
Glehnia littoralis (G.) FR. SCHMIDT ex MIQUEL (Umbellif-
erae) is a perennial herb growing on the sandy beaches of
eastern Asia.1) The dried roots and rhizomes of this plant are
used in traditional Chinese medicine as a tonic, antiphlogis-
tic, and mucolytic for the treatment of respiratory and gas-
trointestinal disorders,1) while they are used in Japan as di-
aphoretic, antipyretic, and analgestic medicine.2) They are
also a major component in anti-aging and health promotion
prescriptions.3) Previous investigations resulted in the isola-
tion of coumarins,2) coumarin glycosides,4) and poly-
acetylenes5) from constituents of the underground parts of G.
littoralis.

Recently, free radicals have been implicated in many age-
related diseases including cerebral ischemia, Parkinson’s dis-
ease, Alzheimer’s disease, and cancer.6) Natural antioxidants
can scavenge free radicals and prevent the human body from
aging by reducing oxidative stress. Thus we examined the an-
tioxidative constituents of G. littoralis and isolated two new
lignan glycosides, called glehlinosides A (1) and B (2), a
new neolignan glycoside, called glehlinoside C (3), and a
new phenylpropanoid glycoside (4), together with 22 known
compounds (5—26) (Fig. 1). This paper reports their isola-
tion, structure elucidation, and scavenging activity against
1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals.

The underground parts of G. littoralis were extracted with
ethanol, and the extract was suspended in water, defatted
with petroleum ether, and then successively partitioned 
with EtOAc and BuOH. The EtOAc fraction was chro-
matographed on a silica gel column to give eight known
compounds (19—26), while the BuOH fraction was sepa-
rated by a combination of Sephadex LH-20 column chro-
matography and preparative TLC to afford four new com-
pounds (1—4) and 14 known compounds (5—18). The
known compounds 6—26 were identified by means of com-
parison with published data or with authentic samples as: cit-
rusin A (6),7) (2)-secoisolariciresinol (7),8) quercetin (8),9)

isoquercetin (9),9) rutin (10),9) chlorogenic acid (11),10) 40-hy-
droxyimperatorin 40-O-b-D-glucopyranoside (12),4) bergap-
tol-O-b-D-glucopyranoside (13),11) marmesinin (14),4) (39R)-
hydroxymarmesin 49-O-b-D-glucopyranoside (15),4) os-
thenol-7-O-b-D-gentiobioside (16),2) uridine (17),12) adeno-
sine (18),13) isoimperatorin (19),2) psoralen (20),2) scopoletin
(21),2) xanthotoxol (22),2) ferulic acid (23),14) caffeic acid

(24),14) vanillic acid (25),15) and 3-methoxy-4-b-D-glucopyra-
nosyloxypropiophenone (26)16) (Fig. 1). Among these, com-
pounds 6—11, 13, 17, 18, and 23—26 were first identified in
G. littoralis.

Compound 5 was obtained as colorless amorphous solid,
[a]D 2182.1° (MeOH). Its molecular formula was deter-
mined to be C26H36O11 by positive-ion high-resolution (HR)-
FAB-MS. The 1H- and 13C-NMR spectra, analyzed by 1H–1H
shift correlation spectroscopy (COSY), heteronuclear muti-
ple quantum coherence (HMQC), and heteronuclear multiple
bond correlation (HMBC) spectra, suggested the presence of
a secoisolariciresinol and a b-glucose moiety, which was
confirmed by acid hydrolysis of 5 to (2)-secoisolariciresinol
(7)8) and glucose. The glucose was determined to be the D-
configuration by gas chromatographic (GC) analysis of a chi-
ral derivative of the acid hydrolysate.17) The HMBC spectrum
revealed the correlation between the anomeric proton and C-
4 or C-49. Because the aglycon (2)-secoisolariciresinol has a
symmetry axis between C-8 and C-89, two aryl groups are
equivalent. Thus the b-D-glucose was concluded to be lo-
cated at C-4; i.e., 5 is (2)-secoisolariciresinol 4-O-b-D-glu-
copyranoside. Previously, this compound was identified in
Urtica dioica (Urticaceae) by GC-MS analysis,18) but to our
knowledge this is the first report of the isolation of this com-
pound. 

Glehlinoside A (1) was isolated as a colorless amorphous
solid, [a]D 2158.3° (MeOH). Positive-ion HR-FAB-MS
showed the quasimolecular ion at m/z 675.2641, consistent
with the molecular formula C34H42O14, while the UV spec-
trum of 1 indicated the presence of aromatic rings (lmax 275
nm). The 1H- and 13C-NMR spectra of 1 were similar to
those of (2)-secoisolariciresinol 4-O-b-D-glucopyranoside
(5), but they were characterized by the presence of additional
signals due to a 1,3,4-trisubstituted benzoyl group and a
methoxyl group (Table 1). The benzoyl group was deter-
mined to be a vanilloyl group and to be located at C-60 of the
glucose based on the HMBC correlations depicted in Fig. 2.
Thus glehlinoside A was concluded to be (2)-secoisolari-
ciresinol 4-O-b-D-(6-O-vanilloyl)glucopyranoside (1), which
was confirmed by the alkaline hydrolysis of 1 to 5 and vanil-
lic acid (25).

Glehlinoside B (2) was obtained as colorless amorphous
solid, [a]D 254.5° (MeOH), of which the molecular formula
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was established to be C35H44O15 by HR-FAB-MS. The UV
spectrum of 2 closely resembled that of 1. Both the 1H- and
13C-NMR spectra of 2 were also similar to those of 1, but
they were characterized by the presence of signals due to 
a 1,3,4,5-tetrasubstituted benzene ring and an additional
methoxyl group instead of the 1,3,4-trisubstituted benzene
ring (Table 1). Detailed analysis of the COSY, HMQC, and
HMBC spectra of 2 indicated that 2 is a 5-methoxyl deriva-
tive of 1, while the absolute configuration was assigned as
8R,89R, based on the same negative sign of the specific rota-
tion as that of 1. Thus glehlinoside B was determined to have
the structural formula 2.

Glehlinoside C (3) was obtained as an off-white amor-
phous solid, [a]D 234.3° (MeOH), and its molecular for-
mula, C26H32O13, was obtained by HR-FAB-MS. The 1H-
NMR spectrum of 3 displayed the signals of two 1,3,4-trisub-
stituted benzene rings, two oxygenated methines, an oxy-
genated methylene, and a trans-olefine, together with a b-
glucose and two methoxyl groups (Table 1). On the other
hand, its 13C-NMR spectrum showed the signals of 26 car-
bons, including a carboxyl carbon, an olefine, and a b-glu-
copyranosyl group (Table 1). The presence of D-glucose was

confirmed by acid hydrolysis followed by GC analysis of the
acid hydrolysate. The COSY, HMQC, and HMBC spectra
suggested that 3 has a carboxylic acid instead of the allyl al-
cohol in citrusin A (6),7) a known compound isolated from
the same extract. The location of the glucose was determined
to be at C-4 from the HMBC correlation between H-10 of the
glucose moiety and C-4 (Fig. 2). The relative stereochem-
istry between C-7 and C-8 was concluded to be the same as
6, i.e., erythro, based on the small coupling constant (J55.1
Hz),19) From these data, glehlinoside C was determined to
have the structural formula 3. 

Compound 4 was obtained as an off-white amorphous
solid, [a]D 261.3° (MeOH), and its molecular formula was
determined to be C21H30O12 by HR-FAB-MS. The 1H- and
13C-NMR spectra of 4 were similar to those of 3-methoxy-4-
b-D-glucopyranosyloxypropiophenone (26),16) a known com-
pound isolated from the same extract, indicating the presence
of a 1,3,4-trisubstituted benzene ring, a methyl, a methylene,
a methoxyl, and a b-glucopyranosyl group, but they were
characterized by the presence of signals due to an additional
apiofuranosyl group. Mild acid hydrolysis of 4 furnished 26
and apiose. The location of the apiofuranosyl group was de-
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Fig. 1. Structures of Isolated Compounds

Glc: b-D-glucopyranosyl, Api: b-D-apiofuranosyl, Rha: b-D-rhamnopyranosyl. 



termined to be at C-69 of the glucose moiety, based on the
glycosylation shift of C-69 (4, d 68.7; 26, d 62.4) and C-59
(4, d 77.1; 26, d 77.8) of the glucose.20) Kitagawa et al. con-
firmed the b-configuration of the anomeric proton of the api-
ofuranosyl group in apioglycyrrhizin with Klyne’s rule.21)

The difference in the molecular rotation between 4 and 26
was negative (2109°), i.e., the same as methyl b-D-apiofura-
noside; molecular rotations of methyl a-D- and b-D-apiofura-
nosides are 1190° and 2156°, respectively.21) Thus 4 was
concluded to be 4-[b-D-apiofuranosyl-(1→6)-b-D-glucopyra-
nosyloxy]-3-methoxypropiophenone.

The DPPH radical-scavenging activities of the above com-
pounds 1—26, together with the well-known potent antioxi-
dant ascorbic acid were investigated (Table 2). Five com-
pounds with a catechol group (8—11, 24) showed potent ac-
tivities (EC50, 5.0—11.9 mM) comparable to that of ascorbic
acid (EC50, 9.1 mM), while among the lignan derivatives, only
compounds 1 (EC50, 28.0 mM) and 7 (EC50, 21.3 mM) exhib-
ited mild activities.

Experimental
Optical rotations were determined in MeOH solutions on a JASCO DIP-

140 digital polarimeter at 25 °C. UV spectra were obtained with a Shimadzu
UV-160A spectrophotometer. NMR spectra were recorded on a JEOL JNM-
GX400 spectrometer with tetramethylsilane (TMS) as internal standard, and
FAB-MS measurements were performed on a JEOL JMS-700T spectrometer
using glycerol as a matrix. GC analysis was performed on a Shimadzu GC-
14AH system. Column chromatography was performed on silica gel (Fuji
Silysia, BW-820MH) or macroreticular absorption resin D101 (Tianjin In-
secticide Manufacture, China) or Sephadex LH-20 (Pharmacia, Sweden).
Analytical and preparative TLC was carried out on precoated Merck Kiesel-
gel 60F254 (0.25 or 0.5 mm) or RP-18F254 plates (0.25 mm). 

Plant Material Dried underground parts of G. littoralis were collected
in Laiyang, Shandong Province, China, in May 1999. The plant material was
identified by Professor Weichun Wu of Shenyang Phamaceutical University,
Shenyang, China. A voucher specimen is preserved in the Department of
Traditional Chinese Medicine, Shenyang Pharmaceutical University. 

Isolation and Identification The dried underground parts (3.0 kg) of G.
littoralis were extracted with ethanol (5 l, reflux, 2 h, 33), and the ethanol
extract was concentrated under reduced pressure. The residue (219 g) was
suspended in water, defatted with petroleum ether, and then successively
partitioned with EtOAc (2.5 l) and BuOH (2.5 l). The EtOAc fraction (35 g)
was chromatographed over silica gel [CHCl3→CHCl3–MeOH (95 : 5,
90 : 10)→CHCl3–MeOH–H2O (80 : 20 : 2, 70 : 30 : 2)→MeOH] to give six
fractions (frs. 1—6). Fraction 1 (4.6 g) was further subjected to repeated sil-
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Table 1. 1H- and 13C-NMR Data for Compounds 1, 2, 3, and 5a)

1b) 2b) 5b) 3c)

Position
dH dC dH dC dH dC dH dC

1 137.2 139.3 137.1 135.8
2 6.63 d (2.0) 114.2 6.29 s 107.7 6.66 d (2.0) 114.0 7.07 d (2.0) 111.8
3 150.3 153.9 150.2 148.3
4 145.8 133.9 145.8 145.7
5 6.89 d (8.3) 117.4 153.9 6.99 d (8.0) 117.7 7.00 d (8.3) 114.6
6 6.34 dd (8.3, 2.0) 122.6 6.29 s 107.7 6.63 dd (8.0, 2.0) 122.6 6.90 dd (8.3, 2.0) 119.2
7 2.53 m 36.1 2.56 m 36.9 2.58 dd (13.8, 7.8) 36.0 4.76 d (5.1) 71.4

2.65 m 2.68 m 2.70 dd (13.8, 7.0)
8 1.85 md) 44.0 1.89 m f ) 44.4 1.89 m j) 44.0k) 4.45 m 83.3
9 3.58 d (5.4)e) 62.0 3.58 d (5.0)g) 62.0h) 3.58 d (4.7) 61.7l) 3.62 d (4.4) 60.0

3-OMe 3.72 s 56.3 3.68 s 56.8 3.76 s 56.1 3.80 s 55.6m)

5-OMe 3.68 s 56.8
19 133.7 133.6 133.4 127.0
29 6.48 d (2.0) 113.2 6.59 d (2.0) 113.5 6.57 d (2.0) 113.2 7.19 d (2.0) 111.0
39 148.7 148.6 148.5 149.6
49 145.4 145.4 145.2 150.1
59 6.64 d (8.0) 115.7 6.64 d (8.0) 115.8 6.65 d (8.0) 115.6 7.03 d (8.3) 114.7
69 6.51 dd (8.0, 2.0) 122.7 6.52 dd (8.0, 2.0) 122.6 6.52 dd (8.0, 2.0) 122.4 7.12 dd (8.3, 2.0) 122.1
79 2.50 m 36.1 2.56 m 36.1 2.54 dd (13.8, 7.8) 36.0 7.47 d (15.8) 143.9

2.62 m 2.68 m 2.66 dd (13.8, 7.0)
89 1.82 md) 44.0 1.87 m f ) 43.9 1.86 m j) 43.8k) 6.35 d (15.8) 116.6
99 3.56 d (5.4)e) 62.0 3.56 d (5.0)g) 61.7h) 3.58 d (4.7) 61.6l) 167.7

39-OMe 3.66 s 56.5 3.76 s 56.3i) 3.74 s 56.4 3.80 s 55.5m)

10 4.82 d (7.8) 102.7 4.74 d (7.6) 105.3 4.79 d (7.3) 102.9 4.83 d (7.0) 100.3
20 3.51 m 74.8 3.50 m 75.5 3.46 m 74.6 3.28 m 73.1
30 3.51 m 77.7 3.43 m 77.7 3.47 m 77.4 3.32 m 76.9n)

40 3.43 t (9.0) 72.0 3.43 m 71.9 3.44 m 71.1 3.19 t (9.0) 69.6
50 3.75 m 75.5 3.50 m 75.7 3.38 m 77.8 3.32 m 76.8n)

60 4.40 dd (11.9, 7.0) 65.0 4.39 dd (11.7, 6.5) 64.9 3.68 dd (12.2, 6.2) 62.3 3.67 dd (12.0, 2.0) 60.8
4.64 dd (11.9, 2.2) 4.51 dd (11.7, 2.0) 3.87 dd (12.2, 2.0) 3.47 dd (12.0, 5.6)

1- 122.4 122.3
2- 7.52 d (2.0) 113.8 7.39 d (2.0) 113.7
3- 148.7 148.6
4- 152.9 152.9
5- 6.85 d (8.3) 116.0 6.79 d (8.8) 115.8
6- 7.57 dd (8.3, 2.0) 125.3 7.44 dd (8.8, 2.0) 125.2
7- 167.8 167.8

3--OMe 3.84 s 56.5 3.84 s 56.4i)

a) J values (in Hz) in parentheses. b, c) Measured in MeOH-d4 and dimethyl sulfoxide (DMSO)-d6, respectively. d—o) Assignments may be interchanged.



ica gel column chromatography with CHCl3–MeOH (97 : 3) to give 19
(20.6 mg) and 20 (9.0 mg). Similarly, repeated silica gel column chromatog-
raphy of fraction 2 (4.8 g) with CHCl3–MeOH (95 : 5) afforded 21 (18.6 mg),
22 (3.3 mg), 23 (15.3 mg), 24 (11.4 mg), and 25 (9.8 mg). Fraction 4 (6.9 g)
was rechromatographed with CHCl3–MeOH–H2O (80 : 20 : 2) to give 26
(14.6 mg). 

The BuOH extract (47 g) was subjected to a macroreticular resin D101
column and eluted with a stepwise gradient of H2O, H2O–EtOH (1 : 4 and
1 : 1), and EtOH to give four fractions (frs. 1—4). Fraction 2 (4.9 g) was sub-

jected to Sephadex LH-20 column chromatography with a H2O–MeOH gra-
dient system to give four fractions (frs. 2-1—2-4). Fraction 2-1 (1.3 g) was
rechromatographed with H2O to give five subfractions. Subfractions 1 (50
mg) and 2 (46 mg) were subjected to preparative TLC with CHCl3–MeOH–
H2O (80 : 20 : 2) to give 12 (8.2 mg), 13 (3.4 mg), and 17 (6.1 mg); or 14
(6.5 mg) and 18 (5.9 mg), respectively. Fraction 2-2 (3.0 g) was also sub-
jected to Sephadex LH-20 column chromatography with H2O to give four
subfractions. Subfractions 1 (50 mg) and 3 (40 mg) were subjected to prepar-
ative TLC with CHCl3–MeOH–H2O (70 : 30 : 2) to afford 6 (7.2 mg) and 11
(7.0 mg); or 3 (3.5 mg), respectively.

Fraction 3 (7.2 g) was subjected to Sephadex LH-20 column chromatogra-
phy with a H2O–MeOH gradient system to give four fractions (frs. 3-1—3-
4). Fraction 3-1 (1.3 g) was rechromatographed with H2O to give five sub-
fractions. Subfractions 1 (50 mg) and 2 (66 mg) were seperated by prepara-
tive TLC with CHCl3–MeOH–H2O (80 : 20 : 2) to give 7 (6.5 mg) and 15
(4.1 mg); or 5 (13.0 mg) and 8 (11.0 mg), respectively. Fraction 3-2 (1.0 g)
was again subjected to Sephadex LH-20 column chromatography to give five
subfractions. Subfractions 1 (41 mg) and 2 (50 mg) were subjected to prepar-
ative TLC with CHCl3–MeOH–H2O (75 : 25 : 2) to give 1 (13.5 mg), and 2
(2.3 mg), respectively, while preparative TLC of subfraction 3 (73 mg) with
CHCl3–MeOH–H2O (80 : 20 : 2) afforded 4 (9.6 mg) and 16 (12.0 mg). Frac-
tion 3-3 (1.6 g) was subjected to repeated Sephadex LH-20 column chro-
matography with MeOH–H2O (1 : 5) to give 9 (5.3 mg) and 10 (4.6 mg).

Glehlinoside A (1): Colorless amorphous solid, [a]D 2158.3° (c50.08,
MeOH). UV lmax (MeOH) nm: 230, 275. FAB-MS m/z: 697 (M1Na)1, 675
(M1H)1. HR-FAB-MS m/z: 675.2642 (Calcd for C34H43O14 675.2641). 1H-
and 13C-NMR: see Table 1.

Glehlinoside B (2): Colorless amorphous solid, [a]D 254.5° (c50.107,
MeOH). UV lmax (MeOH) nm: 230, 275. FAB-MS m/z: 727 (M1Na)1, 705
(M1H)1. HR-FAB-MS m/z: 727.2570 (Calcd for C35H44O15Na 727.2569).
1H- and 13C-NMR: see Table 1.

Glehlinoside C (3): Off-white amorphous solid, [a]D 234.3° (c50.087,
MeOH). UV lmax (MeOH) nm: 230, 275. FAB-MS m/z: 575 (M1Na)1. HR-
FAB-MS m/z: 575.1743 (Calcd for C26H32O13Na 575.1740). 1H- and 13C-
NMR: see Table 1.

4-[b -D-Apiofuranosyl-(1→6)-b -D-glucopyranosyloxy]-3-methoxypropio-
phenone (4): Colorless amorphous solid, [a]D 261.3° (c50.180, MeOH).
FAB-MS m/z: 474 (M1Na)1. HR-FAB-MS m/z: 497.1631 (Calcd for
C21H30O12Na 497.1635). 1H-NMR (MeOH-d4) d : 1.17 (3H, t, J57.1 Hz, H3-
9), 3.02 (2H, q, J57.1 Hz, H2-8), 3.35 (1H, m, H-49), 3.45 (1H, t, J59.0 Hz,
H-39), 3.53 (1H, dd, J59.0, 7.6 Hz, H-29), 3.56 (2H, s, H2-50), 3.60 (1H, m,
H-59), 3.62 (1H, dd, J511.5, 6.0 Hz, H-69), 3.72 (1H, d, J59.8 Hz, H-40),
3.90 (1H, d, J52.4 Hz, H-20), 3.93 (3H, s, 3-OCH3), 3.97 (1H, d, J59.8 Hz,
H-40), 4.00 (1H, dd, J511.5, 2.0 Hz, H-69), 4.94 (1H, d, J52.4 Hz, H-10),
4.96 (1H, d, J57.6 Hz, H-19), 7.21 (1H, d, J58.6 Hz, H-5), 7.57 (1H, d,
J52.0 Hz, H-2), 7.66 (1H, dd, J58.6, 2.0 Hz, H-6). 13C-NMR (MeOH-d4) d :
8.8 (q, C-9), 32.3 (t, C-8), 56.6 (q, 3-OMe), 65.4 (t, C-50), 68.7 (t, C-69),
71.5 (d, C-49), 74.6 (d, C-29), 74.9 (t, C-40), 77.1 (d, C-59), 77.8, 77.9 (each
d, C-39, C-20), 80.4 (s, C-30), 101.9 (d, C-19), 110.9 (d, C-10), 112.3 (d, C-2),
116.4 (d, C-5), 123.9 (d, C-6), 132.7 (s, C-1), 150.6 (s, C-3), 152.1 (s, C-4),
201.9 (s, C-7). 

(2)-Secoisolariciresinol 4-O-b-D-Glucopyranoside (5): Colorless amor-
phous solid, [a]D 2182.1° (c50.05, MeOH). UV lmax (MeOH) nm: 230,
270. FAB-MS m/z: 547 (M1Na)1, 525 (M1H)1. HR-FAB-MS m/z:
547.2195 (calcd. for C26H36O11Na 547.2199). 1H- and 13C-NMR: see Table
1. 

Alkaline Hydrolysis of Glehlinoside A (1) Glehlinoside A (1, 4.5 mg)
was dissolved in 0.2 N KOH (2.0 ml) and stirred overnight at room tempera-
ture. After neutralization with acetic acid, the reaction mixture was extracted
with EtOAc. The extract was concentrated under reduced pressure to give
vanillic acid (25, 0.8 mg), while the water layer was concentrated under re-
duced pressure to afford (2)-secoisolariciresinol 4-O-b-D-glucopyranoside
(5, 2.5 mg). 

Sugar Analysis of Compounds 3 and 5 Compound 3 (2.3 mg) or 5
(3.0 mg) was hydrolyzed with 2 N H2SO4 at 75 °C for 3 h. The reaction mix-
ture was passed through Amberlite IRA67 (OH2 form) column, and eluate
was concentrated to dryness in vacuo. To the residue, 0.1 M L-cysteine
methyl ester hydrochloride in pyridine (0.3 ml) was added. The mixture was
heated at 60 °C for 2 h. Then trimethylsilylimidazole (0.1 ml) was added and
the mixture was heated at 60 °C for 1.5 h. The reaction mixture was parti-
tioned between hexane and water (0.2 ml each), and the hexane layer was an-
alyzed by GC (column, Shimadzu CBJ17-S30-025, 0.32330 m; column
temperature, 230 °C; detector temperature, 270 °C; injection temperature,
270 °C). Standard D- and L-glucose gave one peak at tR 5.92 and 6.25 min,
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Fig. 2. Significant Correlations Observed in the HMBC Spectra of Glehli-
nosides A (1) and C (3)

Table 2. DPPH Radical-Scavenging Activities of Compounds 1—26

Compounds EC50 (in mg/ml)

1 18.9 (28.0)a)

2 .50.0 (37)b)

3 .50 (18)b)

4 .50 (14)b)

5 21.0 (40.0)a)

6 .50 (23)b)

7 7.7 (21.3)a)

8 1.5 (5.0)a)

9 3.1 (6.7)a)

10 5.0 (8.2)a)

11 4.2 (11.9)a)

12 .50 (42)b)

13 .50 (19)b)

14 .25 (24)b)

15 .50 (24)b)

16 16.3 (29.4)a)

17 .200 (2)b)

18 .50 (4)b)

19 34.6 (171)a)

20 .50 (41)b)

21 .33 (34)b)

22 25.7 (192)a)

23 3.8 (19.6)a)

24 1.4 (7.8)a)

25 .50 (43)b)

26 .50 (18)b)

Ascorbic acid 1.6 (9.1)a)

a) EC50 in mM. b) Inhibitory ratio (%) at the indicated concentration.



respectively. 
Acid Hydrolysis of Compound 4 Compound 4 (3.7 mg) was stirred in

0.1 N H2SO4 at 60 °C for 30 min, and the reaction mixture was treated as de-
scribed above to give 3-methoxy-4-b-D-glucopyranosyloxypropiophenone
(26, 1.6 mg) and apiose (0.7 mg).

DPPH Radical-Scavenging Activities DPPH radical-scavenging activ-
ity was measured according to the procedure described by Hatano et al.,22) as
reported previously.23) The sample dissolved in EtOH or in water (500 m l)
was mixed with an equal volume of DPPH solution (60 mM). The resulting
solution was thoroughly mixed by vortexing and absorbance was measured
at 520 nm after 30 min. The scavenging activity was determined by compar-
ing the absorbance with that of the blank (100%) containing only DPPH and
solvent. Measurement was done in triplicate with at least three different con-
centrations, and for compounds showing inhibition higher than 50%, EC50

values were caluculated from the data.

References
1) Chiang Su New Medicinal College (ed.), “Dictionary of Chinese

Crude Drugs,0 Shanghai Scientific Technologic Publisher, Shanghai,
1977, p. 644.

2) Sasaki H., Taguchi H., Endo T., Yosioka I., Chem. Pharm. Bull., 28,
1847—1852 (1980). 

3) Shono K., “Clinical Kampo Formula,” Nanzando, Tokyo, 1996, pp.
348, 451, 455; Zhang Z., J. Zhejiang Chin. Med., 10, 549—551
(1983). 

4) Kitajima J., Okamura C., Ishikawa T., Tanaka Y., Chem. Pharm. Bull.,
46, 1404—1407 (1998).

5) Matsuura H., Saxena G., Farmer S. W., Hancock R. E. W., Towers G.
H. N., Planta Med., 62, 256—259 (1996).

6) Bagchi D., Bagchi M., Stohs S. J., Das D. K., Ray S. D., Kuszynski C.
A., Joshi S. S., Pruess H. G., Toxicology, 148, 187—197 (2000); Mark
J. L., Science, 235, 529—531 (1987). 

7) Greca M. D., Molinaro A., Monaco P., Previtera L., Phytochemistry,
35, 777—779 (1994); Sawabe A., Matsubara Y., Kumamoto H., Iizuka
Y., Okamoto K., Nippon Nogeikagaku Kaishi, 60, 593—599 (1986). 

8) Agrawal P. K., Rastogi R. P., Phytochemistry, 21, 1459—1461 (1982);
Fonseca S. F., Campello J. P., Barata L. E. S., Ruveda E. A., ibid., 17,
499—502 (1978). 

9) Markham K. R., Ternai B., Stanley R., Geiger H., Mabry T. J., Tetrahe-

dron, 34, 1389—1397 (1978). 
10) Kelley C. J., Harruff R. C., Carmack M., J. Org. Chem., 41, 449—455

(1976). 
11) Gu Z., Zhang D., Yang X., Hattori M., Namba T., Chem. Pharm. Bull.,

38, 2498—2502 (1990). 
12) Pouchert C. J., Behnke J., “The Aldrich Library of 13C and 1H FT

NMR Spectra,” Vol. 3, Aldrich Chemical Company, Inc., Wisconsin,
1993, p. 371. 

13) Pouchert C. J., Behnke J., “The Aldrich Library of 13C and 1H FT
NMR Spectra,” Vol. 3, Aldrich Chemical Company, Inc., Wisconsin,
1993, p. 222. 

14) Pouchert C. J., Behnke J., “The Aldrich Library of 13C and 1H FT
NMR Spectra,” Vol. 2, Aldrich Chemical Company, Inc., Wisconsin,
1993, p. 1058. 

15) Pouchert C. J., Behnke J., “The Aldrich Library of 13C and 1H FT
NMR Spectra,” Vol. 2, Aldrich Chemical Company, Inc., Wisconsin,
1993, p. 1115. 

16) Kong L. Y., Li X., Pei Y. H., Yu R. M., Min Z. D., Zhu T. R., Acta
Pharm. Sinica, 29, 276—280 (1994). 

17) Adnyana I K., Tezuka Y., Awale S., Banskota A. H., Tran K. Q.,
Kadota S., Chem. Pharm. Bull., 48, 1114—1120 (2000). 

18) Kraus R., Spiteller G., Liebigs Ann. Chem., 1990, 1205—1213. 
19) Li Y.-C., Kuo Y.-H., Chem. Pharm. Bull., 48, 1862—1865 (2000);

Matsuda N., Kikuchi M., ibid., 44, 1676—1679 (1996); Hattori M.,
Hada S., Shu Y.-Z., Kakiuchi N., Namba T., ibid., 35, 668—674
(1987); Braga A. C. H., Zacchino S., Badano H., Sierra M. G., Ruveda
E. A., Phytochemistry, 23, 2025—2028 (1984). 

20) Miyase T., Ueno A., Takizawa N., Kobayashi H., Oguchi H., Chem.
Pharm. Bull., 35, 3713—3719 (1987); Kasai R., Suzuo M., Asakawa
J., Tanaka O., Tetrahedron Lett., 1977, 175—178; Tori K., Seo S.,
Yoshimura Y., Arita H., Tomita Y., ibid., 1977, 179—182.

21) Kitagawa I., Hori K., Sakagami M., Hashiuchi F., Yoshikawa M., Ren
J., Chem. Pharm. Bull., 41, 1350—1357 (1993); Angyal S. J., Bodkin
C. L., Mills J. A., Pojar P. M., Aust. J. Chem., 30, 1259—1268 (1977). 

22) Hatano T., Edamatsu R., Mori A., Fujita Y., Yasuhara T., Yoshida T.,
Okuda T., Chem. Pharm. Bull., 37, 2016—2021 (1989).

23) Banskota A. H., Tezuka Y., Adnyana I K., Midorikawa K., Matsushige
K., Message D., Huertas A. A. G., Kadota S., J. Ethnopharmacol., 72,
239—246 (2000).

January 2002 77


