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In our continuing search for novel antiangiogenic
agents, a new lignan glycoside, (7R,8R)-1-(4-O-β-Dglucopyranosyl-3-methoxyphenyl)-2-{2-methoxy-4-[1(E)-propene-3-ol]-phenoxyl}-propane-1,3-diol
(1),
along with three known lignans (2–4), were isolated
from the 80% EtOH extract of Brandisia hancei
stems and leaves. These isolates (1–4) were subjected
to an in vitro bioassay to evaluate their effects on
vascular endothelial growth factor (VEGF)-induced
vascular permeability and migration of human retinal endothelial cells (HRECs). Of the compounds
tested, compound 1 resulted in the greatest reduction in VEGF-induced vascular permeability by
about 31.5% at 10 μM compared to the VEGF-treated control. In the migration assay, compounds 1
and 2 signiﬁcantly decreased VEGF-induced HREC
migration. Furthermore, zebraﬁsh embryos treated
with compounds 1 and 2 showed mild reductions of
dorsal longitudinal anastomotic vessel (DLAV)
formation.
Key words:

Brandisia hancei; Scrophulariaceae;
lignans; vascular endothelial growth factor; zebraﬁsh

Brandisia hancei Hook. f. (Scrophulariaceae), which
is primarily distributed throughout southwestern China,
has been used in traditional Chinese medicine since
ancient times. The whole plant is prescribed to treat
chronic and acute osteomyelitis, rheumatoid arthritis,
chronic hepatitis, hyperlipemia, and hypercholesterolemia, while the roots and leaves are considered useful
in the treatment of hepatitis, hematuria, enterorrhagia,
and metritis.1) Due to its potential medicinal value, this
plant has been the focus of much attention in the
search for pharmacologically signiﬁcant compounds. A

number of phenylethanoid glycosides, including acteoside, isoacteoside, 2′-O-acetylacteoside, brandioside,
arenarioside, and poliumoside, have been characterized
from B. hancei1−4) and reported to exhibit diverse and
potentially signiﬁcant pharmacological activities,
including antiproliferative,4) antioxidant,5) antiinﬂammatory,6) anticancer,7) hepatoprotective,8) antinephritic,9) cardioactive,10) and antimicrobial11) effects.
Flavonoids and iridoid glycosides are also common in
the Scrophulariaceae family, but only the ﬂavone, luteolin, and iridoid glycoside, mussaenoside, have been
found in B. hancei.3) Other components reported in this
plant are monosaccharides, dulcitol and mannitol, and
β-sitosterol glycosides, daucosterol and β-sitosterol gentiobioside.1−3) However, some minor constituents of
this plant remain to be characterized.
Angiogenesis, the formation of new blood vessels
from pre-existing vasculature, is an essential process
under both physiological and pathological conditions,
such as tumor growth, rheumatoid arthritis, heart disease, atherosclerosis, and various eye diseases.12) Angiogenesis is tightly regulated by the balance between
production of stimulators and inhibitors. Vascular endothelial growth factor (VEGF), also known as vascular
permeability factor (VPF), is a potent angiogenic stimulator with endothelial cell-speciﬁc mitogenic activity
and exerts a pivotal role in both normal and pathological angiogenesis.13) This factor regulates vascular endothelial cell proliferation, migration, invasion, and
permeability.14) The overexpression of VEGF is associated with chronic inﬂammation, tumor growth, and
other angiogenesis-related diseases.14)
In our continuing search for novel antiangiogenic
agents from natural sources, we found that the 80%
EtOH extract of B. hancei stems and leaves exhibited a
considerable inhibitory effect on VEGF-induced vascular permeability in human retinal endothelial cells

*Corresponding author. Email: jskim@kiom.re.kr
Abbreviations: BSA, bovine serum albumin; DLAV, dorsal longitudinal anastomotic vessel; HBSS, balanced salt solution; HRECs, human retinal
endothelial cells; PBS, phosphate-buffered saline; VEGF, vascular endothelial growth factor.
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(HRECs). Further phytochemical study of this plant
resulted in the isolation of a new lignan glycoside (1),
together with three known lignans (2–4). This report
describes the isolation and structural elucidation of
these compounds, as well as the characterization of
their inhibitory effects on VEGF-induced vascular permeability and migration in HRECs. We further investigated the effects of isolated compounds on DLAV
formation in vivo in a zebraﬁsh model.
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Materials and methods
General experimental procedures. Optical rotations
were measured on a JASCO P-2000 digital polarimeter.
1
H (300 MHz) and 13C NMR (75 MHz) spectra were
obtained using a Bruker DRX-300 spectrometer with
TMS as an internal standard. 2D-NMR experiments
(COSY, HMQC, HMBC, and NOESY) were run on a
Bruker Avance 500 NMR spectrometer. HR-ESI-MS
were recorded on a Shimadzu LCMS-IT-TOF spectrometer. Column chromatography was performed using silica gel (70–230 mesh and 230–400 mesh, Merck),
YMC-gel ODS-A (S-75 μm, YMC), and Sephadex
LH-20 (Amersham Pharmacia Biotech). Thin-layer
chromatography (TLC) was performed on pre-coated
silica gel 60 F254 (0.25 mm, Merck) and RP-18 F254s
plates (0.25 mm, Merck). Spots were detected by UV
light (254 nm) and spraying with 10% H2SO4 followed
by heating.
Plant material. The stems and leaves of B. hancei
were collected in Songying, Yunnan, China, in October
2008, and identiﬁed by Prof. J.-H. Kim, Gachon University, Republic of Korea. A voucher specimen
(DiAB-2008-085) has been deposited in the Herbarium
of the Diabetic Complications Research Team, Korea
Institute of Oriental Medicine, Republic of Korea.

Preparative RP-HPLC [Gilson trilution system; YMCpack Pro C18 (S-5 μm, 250 × 10 mm) column; MeCN/
H2O (15:85); UV detection, 270 nm; ﬂow rate, 4.0 mL/
min] of subfraction D5 (0.6 g) obtained compound 1
(4 mg).
(7R,8R)-1-(4-O-β-D-glucopyranosyl-3-methoxyphenyl)-2-{2-methoxy-4-[1-(E)-propene-3-ol]-phenoxyl}propane-1,3-diol (1): white powder; [α]\[25D\] −23.0°
(c 0.1, MeOH); UV λmax (MeOH) 230, 272 nm; CD
(MeOH) Δε (nm) −10.4 (228), −4.8 (245); 1H and 13C
NMR, see Table 1; HR-ESI-MS m/z 561.1943
[M + Na]+ (Calcd. for C26H34O12Na+: 561.1942).
Acid hydrolysis. Compound 1 (2 mg) in 10% HCl/
dioxane (1:1, 1 mL) was heated at 80 °C for 3 h in a
water bath. The mixture was neutralized with Ag2CO3,
ﬁltered, and extracted with EtOAc (20 mL). The aqueous layer was evaporated, and the residue was treated
with L-cysteine methyl ester hydrochloride (2 mg) in
pyridine (0.5 mL) at 60 °C for 1 h. After the reaction
was completed, the solution was treated with Ac2O
(3 mL) at 60 °C for 1 h. Authentic samples were prepared by the same procedure. The acetate derivatives
were subjected to gas chromatography (GC) analysis
under the following conditions: GC-2010 (Shimadzu,
Kyoto, Japan) instrument; detector, FID; column, TC-1
capillary column (0.25 mm × 30 cm; GL Science,
Tokyo, Japan); column temperature, 230 °C; programmed increase, 38°C/min; carrier gas, N2 (1 mL/
min); injection and detector temperature, 270 °C. The
sugar derivative thus obtained showed a retention time
of 21.10 min, identical to that of authentic D-glucose.

Table 1. 1H (300 MHz) and 13C NMR (75 MHz) and HMBC
data for compound 1 (in CD3OD).
Position

Extraction and isolation. The air-dried stems and
leaves of B. hancei (3.0 kg) were extracted with 80%
aqueous EtOH (each 30 L, three times) at room temperature for 7 days, ﬁltered, and concentrated to give
an 80% EtOH extract (332 g). The extract (90 g) was
subjected to silica gel column chromatography (70–230
mesh, 100 × 9.5 cm) eluted with a gradient solvent
system consisting of CHCl3/MeOH (100:1 → 30:70) to
yield 10 fractions [A–J]. Chromatography of fraction D
(13.3 g) on a silica gel column (230–400 mesh, 60 ×
3.5 cm) eluted with a gradient solvent system of
EtOAc/MeOH/H2O (9:1:0.2 → 8:2:0.5) yielded eight
subfractions (D1–D8). Subfraction D4 (0.9 g) was
further puriﬁed by extensive preparative RP-HPLC
[Gilson trilution system; YMC-pack Pro C18 (S-5 μm,
250 × 10 mm) column; MeCN/H2O (12:88); UV
detection, 270 nm; ﬂow rate, 4.0 mL/min] to obtain
compounds 2 (10 mg) and 3 (8 mg). Fraction D (2.6 g)
was further separated on a Sephadex LH-20 column
(50 × 2.0 cm) eluted with a MeOH/H2O gradient
(1:1 → 1:0) to generate six subfractions (D1–D6).
Compound 4 (7 mg) was isolated from subfraction D2
(0.6 g) using a YMC RP-18 column (46 × 1.8 cm)
eluted with a MeOH/H2O gradient (3:7 → 6:4).

1
2
3
4
5
6
7
8
9
3-OMe
1′
2′
3′
4′
5′
6′
7′
8′
9′
5′-OMe
1′′
2′′
3′′
4′′
5′′
6′′

1

H (J in Hz)

7.10 d (1.5)

7.08
6.94
4.86
4.38
3.87
3.76
3.81

d (8.0)
dd (8.0, 1.5)
d (6.4)
ddd (6.4, 5.5, 4.0)
dd (11.8, 5.5),
dd (11.8, 4.0)
s

6.98 d (1.2)

6.85 d (7.8)
6.86 dd (7.8, 1.2)
6.50 brd (15.5)
6.23 dt (15.5, 5.5)
4.20 dd (5.5, 1.0)
3.80 s
4.81 d (7.5)
3.47 m
3.39 m
3.39 m
3.45 m
3.86 m, 3.68 m

13

C

138.2
113.1
150.9
147.8
118.1
121.5
74.3
86.3
62.6
57.1
133.4
111.7
149.2
152.3
119.0
121.1
131.9
129.1
64.2
56.9
103.5
75.3
78.6
71.8
78.2
62.9

HMBC (H → C)
1, 3, 4, 6, 7

1, 3, 4, 6
2, 4, 5, 7
1, 2, 6, 8, 9
1, 7, 9, 3′
7, 8
3
1′, 3′, 4′, 6′, 7′

1′, 3′,
1′,
1′,
1′, 6′,

4′,
5′,
6′,
7′,
7′,

4,
1′′,
2′′,
3′′,
4′′,
3′′, 4′′,

6′
7′
8′
9′
8′
5′
2′′
3′′
4′′
5′′
6′′
5′′
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Cell culture. HRECs (Cat. No. ACBRI 181) were
purchased from Cell Systems (Kirkland, WA) and used
at passages 3–7. Cells were grown in CSC complete
medium (CS-4ZO-500; Cell Systems) containing BacOff (antibiotic). Cultures were maintained as described
previously.15)
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experiments. Statistical signiﬁcance was assessed using
one-way analysis of variance (ANOVA) and Dunnett’s
multiple comparison tests with the GraphPad 5.0 Prism
software (GraphPad, San Diego, CA, USA).

Results and discussion

5
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Permeability assay. HRECs were plated at 2 × 10
cells/mL on Transwell inserts and cultured for 72 h in
growth medium. Following this culture period, cells
were treated with VEGF (20 ng/mL) and 1–4 (each
10 μM). After treatment, the inserts were washed with
Hank’s balanced salt solution (HBSS), and FITC-dextran
(ECM644; Millipore, Bedford, MA) was added to the
top chamber. After 24 h, samples were removed from the
bottom chamber and read in a microplate ﬂuorometer
(Synergy HT; Biotek, Winooski, VT) at an excitation
wavelength of 485 nm and emission wavelength of
535 nm. Experiments were performed in triplicate.
Wound-healing cell migration assay. HRECs were
plated at 1 × 105 cells/well on 12-well plates in normal culture medium and allowed to reach 80–90% conﬂuence. Migration assay was performed as described
previously.15) A wound with a width of 0.6–1 mm was
made with a sterile pipette tip, and cells were rinsed
with phosphate-buffered saline (PBS). Fresh culture
medium containing VEGF was added to the wells, and
the cells were incubated for 6 h. To determine the
inhibitory effects of 1–4 on migration, cells were pretreated with depletion medium containing 0.5% bovine
serum albumin (BSA) with or without 1–4 (each
10 μM). Cell migration was monitored by visual examination using an inverted microscope (BX51; Olympus,
Tokyo, Japan). Experiments were performed in
triplicate.
Zebraﬁsh and DLAV formation assay. All experimental protocols for animal care and use were
approved by the local ethics board (Korea Institute of
Oriental Medicine Animal Care and Use Committee),
and animal husbandry and procedures were performed
according to institutional guidelines. Adult zebraﬁsh
were maintained under standard conditions at 28.5 °C
with a 14-h light/10-h dark cycle. Embryos were
obtained from crosses between ﬂk:EGFP transgenic
zebraﬁsh and raised in egg water (sea salt, 0.06 g/L).
For DLAV formation assays, ﬂk:EGFP zebraﬁsh
embryos were distributed into 24-well microplates
(8–10 embryos per well) and treated with compounds
1–4 (each 80 μM) and VEGF receptor tyrosine kinase
inhibitor at 1 μM (Cat. No. 676500; Calbiochem,
Darmstadt, Germany). The embryos were incubated for
11 h postfertilization (hpf) and observed for gross morphological changes using a confocal microscope
(FV10i; Olympus) and a stereomicroscope (SZX16;
Olympus) at 29 hpf. Experiments were performed in
triplicate.
Statistical analysis.
The results are expressed as
means ± standard error of the mean (SEM) from multiple

The 80% EtOH extract of B. hancei stems and leaves,
which signiﬁcantly inhibited VEGF-induced vascular
permeability in HRECs, was subjected to a series of chromatographic techniques, leading to the isolation of a new
lignan glycoside (1) and three known lignans (2–4)
(Fig. 1). By comparing their physicochemical and spectral
data with those in the literature, three compounds were
identiﬁed: (–)-5′-methoxyisolariciresinol 3α-O-β-D-glucopyranoside (2),16) lyoniresinol 3α-O-β-D-glucopyranoside
(3),16) and isolariciresinol 3α-O-β-D-glucopyranoside (4).16)
Compound 1 was obtained as a white amorphous
powder with negative speciﬁc rotation, [α]\[25D\] –
23.0° (c 0.1, MeOH). High-resolution ESI-MS analysis
of 1 yielded a molecular ion peak at m/z 561.1943
[M + Na]+, in accordance with the molecular formula
C26H34O12. The UV absorption maxima of 1 in MeOH
at 230 and 272 nm suggested the presence of aromatic
ring(s). Acid hydrolysis of 1 yielded an aglycone and a
monosaccharide unit. The 1H NMR spectrum of the
aglycone unit showed six aromatic protons as two
ABX systems, one at δH 7.10 (1H, d, J = 1.5 Hz),
7.08 (1H, d, J = 8.0 Hz), and 6.94 (1H, dd, J = 8.0,
1.5 Hz), and another at δH 6.98 (1H, d, J = 1.2 Hz),
6.86 (1H, dd, J = 7.8, 1.2 Hz), and 6.85 (1H, d, J =
7.8 Hz) (Table 1), which suggested the presence of two
1,3,4-trisubstituted benzene rings. In addition, the aglycone unit showed the 1H NMR signals for two oxygenated methines [δH 4.86 (1H, d, J = 6.0 Hz) and 4.38
(1H, ddd, J = 6.0, 5.5, 4.0 Hz)], two oxygenated methylenes [δH 3.87 (1H, dd, J = 11.8, 5.5 Hz) and 3.76
(1H, dd, J = 11.8, 4.0 Hz) and δH 4.20 (2H, dd, J =
5.5, 1.0 Hz), a trans-oleﬁn [δH 6.50 (1H, brd, J =
15.5 Hz) and 6.23 (1H, dt, J = 15.5, 5.5 Hz)], and two
methoxys [δH 3.81 and 3.80 (each 3H, s)]. The 13C
NMR spectrum (Table 1), combined with the HMQC
data, showed that 1 contained 26 carbons, of which 20
carbon signals were assigned to an aglycone unit and 6
to a monosaccharide unit. The six carbon signals at δc
103.5, 78.6, 78.2, 75.3, 71.8, and 62.9 and an anomeric
proton signal at δH 4.81 of 1 were typical of a glycopyranosyl unit, which was identiﬁed as D-glucose followed by GC analysis of the acid hydrolysate.
Moreover, the large coupling constant (J = 7.5 Hz) of
the anomeric proton indicated that the glycopyranosyl
unit was linked in a β-conﬁguration. The location of a
glycopyranosyl unit at C-4 was elucidated from the
HMBC correlation between the anomeric proton signal
at δH 4.81 (H-1′′) and the aglycone carbon signal at δc
147.8 (C-4) (Fig. 2). The 1H–1H COSY correlation
between the oleﬁnic protons (δH 6.50 and 6.23) and the
oxygenated methylene protons (δH 3.87 and 3.76) suggested the presence of an allyl alcohol moiety in 1
(Fig. 2). The linkage position of this moiety was determined to be the C-1′ position based on the HMBC
experiment (Fig. 2 and Table 1). These spectroscopic
data were similar to those of citrusin A, an 8-O-4′
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Fig. 1.

Fig. 2.
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Chemical structures of compounds 1–4 from B. hancei.

Key 1H–1H COSY and HMBC correlations for compound 1.

neolignan glycoside isolated from Arum italicum,17) but
the large coupling constant (J = 6.4 Hz) between C-7
and C-8 of 1, compared to that of citrusin A (JH-7/H8 = 4.3 Hz) indicated a relative threo-conﬁguration of
the 1-phenyl-2-aryloxypropane-1,3-diol moiety in
1.17,18) This was conﬁrmed by the observation of crosspeaks between H-8 and H-2/H-6, and H-8 and H-7 in
the NOESY spectrum. The absolute conﬁguration at
C-7 and C-8 was determined to be 7R and 8R from the
circular dichroism (CD) spectrum of 1 showing a
negative Cotton effect in the region 220–250 nm,
compared with those of reported analogs.17,19,20)
Hence, the structure of 1 was established as (7R,8R)-1(4-O-β-D-glucopyranosyl-3-methoxyphenyl)-2-{2-methoxy-4-[1-(E)-propene-3-ol]-phenoxyl}-propane-1,3-diol.
The isolated compounds (1–4) were subjected to an
in vitro bioassay to evaluate their effects on VEGFinduced vascular permeability in HRECs. Treatment of
HRECs with 1–4 resulted in signiﬁcant inhibition of
VEGF-induced vascular permeability (Fig. 3), and no
cytotoxicity was observed at the concentration used in
this study. Of the compounds tested, compound 1
reduced the VEGF-induced vascular permeability most
effectively by about 31.5% at 10 μM compared to the
VEGF-treated control group. As cell migration is also
essential for angiogenesis by endothelial cells,21) we

Fig. 3. Inhibitory effects of compounds 1–4 from B. hancei on
VEGF-induced vascular permeability in HRECs.
Notes: HRECs were seeded at 2 × 105 cells per insert and cultured
for 72 h in growth medium. Following this culture period, cells were
treated with VEGF (20 ng/mL) and 1–4 (each 10 μM) for 24 h.
FITC-dextran permeability testing was performed as described in the
assay protocol. Quantitative analysis of vascular permeability was
performed using GraphPad Prism 5.0 (means ± SEM, n = 4). ***,
p < 0.001 vs. Control; ###, p < 0.001, ##, p < 0.01, #, p < 0.05 vs.
VEGF.

investigated the inhibitory effects of 1–4 on the chemotactic motility of endothelial cells by means of a
wound-healing migration assay. As shown in Fig. 4,
HREC migration induced by VEGF was signiﬁcantly
reduced by treatment with 10 μM 1 or 2 by about
56.4% and 53.6%, respectively, compared to the
VEGF-treated control group.
The zebraﬁsh is a vertebrate system and has been
used extensively for drug screening and as a model of
angiogenesis.22) Thus, the effects of 1–4 on dorsal longitudinal anastomotic vessel (DLAV) development were
assessed using ﬂk:EGFP transgenic zebraﬁsh embryos.
We ﬁrst examined the toxic effects of 1–4 on zebraﬁsh;
the results indicated no cytotoxicity for any of the test
compounds at up to 80 μM (data not shown). To evaluate the effects of 1–4 on the DLAV formation, ﬂk:
EGFP transgenic zebraﬁsh embryos were treated with
DMSO (0.1%) or 80 μM 1–4. As shown in Fig. 5,
groups treated with 1 and 2 at 80 μM showed mild
reductions of the DLAV formation by about 68.5% and
61.3%, respectively, compared with the 0.1% DMSO
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Fig. 4. Inhibitory effects of compounds 1–4 from B. hancei on VEGF-induced migration in HRECs.
Notes: HRECs were incubated in the presence of VEGF (20 ng/mL) and 1–4 (each 10 μM) for 6 h. The responses of HRECs to VEGF were
determined using a scratch wound-healing assay. (A) Representative images before and after generation of the scratch are shown. (B) Quantitative
analysis of cell migration was performed using GraphPad Prism 5.0 (means ± SEM, n = 4). ***, p < 0.001 vs. control; ###, p < 0.001, ##,
p < 0.01 vs. VEGF.

Fig. 5. Inhibitory effects of compounds 1 and 2 on DLAV formation in zebraﬁsh embryos.
Notes: ﬂk:EGFP transgenic zebraﬁsh embryos were incubated in the presence of 1 or 2 (each 80 μM) or VEGFR inhibitor (1 μM) at 11 hpf, and
gross morphological changes were examined. (A) Overall morphology and formation of the trunk vasculature. (B) Quantitative analysis of DLAV
growth phenotypes was performed using GraphPad Prism 5.0 (means ± SEM, n = 8–10 embryos per each group). ***, p < 0.001 vs. control.
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control group. The positive control, VEGFR inhibitor,
induced serious defects in DLAV formation at 1 μM.
The present study aimed to identify effective antiangiogenic agents from the stems and leaves of B. hancei
and resulted in the isolation of four lignans (1–4),
including one new compound (1). This is the ﬁrst
report of the occurrence of lignans from B. hancei.
These isolates (1–4) showed considerable inhibitory
effects on VEGF-induced vascular permeability and
migration of HRECs. Furthermore, we found that 1 and
2 reduced DLAV formation in vivo in a zebraﬁsh
model. Further studies are needed to better understand
the speciﬁc mechanism(s) involved in the antiangiogenic effects of these compounds.
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