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Angiogenesis is an essential step in tumoral growth and metastasis and is regulated by a balance be-
tween stimulators and inhibitors. Recently, antiangiogenic target therapy has shown promise as a 
new type of chemotherapy. Natural products have attracted widespread attention worldwide as a 
useful source of novel therapeutic compounds. The balloon-flower has long been used as a tradi-
tional medicinal material and food in Asia. In this study, we investigated whether extract of bal-
loon-flower would inhibit in vitro angiogenesis and vascular-like network formation in human um-
bilical vein endothelial cells (HUVECs). The extract of Balloon-flower did not affect the viability of 
HUVECs. However, treatment with the Balloon-flower extract suppressed tube formation of 
HUVECs. In addition, after treatment with the Balloon-flower extract, cell migration decreased about 
80%, and cell invasion was almost completely inhibited. Taken together, these results suggest that 
extract of Balloon-flower may have potential as an angiogenic inhibitor and that it could be devel-
oped as an anticancer agent.
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Introduction

Angiogenesis is a process of modification such as sprout-

ing and growth of blood vessels [6]. It includes various cel-

lular actions such as degradation of extracellular matrix 

(ECM), proliferation and migration of endothelial cells, and 

morphological differentiation of endothelial cells [2, 20]. 

These phenomena are very important process for tumor 

growth and metastasis [5].

Natural products have historically been used for an in-

valuable source of various therapeutic agents, especially for 

anticancer drug discovery [9, 16]. Many kinds of the medici-

nal natural products from plants have been identified in 

Korea, China, Japan, and other Asian countries for many 

centuries [4, 13]. It has been showed antitumor effects 

through many cases and have been seen as candidate for 

novel cancer treatment [14, 18].

Balloon-flower known as the Platycodon grandiflorum, is 

widely distributed in Northeast Asia [17]. It has long been 

used as a food material and also has been used as a tradi-

tional medicine for treating bronchitis, asthma, hyper-

lipidemia and inflammation in Asia [11, 19, 23]. Especially 

in Korea, it is also well known to have beneficial activities 

on diabetes and obesity. 

In this study, we tested the anti-angiogenic activity of the 

extract of Balloon-flower and demonstrate a potential candi-

date of a therapeutic anti-cancer drug.

Materials and Methods

Materials and reagents

Human Umbilical Vein Endothelial Cells (HUVECs) were 

purchased from inopharmascreen (Chungnam, Korea). Basic 

fibroblast growth factor (bFGF) and heparin were obtained 

from Pepprotech (Gaithersbeg, USA). M199, Fetal Bovine 

Serum (FBS), penicillin and streptomycin were purchased 

from JBI (Daegu, Korea). Matrigel was purchased from 

Collaborative Biomedical Products (Bedford, MA. USA) and 

used for the tube formation assay. Trans-well filter chambers 

(8-μm pores) were purchased from Corning-Costar (Cam-

bridge, USA).

Extract of Balloon-flower

Grain-alcoholic extracts derived from biomass, dried root 

and leaf of Balloon-flower, has been prepared upon cold son-
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ication process at temperature of 20℃. Biomass was pur-

chased from Kyung-dong medicinal herb market (Seoul, 

Korea). Biomass has been powdered then, mixed with 70% 

alcoholic solution in pure water before processing. Weight 

per volume percent, biomass basis, was 100 mg/ml. Cold 

extract was separated by centrifuge after the process.

Cell culture

HUVECs were grown in M199, supplemented with 

heat-inactivated 20% FBS (JBI, Daegu, Korea), 20 ng/ml of 

bFGF, 100 units/ml of penicillin and 100 μg/ml of strepto-

mycin in a 37℃ incubator with a humidified atmosphere 

containing 5% CO2.

MTT assay for cell viability

HUVECs were grown in M199 with 20% FBS at a density 

of 2x104 cells on 24-well culture plates. After one night, the 

media was re-placed with M199 containing 1% FBS, and 

crude extract of Balloon-flower and the cells were then in-

cubated for 24 hr at 37℃ under a humidified atmosphere 

that was comprised of 5% CO2. Cells were treated with vari-

ous concentrations of Balloon-flower extract. Next, MTT sol-

ution (5 mg/ml in H2O) was added to the well followed 

by the addition of 0.3 ml of demetylsulfoxide (DMSO) to 

dissolve the MTT- formazan and then determined by meas-

uring the absorbance at 540 nm. Each sample was assayed 

in triplicate, and the experiment was repeated three times.

In vitro tube formation assay

0.3 ml matrigel was transferred to 24-well plate and in-

cubated for 30 min. HUVECs (2×104 cells) were plated on 

a layer of previously polymerized matrigel and treated with 

or without extract of Balloon-flower. Matrigel culture was 

incubated at 37℃ during 24 hr. Cell morphological changes 

were captured through a phase contrast microscope and 

photographed at 40x magnification. Each sample was as-

sayed in duplicate, and independent experiments were re-

peated three times.

In vitro wounding migration assay

HUVECs were seeded onto 24-well culture plate until 

confluence and left overnight. Media was aspirated the next 

day, and cells were scratched with a 200 μl pipette tip along 

the diameter of the well. Cells were washed twice with PBS 

and incubated at 37℃ and 5% CO2. After wounding, the cells 

were incubated in M199 with 1% serum, 1 mM thymidine, 

and/or extract of Balloon-flower. These culture conditions 

minimized proliferation of HUVECs. Wound diameters were 

photographed at 24 hr. Wound closure was determined by 

measurement with optical microscopy at 40x magnification. 

Each sample was assayed in duplicate, and independent ex-

periments were repeated three times.

In vitro invasion assay

Invasion assay was performed in vitro using a trans-well 

chambers system (COSTAR, USA) with 8.0 μm pore poly-

carbonate filter inserts. The upper side of trans-well was 

coated with 10 μl of matrigel (0.5 mg/ml) at room temper-

ature for 1 hr. Complete media was plated in the lower parts 

of the trans-well chamber filters, and HUVECs (2x104 cells) 

and extracts of Balloon-flower in serum-free media were 

placed in the upper part. Cells were incubated at 37℃ for 

24 hr, trans-wells were fixed with methanol, and then 

stained with hematoxyline/eosin. Cells on the upper surface 

of the filter membrane were removed by wiping with a cot-

ton swab. Invaded cells were determined with optical micro-

scopy at 40x magnification. Each sample was assayed in du-

plicate, and independent experiments were repeated three 

times.

Data analysis and statistics

Statistical comparison was performed using Student’s 

t-test. p<0.001 was considered statistically significant. Data 

are presented as means ± standard deviation (SD). All ex-

periments were performed in triplicate.

Results and Discussion

Angiogenesis is the developmental process of new vessels 

by sprouting from pre-existing vasculature [10, 21], and is 

needed significant component of various physiological and 

pathological conditions [8]. J. Folkman was firstly estab-

lished in 1971 that angiogenesis is an essential process in 

tumor growth [7]. Since then, angiogenesis has been recog-

nized as important target for cancer therapy [1, 15]. Tumor 

initiation and progression are also closely related to 

angiogenesis. Therefore, controlling of angiogenic actions in 

tumor could be strategies for development of anti-cancer 

therapeutic drugs [5].

The investigations for novel anticancer drugs from natural 

products have been continued through the research of scien-

tists around the world [1]. Many numbers of natural prod-
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Fig. 1. Extracts of Balloon-flower inhibits the vascular network formation. (A) The cytotoxic effect of Balloon-flower extract on the 

HUVECs was determined using the MTT assay. The treatment for 24 hr did not affect the cell viability of HUVEC cells 

in the tested concentrations. (B) Balloon-flower extract (100 μg/ml) was added and incubated for 24 hr. The changes of 

cell morphology were captured through a phase contrast microscope (x40) and photographed. Representative photographs 

of the tube formation of endothelial cells cultured on polymerized matrigel layers reveal the inhibitory effect of extracts 

of Balloon-flower on the formation of capillary-like structure. This independent experiment was repeated three times. 

A B

24 hr 24 hr

Fig. 2. Extracts of Balloon-flower suppress migration and invasion of HUVECs. (A) Extracts of Balloon-flower (100 μg/ml) inhibits 

migration of HUVECs. Migration ability of HUVECs was measured by wounding migration assay. This independent experi-

ment was repeated three times. Bars correspond to mean ± s.d. ***p<0.001 as compared with control. (B) Extracts of 

Balloon-flower (100 μg/ml) inhibits invasion of HUVECs. Invasion capacity was examined using a trans-well system coated 

with matrigel. This independent experiment was repeated three times. Bars correspond to mean±s.d. ***p<0.001 as compared 

with control.

ucts show anticancer effects in vitro and in vivo [3, 9]. 

Balloon-flower is commonly used for food materials and is 

also one of the traditional medicinal products [12]. In partic-

ular, roots of Balloon-flower show excellent anti-cancer ef-

fects against various cancer cell lines mainly by inhibiting 

cell proliferation, promoting cell cycle arrest and apoptosis 

[22].

The cytotoxic effect of Balloon-flower extract on the 

HUVECs was examined by treatment of various concen-

trations (from 50 to 500 μg) using the MTT assay. Treatment 

of Balloon- flower extract for 24 hr did not affect the cell 

viability of HUVECs (Fig. 1A). This result indicates that the 

treatment of extract of Balloon-flower did not show any cy-

totoxic effect on the HUVECs at the tested concentrations. 
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To determine the anti-angiogenic effect of extract of 

Balloon-flower, we carried out in vitro tube formation assay. 

It is important step of angiogenesis which promote morpho-

logical differentiation into capillary-like structure. As shown 

in Fig. 1B, HUVECs on matrigel formed blood vessel net-

work in the absence of extract of Balloon-flower. However, 

after treatment of Balloon-flower extract for 24 hr, we could 

not observe the tube networks. This result demonstrates that 

extract of Balloon-flower suppressed the tube formation of 

HUVECs in vitro.

Endothelial cell migration and invasion are one of the crit-

ical steps in the formation of new blood vessels [7]. The ef-

fect of Balloon-flower extract on the migration was examined 

by wounding migration assay. The result shown in Fig. 2A 

shows that Balloon-flower extract clearly inhibited migration 

of HUVECs. The migration of HUVECs decreased about 

80%. In addition, in vitro invasion assay was performed us-

ing a trans-well chambers system to examine the effect of 

Balloon-flower extract on the invasion of HUVECs. Treat-

ment with Balloon-flower extract for 24 hr markedly almost 

completely inhibited invasion of HUVECs compared with 

that of control (Fig. 2B). 

In conclusion, we showed that the extract of Balloon-flow-

er inhibited in vitro angiogenesis steps in HUVECs including 

tube formation, migration and invasion. Therefore, Balloon- 

flower extract might be a strong angiogenic inhibitor and 

may have a potential to be developed as a therapeutic an-

ti-cancer drug.
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초록：도라지 추출물에 의한 인간 제대 정맥 내피 세포의 in vitro 혈관신생 억제

이의연․김영진*

(부산대학교 분자생물학과)

혈관신생과정은 종양 형성과 이동에 필수적인 과정으로 촉진제와 저해제에 의하여 조절되며, 이러한 혈관신생

과정의 저해는 새로운 항암치료 기법으로 이용하고 있다. 최근, 한약재와 식료품으로부터 추출한 천연물을 새로운 

치료 물질로 널리 이용하고 있으며, 실제 in vitro 뿐만 아니라 in vivo 상에서도 항암 효과가 나타나는 것을 확인하

였다. 그 중 도라지는 아시아에서 한약재와 식료품으로 오랫동안 사용 되어왔다. 본 연구에서는 도라지 추출물이 

in vitro 상에서 인간 제대 정맥 내피 세포의 혈관신생을 억제하는 효과에 대해 조사하였다. 도라지 추출물은 세포 

독성 없이, 혈관 형성 및 이동, 침윤 현상을 모두 억제하는 효과를 보였다. 특히, 세포 이동은 80% 정도 감소 시켰

으며 침윤 현상이 거의 나타나지 않는 것을 확인하였다. 이러한 결과를 토대로 도라지 추출물은 혈관신생 억제제

로 이용할 수 있으며, 더 나아가 항암제로 개발될 수 있을 것이라 사료된다. 
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