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A New Furofuran Lignan with Antioxidant and Antiseizure
Activities from the Leaves of Petasites japonicus
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A new furofuran lignan (1) was isolated from the n-butanol fraction of the methanolic extract of
the leaves of Petasites japonicus (Sieb. et Zucc.) Maxim. (Compositae). The structure of com-
pound 1 was determined o be 2cu-(4-hydroxy-3'-methoxyphenyl)-Bo-(4"-hydroxy-3"-methox-
yphenyl)-8a-hydroxy-3,7-dioxabicyclo[3.3.0]octane 4'-O-(B-D-glucopyranoside) by spectroscopic
methods including 2D-NMR. In further studies, it was found that the compound 1 expressed an
antioxidant activity in DPPH radical scavenging assay, and moreover, ameliorated the seizure

in kainic acid-treated mice.
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INTRODUCTION

Extracts from Petasites plants (Compositae) have been
used for thousands of years for therapeutic purposes in
folk medicine. The extract of Petasites hybridus, a native
European perennial, has been found to contain spasmolytic
(Ziolo and Samochowiec, 1988) and analgesic (Grossman
and Schmidramsl, 2001) compounds such as petasin or
isopetasin. Petasites formosanus, an indigenous species
of Petasites in Taiwan, has been used for the treatment of
hypertension; one of hypotensive constituents was identi-
fied to be S-petasin, a sesquiterpene (Wang et al., 2001).
Additionally, phenolic compounds such as phenylpropenoyl
derivatives were isolated from the leaves of this specie
(Lin et al, 2001, 2004). Separately, the leaves of Pefasites
Japonicus (Sieb. et Zucc.) Maxim. (Compositae), a per-
ennial plant widely grown in Japan and Korea, is used
as an edible vegetable. Recent studies showed that
petasinophenol (Mizushina et al., 2002) and flavonoid
glycosides (Mizushina et al., 2003), isolated from P,
japonicus, inhibited eukaryotic DNA polymerase rhamda
and DNA polymerase alpha, respectively. In the course
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of screening antioxidant compounds from the extract of
leaves of P. japonicus, the butanol-soluble fraction was
found to contain a remarkable antioxidative action in
DPPH radical scavenging assay. In the present study,
we report the isolation and structural elucidation of a
new furofuran lignan, one of neuroprotective antioxidant
constituents, from the butanol-soluble fraction of leaves
of P. japonicus.

MATERIALS AND METHODS

General experimental procedures

Optical rotation was measured with a JASCO DIP-370
digital polarimeter in MeOH. UV spectrum was recorded
on a UV-2450 spectrometer. 'H- and "*C-NMR spectra
were recorded on Varian Unity Inova 400 spectrometer
with the tetramethylsilane as an internal standard.
Chemical shifts were presented as ppm. API-MS was
measured with a Perkin-Elmer SCIEX API Il Biomolecular
Mass Analyzer.

Plant material

The leaves of Petasites japonicus were collected from
agricultural fields in Kongju, Korea in May, 2004, and
verified by Dr. Young Jin Choi. A voucher specimen was
deposited in the Herbarium of Wild Vegetable Experiment
Station, Kangwon-Do, Korea.
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Extraction and isolation '

The leaves of P, japonicus (1.5 kg) were extracted with
MeOH at room temperature to obtain 220 g of the solid
extract. The MeOH extract was suspended in H,O and
extracted successively with hexane (3 x 3 L), CHCl;(3 x 3
L), EtOAc (3x3 L), and BuOH (3x3 L) to give the
hexane (8.1 g), CHCI; (7.6 g), EtOAc (8.9 g), and BuOH-
soluble fractions (26.6 g), respectively. The BuOH-soluble
fraction (26.6 g) was chromatographed on a silica gel
column eluted with a stepwise gradient of CHCl; and
MeOH to vield four fractions (Fr. A-D: 2.2.9; 53 g; 7.0 g;
3.3 g). Fr. B was chromatographed on a RP C-18 column
eluted with MeOH-H,O (1 : 4) to obtain four subfractions
(Fr. B1-B4: 70.1 mg, 291.8 mg, 220.7 mg, 238.5 mg). Fr.
B2 was precipitated from MeOH at 4°C to yield compound
1 (88 mg).

Petaslignolide A (1)

White amorphous powder (MeOH). [a]o: -10.0° (¢ 0.23,

MeOH); UV (MeOH) iy, (l0g &): 204 (4.73), 229 (4.19),
279 (3.75) nm; API-MS ‘m/z: 535 [M-H], 373 [M-Glc-H]".
'H- and "*C-NMR (Table 1).

Table |. 'H-, *C-, and HMBC-NMR data of compound 1 (in DMSO-

ds)
1
H(400MHz)  PC(100MHz)  HMBC (H— C)
1 2731(7.2) 620  C-2,4,586,81
2 476d(7.2) 825  C1,4,5812.6
4 3.91dd (8.8, 2.6) 714 C4,2,56
4.42dd (8.8, 5.6)

5 303m 533 C1,2,4,6,81"
6 4764(7.2) 861  C1,4,581" 26"
8 541d (4.0) 1009  C1,2,56
1 135.9
2 6.954d (2.0) 103 C2,3,4,5,6
3 149.0
4 1459
5 7.06d (84) 153 C1,3,4
6 6.84d (8.4) 188  C22,4,5
1" 134.0
" 7104 (2.0) 107 6,46
3 147.4
4" 1457
5" 6.71d (8.4) 1149  C1" 3" 6"
6" 6.84d (8.4) 180  C6,2.4"5
OCHy3 3.77s 557  C3
OCHy3" 3765 555  C-3'
Glc 1" 489d(7.2) 1001 C4'

2" 326m 73.2

3" 326m 770

4" 316m 69.6

5" 330m 76.8

6" 344dd(11.6,56) 600

3.67 dd (11.6, 4.8)
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Enzymatic hydrolysis of 1

Naringinase (100 mg, from Penicillium decumbens) was
added to a suspension of 1 (8 mg) in 50 mM acetate
buffer (pH 5.5) and the mixture was stirred at 37°C for 5 h.
The reaction mixture was ‘extracted with EtOAc (10
mL x 3). The water layer was checked by silica gel TLC
(EtOACc-MeOH-H,0-AcOH, 65 : 20 : 15 : 15). The spot on
the TLC plate was visualized by an anisaldehyde-H,SO,
reagent. The stereochemistry of glucose was determined
by GC method described previously. The sugar derivative
thus obtained showed a retention time of 21.30 min,
identical to that of authentic D-glucose.

DPPH radical scavenging assay

Scavenging activity of petaslignolide A on DPPH radicals
was measured as described previously (Blois, 1958; Sok
et al., 2003). 0.135 mL of DPPH radical solution {0.15
mM) in methanol and 0.015 mL of various concentrations
of compound in DMSO were mixed in a microplate reader
well. The mixture was kept at room temperature for 30
min, and the absorbance at 535 nm was measured. 1Cs
value was expressed as the concentration of compound
to show 50% inhibition of DPPH radicals.

In vivo experiment

Mice were administered orally with petasiignolide A (50
mg/kg), suspended in saline, using an esophagus needle
for 4 days consecutively before kainic acid injection. Then,
the mice were injected intraperitoneally (50 mg/kg) with
kainic acid, dissolved in saline, and control mice were
administered with the same volume of saline. The behav-
joral change was expressed as the onset time of seizure
as had been previously reported (Sok et al., 2003).

RESULTS AND DISCUSSION

The BuOH-soluble fraction of the leaves of P japonicus
was subjected to repeated column chromatographies on
normal and reverse phase silica gels and HPLC, and
finally petaslignolide A (1) was obtained as an amorphous
powder with a negative optical rotation, [a], -10.0°. The
molecular formula of compound 1 was found to be
CusH3,01,, based on a quasi-molecular ion at m/z 535
[M-H]" in the negative API-MS. The 'H-NMR spectrum
showed signals for two methine protons at 8§ 2.73 (t, J =
7.2 Hz) and 3.03 (m), two benzylic oxymethine protons at
5 4.76 (d, J = 7.2 Hz, 2H), an oxygenated methylene at &
3.91 (dd, J = 8.8, 2.6 Hz) and 4.12 (dd, J = 8.8, 5.6 Hz),
an oxymethine proton at § 5.41 (d, J = 4.0 Hz), two 1,3,4-
trisubstituted phenyl groups at § 6.95 (d, J = 2.0 Hz), 7.06
(d, J=84 Hz),and 6.84 (d, J=84 Hz), 7.10 (d, J = 2.0
Hz), 6.71 (d, J = 8.4 Hz), and 6.84 (d, J = 8.4 Hz), which
were assigned a lignan of the 3,7-dioxabicyclo[3,3,0]octane
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type, compared with that of the 9-hydroxypinoresinof (Fig.
1) isolated from Lonicera hypoleuca (Khan and Shoeb,
1985). This observation was further supported by the *C-
NMR spectrometric assignments; an oxygenated methine
carbon at 8 100.9, four tri-substituted carbons at & 86.1,
82.5, 62.0, and 53.3, an oxygenated methylene at 8 71.4,
and two aromatic rings, coupled with DEPT and HMQC,
and HMBC correlations between &8, 4.76 (H-2) and ¢
71.4 (C-4)/110.3 (C-2')/118.8 (C-6'), as well as 8,4.76 (H-
6) and & 71.4 (C-4)110.7 (C-2"y/118.0 (C-6") (Fig. 2).
The C-8 position could be substituted by a hydroxy group
due to an oxygenated methine carbon signal at & 100.9.
This hydroxyl group was further supported by the HMBC
correlations between &, 4.76 (H-2,68) and 3. 100.9 (C-8).
In addition, the "H-NMR spectrum showed two methoxy
groups at 8 3.77 and 3.76, which correlated with the
quaternary carbons at & 149.0 (C-3') and 147.4 (C-3"),
respectively, in HMBC, establishing the positions of the
methoxy groups. The large coupling constant of H-2 and
H-6 (6 4.76, 2H, d, J = 7.2 Hz) indicated that both were
pseudoaxial protons (Hou et al., 2003). This was further
confirmed by the NOE effects of the NOESY spectrum
between H-2 (5§ 4.76) and H-4 (8§ 3.91), as well as
between H-4 and H-6 (6 4.76). The a orientation of
hydrogens at C-1 and -5 were deduced from the chemical
shifts of ®*C-NMR, compared with that of the Sa-hydroxy-
pinoresinol (Abe and Yamauchi, 1988). The orientation of
the hydroxyl group at C-8 was assigned as a a-face, since

OCH,

o
H‘ '%%I lH

H3CO 08 “OH
HO o
HO 7 MO
HO OH'I"'

Fig. 1. Structure of compound 1 (petaslignolide A)

Fig. 2. Significant MHBC (—) correlations and NOE («--») in the
NOESY spectrum for compound 1
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the coupling constant of H-8 (6 5.41, d, J = 4.0 Hz) was
large compared with that of 4p-hydroxy-2,6-di(4'-hydroxy-
3'-methoxy)phenyl-3,7-dioxabicyclo[3,3,0Joctane  isolated
from Lonicera hypoleuca (Khan and Shoeb, 1985), as
well as the NOE effect of the NOESY spectrum between
H-8 (5 5.41) and H-2/H-6 (5 4.76). On the other hand, the
"H-NMR spectrum of compound 1 indicated the signals for
an anomeric proton at 8 4.89, and six oxygenated protons
due to a hexose unit. In support of this, the enzymatic
hydrolysis of compound 1 with naringinase yielded a
monosaccharide unit, which was identified by co-TLC with
an authentic sample. Its absolute configuration was
determined by gas chromatography to be D-glucose (Min
et al., 2000). The configuration of the glycosidic linkage
for the glucopyranoside unit was determined to be p form,
based on the J; , value of the anomeric proton at 7.2 Hz (3
4.89). The linkage of D-glucose moiety was determined,
based on the HMBC correlation between at &, 4.89 (H-1")
and &; 145.9 (C-4'). Therefore, the structure of petaslignolide
A (1) was determined to be 8-hydroxy-2a-(4'-hydroxy-
3'-methoxyphenyl)-6a-(3",4"-methylenedioxyphenyl)-8a-
hydroxy-3,7-dioxabicyclo[3.3.0]octane 4'-O-(B-D-glucopy-
ranoside). Although previous data (Khan and Shoeb,
1985; Hou et al., 2003; Yeo et al., 2004) demonstrated that
9-hydroxypinoresinol 1- or 5-hydroxylated 2o-(4'-hydroxy-
3'-methoxyphenyl)-6a-(3",4"-methylenedioxyphenyl)-8a-
hydroxy-3,7-dioxabicyclo[3.3.0]octane 4'-O-(B-D-glucopy-
ranoside) analogues were present in some plants, there has
been no report on 8-hydroxylated derivative. Furthermore,
this is the first report on the existence of a dioxabicyclo
[3.3.0]octane lignan compound in the extract of P. japonicus.

Analysis of DPPH free radical-scavenging activity
indicates that petaslignolide A (1) showed ICs, value of
113.04 pg/mL, while the ICs, value for alpha-tocopheral
and guercetin was estimated to be 25.65 ug/mL and 6.83
ug/mL, respectively (Table Il). Next, in an animal experi-
ment (Table Ill), it was found that oral administration of
petaslignolide A (50 mg/kg weight) to ICR mice for 4 days
delayed the onset time of seizure from 12.5 + 4.0 min for
kainic acid-treated mice to 29 + 5.7 min, suggestive of
anti-seizure activity of petaslignolide A. In contrast,
quercetin, despite its strong antioxidant action, showed no
significant effect on the seizure caused by kainic acid

Table ). DPPH free radical scavenging activity of compounds

Compound ICsp (g/mL)?
Petaslignolide A 113.04 £4.21
Alpha-tocopherol 2565+ 049
Quercetin 883+ 160

*DPPH radical scavenging activity was expressed as the mean + SE of
the 50% inhibitory concentration (ICs) from three determinations,
obtained by interpolation of the concentration-inhibition curve.
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Table lll. Effect of petaslignolide A on seizure in mice injected with
kainic acid :

Group Onset time of seizure, min
Kainic acid only 12540
Kainic acid + PA 29057

Mice (8 animals) were administrated orally (50 mgikg) with
petaslignolide A" (PA) for 4 days before kainic acid injection, and then
the behavioral sign of seizure was monitored for 60 min.

under the same condition. Although the anti-seizure activity
of petaslignolide A (50 mg/kg weight) is comparable to
that of melatonin (20 mg/kg), a representative neuropro-
tective compound, intraperitoneally administered 30 min
before kainic acid challenge (Mohanan and Yamamoto,
2002), the present result does not allude the similar
potency between petaslignolide A and melatonin. Actually,
the neuroprotective effect of melatonin differed greatly
according to its administration period (Mohanan and
Yamamoto, 2002). Meanwhile, the efficacy of petaslignolide
A seemed to require multiple administrations; a single
administration of petaslignolide A prior to kainic acid
challenge on the same day failed to prevent the seizure
(data not shown). Therefore, it is suggested that the prior
metabolism of petaslignolide A in vivo may be important
for the anti-seizure activity of petaslignolide A. Then, it is
likely that the enzymatic deglucosylation of petaslignolide
A may be implicated in the formation of a bioactive
metabolite, membrane-permeable, which needs further
study. Taken together, the present data indicate that the
extract of P. japonicus leaves contains petaslignolide A, a
new furofuran lignan compound, showing antioxidant and
anti-seizure activities.
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