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Nasunin, delphinidin-3-(p-coumaroylrutinoside)-5-glucoside, an antioxidant anthocyanin isolated from
eggplant peels, was demonstrated as an angiogenesis inhibitor. Nasunin at higher 10 µM suppressed
microvessel outgrowth in an ex vivo angiogenesis assay using a rat aortic ring. The effect of nasunin
was examined in various in vitro angiogenesis models using human umbilical vein endothelial cells
(HUVECs). Nasunin suppressed HUVEC proliferation in a dose-dependent manner (50-200 µM);
however, it had no significant effect on HUVEC chemotaxis in a Boyden chamber assay and HUVEC
tube formation on a reconstituted basement membrane. These results imply that nasunin with both
antioxidant and antiangiogenic activities might be useful to prevent angiogenesis-related diseases.
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INTRODUCTION

Food-derived polyphenolic compounds have been believed
to be beneficial for human health due to their antioxidant and
anticarcinogenic activities, and as the mechanisms, it has been
demonstrated that some of them modulate oncogenes, tumor
suppression genes, cell cycle, apoptosis, angiogenesis, and signal
transduction pathways (1). The antiangiogenic activity of food-
derived polyphenols has received an increased attention as potent
inhibitors of tumor growth (2). Angiogenesis is a formation of
new blood vessels required for tumor growth and metastasis
and is involved in other diseases, e.g., atherosclerosis and
diabetic retinopathy. Therefore, numerous efforts have been
conducted on antiangiogenic agents (3).

We have revealed that natural products, vitamin B6 and algal
polysaccharide, have antiangiogenic activities (4, 5). Further-
more, we have found that petasiphenol and quercetin derivatives
suppress angiogenesis (6,7). Antiangiogenic polyphenols are
mainly isoflavones, flavonoids, flavones, flavanones, and cat-
echins (2). The number of reports on antiangiogenic activity of
anthocyanins is limited (8, 9). It has been suggested that the
antioxidative effect of polyphenols is linked to their antiangio-
genic activity (2). This led us to investigate the antiangiogenic
activity of antioxidative polyphenols. Nasunin is the major
component of the anthocyanin pigment of eggplant and has
antioxidant activity (10, 11); however, it remained unknown

whether it affected angiogenesis. This study was carried out to
clarify the effect of nasunin on angiogenesis.

MATERIALS AND METHODS

Materials. Nasunin, delphinidin-3-(p-coumaroylrutinoside)-5-glu-
coside, was isolated as described previously (12). The chemical structure
is shown inFigure 1. Human recombinant vascular endothelial growth
factor (VEGF) was obtained from R&D systems (MN). WST-1 reagent
was from Dojindo Laboratories (Kumamoto, Japan). Other reagents
were special grade as commercially available.

Ex Vivo Angiogenesis Assay.Male Wistar rats (6 weeks old, Clea
Japan, Inc., Tokyo, Japan) were housed two to a metal cage in a room
with controlled temperature (24( 1°C) and a 12 h light:dark cycle
(lights on, 08:00-20:00 h). They had free access to diets and deionized
water. The rats were maintained according to the Guide for the Care
and Use of Laboratory Animals established by Okayama Prefectural
University. The ex vivo angiogenesis assay was performed according
to slightly modified methods as described before (13, 14). Briefly, a
male Wistar rat (body weight∼ 200 g) was sacrificed by bleeding
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Figure 1. Chemical structure of nasunin, delphinidin-3-(p-coumaroylruti-
noside)-5-glucoside.
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from the right femoral artery under anesthesia with diethyl ether. A
thoracic aorta was removed and washed with RPMI 1640 medium to
avoid contamination with blood. It was then turned inside out and cut
into short segments about 1-1.5 mm. Collagen gel (gel matrix solution)
was made with 8 volumes of porcine tendon collagen solution (3 mg/
mL) (Cellmatrix Ia, Nitta Gelatin Co., Osaka, Japan), 1 volume of 10
× Eagle’s MEM (Gibco, New York), and 1 volume of reconstitution
buffer (80 mM NaOH and 200 mM HEPES). These solutions were
mixed gently at 4°C. Each aortic segment was placed in the center of
a well on a six well culture plate and covered with 0.5 mL of gel matrix
solution reconstituted as described. The solution was allowed to gel at
37 °C for 20 min and then overlaid with 2 mL of RPMI 1640 medium
(Gibco) containing 1% of ITS+ (Becton Dickinson Labware, MA).
Then, the sample solution or vehicle was added. Incubation was carried
out for 10 days in a fully humidified system of 5% CO2 in the air at 37
°C. The medium was changed on day 7 of the culture. An estimation
of the length of the capillary was performed under phase contrast
microscopy by measuring the distance from the cut end of the aortic
segment to the approximate mean point of capillary. Microscopic fields
were photographed with a digital camera (Nikon, COOLPICKS 950).
The length of the capillary was measured using Adobe Photoshop
software. Each reported value represents the average of three culture
samples.

Endothelial Cells. Human umbilical vein endothelial cells (HU-
VECs) were purchased from Kurabo Industries (Osaka, Japan). Cells
were grown in the medium, HuMedia EG 2 (Kurabo Industries), which
was modified MCDB 131 medium containing 2% fetal bovine serum,
10 ng/mL recombinant human epidermal growth factor, 1µg/mL
hydrocortisone, 50µg/mL gentamicin, 50 ng/mL amphotericin B, 5
ng/mL recombinant human basic fibroblast growth factor, and 10µg/
mL heparin, at 37°C in a humidified 5% CO2. Subcultures were
obtained by treating the HUVEC cultures with 0.025% trypsin-0.01%
EDTA solution. HUVECs at passages of 3-5 were used in this
experiment.

HUVEC Proliferation Assay. For the HUVEC proliferation assay,
HUVECs were dispersed with trypsin and suspended in HuMedia EG2
medium. A cell suspension (15000 cells/mL) was plated onto 96 well
culture plates (100µL/well) and incubated at 37°C in a humidified
5% CO2 for 24 h. The medium was replaced with fresh HuMedia EG2
containing nasunin (0-200µM). After 72 h, 10µL of WST-1 reagent
was added into each well of a 96 well plate and incubated for 4 h at 37
°C. The absorbance at 450 nm was measured using a microplate
spectrophotometer.

HUVEC Tube Formation Assay. The tube formation assay was
performed using an In Vitro Angiogenesis Assay Kit (Chemicon
International, Inc., Temecula, CA). Briefly, solid gels were prepared
according to the manufacturer’s manual on a 96 well tissue culture
plate. HUVECs (1× 105 cells/mL) in HuMedia EG-2 medium
containing 0-200 µM nasunin were seeded 100µL per well onto the
surface of the solid gel, ECMatrix. The cells were incubated for 12 h
at 37°C in a CO2 incubator. Tube formation was observed under an
inverted light microscope at 40× magnification. Microscopic fields were
photographed with a digital camera (Nikon, COOLPICKS 950). The
total length of tube structures in each photograph was measured using
Adobe Photoshop software. Each reported value represents the average
of three samples.

HUVEC Chemotaxis Assay.This was carried out by a modified
Boyden chamber assay (15). The microporous membrane (8µm) of
24 well cell culture inserts (BD Biosciences, MA) was coated with
0.1% gelatin. HUVECs were detached with cell dissociation buffer
(Invitrogen Corp., Carlsbad, CA), collected by centrifugation, resus-
pended in Medium 199 (Invitrogen) with 0.1% bovine serum albumin
(BSA), and seeded in triplicate in the chamber (1.0× 105 cells/400
µL). The well was filled with 400µL of Medium 199 containing 0.1%
BSA and 10 ng/mL of VEGF with or without nasunin. The assembled
chamber was incubated for 6 h at 37 °C in a humidified 5% CO2.
Nonmigrated cells on the upper surface of the membrane were removed
by scrubbing with a cotton swab. The cells on the lower surface of the
membrane were fixed with methanol and stained with Diff-Quik stain.
Migrated cells were counted in five fields of each membrane under

the microscope at 200× magnification, and the average number of a
field was calculated. The experiments were performed in triplicate.

Statistical Analysis. Values are presented as means( SD. Data
were analyzed by one-way analysis of variance. Differences withp <
0.05 were considered significant.

RESULTS AND DISCUSSION

Ex Vivo Angiogenesis Assay.The effect of nasunin on
angiogenesis was examined in a rat aortic ring angiogenesis
model. This method is widely used as a useful one to evaluate
antiangiogenic agents in a complex system in which endothelial
cells, fibroblasts, pericytes, and smooth muscle cells interact
(16-18). Fibroblastic fusiform cells migrated from the ends of
the aortic rings after 2-3 days, and then, they spread in the
collagen gel. Microvessels appeared from the ends of aortic rings
after 5-6 days and elongated (Figure 2A). Nasunin strongly
suppressed the outgrowth of microvessels at 200µM, and a
significant inhibitory effect was observed higher at 10µM
(Figure 2B).

Effect of Nasunin on HUVEC Functions. The effect of
nasunin on HUVEC tube formation was examined. HUVEC
tube formation assay is an in vitro angiogenesis model. HUVECs
on reconstituted basement membrane migrated, attached each
other, and formed tube structures (Figure 3). Nasunin had no
effect on HUVEC tube formation even at 200µM, at which it
suppressed microvessel outgrowth in a rat aortic ring assay. This
result suggests that nasunin does not affect HUVEC migration
and the signal transdaction pathways relating tube formation.

Next, we examined the effect of nasunin on HUVEC
migration on gelatin-coated Boyden chambers (Figure 4). VEGF
strongly stimulated HUVEC migration as shown inFigure 4.
In the presence of 200µM nasunin, HUVEC migration was
moderately suppressed, but the effect was not statistically
significant. This result was consistent with the observation on
HUVEC tube formation assay.

Figure 2. (A) Representative result of the inhibitory effect of nasunin
(200 µM) on ex vivo angiogenesis using a rat aortic ring. The bar equals
500 µm. (B) The microvessel length was measured on day 7 of culture.
Values are means ± SD (n ) 3). Nasunin at 10 µM or more significantly
inhibited microvessel growth (*p < 0.05 and **p < 0.01).
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Many angiogenesis inhibitors suppress endothelial cell pro-
liferation in vitro. Nasunin was applied to HUVEC proliferation
assay. HUVECs were treated for 72 h with various concentra-
tions of nasunin, and the proliferation rate was measured by a
colorimetric method. Nasunin inhibited HUVEC proliferation
in a dose-dependent manner, and significant differences (p <
0.01) are found between control and nasunin-treated HUVECs
(50-200µM) (Figure 5). Taken together, nasunin, an antioxi-

dant anthocyanin, exerted the antiangiogenic activity through
inhibiting endothelial cell proliferation.

In the present study, we revealed the antiangiogenic activity
of nasunin, an antioxidant anthocyanin in eggplant. Nasunin
inhibited microvessel outgrowth in a rat aortic ring assay. We
demonstrated that nasunin exerted the antiangiogenic activity
through suppressing endothelial cell proliferation; however, it
did not affect HUVEC tube formation and migration signifi-
cantly. Many antiangiogenic plant polyphenols suppress endot-
helial cell proliferation (2). The mechanisms by which antian-
giogenic polyphenols suppress endothelial cell proliferation are
very complex and not fully understood yet. Antiangiogenic
polyphenols affect receptor phosphorylation, protein kinase C,
tyrosine kinase, and phosphoinositide 3-kinase (19, 20). Cell
cycle and matrix metalloproteinases coupled with angiogenesis
are also their target (21,22). The antioxidant activity of plant
polyphenols would be involved in the antiangiogenic effect,
since reactive oxygen species stimulate angiogenesis (23, 24).
Nasunin is a derivative of delphinidin, which has an antioxidant
activity (10-12). The antiangiogenic activity of delphinidin has
been demonstrated recently (25). Delphinidin suppresses en-
dothelial cell migration and proliferation at more than 5µg/mL
(about 16µM). Thus, the antiangiogenic effect of delphinidin
is stronger than nasunin. The inhibitory effect of delphinidin
on H2O2-induced lipid peroxidation is about 2-fold stronger than
nasunin (10, 26). These observations suggest that the difference
of antioxidant activity would be related to antiangiogenic
activity. However, it remains unknown that the different effects
of nasunin and delphinidin on endothelial cells are due to
structural differences or antioxidant activities. The molecular
mechanisms and the structure-activity relationship should be
addressed in the future study.

Polyphenols are ubiquitous in plants, and we consume them
in food daily. Physiological roles of polyphenols in food remain
unknown; however, consumption of polyphenols would be
beneficial for human health (1). It has been believed that the
antioxidant activity of polyphenols is beneficial for preventing
against oxidative stress. Recent evidence shows that such food-
derived polyphenols have pharmacological effects. Antiangio-
genic activity is one of the attractive biological activities of
polyphenols, since angiogenesis inhibitors have potency for
preventing various diseases including cancer, atherosclerosis,
and diabetic retinopathy (3). Although many antiangiogenic
polyphenols have been reported (2), antiangiogenic anthocyanins
are very few (8,9, 25). In the present study, the antiangiogenic
activity of nasunin, an antioxidant anthocyanin, was revealed.
Our finding suggests that nasunin would be expected as a useful

Figure 3. Effect of nasunin on HUVEC tube formation on reconstituted
basement membrane gel. Cells were plated on reconstituted gel and
observed 12 h later. The representative result of nasunin was shown.
Nasunin had no effect on HUVEC tube formation.

Figure 4. Effect of nasunin on HUVEC chemotaxis. HUVECs that migrated
after 6 h of incubation to lower surface of the filter were counted in five
200× fields of a filter. Means of a field of three filters ± SD (n ) 3) are
shown. Negative control, medium without VEGF and nasunin. Positive
control, VEGF containing medium without nasunin. No significant inhibitory
effect on HUVEC chemotaxis was observed.

Figure 5. Effect of nasunin on HUVEC proliferation. Means (n ) 3) with
an asterisk (*) are significantly different (p < 0.01) from control.
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anthocyanin against oxidation stress and diseases accompanied
with abnormal angiogenesis.
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