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WAI(angiogenesis) ZEO| OfH S(fa)d Y (ER)

Sciex API 365 Tandem spectrometer, positive
scan mode, flow rate 0.6 ml/h) = AAEA] 3193th

2.2. 2ot

10" celly/well F%e] H¥NTHEZ (HUVEC) S
Matrigel-coated transwell (8-pum pore diameter,
Costar)2] ¢l chamberol] =)y Al&et A
PANAES G2 chamberol F915k] 16213t
Hjget 5 A9l chambere] MEZES AASIATL
519l chamber® ©]53t AXEES 10% formalin
2 31A3%}3l hamatoxylin-eosin®.= G443t

ol &

=20 oPf R NE Fa= F7Y

e

Nikon Diaphot inverted microscopes
oz AAEY

2.3. WHHIZ 5%

kA o] coverslipe] 0103 0.1% gelatin®]
37 24719 well platedl] 3x10" cells/well =]
HUVECs< 20% (vol/vol) FCS7} &% MI199+]
29} A FRA8FATE Plateo] AlxEo] Qo &
24NZ AR Ty AAsAT 1%
(vol/vol) FCS7}F gl MI99wh=|oF Al2E #7F
3 B ARA|7F w9FslSlal hemocytometerES E3
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2.4. Western Blot analysis

10,

flollA AwE npel o] At Axss &
Aol A 3ol sample buffer(x3)o 83 AlZ )
FA3 ko] AL 10% SDS-PAGEA A
719938kl gel Aol e @S membranel
2 o] AFth o] wWlASE WIAE nitric
oxide synthase (NOS)el A% ZAgsl= 3
(1:250 349 New England BioLabs)2} HHSAIZ

o Akto] S5 TRIEES phospho-Akeell 5]
2ol g (1:800 31499 Cell Signaling Technology)
of HkgAIZl & Aktoll tist A2 wbSAIA T

319tE ©]%F MembraneS- horseradish  peroxidase
o} Age olxraAe] 1:2000 84 N (Amersham)
ol A wjFet o slekA] o) ofsl] 7hAIskeIA

2.5. In Vivo Matrigel Angiogenesis assay

A2 F Algel &3k Matrigel s C57/BL6
7 # (Becton Dickinson)2] I|3}ol] 4tdsisith
A 5 CO W=l 9al 3 A7l v 9FE
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(immunihistochemistry) AAFS 918l 2ebA] 524
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32793k v} von Willebrand factor (vIWE)ol tl
ok A= AL AE= Texas red-labeled
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2.6. /n Vivo Scaffold Implant
Neovascularization Assay
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S84 E7] A (1:20008]4, Dako)®t blocking
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saline with Tween)ell4] 3H¢ &<t incubation &F
Ack A AgAEE FITC 23k goat
anti-rabbit antibody (1:1508]49) Vector Labs)
£ ARgsto]

488 nm laser lineol| oj&f] WAlw 1 whaly] Hlo

2.9. 3HANH

2% datat meantSEMO.Z EAEItE S
A 9= Dunnett or Friedman post hoc testol]
wg} 1-way ANOVAR AHZEArh AAAel
Dose-response effect® 7%3}7] $13 Graphpad
Prism 3 software “§3ll Bonferroni test® A&-3}

Atk POl Folds 2 Ao= Iaigith

3. 723

3.1. 48
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A Fxet FFo] e 47HA 14-Chinese
and Korean ginseng (Panax ginseng), American
ginseng (P quinquefolium), Sanqi ginseng (P
notoginseng, Yunnan, China)—& o2 1 wjek
£ =55 mass spectroneter® 241813k (Fig.
1A~D). <4te] FAAMEEL ginsenoside®
A A triterpene dammarened ©]al 159 -
ol w}g} panaxdiol¥} panaxtriol2 72 4 Q)
oh 7Fg w2l diol, triol& 7} Rbl, Rgle
B2 FUE sterol 7o BAREH A A8
A7t g2 AR 2E Uit (Fe 1E,
1IF). 7478l &2 Rbl¥ RglS 7HAAL 9l
W AR ARl Qlof
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AFEE Ao zabd A4 o
2] angiogenic phenotypes YERITE &
Aol 271 F8 WA= WIAEe] 7)AY
(basement membrane) 72} AJ7gR1AL B of
Uz 2 A3 255 &3t olsolth 2 A
TolMe WIMEY] SH7 &A= on] &
2171 hepatocyte growth factor/scatter factor
(HGF/SP)E chemoattractant®. AH8-819ich. 294
¥} Rgl ¥ o}ye} Rbl: chemoattractant=4] <]
7I's& WebiAlE S3ARE Rbl HGF/SFel| €]
3 =¥ chemoinvasions ASIATE W2
Rgle HGF/SFE &3t WHAR2S] chemoinvasion
= FxTE Ao gt L] Rglo] A
e Azes Al day fAkgt d mYgoR
AEE o] = 3lo] A=} (Fig. 2).
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Fig. 1. Mass spectrometric compositional analysis of ginseng extract from different species and chemical
structures of ginsenosides Rgl and Rbl. Top panel shows the ESI mass spectrometric (Perkin-Elmer
Sciex API 365 Tandem Spectrometer, positive scan mode, flow rate 0.6 mL/h) profile of a methanolic
extract from american ginseng (A), Sangi ginseng (B), Korean ginseng (C), and Chinese ginseng
(D). E and F show the structures of Rbl and Rgl, respectively.
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Fig. 2. Effect of ginsenosides on chemoinvasion by HUVECs. Photomicrographs depict cells migrated under

control conditions (A) and HGEF/SF (1 nmol/L) (B)-facilitated HUVEC chemoinvasion and
spreading. C, Rgl treatment increases the HGF/SF-induced chemoinvasion and spreading of
HUVECs. D, Rbl (125 nmol/L) inhibited the HA@VSF-induced chenminvasion. Right, Mean number of
migrated cells per high-power field under different experimental conditions (meantSEMin=4). “P<0.05,
*P<0.001 vs HGF/SF-induced chemoinvasion. Upper and lower indicate the 2 chambers of the
transwell; Veh, vehicle. Arrow depicts a typical cell that has migrated to the lower side and spread.
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. 3. Effect of Rgl and Rbl on the proliferation of HUVECs, after a mechanical injury to the monolayer,

and modulation by NOS inhibitors. The cells were harvested and counted after 48-hour incubation
in the presence of Rgl (A) and Rbl (B). C, The NOS inhibitor L-NAME inhibited the Rgl-induced
proliferation of HUVECs in a concentration-dependent manner. At 10° mol/L, L-NAME did not alter
the basal response. D, L-NAME inhibited the Rbl-induced proliferation at higher concentrations.
The cells were incubated in the presence of L-NAME(LN)(10 *mol/L), increasing concentrations of
Rgl(E), and increasing concentrations of the NOS substrate L-arginine(L-Arg)(F). G, Effects of
NOS-II inhibitor L-NIO and NOS-II inhibitor SMT on Rg-1 induced cell proliferation. H,
Increasing concentrations of Rgl can overcome the inhibitory effects of L-NIO. Values at 0 hour
denote the cell count immediately after wounding. +P<0.01 vs Rbl or Rgl alone; “P<0.05, “P<0.01,

Fig
duplicate wells in each.
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Fig. 4. Effects of Rgl and Rbl on neovascularization of a polyether polyurethane scaffold in mice. A,

Effect of different treatments, administered for 10 days, on neovascularization into the scaffold
implants, as seen on day 15 after implantation. B, Confocal images of vWF-delineated endothelial
cells (labeled with FITC-coupled secondary antibody) at the same level cross section of
vehicle-and Rgl-treated scaffolds. Vascularization was assessed as the ingrowth of vessels into
the implant (C) and as a function of the blood flow through the implants (D), quantified by the
direct injection of 133Xe—containing saline into the scaffold and with monitoring of its clearance
over a 6-minute period LN indicates L-NAME. Results were calculated from duplicate
experiments with at least 3 to 4 replicates per test group. Data are expressed as mean+SENL
P00, "P<0.001 vs vehicle (veh)-treated controls; ##P<0.001 vs HGF/SF-treated group.
Deconstructing the neovascular response, E shows the effects of Rgl and Rbl at each key step in
determining the final outcome. Effects of Rgl and Rbl on the compositional steps of angiogenesis,
a possible explanation for the in vivo effects, are summarized.
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Aol dptEsE eI FARHIE Americn
ginseng< S AZAC A2 vERdT
I grsixlon ol # At Ade] Febshs Aol
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Fig. 5. Effects of extracts, reconstituted with defined
ratio of Rgl and Rbl, on angiogenesis in a murine
Matrigel implant. Growth factor-reduced Matrigel was
injected subcutaneously into C57/BL6 mice and
alowed to gel. On day 9, the animals were
euthanized, and the implants were excised,
cryosectioned, and immunostained for vWF, which
was detected with the use of a species—specific
secondary antibody coupled with FITC. Propidium
iodide was added to counterstan the nuclei.
Photomicrographs show angiogenesis in control
(A), Rgl (50ug) plus Rb1(20¢g) (B), and Rgl (2019
plus Rbl (50gg) (C) perimplant. The images were
captured with a Zeiss LSMb10 confocal microscope at
a resolution of 512x512 pixels. Controls undertaken
by omitting the primary antibody were imaged with
the same settings for laser power and gain and
showed no specific fluorescence. D, Vessel density in
the different treatment groups. Veh indicates vehicle.
Data are expressed as meantSEM; n=3. “"P<0.001
vs vehicle control; “P<0.01 vs HGF/SF treatment.

A W - 9fell A Rble] 244 Relo] Alade
AA (signal cascade)S ¥dl=t] =°] HUATh
W HIE7} phenotypes 5k Fa3 =9l

mitogen-activated protein kinases®} NO signaling
2ol ek Rgl¥ Rble & A3k
Rgl ¥ o}zl Rbl%E mitogen—activated protein
kinase 7ol o A& UERlA eokth 1
eivh ErlE AR Rgle] Agd Ao 24A1%F
5 NOS-III¢| 7#Esk wao] wAx At (Fig. 6).
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A7t Rgloll f=® HUVECs?] 54 NOS9
] A€l inhibitore! L-NAME] ¢l #a)= 2l
o} (Fig. 30). o]¥& Aslli= L-NAME¥ 247}
2ol sl Ak L-arginineol] o8l F-222
2 23l FA} (Fig. 3B). 538+ %2 559 Rgl
< 93k AAE ks vEHaAIAAT (Fig. 3F).
PIBK®t Akti= AZHGAA] 9ol AL
NOS-IIE s = 2 5
B9tk Rgle %3 PI3K inhibitor$! LY294002
of oal AetEl Akte] QNbsHE fEdith (Fig
6). olgfg e Rglo] NOS 4ol AHS =
g W oole} PI3K—phospho-Akt—NOS A=
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Fig. 6. Effect of Rgl on NOS-III expression and
activation of PI3K pathway. Top, Injured
HUVECs were treated with vehicle or Rgl and
were lysed in sample buffer under reducing
conditions at defined time points. Equal
amounts of proteins were resolved in a 10%
SDS- PAGE gel. The level of NOS-II protein
was detected with a species—specific anotibody
and normalized to the level of P-actin
expression. eNOS indicates endothelial NOS.
Bottom, Serum- starved HUVECs were incubated
for 15minutes with vehicle(Veh), Rgl, or Rgl+
LY294002 (LY). The lysate was resolved on a
SDS-PAGE gel and probed for phospho-Akt.
Normalization was done relative to the total
Akt levels
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1} Pipili-Synetos %< NO donor7} chick
chorioallantoic membrane assay°l|X] aggressive
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Releo] 8-S AA WollA angiogenic effectE 2}
w3kt (Fig. 4). o] Z¥k= NOSIIVE A=
of e Aol BHE o] 7] wel 2
& zh=t} g2o] NOol|l ol&) mi7f== Rglel
&3+  vascular endothelial growth factor®}
fibroblast growth factor-22] tubulogenic effectol]
gk Ais 7hsA gk o] s BEE2 NO
of 93t AlsHLAAE T3 A =3}
7] wjZo|th

Rglol 9Ja =% tubulogenensiss L-NAME
o ofal] $hd3s] Al =A% Rble] 7-f-elxe=
AbgE G35 YERA] ettt Rblell 98] =%
AEZZ2e L-NAMEe]| oJ&] FitAo= A3)x
Atk o= Rbl &35 mizlehs H7HAQl A =9
EAE gAls) #Hto] Aol A Rble tyrosin
kinaseg A&lgttta ®il Ut} o]= HGE/SF
o o8] §%=%¥ chemoinvasion® A&HS st
T Ak olyg MEU AsHEAA L] Aol=
Wal A o] uEy Gl A phenotypeo] A%
th= 3 YeRich

o]2{3t ginsenoside=2] EAdHl2lo| e &gk
ztoli= WEAE|EA o2 Aozt Al gk YT A



AETIE M173 M4R(2004. 12) 115

il Stk o]Fe] daES o 9
% (diabetic retinopathy)oll <1<} 22o]
3fjel

Jij_tg}\é uohzﬂ—
EERuRE
219] Rbl-like molecules®] o2 st
(chemopreventive role)S &&= WM proactive
modulatord] RglS A3 &Ae]  digk ¢
(prototype) 224 chemical scaffold®] ©]-8&7}s4
= AAE Aoltk wg & A= rAEE HEY
Rel#} Rble] Z7tol] oz Al74dgk FE&o] &

B ATE B 5 Yo wAe Ed) 28
o i3t ol BIN7% ek Heol Ew} A
94 % ?WHIOH Jepe 2wt oplel 71E A

ol whe} fingerprint7h vwH = Slvh=
9lth, DSHEAS] wawl ofokm 22

ARz b|b oju gl g el A o
AL gl A S71E AEoR k. :Lﬂi
AA 8rE A= SA iR B
X8 W opet FDARS] 711417} &?ﬂ
=gtk RISReR AREE Aud ok
ePdstar @] glvk Q142 AR a7

Brks AEA AN wge T ok we
Hio] Nz WAL B, Y, AENEF
ol w2 Jbea Qe

B ATE Qe guEE A8 sk T o}
A frol FAE QRowA BT UL AR}
= PARNe B9 BEse Fage Pxsu
ik

5. B

1. Marcus DM, Grollman AP. Botanical
medicines: the need for new regulations. N
Engl J Med 2002,347:2073-2076.

2. Ang-Lee MK, Moss J, Yuan C-S. Herbal
medicines and perioperative care. JAMA.
2001;286;,208-216.

3. De Smet PA. Herbal remedies. N Engl J
Med. 2002;347,2046-2036.

9.

10.

11.

12.

. Sato K, Mochizuki M, Saki I

. Hu DE, Hiley CR, Smither RL,

. Gillis CN. Panax ginseng pharmacology: a

nitric oxide link? Biochem Pharmacol.
1997,54:1-8.

. Morisaki N, Watanabe S, Tezuka M, et al.

Mechanism of angiogenic effects of saponin
in  human
cells. Br J

from ginseng Radix rubra
umbilical vein endothelial
Pharmacol, 1995;115:1183-1193.
et al
Inhibition of tumor angiogenesis and
metastasis by a saponin of Panax ginseng,
ginsenoside-Rb2. Biol Pharm Bull

1994;17:635-639.

. Folkman J. Angiogenesis in cancer, vascular,

rheumatoid and other disease. Nature Med
1995;1:27-31.

et al
Correlation of 133Xe clearance, blood flow
and histology in the rat sponge model for
angiogenesis-further studies with angiogenic
modifiers. Lab Invest. 1995;72:601-610.
Sengupta S. Gherardi E. Sellers LA, et al
Hepatocyte growth factor/scatter factor can
induce angiogenesis independently of
vascular endothelial growth factor. Arteriosder
Thromb Vasc Biol. 2003;23: 69-75.

Sengupta S. Sellers LA. Li RC, et al
Targeting of mitogen—activated protein kinases
and phosphatidylinositol 3 kinase inhibits
hepatocyte growth factor/scatter factor-induced
angiogenesis. Circulation. 2003;107:2955-61.
Crum R, Szabo S, Folkman J. A New class
of steroids in the
presence of heparin or a heparin fragment.
Science. 1985;230:1375-1378.

Sengupta S, Seller LA, Matheson HB, et al.
Thymidine phosphorylase induces angiogenesis

mhibits angiogenesis

In vivo and in vitro: an evaluation of



116

U NEPE/QAN Bpi(angiogenesis) ZE ORH S(FE)a F(ER)

13.

14.

15.

16.

17.

18.

10.

possible mechanisms. Br. J.  Pharmacol
2003;139:219-231.

Yun T, Lee Y, Lee YH et al
Anticarcinogenic effect of Panax ginseng
CA. Meyer and identification of active
compounds. J Korean Med Sci. 2001;16
(suppl):s6-s18.

Duda RB, Zhong Y, Navas V,

American  ginseng and  breast

et al
cancer
therapeutic agents synergistically —inhibit
MCF-7 breast cancer cell growth. J Surg
Oncol. 1999;72:230-239.

Lee K, Wang H, Itokawa H, et al. Current
perspective on Chinese medicines and dietary
supplements in China, Japan, and the United
States. J Food Drug Anal. 2000;8:219-228.
Yan X, Zhou J, Xie G. Mine GWA, ed
Traditional ~ Chinese  Medicines: Molecular
Structures, Natural Sources and Application.
Hampshire, UK: Ashgate Publishing;1999.
Dimmeler S, Fleming I, Fisslthaler B, et al
Activation of nitric oxide synthase in endothelial
cells by Akt-dependent
Nature. 1993;399:601-605.
Fulton D, Gratton JP, McCabe TJ. et al.
Regulation of endothelium-derived nitric
oxide production by the protein kinase Akt.
Nature. 1999;399:597-601.

Ziche M, Morbidelli I, Choudhuri R, et al

phosphorylation.

24. Li

Nitric oxice synthase lied downstream from
vascular endothelial growth factor-induced
but not basic fibroblast growth factor-induced
angiogenesis. J (in Invest. 1997,99:2625-2634.

20. Pipili-Synetos E, Sakkoula E, Haralabopoulos

G, et al. Evidence that nitric oxide is an
endogenous antiangiogenic mediator. Br J
Pharmacol, 1994;111:894-902.

21. Pipili-Synetos E, Kritikou S, Papadimitriou E,

et al Nitric oxide synthase expression,
enzyme activity and NO production during
angiogenesis in the chick chorioallantoic
membrane. Br ] Pharmacol. 2000;129:207-213

22. Lee PC, Salyapongsc AN, Bragdon GA, et

al. Impaired wound healing and angiogenesis
in  eNOS-deficient mice. Am J Physiol

1999;277:H1600-H1608.

23. Dou DQ, Zhang YW. Zhang L, et al The

mhibitory effects of ginsenodises on protein
tyrosine

reoxygenation in cultured human umbilical

kinase activated by hypoxia/

vein  endothelial cells. Planta  Med
2001;,67:19-23.
X, Guwo R, Li L. Pharmacological

variations of Panax ginseng CA. Meyer
during processing. Zhongguo Zhong Yao Za
Zhi. 1991,16:3-7

<&EA : Crculation 110, 1219-1225, 2004>



