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Kushen, the dried root of Sophora flavescens Ait, is a traditional Chinese herbal medicine. Kushen alka-
loids have been developed in China as anticancer drugs, and more potent antitumor activities have been
identified in kushen flavonoids than in kushen alkaloids. In this study, the anti-angiogenic properties of
(2S)-7,2’,4’-triihydroxy-5-methoxy-8-dimethylallyl flavanone (Compound 1, a novel flavonoid isolated from
Kushen), were examined using the human umbilical vein endothelial cell line (ECV304) in vitro. The results
indicated that compound 1 shows anti-angiogenesis activity via inhibitory effects on cell proliferation, cell
migration, cell adhesion, and tube formation. Further studies indicated that compound 1 blocks cell cycles in
the GO/G1 phase without inducing apoptosis, and down regulates vascular endothelial growth factor (VEGF)
expression. The free radical scavenging activity of compound 1 was found through 2’,7’-dichlorofluorescin
diacetate (DCFH-DA) incubation assay in cells. The anti-angiogenic properties of compound 1 and its anti-
proliferative effect on endothelial cells without causing apoptosis make it a good candidate for development

as a agent against development of tumors.

1. Introduction

Flavonoids comprise the most common group of polyphenols in
human diet and are found ubiquitously in plants (Tsao 2010).
Many medicinal properties of flavonoids have been identified,
such as antioxidant activity, anti-inflammatory activity, vascular
activity, oestrogenic activity and cytotoxic antitumor activities
(Harborne and Williams 2000). In recent years, the health ben-
eficial effects are expanded to cognition, dementia, potential
therapeutic utility for Alzheimer disease (Williams and Spencer
2012), and even the cancer prevention activities (Birt et al.
2001; Yao et al. 2011). The function of cancer prevention is to
cause delay in onset of cancer, progression from precancerous
lesions or recurrence after treatment, as an alternative to treat-
ment of cancer cases after clinical symptoms have appeared.
The mechanisms are related to many activities, such as antiox-
idant, anti-inflammatory, induction of apoptosis, inhibition of
cell proliferation, induction of cell differentiation, and anti-
angiogenesis (Tsuda et al. 2004); all of these activities have
already been found in flavonoids.

Angiogenesis is a key process in the promotion of cancer, the
natural health products that inhibit angiogenesis are considered
a potential source for investigational new agents to treat can-
cer (Sagar et al. 2006). Many flavonoids, such as xanthohumol,
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kaempferol and quercetin, have been reported exhibiting cancer
prevention effect through anti-angiogenesis mechanism recently
(Albini et al. 2006; Luo et al. 2009; Priyadarsini et al. 2011).
As part of our continuous efforts to explore Chinese traditional
medicinal herbs (Huang et al. 2011; Li et al. 2007; Wu et al.
2004), and to search novel natural products for cancer treatment
(Wang et al. 2007, 2004), we explored the anti-angiogenesis
effects of a new flavonoid from the traditional Chinese medicinal
herb Kushen in this study.

The dry root of Sophora flavescens Ait, a traditional Chinese
herbal medicine named Kushen, has long been used for the treat-
ment of jaundice, leukorrhea, carbuncles, pyogenic infections
of the skin, scabies, enteritis as well as dysentery (Chinese-
Pharmacopoeia 2010). Quinolizidine alkaloids and flavonoids
are the two main active components of this herb. The contents
of matrine and oxymatrine are used as the standards to evaluate
the quality of Kushen as a Chinese traditional medicinal herb
(Chinese-Pharmacopoeia 2010). The bioactivities of matrine
and oxymatrine have been widely studied, and the anticancer
and anti-inflammation activities are still being reported (Ho et al.
2009; Liang et al. 2012; Zhang et al. 2011). Flavonoids isolated
from Kushen are getting more and more attention in recent years;
their antioxidant, anti-proliferative and anti-inflammatory activ-
ities are also being reported frequently (Jin et al. 2010; Zhou et al.
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Fig. 1: Chemical structure of compound 1

2009). We have reported 17 alkaloids isolated from Kushen in
2010 (Liu et al. 2010), and here we want to further report a
new flavonoid isolated from this plant, (25)-7,2’ 4’ -trithydroxy-
5-methoxy-8-dimethylallyl flavanone (1). Its anti-angiogenesis
activities were studied through the effect on cell proliferation,
cell migration, cell adhesion and tube formation; the related
mechanisms were evaluated on antioxidative activity, human
vascular endothelial cell growth factor (VEGF) expression and
cell cycle interferes.

2. Investigations and results

2.1. Bidirectional regulation activity of compound 1 on
cell proliferation

Bidirectional regulation activity of compound 1 on cell prolifera-
tion was detected in 96-well plate under different concentrations
(10,20, 30,40 and 50 wg/ml) treated for 12 h. The results showed
that compound 1 exhibited no inhibitory effect on cell pro-
liferation under lower concentrations (10 and 20 pg/ml), and
even a promotion effect under 20 pg/ml treatment, although
the ratio was only 6%. While the higher concentrations (30,
40 and 50 pg/ml) treatments showed an inhibitory effect to a
certain degree. The inhibition rates were 15.9, 31.9 and 33.3%
respectively (Fig. 2).

2.2. Compound 1 inhibited cell migration under higher
concentrations

It is an early event of angiogenesis that endothelial cells pass
through a distance and migrate to a new site. No effects were
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Fig. 3: Effect of compound 1 on cell migration of ECV304 cells. Monolayers of
confluent cells in 6-well plates were scraped away to a portion and treated
with different concentrations of compound 1 for 12h at 37 °C. After fixation,
cells were stained with Giemsa dye and cell migrations were quantified by
measuring distance between wound edges before and after incubation. Values
were expressed as mean =+ SD of triplicate-independent experiments.
*##P<0.01 vs. control

found on migration under the treatment of 10, 20 and 30 p.g/ml
of compound 1; while potent inhibition were detected under
treatment of 40 and 50 wg/ml concentrations; the inhibition rate
were 66.1 and 69.1% respectively (Fig. 3).

2.3. Compound 1 inhibited cell adhesion activity

Cell adhesion activities were inhibited by compound 1 under
all the concentrations treated. The inhibition rates were 27.8,
31.9, 34.8, 36.0, and 39.1% corresponding to 10, 20, 30, 40 and
50 wg/ml treatments (Fig. 4).

2.4. Compound 1 inhibited tube formation

The typical tube-like structures were formed after cells being
seeded on fibrin gel for 12 h (Fig. 5A); and it was disturbed when
compound 1 was added under different concentrations. The tube
formation inhibition rates were 12.5, 13.3, 58.6, 63.8 and 70.3%,
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Fig. 2: Bidirectional effect of compound 1 on cell proliferation of ECV304 cells.
Cells were seeded in 96-well plates (4 x 103 cells/well) and incubated for
24 h, then different concentrations of compound 1 were added and incubated
for another 12 h. after fixation, cells were stained with SRB and measured at
570 nm on a microplate reader. Values were expressed as mean + SD of
triplicate-independent experiments. *P < 0.05, ***P <0.001 vs.
control
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Fig. 4: Effect of compound 1 on cell adhesion of ECV304 cells. Cells (2.5 x 10*
cells/well with different concentrations of compound 1) were seeded in wells
of 96-well plate coated with extracellular matrix protein type I collagen.
After incubation for 1 h at 37 °C, cells were washed, fixed, stained with
crystal violet and measured at 570 nm. Values were expressed as mean = SD
of triplicate-independent experiments. *P < 0.05, **P <0.01, ***P <0.001
vs. control
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Fig. 5: Effect of compound 1 on tube formation of ECV304 cells. Cells (1.5 x 10° cells/well) were seeded in 24-well plate pre-coated with fibrin gel. After incubation for 12h,
wells were washed with PBS and fixed with 2.5% glutaraldehyde. Randomly selected fields under phase contrast microscopy were photographed. Tube formation was
quantified by measuring the total circumference of tubular structures in three randomly selected fields using a computer-assisted image analyzer (CMIS 8.0, Beijing
University of Aeronautics and Astronautics, Beijing, China). Tube formation images (400 x ) of control (A) and 50 p.g/ml compound 1 treated (B) ECV304 cells were
shown. Statistic graph showed the inhibitory effect of compound 1 on tube formation (C). Values were expressed as mean & SD of triplicate-independent experiments.

*P<0.05, ***P<0.001 vs. control

under the treatments of 10, 20, 30, 40 and 50 pwg/ml of compound
1 (Fig. 5C). Figure 5B showed the tube-like structures formed at
50 wg/ml compound 1 treatment, the tube-like structures were
apparently destroyed compared to the control group.

All of these results shown above clearly figured out the anti-
angiogenesis effect of compound 1 in vitro, which included
many key steps of angiogenesis: proliferation, migration, adhe-
sion, and tube formation.

2.5. Compound 1 down-regulated ROS levels in ECV304
cells

In view of the fact that antioxidant activity is a common bioac-
tivity of flavonoids (Harborne and Williams 2000), the effect
of compound 1 on ROS levels in ECV304 cells were evaluated
in this study. The results showed that ROS levels in ECV304
cells were down-regulated by compound 1 in a dose-dependent
manner (Fig. 6). The inhibitory rates were 15.3,19.2,31.6, 35.3
and 47.2% of control cells after treated with 10, 20, 30, 40 and
50 pg/ml compound 1 for 12 h.

2.6. Compound 1 down-regulated VEGF content

As exogenous ROS stimulate induction of VEGF in endothelial
cells (Chua et al. 1998), and oxidative stress can increase VEGF
expression in tumor cells (Ushio-Fukai and Nakamura 2008),
we want to check if down-regulation of ROS levels in ECV304
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cells by compound 1 has any effect on VEGF content. With
VEGF ELISA Kit, we detected the effect of compound 1 on
VEGEF levels in ECV304 cell cultures. The results showed that
VEGF contents were down-regulated by compound 1 in all of
the treatments (Fig. 7). The inhibitory rates were 15.8, 47.5,
40.0, 33.7 and 39.3% of control when treated with 10, 20, 30,
40 and 50 p.g/ml of compound 1 respectively.

2.7. Compound 1 induced cell cycle arrest in G0/G1
phase without apoptosis

In view of the bidirectional regulation activity of compound 1
on cell proliferation, we checked the cell cycles under different
concentrations with PI staining flow cytometry method. Results
indicated almost the same trends as the anti-proliferation assay:
no effect on cell cycle progress was found under the lower con-
centrations (10 and 20 pg/ml); while an increase of GO/G1 phase
accumulation was exhibited in a dose-dependent manner in the
higher concentration treatments (30, 40, and 50 p.g/ml) (Fig. 8).
The percentages of GO/G1 cells were 65.8, 65.2 and 66.9% of
control, 10 and 20 pg/ml treatment groups respectively. While
the GO/G1 percentages of 30, 40 and 50 pwg/ml treatments were
increased to 76.9, 85.9 and 91.2%; and accompanied by the
decrease of the percentages of S phase cells from 29.7% of
control group to 19.6, 11.5 and 5.6% of 30,40 and 50 p.g/ml com-
pound 1 treatments; suggesting that the cell cycles were arrested
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Fig. 6: Effect of compound 1 on ROS generation in ECV304 cells. ROS levels were
assayed by measuring the oxidative conversion of cell permeable DCFH-DA
to fluorescent DCE. Cells were treated with different concentrations of
compound 1 for 12 h, and then incubated with 10 uM DCFH-DA for 30 min.
Following washing with PBS, cells were collected in PBS, counted, sonicated
and centrifuged for 15 min at 10,000x g at 4 °C. Fluorescent intensity of the
supernatant was measured at an excitation wavelength of 470 nm and an
emission wavelength of 530 nm. Data were adjusted for cell number. Values
were expressed as mean =+ SD of triplicate-independent experiments.

*P < 0.05, **P<0.01 vs. control

in the GO/G1 phase. No significant changes of G2/M percent-
ages were found between control and all of the other treatments.
Although G0/G1 phase accumulations were found in a dose-
dependent manner when treated with 30, 40 and 50 pg/ml of
compound 1, apoptosis was not found under the same conditions
by analyzing the proportion of sub-G1 populations.

3. Discussion

Studies on Kushen, the dry root of Sophora flavescens Ait, are
kept on booming in recent years. Kushen alkaloids containing
oxymatrine, matrine, and total alkaloids have been developed
in China as anticancer drugs, and more potent antitumor activ-
ities have been identified in kushen flavonoids than in kushen
alkaloids (Sun et al. 2012). We have ever reported 17 alkaloids
isolated from Kushen in 2010 (Liu et al. 2010). In this study, we
illustrated the anti-angiogenesis activity of compound 1, and its
related mechanisms, that were down-regulated of ROS levels
and VEGF expression, and induction of cell cycle arrested in
GO0/G1 phase. All these aspects indicated that compound 1 is a
good candidate for anti-cancer drug development.

3.1. Compound 1 inhibited several key steps of
angiogenesis including cell proliferation, migration,
adhesion, and tube formation

Angiogenesis is a key process in the promotion of cancer to
provide the source of nutrition and oxygen, and to remove
waste products to support the growth of solid tumor. It can be
divided into four main steps: (1) degradation of the basement
membrane of exiting blood vessels by matrix metalloproteinase
secreted by activated endothelial cells and making endothelial
cells detached; (2) migration of these detached endothelial cells
toward the angiogenic stimulus; (3) proliferation of the endothe-
lial cells leading to the formation of solid endothelial cells
sprouts in the stromal space; and (4) organization of endothelial
cells into capillary tubes and vascular loops with the formation
of tight junctions and the deposition of new basement mem-
brane. In correspondence to these steps, the in vitro models of
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Fig. 7: Effect of compound 1 on VEGF expression in ECV304 cells. Cells were
treated with different concentrations of compound 1 for 12 h. Cell culture
supernatants were collected and centrifuged to remove any particulates.
Samples and standards were then detected with a VEGF ELISA kit. The
concentrations of VEGF in samples were determined by comparing the OD
of the samples to the standard curve. Values were expressed as mean &= SD of
triplicate-independent experiments. *P <0.05, **P <0.01 vs. control

angiogenesis have focused on migration, adhesion, proliferation
and tubule formation abilities of endothelial cells in response
to exogenous stimulatory or inhibitory agents. To evaluate the
effect of compound 1 on angiogenesis, we performed an in vitro
anti-angiogenesis study with the human umbilical vein endothe-
lial cell line ECV304. The results indicated that compound 1
could inhibit all of the four important steps of the angiogenesis
process, proliferation, migration, adhesion, and tube formation.
Bidirectional regulation activity of compound 1 on cell pro-
liferation was detected in our study. The inhibitory effects
were found in the treatments under the higher concentrations
(30, 40 and 50 pg/ml) of compound 1 (Fig. 2). The inhibitory
effect on cell proliferation is reasonable for the explanation on
anti-angiogenesis activities. While no inhibitory effect on cell
proliferation under lower concentrations (10 and 20 j.g/ml), and
even a promotion effect under 20 wg/ml treatment looked to be
unusual. In fact, many flavonoids have already been reported to
promote cell proliferation; such as genistein and calycosin (Chen
et al. 2011; Yang et al. 2010), they promoted proliferation of
estrogen receptor-positive cells via estrogen receptors. Although
we did not check the estrogen receptor expression levels in our
study, many papers have reported that ECV304 cells constitu-
tively expressed estrogen receptor alpha (Wang and Passaniti
1999). This indicated that compound 1 may also promote cell
proliferation in lower concentrations via the estrogen receptor.
It is an early event of angiogenesis that endothelial cells pass
through a distance and migrate to a new site. The inhibitory
effects of compound 1 on cell migration were found under treat-
ment at 40 and 50 pg/ml concentrations (Fig. 3); and both cell
adhesion and tube formation were inhibited by compound 1
under all the concentrations used (Fig. 4 and Fig. 5).

Based on this in vitro anti-angiogenesis model, our results
demonstrated that compound 1 acquired its anti-angiogenesis
activity through interference with the four key steps of angiogen-
esis: cell proliferation, migration, adhesion, and tube formation.

3.2. Down regulated ROS levels and VEGF content may
be related to the mechanisms of anti-angiogenesis activity
of compound 1

High levels of ROS have been found in various cancer cells, and
have also been suggested to contribute to angiogenesis in tumors

Pharmazie 68 (2013)
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(Ushio-Fukai and Nakamura 2008). We have illustrated that the
inhibitory effect of rosmarinic acid on angiogenesis is at least
partially mediated through its antioxidant activity (Huang and
Zheng 2006). And in view of the fact that antioxidant activity
is a common bioactivity of flavonoids (Harborne and Williams
2000), the effect of compound 1 on ROS levels in ECV304
cells were evaluated in this study. Our results showed that ROS
levels in ECV304 cells were down-regulated by compound 1 in
a dose-dependent manner (Fig. 6). These results represented an
antioxidative activity of compound 1; and it may also relate to
the expression of VEGF, as it was reported that exogenous ROS
stimulate induction of VEGF in endothelial cells (Chua et al.
1998), and oxidative stress can increase VEGF expression in
tumor cells (Ushio-Fukai and Nakamura 2008).

VEGF is one of the major angiogenesis factors, which plays a
major role in regulating angiogenesis through stimulates pro-
liferation, migration and tube formation of endothelial cells
(Sagar et al. 2006; Shojaei 2012). As we have found the anti-
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Fig. 8: Effect of compound 1 on cell cycle and apoptosis. Cells were treated with different concentrations of compound 1 for 12 h, then harvested and stained with propidium
iodide. Cell cycle distribution was analyzed using a BD FACSCanto II flow cytometer. Apoptosis was identified by the formation of sub-G1 peak. (A) Representative cell
cycle distribution of control (without treatment). (B) Representative cell cycle distribution after treatment with compound 1 50 pg/ml. (C) GO/G1, S and G2/M
populations’ distributions after treatment with different concentrations of compound 1 for 12h

angiogenesis effect of compound 1 in all the aspects of cell
proliferation, migration and tube formation in this study, it is
logical to check if the VEGF content would be influenced at
the same time. Our results demonstrated that VEGF levels were
down-regulated in all of the groups treated with different con-
centrations of compound 1. This indicated that down-regulation
of VEGF was one of the mechanisms of the anti-angiogenesis
activity of compound 1.

3.3. GO0/G1 arrest without apoptosis, accompanied with
anti-proliferation activity indicate a cytostatic effect of
compound 1

Compound 1 induced cell cycles arrested in GO/G1 phase
while without apoptosis induction. If considered with the
anti-proliferation effect together, these results may indicate a
cytostatic effect of compound 1 on endothelial cells, which is
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similar to the reports about flavonoids tangeretin and nobiletin
(Lam et al. 2011; Morley et al. 2007). The authors reported
that both tangeretin and nobiletin exhibited a significant growth
inhibition of human breast cancer cell lines MDA-MB-435 and
MCF-7, human colon cancer cell line HT-29, and human umbil-
ical vein endothelial cells HUVECs with accumulation of cells
in GO/G1 phase without any effect on apoptosis. They proposed
that these flavonoids were clearly cytostatic and not cytotoxic
in their anti-proliferation activity. The same way, compound 1
inhibited proliferation, arrested cell cycles in GO/G1 phase while
without induction of apoptosis, and exhibited anti-angiogenesis
ability. Our results indicated that compound 1 may be desirable
in a cancer chemopreventative regimen for it does not cause cyto-
toxicity to normal cells while offering anti-proliferative effects
on developing tumor cells as well as discouraging any new blood
vessel formation through angiogenesis to feed these tumors.
Some flavonoids have been isolated from Sophora flavescens in
recent years. Four flavonoids showed anti-proliferation activities
against human myeloid leukemia HL-60 and human hepatocar-
cinoma HepG2 cells and induced apoptosis in both cell lines
(Ko et al. 2000). Trifolirhizin, a pterocarpan flavonoid, was
reported to show the anti-inflammation activity and inhibition
effects on growth of human A2780 ovarian and H23 lung cancer
cells (Zhou et al. 2009). Difterent from these flavonoids reported
before, compound 1 exhibited anti-proliferation effects but with-
out apoptosis inducing activity, and showed anti-angiogenesis
activities in migration, adhesion and tube formation aspects. As
the ideal botanical derivatives would specifically antagonize new
vessel formation in tumors without significant toxicity to nor-
mal tissues and without major adverse reactions, our findings
provide a rationale for future development of compound 1 for
treatment of tumors.

In conclusion, we reported a new flavonoid isolated from
Sophora flavescens Ait; its anti-angiogenesis activity, accompa-
nied by its anti-proliferative effect on endothelial cells without
causing apoptosis makes it a good candidate for development as
a chemopreventive agent against development of tumors.

4. Experimental
4.1. Chemicals

Fibrinogen, thrombin from human plasma, 6-aminohexanoic acid, sulforho-
damine B, type I collagen, 2’,7'-dichlorofluorescin diacetate (DCFH-DA),
and propidium iodide (PI) were purchased from Sigma (St Louis, MO,
USA). Human Vascular Endothelial cell Growth Factor (VEGF) ELISA
Kit (Catalog No: EO143h) was purchased from Wuhan EIAab Science
Co., Ltd. (Wuhan, China). Cell culture medium RPMI 1640 was purchased
from Gibco (CA, USA). Super neonatal bovine serum was the product of
Hangzhou Sijiging Biological Engineering Materials Co., Ltd. (Hangzhou,
China).

4.2. Cell culture

Human umbilical vein endothelial cell line ECV304 cells (obtained from
China Center for Type Culture Collection, Wuhan, China) were maintained
in RPMI 1640 containing 10% inactivated super neonatal bovine serum, 100
U/ml penicillin, 100 pwg/ml streptomycin and 2.0 mg/ml NaHCO3 at 37 °C
with 5% CO» in a humidified atmosphere.

4.3. Cell proliferation assay

Cell proliferation was determined by the sulforhodamine B (SRB) method
(Skehan et al. 1990). Briefly, exponentially growing cells were harvested
and seeded in 96-well plates with the final volume of 100 pl containing
4 x 10% cells/well. After 24 h incubation, cells were treated with various
concentrations of compound 1 (10, 20, 30, 40 and 50 pg/ml) for 12 h. Each
concentration was tested in three parallel wells. Cells without treatment were
used as control. The cultures were then fixed at 4 °C for 1 h by addition of
ice-cold 50% trichloroacetic acid (TCA) to give a final concentration of
10%. Fixed cells were rinsed five times with deionized water and stained
for 10 min with 0.4% SRB dissolved in 0.1% acetic acid. The wells were
washed five times with 0.1% acetic acid and left to dry. The absorbed SRB
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was dissolved in 150 w1 unbuffered 1% Tris base (pH10.5). The absorbance
of extracted SRB at 570 nm was measured on a microplate reader.

4.4. Cell migration assay

Cell migration activity was performed by the scratch wound assay as
described previously (Huang and Zheng 2006). Monolayers of confluent
cells in 6-well plates were scraped away to form a 2-mm sterile area with
a rubber scraper. The cultures were washed twice with PBS and incubated
with the medium containing 2% calf serum in the presence of different con-
centrations of compound 1 (10, 20, 30, 40 and 50 pg/ml) for 12h at 37 °C.
Wells without compound 1 were used as control. After incubation, the cells
were washed with PBS, fixed with 75% ethanol and stained with Giemsa
dye. Cell migration from edge of the injured monolayer was quantified by
measuring distance between wound edges before and after incubation over
five points per cultured well.

4.5. Cell adhesion assay

The cell adhesion assay was performed as described previously (Huang and
Zheng 2006). Part wells of 96-well plates were coated at room temperature
overnight with 2 ug extracellular matrix protein type I collagen in PBS
in a final volume of 50 pl. The wells were then washed three times with
PBS and blocked for 2 h with 1% bovine serum albumin (BSA) in 100 pl
PBS at 37 °C. The additional uncoated wells were incubated with BSA to
serve as a negative control. The wells then washed three times with 100 .l
PBS. Endothelial cells (2.5 x 10* cells/100 ) suspended in culture medium
with different concentrations of compound 1 (10, 20, 30, 40 and 50 pg/ml)
were added to each well. Cells without compound 1 were used as control.
The plates were incubated for 1h at 37°C and then washed twice with
PBS. The attached cells were fixed 1 h with 10% TCA and stained with
2% crystal violet for 10 min and washed with PBS. For quantification, cells
were solubilized in 100 w1 2% sodium dodecyl sulfate (SDS) and measured
at 570 nm.

4.6. In vitro angiogenesis assay

Tube formation of ECV304 cells on fibrin gel was performed following
the method described previously (Huang and Zheng 2006). Briefly, fibrino-
gen in PBS was dialyzed against PBS overnight and sterilized with 0.2-pm
syringe filter. To make a fibrin gel, 250 w1 of 3 mg/ml fibrinogen solution was
placed into each well of 24-well plates, with 6-aminohexanoic acid 50 p.g/ml
was added to modulate the degradation of gel by plasmin, and then the
human thrombin was added to a final concentration of 0.625 U/ml. The gel
was allowed to polymerize overnight at 37 °C. Endothelial cells (1.5 x 10°
cells/well) in 1 ml of culture medium with 2% calf serum were seeded onto
the surface of fibrin gel. The cells were incubated with different concentra-
tions of compound 1 (10, 20, 30,40 and 50 pg/ml) for 12 h, and then washed
three times with PBS and fixed with 2.5% glutaraldehyde in PBS. Cells with-
out compound 1 treatment were used as control. Subsequently, randomly
selected fields under phase contrast microscopy were photographed. Tube
formation was quantified by measuring the total circumference of tubular
structures in three randomly selected fields using a computer-assisted image
analyzer (CMIS 8.0, Beijing University of Aeronautics and Astronautics,
Beijing, China).

4.7. Intracellular reactive oxygen species assay

Intracellular reactive oxygen species (ROS) levels were assayed by measur-
ing the oxidative conversion of cell permeable DCFH-DA to fluorescent
dichlorofluorescein (DCF) as described previously (Huang and Zheng
2006). Nearly confluent endothelial cells were treated with different concen-
trations of compound 1 (10, 20, 30, 40 and 50 pg/ml) for 12 h; cells without
compound 1 treatment were used as control, and then after washing with
culture medium, cells were incubated with 10 uM DCFH-DA for 30 min.
Following washing with PBS, cells were collected in PBS, counted, soni-
cated and then centrifuged for 15 min at 10,000 x g under 4 °C. Fluorescent
intensity of the supernatant was measured at an excitation wavelength of
470nm and an emission wavelength of 530 nm. Data were adjusted with
cell number.

4.8. Determination of VEGF expression

VEGEF protein released from the cultured cells was detected with ELISA kit.
Cells (2 x 10°) were plated in 12.5 cm? flasks and allowed to grow to 80%
confluence in 24 h. After treated with different concentrations of compound 1
(10, 20, 30, 40 and 50 pg/ml) for 12 h, cell supernatants were centrifuged for
20 min at 1000 g 4 °C to remove any particulates. Cells without compound
1 treatment were used as control. VEGF assay was performed according to
the manufacturer’s instruction. Briefly, samples or standards (100 pl) were
added to microtiter plate wells pre-coated with an antibody specific to VEGF.
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After incubation for 2h at 37 °C, liquid was removed from each well, and
100 pl Avidin conjugated Horseradish Peroxidase (HRP) was added and
incubated for 1h at 37°C. After washing, a TMB substrate solution was
added to each well. Only those wells that contain VEGF, biotin-conjugated
antibody and enzyme-conjugated Avidin would exhibit a change in color.
After incubation for 30 min at 37 °C, the enzyme-substrate reaction was ter-
minated by the addition of a sulphuric acid solution and the color change
was measured spectrophotometrically at a wavelength of 450 nm. The con-
centrations of VEGF in samples were then determined by comparing the OD
of the samples to the standard curve. VEGF protein levels were expressed
as picogram of VEGF per ml culture medium.

4.9. Cell cycle analysis

Cell cycle and apoptosis were measured by flow cytometry; cells were
stained with propidium iodide (PI). ECV304 cells pretreated with differ-
ent concentrations of compound 1 (10, 20, 30, 40 and 50 pwg/ml) for 12h
were collected and fixed with 75% ethanol at 4 °C overnight. Cells without
compound 1 treatment were used as control. Fixed cells were washed with
PBS and stained with PI in the presence of RNase A at4 °C for 30 min, then
washed with PBS and analyzed with flow cytometry immediately.

4.10. Statistics

Results were analyzed using the Student's t-test, and expressed as
means £ SD. Values of P <0.05 were considered statistically significant.
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