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Angiogenic Effects of Korea Red Ginseng Water Extract
in the In Vitro and In Vivo Models

Euy Joon Rho, Seong Hun Ryu, Gyu Min Kim, Sang Hyun Lee, Young Gab Yun*

Department of Oriental Medical Prescription, College of Oriental Medicine, Wonkwang University

Angiogenesis is important for promoting cardiovascular disease, wound healing, and tissue regeneration. We here
investigated the pharmacological effects of Korea red ginseng water extract (KRGE) on angiogenesis and its underlying
signal mechanism. This study showed that KRGE increased in vitro proliferation, migration, and tube formation of
human umbilical endothelial cells, as well as stimulated in vivo angiogenesis. KRGE-induced angiogenesis was
accompanied by phosphorylation of ERK1/2, Akt, and endothelial nitric oxide synthase (eNOS) as well as an increase
in NO production. Inhibition of PI3K activity by wortmannin completely inhibited KRGE-induced angiogenesis and
phosphorylation of Akt, ERK1/2, and eNOS, indicating that PI3K/Akt activation is an upstream event of KRGE-mediated
angiogenic pathway. The MEK inhibitor PD98059 completely blocked KRGE-induced angiogenesis and ERK
phosphorylation without affecting Akt and eNOS activation. However, the eNOS inhibitor NMA effectively inhibited tube
formation, but partially blocked proliferation and migration as well as ERK phosphorylation without altering Akt and
eNOS activation, revealing that eNOS/NO pathway is in part involved in ERK1/2 activation. This study first
demonstrated the critical involvement of both ERK1/2 and eNOS activation in KRGE-induced angiogenesis, which lie
on downstream of PI3K/Akt. Thus, these results indicate that KRGE requires activation of both the PI3K/Akt-dependent
ERK1/2 and eNOS signal pathways and their cross-talk for its full angiogenic activity.

Key words : korean red ginseng water extract (KRGE), extracellular signal-regulated kinase 1/2 (ERK1/2), human

umbilical vein endothelial cells (HUVECs), angiogenesis, phosphatidylinositol 3-kinase (PI3K), Akt, nitric
oxide synthase (NOS)
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Fig. 1. KRGE induces proliferation and migration in HUVECs.
Effect of KRGE on proliferation of SUVECs. Various congentrations (10, 100, 1000
or 2000 ng/ml} of KRGE were added to HUVECs. Cell oroliferation was determined
48 after KRGE treatment using a colorimetric assay based on the uptake of MTT
assay. (B) The comparison of the effects of KRGE (1000 ng/ml) and VEGF (10
ng/ml) or. HUVEC proliferation. (C) Chemotactic motility of HUVECs by different
doses of KRGE. HUVECs were placed in the upper chamber and M199 (1% FBS)
with various concentrations (10, 100 or 1000 ug/m} of KRGE was placed in the
lower wells of chemotaxis chamber. After 5 h-incubation, cell migration was
determined by counting the cells that migrated 1o the lower side of the filter with
optical microscope. (D) The comparison of the effects of KRGE and VEGF on the
chemotacic motiliy of HUVECs. M199 with 1000 ng/ml. or 10 ng/mi VEGF was
placed In the lower vve‘\s All data are expressed as percentage + SE from three
different experiments. *, p<0.01 vs. control
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Fig. 2. KRGE induces tube formation of HUVECs. (A) Effect of KRGE
on tube formation of HUVECs. HUVECs were piated on Mat r‘ge\ coated weHs at
a density o 2 x 10° cels/well w\th various concentrations of KRGE. After 20 h,
photogrephs were taken (x100). & 0 ng/ml, b 10 ng/ml, ¢ 100 ng/ml, o 1000
ng/ml. (B) The area covered by the tube network was quant \ta ed using Image-Pro
Plus software. Results are expressed as percentage + SE from three diferent
experiments with wiplcate. *, p<0.01 vs. control,
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Fig. 3. Identification of KRGE-induced angiogenesis by rat aortic ring
sprouting assay and the intravital fluorescence microscopy assay. (A)
Photomicrographs showing that sprouted vessels from rat aortic organ culture
(x100). (B) The comparison of the effects of KRGE (1000 ug/m and VEGF (20
ng/mi) on rat aortic ring assay. The assay was scored from 0 (least positive) to
5 (most positive) in a double-blind manner. Each data point was determined in
sextuplet. (G) The in vivo angiogenic actvity of KRGEwas assessed by
FITC-dextran using an intravital microscope. After 4 days, photographs were taken
(x50). (D) The comparison of the effects of KRGE (2000 ng/ml) and YEGF (100
ng/ml on intravital microscope. Four mice were used as a group, and the
experiment was repeated twice. The assay was scored from 0 (least positive) to 5
(most positive) in a double-blind manner. Results are expressed as percentage +
SE from three different experiments with triplicate. * p<0.01 vs. control.
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Fig. 4. KRGE directly induces angiogenesis. (A) The effect of KRGE on
the level of VEGF mRNA in HUVECs. HUVECs were incubated with or without
TNF-a (10 ng/ml) or KRGE (1000 ug/ml) for indicated time periods. Total RNA
was isolated, and RT-PCR was performed as described under Material and
Methods. (B) Anti-VEGF neutralizing antibody had no blocking effect on
KRGE-induced HUVEC proliferation. Cells were incubated with or without VEGF
(10 ng/ml) or KRGE (1000 ug/ml) in the presence of 1 ug/ml VEGF-neutralizing
antibody for 1 hr, and allowed to proliferate for 48 hr. Data are expressed as
percentage + SE from three different experiments with triplicate. *, p{0.01 vs.
control #, p<0.01 vs. VEGF.
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