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A new furofuran lignan, 4-hydroxykobusin (3), together with known lignans, kobusin (1), and
7,7'-dihydroxybursherenin (2), were isolated from the whole plant of Geranium thunbergii Sieb.
et Zucc (Geraniaceae). The structures were determined based on the spectral data and a
comparison with the published data. This is the first report of the presence of furofuran lignan

in Geranium species.
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INTRODUCTION

Geranium thunbergii Sieb. et Zucc. (Geraniaceae) is a
perennial plant that is distributed throughout Korea,
China, and Japan. The whole plant is used in oriental
medicine as an antihemorrhage, sterilization, diarrhea,
and astringent (Bae, 2000). Previous phytochemical
studies on this species reported the extraction of tannins
and flavonoids, such as geraniin, corilagin, ellagic acid,
gallic acid, quercetin, kaempferol, and kaempferol-7-
rhamnoside (Ito et al., 1999; Okuda et al., 1986).

As part of an ongoing investigation into biologically
active compounds from natural products, the methanol
extract of Geranium thunbergii Sieb. et Zucc. was
investigated. A new furofuran lignan, 4-hydroxykobusin
(3), along with kobusin (1), and 7,7'-dihydroxybursehernin
(2), were isolated using repeated column chromatography
on silica gel, Sephadex LH-20, LiChroprep RP-18. Two
known compounds were isolated from this plant for the
first time. 7,7'-dihydroxybursehernin (2) has been reported
previously to be a product of chemical synthesis but the
complete NMR data has not been published. This paper
reports the isolation and structural characterization of
these compounds.
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MATERIALS AND METHODS

General procedure

The melting point was obtained with a Fisher Scientific
melting point apparatus and was uncorrected. The UV
spectra were obtained on a Shimadzu UV/Visible Spectro-
photometer. The IR spectra were recorded on an IMS 85
(Bruker). The NMR spectra were recorded on a Varian Unity
Inova 500 (500 MHz) spectrometer. The 'H-'H COSY,
DEPT, HMQC, and HMBC NMR spectra were obtained
using the usual pulse sequences. The HR-EIMS was
determined on a JMS 700 (JEOL). TLC and column
chromatography were carried out on precoated Si Gel Fusy
plates (Merck, art. 5715), RP-18 Fs, plates (Merck, art.
15423), and Si gel 60 (Merck, 230-400 mesh).

Plant material

The whole plant of Geranium thunbergii Sieb. et Zucc.
(Geraniaceae) was collected from the Herbarium of
College of Pharmacy, Chosun University, Korea, in May
2003. A voucher specimen was deposited in the Herbarium
of College of Pharmacy, Chosun University (CSU-1019-
17).

Extraction and isolation

The air-dried whole plant of Geranium thunbergii (0.46
Kg) was cut and extracted with MeOH (3 Lx3) at 60°C for
4 h (x3). The MeOH extract (82.92 g) was suspended in
water (1.0 L), and then partitioned sequentially with equal
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volumes of dichloromethane, ethyl acetate, and n-butanol.
Each fraction was evaporated in vaccuo to yield the
residues of the CH,Cl, (12.18 g), EtOAc (20.97 g), n-
BuOH (12.43 g), and water (22.42 g) extracts. A portion of
the CH,Cl, soluble fraction (9.0 g} was subjected to
column chromatography over a silica gel (400 g) eluting
with a n-Hexane-EtOAc = 100:0 - 1:4, CHCI;-MeOH =
1:0 - 1:1 in a gradient system. The fractions were com-
bined based on their TLC pattern to yield the subfractions
designated C1-C6. Subfraction C3 (1.67 g) was further
purified by column chromatography over a silica gel (300
g) eluting with a CHCl;-MeOH gradient system to afford
four subfractions (C31-C34). Subfraction C32 (876 mg)
was purified by repeated Sephadex LH-20 column
chromatography (MeOH-H,O = 3:2—»1:0) and preparative
TLC (RP-18 Fy5s, 0.5 mm, MeOH-H,O = 7:3, R; = 0.35)
to give compounds 1 (26.2 mg) and 2 (12.4 mg),
respectively. Subfraction C33 (101.6 mg) was purified by
repeated Sephadex LH-20 column chromatography
(MeOH-H,O = 3:2—1:0, 4:1>1:0), preparative TLC (Si
Gel F., plates, 0.5 mm, n-hexane-acetone = 1.1, R; =
0.6) to give compound 3 (3.5 mg).

Kobusin (1)
Colorless oil, [o]2* +58.0° (CHCI;; ¢ 0.03); UV (MeOH)
Amax NM: 232, 284; IR vpa (KBr) cm™: 1610, 1595, 1505,
1250; 'H-NMR (500 MHz, CD,0D) & : 6.97(1H, br.s, H-2",
6.92 (2H, s, H-5'76"), 6.88 (1H, d, J=1.5 Hz, H-2"), 6.84
(1H, dd, J=2.0, 8.0 Hz, H-6"), 6.77 (1H, d, J=8.0 Hz, H-5"),
5.92 (2H, s, -OCH,0-), 4.72 (2H, dd, J=5.0, 10.5 Hz, H-2/
6), 4.23 (2H, dd, J=7.0, 9.0 Hz, H-4eq/8eq), 3.86 (2H, dd,
=4.0, 9.0 Hz, H-4ax/8ax), 3.83 (3H, s, -OCHs), 3.81 (3H,
s, -OCHs), 3.11 (2H, m, H-1/5); *C-NMR (125 MHz, CD,0D)
5:150.81 (s, C-3'), 150.32 (s, C4'), 149.56 (s, C-3"), 148.75
(s, C-4"), 136.68 (s, C-1"), 135.42 (s, C-1'), 120.78 (d, C-
6"), 119.96 (d, C-6"), 113.07 (d, C-5'), 111.35 (d, C-2'),
109.14 (d, C-5"), 107.69 (d, C-2"), 102.54 (t, -OCH,0-),
87.50 (d, C-2), 87.38 (d, C-6), 72.86 (t, C-4), 72.82 (t, C-
8), 56.68 (g, -OCH,), 56.65 (q, -OCH;), 55.75 (d, C-5),
55.56 (d, C-1).

7,7-Dihydroxybursehernin (2)

Colorless oil, [o]2* +30.0° (MeOH; ¢ 0.50); UV (MeOH)
hmax NM 2 234, 281; IR vimax (KBr) cm™: 3410, 1751, 1600,
1502; 'H-NMR (500 MHz, CD;0D) 6 : 6.96 (2H, d, J=1.5
Hz, H-2/2"), 6.93 (1H, dd, J=1.5, 8.5 Hz, H-6), 6.88 (2H,
dd, J=1.5, 8.5 Hz, H-5/6"), 6.79 (1H, d, J=8.5 Hz, H-5'),
5.93 (2H, s, -OCH,0-), 5.41 (1H, d, J=4.0 Hz, H-7), 5.21
(1H, d, J=3.5 Hz, H-7"), 4.30 (1H, dd, J=7.0, 9.5 Hz, H-
9'a), 4.02 (1H, dd, J=4.5, 9.5 Hz, H-9b), 3.84 (3H, s, -
OCHs), 3.82 (3H, s, -OCHj3), 3.60 (1H, dd, J=4.0, 9.5 Hz,
H-8), 3.38 (1H, m, H-8"); *C-NMR (125 MHz, CD,0D) 5 :
179.49 (s, C-9), 151.05 (s, C-3/4), 149.04 (s, C-3'), 148.74
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(s, C-4"), 136.00 (s, C-1), 133.87 (s, C-1), 120.42 (d, C-
8), 119.67 (d, C-6), 113.18 (d, C-5), 110.96 (d, C-2),
109.23 (d, C-5), 107.38 (d, C-2), 102.54 (t, -OCH,0-),
86.79 (d, C-7), 85.05 (d, C-7'), 74.00 (t, C-9"), 56.73 (q,
-OCH;), 56.65 (g, -OCHj), 54.68 (d, C-8), 51.10 (d, C-8)).

4-Hydroxykobusin (3)

Colorless oil, [a]2* -42.0° (MeOH; ¢ 0.63); UV (MeOH)
Amax M 2 232, 284 IR va (KBr) cm™: 3400, 1610, 1595,
1505, 1250; EI-MS m/z (rel. int.): 386 ([M], 100), 339
(20.0), 267 (12), 177 (60); HR-EIMS m/z: 386.1363 (calcd.
for C,4H,,07: 386.1366 ), "H-NMR (500 MHz, CD;0D) & :
7.21 (1H, d, J=2.0 Hz, H-2", 6.98 (1H, dd, J=2.0, 8.0 Hz,
H-6", 6.91 (1H, d, J=8.0 Hz, H-5'), 6.88 (1H, d, J=2.0 Hz,
H-2"), 6.85 (1H, dd, J=2.0, 8.0 Hz, H-6"), 6.79 (1H, d,
J=8.0 Hz, H-5"), 5.94 (2H, s, -OCH,0-), 5.50 (1H, d, J=1.0
Hz, H-4), 4.90 (1H, d, J=7.0 Hz, H-2), 4.84 (1H, d, J=7.0,
H-6), 4.21 (1H, dd, J=6.0, 9.0 Hz, H-8eq), 4.02 (1H, dd,
J=2.5, 9.0 Hz, H-8ax), 3.85 (3H, s, -OCHj3), 3.82 (3H, s,
-OCHs), 3.14 (1H, m, H-1), 2.84 (1H, br.t, J=7.5 Hz, H-5);
BC-NMR (125 MHz, CD,0D) & : 150.80 (s, C-4'), 150.19
(s, C-3'), 149.65 (s, C-4"), 148.83 (s, C-3"), 137.25 (s, C-
1"), 137.04 (s, C-1"), 120.55 (d, C-6"), 120.12 (d, C-6"),
112.81 (d, C-5'), 111.55 (d, C-2"), 109.97 (d, C-5"), 107.37
(d, C-2"), 102.97 (d, C-4), 102.58 (t, -OCH,0), 88.69 (d,
C-2), 85.07 (d, C-6), 73.24 (t, C-8), 63.79 (d, C-5), 56.69
(g, -OCH&), 56.57 (q, -OCHa), 55.09 (d, C-1).

Bioassay of human interleukin (hiL)-6

The HIL-6 bicassay was carried out using a slight
modification of an established method (Kim et al., 2003).
Briefly, 500 pL of the MG-63 cells (3x10* cells/mL) in
DMEM containing 10% FBS were dispensed into a 24
well plate. The culture was incubated for 24 h at 37°C. 5
puL of TNF-a (15 ng/mL) and 5 puL of the DMSO with or
without the compounds were then added. The medium
was incubated at 37°C in an atmosphere containing 5%
CO, for 24 h, and stored at -20°C until needed. The
medium was used to determine the hiL-6 content using
an ELISA procedure. 96 well plates were coated with 100
uL of the purified rat anti-human IL-6 monoclonal antibody
in 0.1M NaHCO; (pH 9.6) by an overnight incubation at
4°C. The wells were blocked with 200 uL of 3% BSA in
PBS for 2 h at RT, and incubated with 100 ul of the
specific antibody for 2 h at RT. 100 uL of HRP conjugated
rabbit anti-goat IgG (1:1000 dilution) was added to the
well and incubated for 2 h at RT. 100 uL of a TMB(3, 3', 5,
5'4etramethyi-benzidine) substrate solution was added
and incubated for 10 min at RT. The color reaction was
gquenched with 50 uL of 0.4N HCI, and the optical density
was read at 450 nm using a Microplate Reader (Molecular
Devices Co., Ltd.,, U.S.A)).
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RESULTS AND DISCUSSION

The CH,CI, soluble fraction of the MeOH extract of G
thunbergii was chromatographed on silica gel, Sephadex
LH-20, reversed phase C-18 columns, which was followed
by prep. TLC to afford three compounds (1-3) (Fig. 1).

Compound 3 was obtained as a colorless oil. This
compound was determined to be a new 4-hydroxy deriva-
tive of the known furofuran lignan kobusin according to its
MS, 'H- and "*C-NMR data. Its molecular formula was
found to be C,1H»0; by HR-EI mass spectrometry ([M]
found 386.1363). The UV spectrum showed absorption
maxima at 232 and 284 nm, which corresponded to the
furofuran type of lignan (Matsushita et al., 1991). The IR
spectrum showed absorption bands due to hydroxyl
(3400 cm') and aromatic rings (1610, 1505 cm™). The 'H-
and "C-NMR spectral data of compound 3 were similar to
that of kobusin except for the 4-hydroxyl group of the
furofuran ring moiety. The "*C- and HSQC NMR spectra
of compound 3 showed 21 carbons including one
hemiacetal carbon (& 102.97), methylenedioxy carbon (8
102.58), four trisubstituted carbons (5 88.69, 85.07, 63.79,
55.09), one oxymethylene carbon (5 73.24), two methoxy
carbons (6 56.69, 56.57), and two aromatic rings (8
150.80, 150.19, 149.65, 148.83, 137.25, 137.04, 120.55,
120.12, 112.81, 111.55, 109.97, 107.37). There were
downfield shifts of C-4 and C-5 in compound 3 compared
with the chemical shifts of C-4 and C-5 in kobusin, which
strongly suggested that the hydroxyl group was located at
C-4. The 'H-NMR spectrum revealed two ABX type
coupling patterns, and the COSY spectrum indicating the
presence of 1,3,4-trisubstituted phenyl groups [5 7.21 (1H,

OCH,

Fig. 1. Chemical structures of compounds 1-3 isolated from G.
thunbergii
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d, J=2.0 Hz), 6.98 (1H, dd, J=2.0, 8.0 Hz), 6.91 (1H, d,
J=8.0 Hz), 6.88 (1H, d, J=2.0 Hz), 6.85 (1H, dd, J=2.0, 8.0
Hz), 6.79 (1H, d, J=8.0 Hz)], two benzylic oxymethine
protons at & 4.90 (1H, d, J=7.0 Hz), 4.84 (1H, J=7.0 Hz),
two methine protons at & 3.14(1H, m), 2.84 (1H, brt,
J=7.5 Hz), one acetal proton at 8 5.50 (1H, d, J=1.0 Hz),
one oxymethylene proton at & 4.21 (1H, dd, J=6.0, 9.0
Hz), 4.02 (1H, dd, J=2.5, 9.0 Hz), one methylenedioxy
proton at & 5.94 (2H, s, -OCH,0-), two methoxy protons at
3 3.85 (3H, s, -OCH,), 3.82 (3H, s, -OCHj3). In the HMBC
spectrum of compound 3, the carbon signals at 5 88.69
(C-2) and 85.07 (C-6) correlated with the proton signal at
3 4.21 and 4.02 (H-8), and the carbon signals at 5 85.07
(C-6) and 88.69 (C-2) correlated with the proton signals at
3 5.50 (H-4), respectively (Fig. 2). The stereochemistry of
the hydroxyl group at C-4 was assigned to an a-face
because the NOE difference spectra showed a NOE effect
between H-4 (5 5.50) and H-2 (5 4.90)/H-6 (5 4.84) (Abe
and Yamaguchi, 1988). Furthermore, the H-4 peak
appeared" as a broad singlet at 8 5.50 confirming the
equatorial orientation of the hydroxy! group at C-4 (Malarz
et al., 2005; Hou et al., 2003; Tene et al., 2004; Min et al.,
2005). Therefore, compound 3 was characterized as 4-
hydroxykobusin based on the above spectroscopic
evidence.

Compound 2 was obtained as a colorless oil. The UV
spectrum exhibited absorption maxima at 234 and 281
nm, which are characteristic absorption bands of a buty—
rolactone-type lignan (Kim ef al., 2004). The IR spectrum
showed the signals for a hydroxyl (3410 cm™), unsaturated
carbonyl (1751 cm™), and aromatic ring (1600 and 1502
cm™). The 'H- and "*C-NMR spectra showed a typical
pattern of methylenedioxygenated dibenzylbutyrolactone-
type lignan, and the structure of compound 2 was similar
to that of bursehernin (Enders et al., 2002). Downfield
shifts of H-7, 8, 7' and 8' were observed in compound 2
compared with the chemical shifts of H-7, 8, 7' and 8' in
bursehernin, which strongly suggested that the hydroxy!
group was located at C-7 and 7'. In the HMBC spectrum
of compound 2, the carbon signals at 3 149.04 (C-3') and

k /C;Ha
B

Fig. 2. Selected 'H-"C long-range correlations in the HMBC spectrum
of compound 3
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148.74 (C-4") correlated with the proton signal at 8 5.93
(OCH,0), and the carbon signals at & 133.87 (C-1) and
136.00 (C-1') correlated with the proton signals at & 5.41
(H-7) and 5.21 (H-7"), respectively. Furthermore, the carbon
signals at 3 54.68 (C-8) and 51.10 (C-8') correlated with
the proton signals at 4 4.30 and 4.02 (methylene protons,
H,-9"). This indicated that the skeleton of compound 2
was a methylenedioxygenated dibenzylbutyrolactone-type
lignan (Kwon et al., 1999; Kim ef al., 2004). The trans
junction of a y-lactone group was deduced from the
coupling constant (Js¢ = 9.0 Hz) and the reported data of
ligans with the trans junction of the y-lactone group
(Tanoguchi et al., 1991). Based on these observations, com-
pound 2 was determined to be 7,7-dihydroxybursehernin.
Although, Ogiku et al previously reported the chemical
synthesis of compound 2 (Ogiku et al, 1995), this is the
first report of the naturally occurring 7,7'-dihydroxybur-
sehernin from a plant.

Compound 1 was identified as a kobusin (Hua et al,
2004; Ahmed et al.,, 2002; Latip et al., 1999; Lim et al.,
1999; Idida et al., 1982) by comparing the NMR spectral
data with those reported in the literature.

Interleukin-6 (IL-6) is a cytokine originally identified as a
T-cell-derived factor regulating B-cell growth and differ-
entiation (Hirano et al., 1986). Human IL-6 is an important
component of the inflammatory cascade. In particular, the
dysregulation of IL-6 production has been implicated in a
variety of inflammatory/autoimmune diseases including
rheumatoid arthritis, cardiac myxoma, Castleman’s disease,
and mesangial proliferative glomerulonephritis (Hirano et
al., 1990). The proinflammatory cytokines IL-1 and tumor
necrosis factor-a (TNF-a) markedly stimulate IL-6 pro-
duction (Van Damme et al., 1987).

The inhibitory activity of hlL-6 production in TNF-a
stimulated MG-63 cell was examined. Among the com-
pounds isolated, compounds 1 and 3 showed weak activity
against hIL-6 production, while compound 2 showed
potent inhibitory activity. The inhibitory activity of com-
pounds 1-3 against hIL-6 production in TNF-a stimulated
MG-63 cell was 17.116.33%, 60.5+7.76%, and 39.319.74%,
respectively, at a concentration of 50 pg/mL.
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