
OH-3 6.02,d (4.3) 591,d (4.3)
OH-4 3.57,s 5.56, s 5.45,s
OH-8 3.12,s 5.94, s

@ Recorded in 400 MHz.
b Recorded in 500 MHz.

trum. Therefore, a hydroxyl group was positioned at C-8, based on
HMBC correlations between H-11, H-10, and CH3-20 with C-8
(Chart 2). Thus, the structure of 1 can be determined and con-
firmed. However, it was found the above spectral data of 1 were
very similar to 8-hydroxycolumbin,>® except for the configuration
at C-12. The significant NOE correlations observed between CHs-20
(6 1.46) with H-12 (8 5.52) and OH-8 (6 3.12) indicated H-12, OH-8
are in B configuration (Chart 2). Thus, the structure of epi-8-

Table 2
13C NMR spectral data of 1-6
Position 1€ 2bc 3 be 4c 5 ¢ 6 4
1 72.0 234 21.7 239 63.9 199.0
2 130.2 76.2 76.4 145.5 143.7 139.9
3 135.1 74.0 74.0 128.3 128.6 139.8
4 81.2 78.0 77.9 200.8 201.2 200.2
5 34.7 38.6 38.1 43.0 421 46.2
6 26.9 25.2 25.8 31.6 31.9 31.5
7 31.0 15.5 25.5 140.4 140.8 139.7
8 744 40.8 73.7 1304 130.3 130.2
9 39.1 37.1 39.8 36.2 35.6 36.3
10 53.7 46.6 39.5 49.4 55.5 64.5
11 44.8 45.5 42.5 41.2 40.7 40.4
12 69.7 69.0 69.8 70.2 70.2 70.5
13 124.2 124.3 126.1 125.2 1249 124.7
14 108.0 109.1 109.2 108.4 108.3 108.4
15 1441 143.8 144.0 143.7 143.7 143.7
16 139.5 140.1 140.4 139.6 139.7 140.2
17 177.9 174.6 172.4 164.6 164.5 163.6
18 175.7 176.5 176.8
19 26.8 27.0 25.8 29.2 325 31.3
20 20.5 223 213 22.0 21.5 231

@ Recorded in CDCls.

b Recorded in DMSO-ds.
¢ Recorded in 75 MHz.
4 Recorded in 125 MHz.

Hydroxycolumbin was determined as 1 which is a stereoisomer
of 8-hydroxycolumbin at the C-12 position.

Fibrauretin B (2) was obtained as optically colorless needle, mp
266-267 °C, and its pseudo-molecular formula was determined as
Cy0H2507 in the HRFABMS. The IR spectrum displayed absorptions
at 3563, 1781, and 1710 cm™!, due to hydroxyl and lactone car-
bonyl groups. This was further supported by appearing two carbon
resonances at § 174.6 and 176.5 in the '>C NMR spectrum. The 'H
NMR spectrum displayed the signals at § 6.55 (1H, dd, J=1.8,
1.0Hz),7.65(1H,dd,J=1.8,1.6 Hz), 7.69 (1H, dd, ] = 1.6, 1.0 Hz) re-
vealed the presence of a furan ring. In addition, the "H NMR spec-
trum showed two tertiary methyl groups at 6 1.37 (3H, s) and a
higher field methyl group at 0.82 (3H, s), indicating that both
CH5-20 and the furan ring are in a B-configuration.” The position
of y-lactone group was confirmed by the HMBC correlations ob-
served from H-2 (6 4.54) to C-18 (6 176.5) and C-4 (5 78.0); OH-4
(6 5.56) to C-18 (4 176.5) and C-4 (6 78.0) in the HMBC spectrum
(Chart 2). Moreover, an oxygenated methine proton signal at ¢
4.13(1H, dd,J = 6.0, 4.3 Hz, H-3) was also observed. Finally, the rel-
ative stereochemistry of 2 was determined by the analysis of its
NOESY spectrum and proton coupling constants. A NOE correlation
evident between H-12 and H-8, H-8, and H-10, H-10 and CH5-19,
H-10 and H-2, H-2, and H-3 indicated that H-2, H-3, H-8, H-10,
H-12, and CHs-19 are a-oriented (Chart 2). Thus, the structure of
2 was fully determined, and this compound has been named fibr-
auretin B (2).

Fibrauretin C (3) was assigned as a derivative of 2 on the basis of
comparison of their 'H and '*C NMR spectra. From the '*C NMR
spectrum, it showed 3 bearing an additional hydroxyl group at C-
8 (6 73.7), which can be further identified by HMBC correlations
of CH3-20 (6 0.84) and H-7 (§ 1.76) with C-8 (§ 73.7). However,
the configuration of OH-8 could not be determined by NOESY spec-
troscopy (Chart 2) and was proposed as being p on the basis of '>C
NMR chemical shifts due to the steric effects and conformational
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Table 3
Effects of FTM, FTA, FTB, and FTW on carrageenan-induced mice paw edema
(% of 0 h) mg/kg Time (h)
0.5 1 2 3 4 5

Control 17.48 +1.54 16.03 +1.90 22.28+1.63 24.55 +2.09 24.10 £0.91 24.28 +1.50
Indoemthacin 20.77 £4.92 21.48 +6.39 19.53 +6.70 18.52 +6.07 17.04 + 6.47 16.30+6.11
FTM

50 33.45+3.36 29.49 +4.84 27.70 £9.01 26.39+7.54 22.78+7.93, 19.87 +7.25
100 30.59 +9.10 17.21 +4.42 17.97 £1.75 16.01 +1.82 13.85 +1.61 13.19+0.40"
200 20.31+2.34 18.29 +2.47 13.96 +1.63 11.10+2.85 11,52 £2.10° 11.86 +4.27
FTA

50 28.56 +2.01 29.31 +4.59 25.27 +3.81 21.46 +3.68 21.61+3.94 21.14+3.76
100 17.67 +3.36 21.44+5.44 19.24 +6.28 16.05 + 6.64 17.69 +7.71 17.65 + 7.46
200 23.52 +2.36 22.11+1.29 19.36 £ 1.07 14.80+1.53 12.64+0.63" 10.09+1.59"
FTB

50 15.94 +3.50 18.10+1.98 21.93+5.35 22.77 +7.84 22.01+5.91 22.03 +10.44
100 18.11 £5.00 16.85 + 6.06 11.40 +6.35 8.90 + 6.06 9.01 +6.52 8.76 + 6.63
200 13.46 + 2.06 9.57 +0.10° 8.65+0.99" 7.54+121" 489+1.12" 547 +2.17"
FTW

50 20.06 +8.37 20.93+7.35 20.63 +7.50 19.06 + 8.16 19.31 £8.42 12.40 +5.34
100 15.65 +3.12 15.67 +4.25 14.12 +4.42 12.24 +5.37 13.34+5.97 11.34 +4.30
200 12.95 +3.10 11.79 £3.22 10.17 +3.31 10.07 +3.32 11.29 +4.08 21.11+8.32
FTM, crude methanol extract; FTA, alkaloids fraction; FTC, not dissolvable; FTB, n-BuOH fraction; FTW, H,0 fraction.

* P<0.05.
* p<0.01.

changes in the molecule.® Thus, the structure of 3 was determined
as fibrauretin C (3).

Fibrauretin D (4) was isolated as optically colorless needle, mp
190-191°C, and its molecular formula was determined as
Ci9H2004 in the HREIMS. IR absorption bands at 1702 and
1667 cm~! indicated the presence of lactone carbonyl and o,p-
unsaturated carbonyl groups, which were confirmed by the pres-
ence of carbon signals at 164.6 and 200.8 in the '3C NMR spectrum.
The 'H and 3C NMR spectrum not only confirmed the presence of a
furan ring but also provided the information of structure with only
19 carbons. Moreover, it is clearly evident that one lactone group
was lost, but displayed the signal of a o,B-unsaturated carbonyl
group at C-4 in the '*C NMR spectrum, which was identified by
HMBC correlations of H-6 (6 3.57 and 1.95), H-10 (¢ 2.02), and
CHs3-19 (6 1.33) with C-8 (6 200.8) (Chart 2). In the previous stud-
ies, there is only one report about 4, which was obtained from the
decarboxylation of fibleucin.® However, the previous study only
provided X-ray data of this compound without 'H and '3C spectral
data. Therefore, 4 was isolated from the natural resource for the
first time and the detailed spectral data of this compound was pro-
vided here.

Fibrauretin E (5) was isolated as optically colorless needle, mp
94-95 °C, its molecular formula C;9H»¢0s, and has strong absorp-
tions at 3425, 1710, and 1681 cm™! in the IR spectrum. The '3C
NMR spectrum of 4 and 5 were similar, except for the remarkable
downfield shift at C-1 position. Moreover, a D,0 exchangeable sig-
nal occurred at § 2.48 (1H, d), which assumed an additional hydro-
xyl group at C-1. The configuration of H-1 can be confirmed to be B
form by the NOESY correlation between H-1 and CH3-20 (Chart 2).
Consequently, the structure of fibrauretin E was deduced as 5.

Fibrauretin F (6) was isolated as optically yellow syrup, its
molecular formula C;gH;50s, and has strong absorptions at 3021,
1712, and 1679 cm™! in the IR spectrum. Compared 'H and '3C
NMR spectral with 4, they indicated the structure of 6 was similar
to those of 5, but appeared an additional carbonyl group at C-1 po-
sition, which was further supported by the HMBC correlations of
H-10 (5 2.69) and H-3 (6 6.85) with C-1 (6 199.0). Therefore, the
structure of 6 was established as fibrauretin F (6) (Chart 2).

In addition, 39 known compounds were identified by compari-
son of their physical and spectral data with those reported in the
literature. Among them, ten known furanoditerpenoids such as

epi-12-palmatoside G (7),'° floribundic ester (8),!" fibraurin (9),*
fibraurinoside (10),% fibleucin (11),4 fibleucinoside (12),* chasman-
thin (13),'? fibrauretin A (14),'° fibrauretinoside A (15),'° and epi-
fibrauretinoside A (16)'° were also isolated from this plant (Chart
1). The others are palmatine (17)!*!* jatrorrhizine (18),!>!* col-
umbamine (19),> stepharanine (20),'® 8-trichloromethyl-7,8-
dihydropalmatine (21),!” mixture of N-(p-trans-coumaroyl)-tyra-
mine (22) and N-(p-cis-coumaroyl)-tyramine (23),'® N-trans-feru-
loyl tyramine (24),'® N-cis-feruloyl tyramine (25),!° corydaldine
(26),2° thalifoline (27),2! p-hydroxybenzaldehyde (28),%? vanillin
(29),23 syrigaldehyde (30),%4 methyl vanillate (31),2> methyl syrin-
gate (32),%6 octadecyl (E)-ferulate (33),%” vanillic acid (34),% syrin-
gic acid (35),%° ferulic acid (36)3° caffeic acid (37)>'
fibraurecdyside A (38),'° makisterone A (39),>? mixture of B-sitos-
terol (40) and sigmasterol (41),>3 p-sitosterol 3-0-B-p-glucopyran-
oside (42),>' physcion (43),>* dehydrogormouregine (44)>> and
thomasidioic acid dimethyl ester (45).3°

3. Anti-inflammatory activities

3.1. Determination of anti-inflammation—Carrageenan-edema
test

As shown in Table 3, the results indicated the F. tinctoria crude
extract and subfractions (FTM, FTA, and FTB) significantly inhibited
the edema induced by carrageenan. Some isolates from F. tinctoria
were also investigated and given in Table 4. Compounds 8 and 9
show significant anti-inflammatory action administered at a dose
of 100 mg/kg of reducing carrageenan mice paw edema.

3.2. Compounds 1-16 reduced NO production from
macrophages

To determine NO production, the mouse macrophage (RAW
264-7) monolayer was treated with various constituents (2 pg/
ml). After 24 h, the supernatant was analyzed for nitrite by Griess
reaction. NO was produced by the cells stimulated with LPS at a fi-
nal concentration of 2 pg/ml for 24 h. Sixteen furanoditerpenoids
1-16 (Chart 1) isolated from F. tinctoria were evaluated, and it
showed that 7, 9, 10, 14, and 16 have inhibitory effect on NO pro-
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Table 4
Effects of different compounds on carrageenan-induced mice paw edema
(% of 0 h) mg/kg Time (h)
0.5 1 2 3 4 5
Control 12.47 +3.36 20.00 +0.88 21.91£1.29 27.32+1.26 29.01 +2.40 29.05 +2.66
2
50 14.00+0.78 20.10 +1.50 24.03 +1.75 23.43 £2.94 26.73 £5.15 28.34 £4.51
100 11.45 +0.37 19.17 £1.34 16.73£0.29° 15.21+2.63" 17.69+5.36 18.16 + 6.99
4
50 19.44 +5.99 24.17 £8.74 25.18 £9.33 21.55 +10.86 20.67 +11.04 20.50 +11.02
100 17.00 +5.03 20.91+6.24 22.79 +5.88 21.47 £+6.23 23.67 +5.43 23.41 +5.45
8
50 16.27 + 3.56 20.95 +3.40 21.51+3.72 21.84 +3.58 21.85 +2.40 20.18 +2.25
100 13.07 £1.28 15.46 + 2.39 16.78 £ 2.50 13.95+1.22"" 14.90 + 2.61 13.07 £4.22
9
50 19.68 £ 2.58 27.17 £1.95 28.66 +2.53 30.50 + 3.40 32.19 £3.49 33.57 £4.78
100 10.10 £ 2.40 12.44+1.83 14.00 + 2.67 10.85+1.78 11.41£1.74 10.61 +2.41
10
50 17.12 £1.96 18.18 £ 2.85 18.99 +2.93 2036 £2.30° 20.89 +2.68 18.48 +3.12
100 18.67 +3.64 23.03 +6.48 25.07 +7.98 25.03 +7.36 25.25 +7.38 24.80 +7.42
11
50 11.80+1.95 13.12+1.71 17.97 +1.32 21.61+1.15 25.29 +1.31 25.60 +0.52
100 14.56 + 1.07 17.79 + 0.90 20.68 +1.88 24.44 +3.32 26.19 +2.49 26.02 +3.02
12
50 15.64 + 3.66 18.8+4.21 24.26 £5.30 22.82 +6.53 24.01 +7.50 23.88+10.16
100 14.91+5.23 19.05 + 4.84 19.82 £ 6.26 21.31£6.01 22.01 £6.61 20.11 £5.96
13
50 15.39 £ 0.83 18.46 + 1.69 2241213 23.99 +2.88 31.60£0.19 32.49 £1.80
100 13.15 £ 6.92 18.75+1.89 21.76 +3.02 21.23 £2.99 23.73 £4.45 20.71 £4.54
* P<0.05.
~ P<0.01.
™ P<0.001.
30 8-  — ] E= 2ug/ml
M fug/ml XXX 4ug/ml
25 L 1 =
. T 61
2 20 b=
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= )
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— =1 i
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8 10 >
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5
0
o control 7 9 10 14 16
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Figure 1. Effects of compounds 1-16 on NO production. RAW 264.7 macrophages
(1 x 10* cells/well) were incubated with various compounds at a final concentra-
tion of 2 pg/ml for 24 h. Nitrite in the supernatant was determined after 24 h of
incubation. LPS-treated cells served as control. Compounds 1-16 represented
different compounds isolated from F. tinctoria. Vertical bars represent means and SE
of eight separate experiments. P<0.05, "P<0.01, ~P<0.001 compared with
control group.

duction in Figure 1. (P < 0.05-<0.001). Moreover, compound 7, 9,
10, 14, and 16 inhibited NO production in a dose-dependent man-
ner as shown in Figure 2.

4. Conclusion

Five new furanoditerpenoids epi-8-hydroxycolumbin (1), fibar-
uretin B (2), C(3), E (5), F(6), and a first natural occurrence product

Figure 2. Effects of compounds 7, 9, 10, 14, and 16 on NO production. RAW 264.7
Macrophages (1 x 10* cells/well) were incubated with various compounds. At a
final concentration of 1, 2, and 4 pg/ml for 24 h. Nitrite in the supernatant was
determined after 24 h of incubation. LPS-treated cells served as control. Compounds
7,9, 10, 14, and 16 represented different compounds isolated from F. tinctoria.
Vertical bars represent means and SE of eight separate experiments. P < 0.01,

P<0.001 compared with control group.

fibaruretin D (4), together with thirty-nine known compounds,
were isolated from the stems of F. tinctoria. According to the
anti-inflammatory activity in vitro and in vivo essay, we found that
compound 8 and 9 show significant anti-inflammatory action
administered at a dose of 100 mg/kg of reducing carrageenan mice
paw edema, whereas compound 7, 9, 10, 14, and 16 were more po-
tent to inhibit NO production. The inhibitory effects of these com-
pounds are dose-dependent (1-4 pg/ml).
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H
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15 R =Oglc
16 R =—0Oglc

Chart 1. Structures of furanoditepenoids (1-16).

5. Experimental
5.1. General experimental procedures

Melting points were determined using Yanagimoto MP-S3 mi-
cro-melting point apparatus and were uncorrected. Optical rota-
tions were measured using a JASCO DIP-370 digital polarimeter.
UV spectra were recorded on a Hitachi U-3210 spectrophotometer,
and IR spectra were recorded on a Shimadzu FT-IR Prestige-21
spectrophotometer. 'H and '>C NMR, COSY, HMQC, HMBC, and
NOESY spectra were recorded on Bruker AVANCE-300, 500, and
AMX-400 spectrometers, using tetramethylsilane (TMS) as internal
standard. Standard pulse sequences and parameters were used for
the NMR experiments and all chemical shifts were reported in
parts per million (ppm, §). FABMS were obtained on a JEOL JMS-
700 spectrometer, and EIMS were obtained on a VG-70-250S spec-
trometer. Column chromatography was performed on silica gel
(70-230 mesh, 230-400 mesh). Fractions were monitored by TLC

Chart 2. Major HMBC (—) and NOESY («) correlations of compound 1-6.

(Merck precoated Si gel 60 F»s4 plates), using UV light. TLC was
conducted on precoated Kieselgel 60 F,s4 plates (Merck) and the
spots were detected either by examining the plates under a UV
lamp or by treating the plates with a 10% methanolic solution of
p-anisaldehyde acid followed by heating at 110 °C.

5.2. Plant material

The whole plant of F. tinctoria (Menispermaceae) was collected
near Hanoi in Vietnam on July 12 in 2004. The plant material was
identified and authenticated by Assoc. Prof. Dr. Vu Xuan Phuong,
Institute of Ecology and Biological Resources, Vietnamese Academy
of Science and Technology. A voucher specimen (FT04011) has
been deposited in the herbarium of the Institute of Ecology and
Biological Resources, Vietnamese Academy of Science and Technol-
ogy, Hanoi, Vietnam.

5.3. Extraction and isolation

The air-dried and powdered whole plant of F. tinctoria (10 kg)
was extracted with MeOH (6x 20 L) under reflux for 8 h. The fil-
trate was concentrated under reduced pressure to obtain a dark
crude extract (FTM, 1.6 kg), which was suspended in H,O, then
partitioned with CHCl; and n-BuOH to afford CHCl; layer
(380 g), n-BuOH layer (FTB, 840 g), and H,O layer (FTW, 335 g),
respectively. The condensed CHCl; soluble was further subjected
to alkaloids extraction using 5% HCl and 5% NH40H to yield the
crude alkaloid extract (FTA, 40 g) and non-alkaloid extract (FTC,
340¢).

The crude alkaloid extract (40 g) was subjected to chromatogra-
phy on a silica gel column using CHCl3/CH30H (39:1-0:1) as step
gradient mixtures as eluents to afford six fractions. Fraction 2
was subjected to silica gel column chromatography using ben-
zene/acetone (39:1-0:1) as step gradient mixtures as eluents to af-
ford five fractions (2.1-2.5). Subfraction 2.1 formed a yellow
precipitate with CH3O0H to yield 21 (21.2 mg). Fraction 3 was
repeatedly column chromatographed over silica gel and eluted
with n-hexane/ethyl acetate (1:2) to yield 25 (5.4 mg).
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Fraction 4 was separated using a silica gel column, with CHCl3/
CH30H (29:1) as step gradient mixtures as eluents, to afford five
fractions (4.1-4.5). Purification of the fraction 4.2 by silica gel with
benzene/acetone (4:1) afforded four subfractions (4.2.1-4.2.4).
Subfraction 4.2.1 was further separated by silica gel column
chromatography and then further purified by preparative TLC with
diisoproyl ether/CH30H (9:1) to obtain 26 (1.1 mg). Subfraction
4.2.3 was purified using a silica gel column with benzene-acetone
(2:1) as solvent to give 24 (8.1 mg). Fraction 5 was subjected to
silica gel column chromatography using CHCl3/CH30H (29:1-0:1)
as step gradient mixtures as eluents to afford seven fractions
(5.1-5.7). Subfraction 5.4 was further separated by a silica gel
column chromatography with CHCl3/CH30H (5:1) as eluent to give
17 (200.0 mg) and 18 (12.3 mg).

The non-alkaloid extract (340 g) was subjected to silica gel col-
umn chromatography and eluted with gradients of CHCl; and
CH30H (29:1-0:1) to obtain eight fractions. Fraction 1 was sepa-
rated on a silica gel column chromatography using CHCl3/CHs;OH
(39:1-0:1) as step gradient mixtures as eluents to afford five frac-
tions (1.1-1.5). Separation of fraction 1.3 on a silica gel column
chromatography eluted with n-hexane/EtOAc (15:1) yielded 43
(2.9 mg). Purification of the fraction 1.4 by silica gel column chro-
matography with n-hexane/EtOAc (8:1) afforded 33 (1.2 mg).
Fraction 2 was subjected to silica gel column chromatography
using n-hexane/EtOAc (15:1-0:1) as step gradient mixtures as elu-
ents to afford six fractions (2.1-2.6). Fraction 2.4 occurring the
white precipitate was recrystallized by CHCls to yield mixture of
40 and 41 (2.9 g). The remaining fraction 2.4 was further sepa-
rated by a silica gel column chromatography and then further
purified by preparative TLC with n-hexane/EtOAc (8:1) to obtain
31 (3.3 mg). Purification of the fraction 2.5 by a silica gel column
chromatography with n-hexane/EtOAc (5:1) yielded 8 (170.1 mg).
Subfraction 2.6 was separated on a silica gel column chromatogra-
phy using benzene/acetone (19:1-0:1) as step gradient mixtures
as eluents to afford five fractions (2.6.1-2.6.5). Subfraction 2.6.2
was further separated by silica gel column chromatography with
benzene/acetone (29:1) to four fractions (2.6.2.1-2.6.2.4). Purifica-
tion of subfraction 2.6.2.2 on a silica gel column chromatography
with n-hexane/acetone (3:1) yielded four fractions (2.6.2.2.1-
2.6.2.2.4). Subfraction 2.6.2.2.4 was separated on a silica gel col-
umn chromatography with n-hexane/EtOAc (3:1) to afford five
fractions (2.6.2.2.4.1-2.6.2.2.4.5). Subfraction 2.6.2.2.4.5 occurring
the white precipitate was recrystallized by CH;0H to yield 4
(176.0 mg). Purification of subfraction 2.6.2.2.4.1 was further puri-
fied by preparative TLC with n-hexane/acetone (6:1) to furnish 29
(3.2 mg) and 31 (3.7 mg). Subfraction 2.6.2.2.4.3 was further puri-
fied by HPLC with CH30H/H,0 (50:50) to give 6 (0.8 mg). Subfrac-
tion 2.6.2.3 was separated on a silica gel column chromatography
and further purified by preparative TLC with benzene/acetone
(9:1) to obtain 30 (1.7 mg) and 45 (1.4 mg). Purification of sub-
fraction 2.6.3 on a silica gel column chromatography and further
separated by preparative TLC with benzene/diisopropyl ether
(4:1) to obtain 44 (1.1 mg). Separation of fraction 2.6.4.3 was
repeatedly column chromatographed on silica gel and further iso-
lated by preparative TLC with benzene-acetone (9:1) to obtain 5
(3.1 mg). Recrystallization of fraction 3 with CH30H afforded 11
(52.3 g). Fraction 4 occurring the white precipitate recrystallized
by CH3O0H to yield the pure 9 (43.2 g). Furthermore, the remaining
fraction 4 was further separated using a silica gel column chroma-
tography and eluted with gradients of CHCl; and CH30H (15:1-
0:1) to afford four fractions (4.1-4.4). Purification of the fraction
4.3 by a silica gel column chromatography with benzene-acetone
(9:1) afforded five fractions (4.3.1-4.3.5). Subfraction 4.3.1 was
separated on a silica gel column chromatography and further puri-
fied by preparative TLC with n-hexane/EtOAc/acetone (5:1:1) to
obtain 28 (1.3 mg). Fraction 4.3.2 yielded the white precipitate

and was recrystallized by CH30H to yield the pure 13
(313.0 mg). Subfraction 4.3.3 was further separated on silica gel
column chromatography with n-hexane/EtOAc (1:2) to afford 1
(20.5 mg). Fraction 5 was divided into four fractions (5.1-5.4) by
a column chromatography on silica gel with gradient mixtures
of n-hexane/EtOAc (4:1-0:1). Fraction 5.3 produced the white pre-
cipitate recrystallized by CH30H to yield 2 (1.2 g). Fraction 6 was
purified on a silica gel column chromatography eluting with gra-
dients of n-hexane/EtOAc (1:1-0:1) to afford five fractions (6.1-
6.4). Fraction 6.3 was further purified on a silica gel column chro-
matography with n-hexane-acetone (3:1) to furnish 3 (15.2 mg).
Fraction 7 was separated on a silica gel column chromatography
using EtOAc/CH30H (1:1-0:1) as step gradient mixtures as eluents
to afford four fractions (7.1-7.4). Purification of fraction 7.1 on a
silica gel column chromatography using CHCl3/CH30H (9:1)
yielded the white precipitate and was recrystallized by CH3;0H
to obtain 42 (120.0 mg).

The n-BuOH layer (840g) was chromatographed over re-
versed-phase Diaion HP-20 gel using H,O/CH50H gradients, and
afforded six fractions. Fraction 1 formed a yellow precipitate
with CH30OH to yield 17 (140.3 g). Fraction 2 was subjected to
silica gel column chromatography using CHCI3/CH50H (5:1-0:1)
as step gradient mixtures as eluents to afford five fractions
(2.1-2.5). Purification of the fraction 2.1 by silica gel with
CHCl3/CH30H (3:1) afforded five subfractions (2.1.1-2.1.5). Sub-
fraction 2.1.5 was further separated by aluminum oxide with
CHCl3/CH30H (4:1) as eluent to obtain 18 (120.5 mg) and 19
(2.1 mg). Fraction 2.3 was chromatographed on a RP-18 column
and eluted with H,O and CH30H to give five subfractions
(2.3.1-2.3.5). Subfraction 2.3.2 was purified using a silica gel col-
umn with CHCl3/CH50H (4:1) as solvent, to give 20 (10.3 mg).
Separation of subfraction 2.3.4, with EtOAc/CH30H (8:1) as elu-
ent yielded 38 (30.2 mg). Fraction 3 produced a white precipitate
with CH30H to yield pure 39 (20.3 g). In turn, the filtrate of frac-
tion 3 was separated on a silica gel column and eluted with
CHCl3 and CH30H (9:1-0:1), as step gradient mixtures, to afford
eight fractions (3.1-3.8). Subfraction 3.1 was separated on a sil-
ica gel column chromatography and further purified by prepara-
tive TLC with CHCl3/CH30H (5:1:1) to obtain 34 (3.4 mg), 35
(2.3 mg), 36 (1.1 mg), and mixture of 22 and 23 (1.4 mg). Frac-
tion 3.7 was rechromatographed over a RP-18 column and eluted
with mixture of H,O and CH3;OH to yield 12 (223 mg) and 10
(120 mg). Fraction 3.8 was further purified using a Sephadex
LH-20 column, eluted with H,O and CH3OH as eluents, to yield
15 (8.2 mg). Fraction 4 was separated using a silica gel column,
with diisopropyl ether/CH30H (5:1) as eluent, to afford seven
fractions (4.1-4.7). Subfraction 4.1 was separated on a silica
gel column chromatography and further purified by preparative
TLC with diisoproply ether/CH3;OH (15:1) to obtain 27 (0.9 mg).
Purification of subfraction 4.4 with a silica gel column, using
EtOAc/CH30H (15:1) as eluent, yielded 37 (7.2 mg). Separation
of fraction 4.6 with a silica gel column, using EtOAc/CH5OH
(15:1) as eluent, yielded 14 (13.2 mg).

The H,0 layer (335 g) was chromatographed over a reversed-
phase Diaion HP-20 gel, using H,O/CH30H step gradient mixtures
as eluents, and afforded five fractions. Fraction 3 was further chro-
matographed on a Sephadex LH-20 column, eluted with H,0 and
CH50H, and then purified by preparative TLC with CHCl3/CH;0H
(4:1) to yield 16 (3.6 mg). Fraction 4 was chromatographed on a
RP-18 column, eluted with H,O and CH30H, and then further puri-
fied by preparative TLC with CHCl3/CH30H (5:1) to obtain 7 (3.1 mg).

5.3.1. epi-8-Hydroxycolumbin (1)
Colorless needle; mp 210-211 °C; 3> +110.0 (c 0.06, CH30H);
UV (MeOH) /max (loge) 230 (3.51), 205 (sh) (3.90) nm; IR (KBr) Ymax
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3480, 2967, 1741, 1721, 1633, 1504cm™!; 'H NMR (CDCls,
400 MHz), see Table 1; '3C NMR (CDCls, 75 MHz), see Table 2; EIMS
m/z 374 [M]"* (6), 204 (23), 124 (100); HREIMS m/z 374.1364 (calcd
for C20H2207, 374]366)

5.3.2. Fibrauretin B (2)

Colorless needle; mp 266-267 °C; o¥ +10.5 (c 0.20, CH30H);
UV (MeOH) Zpmax (loge) 209 (3.35) nm; IR (KBr) ymax 3563, 2940,
1781, 1710, 1602, 1506 cm™!; 'H NMR (DMSO-dg, 400 MHz), see
Table 1; '3C NMR (DMSO-dg, 75 MHz), see Table 2; FABMS m/z
377 [M+H]" (41); HRFABMS m/z 377.1601 ([M+H]*, calcd for
Ca0H2507, 377.1600).

5.3.3. Fibrauretin C (3)

Colorless needle; mp 187-188 °C; o3> +45.6 (c 0.04, CH;0H); UV
(MeOH) /max (loge) 209 (3.41) nm; IR (KBr) ymax 3466, 2997, 1766,
1725, 1608, 1498 cm™'; ' H NMR (DMSO-dg, 500 MHz), see Table 2;
13C NMR (DMSO-dg, 75 MHz), see Table 3; FABMS m/z 393 [M+H]*
(5); HRFABMS m/z 393.1553 ([M+H]", calcd for CygH709, 393.1549).

5.3.4. Fibrauretin D (4)

Colorless needle; mp 190-191 °C; «3* +115.0 (c 0.08, CH;0H);
UV (MeOH) /max (loge) 216 (4.36) nm; IR (KBr) ymax 3133, 2957,
1702, 1667, 1506 cm~'; 'H NMR (CDCls, 400 MHz), see Table 1; 3C
NMR (CDCls, 75 MHz), see Table 2; EIMS m/z 312 [M]* (100), 297
(41), 269 (52); EIMS m/z 312.1359 (calcd for C19H2004, 312.1362).

5.3.5. Fibrauretin E (5)

colorless needle; mp 94-95 °C; a* +23.1 (c 0.02, CH30H); UV
(MeOH) /Amax (loge) 230 (sh) (4.96), 211 (5.23) nm; IR (KBr) Ymax
3425, 2963, 1710, 1681, 1645, 1504cm!; 'H NMR (CDCls,
400 MHz), see Table 1; '3C NMR (CDCl3, 75 MHz), see Table 2; EIMS
m/z 328 [M]* (62), 295 (55), 216 (71); EIMS m/z 328.1313 (calcd for
C19H500s5, 328.1311).

5.3.6. Fibrauretin F (6)

Yellow syrup; a# +136.0 (¢ 0.1, CH30H); UV (MeOH) /max (loge)
217 (3.42) nm; IR (KBr) ymax 3021,2971, 1712, 1679, 1647, 1457 cm
-1, 1§ NMR (CDCls, 400 MHz), see Table 1; '3C NMR (CDCls,
125 MHz), see Table 2; EIMS m/z 326 [M]" (84), 215 (66); EIMS m/z
326.1157 (caled for CyoH;50s, 326.1154).

5.4. Anti-inflammatory activities

5.4.1. Determination of anti-inflammation—Carrageenan-edema
test

Male ICR mice, weighing about 30-35 g, were divided into sev-
eral groups. Different concentrations (50, 100, 200 mg/kg) of F.
tinctoria crude extracts (FTM, FTA, FTC, FTB, and FTW) were intra-
peritoneally given 30 min before carrageenan injection (1.0%,
50 pl). Two groups of mice were given normal saline as control
group and indomethacin (4 mg/kg) as positive one, respectively.
After carrageenan was injected into the planar surface of left hind
paw, the swelling of the foot was measured. The changes in the
swelling of the foot were detected every 30 min for 5h. The
determination of anti-inflammation of compounds 1-16 were ap-
plied as above statement. Different concentrations (50, 100 mg/
kg) of compounds 1-16 were intraperitoneally given 30 min be-
fore carrageenan injection, and normal-saline group as control
group.

5.4.2. Reduction of NO production from macrophages

Cell line and culture condition. Mouse macrophage cell line
(RAW 264-7) was obtained from Bioresource Collection and Re-
search Center (Hsinchu, Taiwan). The cells were cultured in 10-

cm dish with RPMI (Gibco Laboratories, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS) (HyClone, Logan,
UT, USA) at 37 °C under a 5% CO, atmosphere.

NO assay

The production of NO was determined by measuring the quantity
of nitrite in the supernatant from the cells culture under different
conditions by the Griess method,?” using a standard curve con-
structed with nitrite ranging from 1 to 100 uM. Escherichia coli LPS
(Sigma) at concentration of 2 pig/ml was used as a positive control.
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