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Abstract
!

Four novel phenolic compounds (1–4) were isolated from the
leaves of Crataegus pinnatifida, along with three known ones
(5–7). Their structures were elucidated as: methyl 4-O-β-D-glu-
copyranosyl-3-[(2E,6E)-8-O-β-D-glucopyranosyl-3,7-dimethyl-
2,6-octadienyl] benzoate (1), biphenyl-5-ol-3-O-β-D-glucoside
(2), 3,4′-dimethoxy-biphenyl-5-ol-4-O-β-D-glucoside (3), (E)-6-
(benzoyloxy)-1-hydroxyhex-3-en-2-O-β-D-glucoside (4), sha-
nyenoside A (5), eriodectyol (6), and 2″-O-rhamnosyl vitexin (7),
using a combination of mass spectroscopy, 1D and 2DNMR spec-
troscopy, and chemical analysis. The antithrombotic activity of
ng
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the isolated compounds was investigated on the transgenic zebra
fish system. Among them, eriodectyol (6) potently inhibited the
production of thrombus.
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Hawthorn, well-known as both a medicine and food material, is
the common name of the plants in the genus Crataegus of the Ro-
saceae family, which are distributed in the Northern Hemisphere,
mostly in China, Japan, South Korea, Europe, and North America.
More than 1000 species of the genus have been described [1,2].
Currently, hawthorn leaves, flowers, and both green (unripe)
and red (ripe) berries are used to make herbal preparations to
treat patients with severe heart diseases, such as congestive heart
failure, high blood pressure, hypoxia, and hyperlipemia [3,4].
Aqueous alcohol extracts of hawthorn fruits and leaves are used
as dietary supplements and herbal medicines in the United States
and Europe for treating heart failure degrees I–III according to the
classification of the New York Heart Association (NYHA) (11) [5].
Fruits and leaves of hawthorn are rich in phenolic compounds,
which are considered the key bioactive compounds of this plant,
offering antioxidative, free radical scavenging, anti-inflamma-
tory, vasorelaxing, and hypolipidemic effects [6,7]. Previous in-
vestigations on the leaves of Crataegus pinnatifida Bge. by our
group have resulted in the isolation and characterization of phe-
nols, lignans, and terpenoids. In order to isolate the minor active
constituents, we reinvestigated this plant and obtained four nov-
el phenolic compounds (1–4) from the leaves of C. pinnatifida,
along with three known ones (5–7) (l" Fig. 1).
Fig. 1 Structures of compounds 1–7 from the
leaves of C. pinnatifida.
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Table 1 1H NMR and 13C NMR spectroscopic data for compounds 1–4.

Positions 1 2 3 4

δH δC δH δC δH δC δH δC
1 3.87 d (11.7);

4.08 d (11.7)
74.4 142.8 137.3 4.50m (2H) 66.6

2 132.5 6.75 br.s 106.4 6.68 br.s 107.9 3.32m 74.0

3 5.40m 127.8 159.7 153.8 5.47m (17.4) 132.8

4 2.11m (2H) 26.7 6.46 br.s 103.6 134.0 5.54m (17.4) 127.5

5 2.04m (2H) 40.1 159.3 151.4 2.55m (2H) 27.5

6 136.9 6.68 br.s 108.3 6.69 br.s 103.3 4.29 t (6.6) (2H) 64.5

7 5.33m 122.4 140.9 133.2 166.2

8 3.35m (2H) 28.3 7.58 d (8.4) 127.3 7.54 d (8.4) 128.4 130.2

9 130.8 7.42 t (8.4) 129.6 6.98 d (8.4) 114.9 7.97 dd (8.4, 1.2) 129.6

10 159.6 7.33 t (8.4) 128.3 159.5 7.52 t (8.4) 129.2

11 7.16 d (8.4) 114.7 7.42 t (8.4) 129.6 6.98 d (8.4) 114.9 7.65 t (8.4) 133.7

12 7.76 d (8.4) 129.4 7.58 d (8.4) 127.3 7.54 d (8.4) 128.4 7.52 t (8.4) 129.2

13 123.3 7.97 t (8.4) 129.6

14 7.71 br.s 130.8

15 1.60 s 14.6

16 1.68 s 16.6

17 166.8

OMe 3.80 s 52.6 3.78 s 55.8

OMe 3.81 s 56.3

1′ 4.08 d (7.8) 100.9 4.86 d (7.2) 101.2 4.60 d (7.2) 105.9 4.15 d (7.8) 104.1

2′ 3.33m 74.0 3.21m 74.0 3.27m 74.6 2.95m 74.0

3′ 2.94m 77.8 3.28m 77.8 3.16m 77.9 3.08m 77.3

4′ 3.09m 70.3 3.20m 70.5 3.24m 70.3 3.04m 70.4

5′ 3.44m 77.3 3.14m 77.6 3.27m 76.9 3.14m 76.8

6′ 3.63m; 4.08m 61.3 3.68m; 3.49m 61.3 3.64 d (10.8); 3.51
dd (10.8, 4.8)

61.2 3.42m; 3.63m 61.4

1′′ 4.94 d (7.8) 102.3

2′′ 3.31m 74.4

3′′ 3.10m 77.8

4′′ 3.16m 70.8

5′′ 3.41m 77.3

6′′ 3.87 d (11.7);
4.09m

61.7

NMR spectroscopic data were recorded in DMSO-d6 at 300MHz (1H NMR) and 75MHz (13C NMR)
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Compound 1was obtained as colourless needles, and its molecu-
lar formula was determined as C30H44O14 by HRESIMS at m/z
651.2624 [M + Na]+ (calcd. 651.2623). The 1H NMR spectrum
(l" Table 1) showed the presence of two methyl groups attached
to the quaternary carbon at δ 1.60 (3H, s), 1.68 (3H, s), a methoxyl
group attached to the carbonyl group at δ 3.80 (3H, s), a 1,3,4-tri-
substituted benzene indicated by the signals at δ 7.16 (1H, d,
J = 8.4 Hz), 7.76 (1H, br.d, J = 8.4 Hz), 7.71 (1H, br.s, J = 8.4 Hz),
two olefinic groups at δ 5.33 (1H, m), 5.40 (1H, m), and two
anomeric proton signals at δ 4.08 (1H, d, J = 7.8 Hz) and 4.94 (1H,
d, J = 7.8 Hz). The 13C NMR spectrum exhibited two methyls at δ
14.6, 16.6, one methoxyl at δ 52.6, two olefinic groups at δ
132.5, 127.8, 136.9, 122.4, six aromatic carbons at δ 159.6, 114.7,
129.4, 123.3, 130.8 × 2, and one carbonyl carbon at δ 166.8, in ad-
dition to the sugar part. Further analysis of 2DNMR spectra of 1
established the novel skeleton as in l" Fig. 1. The 13C NMR chemi-
cal shifts and spin-spin coupling constants (7.8, 7.8 Hz) of two
anomeric protons allowed the identification of two β-glucopy-
ranosyl moieties [8]. The absolute configuration of the sugar part
in 1was determined by acid hydrolysis. The glucose isolated from
the acid hydrolysis of 1 gave a positive specific rotation [α]D20 =
+15.0 (c = 0.80, H2O), indicating that it was D-glucose [9]. This
fact was further confirmed by comparing its Rf value with the au-
Song S-J et al. Isolation of Antithrombotic… Planta Med 2012; 78: 1967–1971
thentic sample. Both the glucose isolated and authentic sample
exhibited the same Rf value (0.45) in the same condition. The gly-
cosidic sites were established unambiguously by an HMBC ex-
periment in which long-range correlations between H-1' (δH
4.08) and C-1 (δC 74.4), H-1'' (δH 4.94) and C-10 (δC 159.6) were
observed (l" Fig. 2). In addition, the geometry of the 2,3- and 6,7-
double bonds were both assigned to be E on the basis of high-
field olefinic methyl resonances at δC 14.6 (C-15) and 16.6 (C-
16) [10]. Consequently, the structure of compound 1 was estab-
lished as methyl 4-O-β-D-glucopyranosyl-3-[(2E,6E)-8-O-β-D-
glucopyranosyl-3,7-dimethyl-2,6-octadienyl]benzoate, and giv-
en the trivial name shanyenoside E.
Compound 2was obtained as amorphous powder. The molecular
formula was established as C18H20O7 by HRESIMS, which showed
a quasimolecular ion peak [M + Na]+ at m/z 371.1104 (calcd.
371.1101). The 1H NMR spectrum (l" Table 1) showed three pro-
ton signals of a phenyl ring (1,3,5-substitution pattern) at δ 6.75
(1H, br.s), 6.46 (1H, br.s), and 6.68 (1H, br.s), five aromatic protons
of a single phenyl ring (single substitution pattern) at δ 7.58 (1H,
d, J = 8.4 Hz), 7.42 (2H, t, J = 8.4 Hz), 7.33 (2H, t, J = 8.4 Hz) and one
anomeric proton signal at δ 4.86 (1H, d, J = 7.2 Hz). The 13C NMR
spectrum exhibited twelve aromatic carbons of two phenyl rings
at δ 142.8, 106.4, 159.7, 103.6, 159.3, 108.3, 140.9, 127.3 × 2,



Fig. 2 Observed key HMBC correlations of com-
pounds 1–4.
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128.3, 129.6 × 2, and a glucopyranosyl group at δ 101.2, 74.0, 77.8,
70.5, 77.6, 61.3, which revealed that 2 had a skeleton of biphenyl.
Further demonstration of the planar skeleton structure of 2 was
obtained from the HMBC experiment (l" Fig. 2). The correlation
between the signal at δ 159.7 (C-3) and δ 4.86 (H-1′) indicated
that the glucopyranosyl group was located at C-3. β-Stereochem-
istry of anomeric carbon was determined by the coupling con-
stant (J = 7.2 Hz) of the anomeric proton [8,11]. The absolute con-
figuration of glucose was determined by acid hydrolysis and
comparison with an authentic sample [9]. Therefore, the struc-
ture of 2 was identified as biphenyl-5-ol-3-O-β-D-glucoside and
given the trivial name shanyenoside F.
Compound 3was obtained as colourless needles. According to the
HRESIMS, 1H, and 13C NMR spectroscopic data, the molecular for-
mula of 3 was determined to be C20H24O9, [M + Na]+ at m/z
431.1314 (calcd. 431.1313). The 1H NMR spectrum (l" Table 1)
showed proton signals of two methoxyl groups at δ 3.78 (3H, s),
3.81 (3H, s), two aromatic proton signals of a phenyl ring (1,3,4,5-
substitution pattern) at δ 6.68 (1H, br.s) and 6.69 (1H, br.s), four
aromatic protons of a phenyl ring (1,4 substitution pattern) at δ
7.54 (2H, d, J = 8.4 Hz), 6.98 (2H, d, J = 8.4 Hz), and one anomeric
proton signal at δ 4.60 (1H, d, J = 7.2 Hz). The 13C NMR spectrum
exhibited twelve aromatic carbons of two phenyl rings at δ 137.9,
107.9, 153.8, 134.0, 151.4, 103.3, 133.2, 128.4 × 2, 159.5, 114.9 ×
2, and a glucopyranosyl group at δ 105.9, 74.6, 77.9, 70.3, 76.9,
61.2, which suggested that 3 had the same skeleton as 2. Further
demonstration of the planar skeleton structure of 3was obtained
from the HMBC experiment (l" Fig. 2). The correlation between
the signal at δ 134.0 (C-4) and δ 4.60 (H-1′) indicated that the glu-
copyranosyl group was located at C-4. β-Stereochemistry of
anomeric carbon was determined by the coupling constant
(J = 7.2 Hz) of the anomeric proton [8,11]. Furthermore, the abso-
lute configuration of glucose was determined by acid hydrolysis
and comparison with an authentic sample [9]. Therefore, the
structure of 3 was identified as 3,4′-dimethoxy-biphenyl-5-ol-4-
O-β-D-glucoside and given the trivial name shanyenoside G.
Compound 4was isolated as amorphous powder, and its molecu-
lar formula was determined to be C19H26O9, based on HRESIMS
(experimental m/z [M + Na]+ at m/z 421.1467, calcd. 421.1469).
The 1H NMR spectrum (l" Table 1) showed the presence of five ar-
omatic protons of a single phenyl ring (single substitution pat-
tern) at δ 7.97 (2H, dd, J = 8.4, 1.2 Hz), 7.52 (2H, t, J = 8.4 Hz), 7.65
(1H, t, J = 8.4 Hz), and one trans olefin group at δ 5.47 (2H, m,
J = 17.4 Hz), 5.54 (1H, m, J = 17.4 Hz). In the sugar part, one
anomeric proton signal at δ 4.15 (1H, J = 7.8 Hz) and the 13C NMR
signals of sugar showed the existence of a glucopyranosyl moiety
(l" Table 1). This assignment was confirmed by detailed analysis
of the HSQC and HMBC spectra. The HMBC correlation between
the signal at δ 74.0 (C-2) and δ 4.15 (H-1′) indicated that the glu-
copyranosyl group was located at C-2. The β-form of glucose was
indicated by the coupling constant of the anomeric proton signal
at δH 4.15 (1H, d, J = 7.8 Hz) in the 1H NMR data [10]. The absolute
configuration of glucose was further determined by acid hydrol-
ysis and comparison with an authentic sample [9]. Thus, the
structure of compound 4 was established as (E)-6-(benzoyloxy)-
1-hydroxyhex-3-en-2-O-β-D-glucoside and given the trivial
name shanyenoside H.
By comparing physical and spectroscopic data with those from
the literature, the three known constituents were identified as
shanyenoside A (5) [12], eriodectyol (6) [13], and 2″-O-rhamno-
syl vitexin (7) [14].
The small size (3–4 cm long), ease of care (easily kept and bred in
the laboratory), and rapid generation time (produce 200 eggs per
spawning and reach sexual maturity within 2–3 months) are but
a few of the aspects making zebrafish a particularly useful model
organism [15–20]. All isolated compounds were tested in vivo for
their antithrombotic activity on transgenic zebra fish system.
Among them, compound 6 showed significant antithrombotic ac-
tivity. Compared with the control group, the forming thrombosis
time of the tested zebra fish was obviously prolonged, which in-
dicated that compound 6 (eriodectyol) potently inhibited the
production of thrombus (* p < 0.05) (l" Fig. 3).
Song S-J et al. Isolation of Antithrombotic… Planta Med 2012; 78: 1967–1971



Fig. 3 Antithrombotic activity of compounds 1–7 on the transgenic zebra
fish system. Differences statistically significant from control: * p < 0.05.
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Materials and Methods
!

The leaves of C. pinnatifida were collected from Liaoning prov-
ince, China, in June 2007, and authenticated by Prof. Qi-Shi Sun,
Department of Pharmacognosy, Shenyang Pharmaceutical Uni-
versity. A voucher specimen (No. CPLN0706) is kept in the Nature
Products Laboratory of the Shenyang Pharmaceutical University,
Shenyang, China.
Air-dried leaves (5.0 kg) of C. pinnatifidawere extractedwith 70%
ethanol (30 L) by reflux (95°C, 2 h) three times. The ethanol ex-
tract was concentrated in vacuo to yield a brownish-dark crude
extract (492 g) which was subjected to macroporous resin
(0.25–0.84mm, 10 kg) column chromatography (17 × 150 cm)
eluted with EtOH/H2O (v/v = 0:100, 30 :70, 50:50, 95:5) to yield
4 main fractions: Frs. A–D, according to chemical monitoring by
TLC. Fr. B (120 g) was further separated by column chromatogra-
phy (10 × 80 cm) on Diaion HP-20 eluted with MeOH/H2O (v/
v = 60:40, 70:30, 80:20, 100:0) to provide subfractions B1–B4,
among which Fr. B1 (15 g) was purified by silica gel (200–300
mesh, 80 g) column chromatography (5 × 50 cm) eluting with a
CH2Cl2-MeOH gradient system (v/v = 30:1, 20 :1, 10:1, 5 :1, and
0:1) to yield compounds 1 (12mg) and 7 (500mg) which were
further purified over Sephadex LH-20 column chromatography
(2.5 × 70 cm) eluting with MeOH:H2O (2:3). Subfraction B2
(20 g) was applied to MCI gel column chromatography
(4 × 40 cm) eluting with MeOH:H2O (v/v = 0:100→ 100:0) and
further purified over Sephadex LH-20 column chromatography
(2.5 × 100 cm) eluting with MeOH:H2O (1:1), followed by pre-
parative HPLC (65% MeOH) to yield compounds 2 (tR 31.6min,
11mg), 3 (tR 38.5min, 28mg), and 5 (tR 40.2min, 58mg). Fr. B3
(10 g) was then combined on the basis of TLC analysis and finally
purified by reversed-phase C18 silica gel (70 µm, 50 g) column
chromatography (4 × 40 cm) using MeOH/H2O with a gradient
solvent system of (v/v = 30:70→ 90:10) and HPLC (75% MeOH)
to obtain compounds 4 (tR 20.2min, 10mg) and 6 (tR 23.2min,
12mg). The purities of all isolates (> 95.0%) were analysed by
HPLC.
Shanyenoside E (1) was obtained as colourless needles. HRESIMS
m/z 651.2624 [M + Na]+ (calcd. for C30H44O14Na, 651.2623). For 1H
and 13C NMR spectroscopic data, see l" Table 1.
Shanyenoside F (2) was obtained as amorphous powder. HRE-
SIMS m/z 371.1104 [M + Na]+ (calcd. for C18H20O7Na 371.1101).
For 1H and 13C NMR spectroscopic data, see l" Table 1.
Shanyenoside G (3) was obtained as colourless needles. HRESIMS
m/z 431.1314 [M + Na]+ (calcd. for C20H24O9Na 431.1313). For 1H
and 13C NMR spectroscopic data, see l" Table 1.
Song S-J et al. Isolation of Antithrombotic… Planta Med 2012; 78: 1967–1971
Shanyenoside H (4) was isolated as amorphous powder. HRESIMS
m/z 421.1467 [M + Na]+ (calcd. for C19H26O9Na, 421.1469). For 1H
and 13C NMR spectroscopic data, see l" Table 1.

Supporting information
General experimental procedures, detailed extraction/isolation
of compounds, NMR and HRESIMS spectra of novel compounds,
as well as protocols for the in vivo antithrombotic assay on the
transgenic zebra fish system are available as Supporting Informa-
tion.
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Unusual 9,19 :24,32-Dicyclotetracyclic
Triterpenoids from Lygodium
japonicum
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Abstract
!

Lygodipenoids A (1) and B (2), two novel C33 tetracyclic triterpe-
noids with a new 9,19:24,32-dicyclopropane skeleton, were iso-
lated from the whole grass of Lygodium japonicum. Their struc-
tures were elucidated by spectroscopic and chemical means.
Compounds 1 and 2 were tested in transfected cultured human
embryonic kidney 293 HEK293 cells for an agonist assay, and
compound 1 was identified as a partial agonist for liver X recep-
tor α.

Key words
Lygodium japonicum (Thunb.) Sw. · Lygodiaceae ·
9,19:24,32‑dicyclotetracyclic triterpenoid · liver X receptor α
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The genus Lygodium comprising 45 species is the sole genus of
the family Lygodiaceae [1]. Previous phytochemical study on this
genus was focused on species L. japonicum, L. circinnatum, and
L. flexuosum, which led to the isolation of naphthoquinone [2],
ecdysterosides [3], phenolic glycosides [4], antheridiogens [5,6],
spiro furopyran-perhydrophenanthrene [7], and triterpenoids
[8]. Lygodium japonicum (Thunb.) Sw., a species endemic to south
and southwest China, has been used as a traditional Chinese
medicine for the treatment of hepatitis and dysentery [9]. As part
of our efforts to discover structurally unique and biologically sig-
nificant metabolites from medicinal plants, two novel triterpe-
noids, lygodipenoids A (1) and B (2), with a new C33 skeleton
(l" Fig. 1) were isolated from the whole grass of L. japonicum.
Herein, details of the isolation, structural elucidation, postulated
biogenetic origin, and liver X receptor (LXR) agonist activity of 1
and 2 are described.
Compound 1 was obtained as a white powder. The HREIMS dis-
played the molecular ion at m/z 468.4333 [M]+ (calcd.
468.4326), which is consistent with a molecular formula of
C33H56O with six degrees of unsaturation. This was supported
by the LRESIMS quasi-molecular ion peaks at m/z 469.4 [M + H]+

and 451.4 [M – H2O + H]+. The 1H NMR spectrum of 1 displayed
signals for six tertiary methyls [δH 0.81, 0.96, 1.03 (2 × CH3),
0.97, and 0.89 (each 3H, all s)], a secondary methyl [δH 0.85 (d,
J = 6.4 Hz)], a primary methyl [δH 0.92 (t, J = 7.3 Hz)], a proton
bonded to an oxygenated carbon [δH 3.28 (dd, J = 10.5, 4.3 Hz)],
and four highly upfield-shifted protons [δH − 0.02 (d, J = 4.0 Hz),
0.08 (d, J = 4.0 Hz), 0.55 (d, J = 4.0 Hz), and 0.32 (d, J = 4.0 Hz)].
The 13C NMR spectrum of 1 exhibited 33 sp3 carbon resonances
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