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ABSTRACT

Objectives : This study was performed to investigate the influence of black ginseng radix extracts (BG) and
ginsenoside Rg3, Rgb on basic fibroblast growth factor (bFGF) induced proliferation, migration and capillary
tubule—like formation of human umbilical vein endothelial cells (HUVECS).

Methods : HUVECs were cultured with BG and ginsenoside Rg3, Rgb at different concentrations (60, 125, 250,
500, 1,000 ug/m¢) for 2 day in the presence of bFGF, respectively. XTT was used to detect the proliferation,
Migration and tube formations were examined to detect the antiangiogenesis, Also, the chick embryo
chorioallantoic membrane (CAM) assay was performed to detect the antiangiogenesis,

Results : BG and ginsenoside Rg3, Rgb significantly inhibited bFGF-induced endothelial cell proliferation and
migration in a dose—dependent manner, Tube formation in bFGF—-induced HUVECs were suppressed by BG and
ginsenoside Rg3, Rgb. Moreover, BG and ginsenoside Rg3, Rgb (30—50 ug/egg) inhibited new blood vessel
formation on the growing CAM,

Conclusions : Based on the present results, it can be suggested that BG has a potential chemopreventive agent

via antiangiogenesis,
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o B A7 o S g3 dAEAE 1]
gsto], & U AEZ2 human umbilical vein
endothelial cells (HUVEC)®] S4F W Z4te] F AJE<l 9l
AAEEY Rg39t Rghe A A|5te] proliferation assay2t
migration assay, tube formation assayS AAISIRIL, in
vivo @22 Chicken Chorioallantoic Membrane (CAM)
& 0|83 assayE AWt §ogt daE Ag7lol Bast

o}

Az 2 Py
1. A&

Al AREE AlF W 77l Gelatin (JUNSEI,
Japan), PBS (GIBCO, USA), 96 well plate (SPL,
KOREA), BSA (ameresco, USA), bFGF (Sigma, USA),
heparin (Cambrex, USA), FBS (GIBCO, USA), XTT
(Sigma, USA), 738z (579, Intralipid 10%
(Freseninus Kabi AB, Sweden), PMS (Phenazine
methosulfate, Sigma, USA), EGM media (Cambrex,
USA), USA), Elisa
reader (Mediators PhL, Diagnostics systems, USA),

EGM-2 singlequots (Cambrex,

Polycarbonate membranes (8—x m pore, Neuro Probe,
USA), boyden chamber (Neuro Probe, USA), Diff Quik
solution (Sysmex, Japan), matrigel (BD Biosciences,
USA), QIiH|o]El(SANYO, Japan), thermanox coverslip
(Nune, USA), Image Gange V. 2.54 (Fuji, Japan),
OriginPro 6.1  (OriginLab UsA),
microplate reader (Molecular Devices Co, USA) 52 A}
S5t

E3 A AMEE SAR ' FAAFOlA Aulg 10
LA 5 S Yt AAVIE AFHS & 2 A
27t Bag HYe ol gste] Azstgon, Sake] F Qi
AEIQl Rg3¢h Rghi ofu] Hugh upy'Yol i Hajs)
o ARGSH4TH

Corporation,

2. M=}

F# Wo] AEZ HUVECsS 4Hd ARRQlatol| A F-gFatot
Jaffe 9?02 primary culturedt Z& 0,1% gelatineo]
coating® plate|A 3 ng/m¢ bFGF, 5 unit/m¢ heparin,
20% FBS7F 7" M199wiX| oA 5% COs, 37CRALE
vkt

3. Cytotoxicity assay

AEZFE 0.1% gelatino] FHH 96-well S o]E0]
1x10" o2 73 24X7F & A8E Hlstdnt. 24417t
vl & PMS (sigma P—9625, 1.53 mg/m¢) 10 w9} XTT
(sigma X—4251, 1 mg/ml) 1 m0& EFSI welld 50 wl
£ AH7IEE & 2417t Zo|| microplate reader 450 nmojlA]
THEE S5 xS VISR A2 AEHE A
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Abstgict,
4, HUVECs proliferation

Proliferation assay:= XTT @4 & o]g3te] A5+
t. Aol AgERY 23t @I E (HUVECS)E
0.1% gelatino] ZHH 96—well ZHo|Ed] 5x10°c2 &
Folo] 24A17F viFAIZI & 5% FBSHE A7ME M199ujR| 2
BAIZE B3 starvation AIFHTE 5% FBS, 10 ng/ml bFGF<}
5 units/ml heparino] H71E M199HjA2 AR2E ez
Bjste] 100 w¥ H7lste] 48A17F B¢t wiekAIH T PMS
(sigma P—-9625, 1.53 mg/m¢) 10 e} XTT (1 mg/m¢) 1
S EFst] welld 50 wE HRE F 24 F9
microplate reader 450 nmolA FFE=E A3t iR
T VIS0 E A2 YEHE AL

5. HUVECs migration assayzz)

0.1% gelatino] ZEH 6-—well Z#o|Eo| HUVECsS
3x10°02 seeding 3 ¥ 24A17F Fo]l 200 w tipo2 A
AR g = PBSE A|Hst), 5% FBS, 10 ng/ml bFGF
9} 5 units/m¢ heparin®] F7IE M199ujR|Z2 A2E =
H2 AEg & 15X it PBSE AlF
Diff—Quick fixativeZ A|3ZE IAA|7|2L Diff—Quick Sol.
o2 NEZE gM & Axiovert S 100 light microscope
(Carl Zeiss, Inc., USA)olA 50u&2 AMKS Ho] ol&H
Nz =& AEsiar

6. HUVECs differentiation (Tube formation)
assay

Differentiation assay= Grant$9] €% & o]43}d
tube”} FAEE= AL FASHET Growth factor reduced
matrigel 200 W& 24—well S 0|ES EF3}o] 37ColA
3087t FESETE. 5% FBS, 10 ng/m¢ bFGFSF 5 units/
m¢ heparin®] ZH7}E MI1998jR2 A|Re} Y TAE
4x10' EFste] 500 wH HFsgch, SAdRT=
bFGFE AHstA] @=t}. 9AIZFEeE wieF ¥ Diff—Quick
fixative® AM|EZE 1AA]Z|2L Diff-Quick Sol. 0.2 AEZE
GAE & Axiovert S 100 light microscope (Carl Zeiss,
Inc., USA)OIA 5081EE AMKE Ho] gA4H TS 23t
ot

7. Chicken Chorioallantoic Membrane(CAM)
Assay

194 (0gH) @ ATE wigr|odA RESA AT old,
Hjkr]e] 2EE= 37-38TR, $E+ 90% oA fAHEE
FA2 AT o7l 0d Hig ST AkghE o
18ColA BokE 2] 3-49 oY AL witth

BUA (M) : SRV WEY BREC| 2T FS W,
OF, $HOE HolEw 5wl FAIZ FYS W e ¢

W 2w Y= Bohjglrh el AxEA gm ®
Qe e PHE SHYOR BT T PYo) o=
SHE% 3 ohA] wiRAIZch

odh oy

495 (3LH)) : £ATY air saco] Y= B(FAP] 4
o M&)oz A 29-3 m A7]9 ¥¥ window:E U3
AT IlE AT W {EEHd R g oA HiFA|
Aok, #1293 windows W HHS RS 42 5
] 44 ol ¥ 5 | § UAeE AL &
Wigich oln ARAZEE7F Foz "oz YrE Folt
ST windows W W HAZFEE] 7he Eio] Ho|
= AL Yujgitt,

594 (4.5¥H) : o] A7} =W CAMo| AAEH, 1
7ol 2-5 m A= Hth ARE ol TR B ok
4 S2= Thermanox coverslip ol 10 w® Hojxg]

clean bench ¢tollAl WHTh 7|4  Thermanox
coverslip2 7F2 Z&t 4583519 clean bench® UV o}
oA overnight Al Aoty =& FHAS LR &
oz CAME Zlo} ERIst & AXNO=R A7t AHId
Thermanoxg o] ZAAFHA el A FHEHIAS
2 g9}, olnff AMgSE THe, Z, AR 52 T0% ok
2 AEsto] ARgSkaL, WAL ARE SHUSHY loading® o
uih AEste] AMESEGoH, Ve ARV|GEE AT I
A=A G=E FStHA AME-SFATE

kI do

744 (6.5¢H)  SEHUS AR EUUY. AR
Intralipose (fat emulsion)& 1 m¢ F3txL, 7|ZE AATH
¥l CAMS| H}Z ol BEo| sttt o|uf A nige]
FE dvs BT 4 Uik FAPIZ Intraliposed 5
4 = o] XA gusE FYstgon, T Ed
ST R 2 F9siart

y¥as 9 22
1. HUVEC proliferation HQA|&-&

NS HallAe ERUgAErr S4E & 184
AZE T gd=2Fe F Ata, FFYOAESe] &
slete] @S FASHA Hh bFGRE AR 349 A
ZQl HUVECY #HE3t 3P4 EIARA in vitrot
in vivo A@AA TFsHA AGEHARL Qe ELol
Z4ko] bFGFo|| QafiA f=d ANETFA FA AT
AL #EE7] st WA 60-1,000 ug/ml FEONA
HUVECe] tigt NZzEA4L #Es 2 AxEE54L e
WA gkgreon], BAREEO] bFGFY oA S=d i
o Az ZAAATAL Fig, 1.9 el sS4
ZE2 bFGF 98- =" HUVEC & F2& 5= g
4oz AdAEPt. &, 125 wg/ml SZAHE
HUVEC?] 4 JAIstg e 524 AA 500 ug/m
EEo)AE 58%, 1,000 wg/ml FENAE 67%Y FAL
AT,
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Fig. 1. Effect of Black Ginseng Radix Extract on bFGF—induced
Proliferation of HUVEC

All data were expressed as the meanztthe standard deviation,
and statistical significance was analyzed using a one—way ANOVA
followed by a Newman—Keuls Multiple Comparison Test. P values
{0.05 were considered significant, All analyses were performed
using the GraphPad F’RISM® version 4 statistical program
(GraphPad Software Inc., San DiegoCA, US.A). Values represent
the mean=S.D. &K0.05

3, Ak 272 AN 93 FowrE Skl St
ZAsH= QAALEU S o HEES0| sKEEE o] Sto] vl
A thel QakAtEde] ZAlgttky g ot Ed &
AR Sabe FETE who] oJEA A2E7] wiEe] o)
HlaA o W o] Qlambzdo] A5 Hrh E3) 44t
olut Taboli 2% EAISHA|T St Eolxoz wo| £
Sh= QMMIEU L Rg3 ® RghE UeEiA glom FATALS
EFsle] ket @4 Uehddn g8A o wet
A BiEEo| HUVEC ZAAEAS Uehjo] B4k9)
%9 AEel Rg39} Rghel HUVEC ZAoA@AS =43}
1A skglt Rg3 H Rgbe Aol AMERF 60-1,000 wg/
n SN HUVECS] tigt MZEAS st Zu fZE
Ae UehiA ggkon, AEANE Fig. 2 @ 30 Uehy
otk Fig, 2,049} o] Rk kwojEx oz HUVEC &
AAAYE vehfgon, 250 ug/ml SENARE o4
A ARBEE Uehfo], T 500 ug/mAINE 32%,
1,000 ug/ml FEAHE 62%2] Z2oA] BHL ERRg
t}, E3 RgSE 9Al Rg39}t mpE FmoEoz
HUVEC ZAloA8He Yehfglen, 500 ug/ml S=olA
Be §o4 QA AABAS dehfol, 500 ug/meelAlE
21%, 1,000 ug/ml FENAE 61%2) Z2oA] YL e
ik (Fig. 3.).

Proliferation
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Fig. 2. Effect of Rg3 on bFGF—=induced Proliferation of HUVEC

All data were expressed as the meanzthe standard deviation,
and statistical significance was analyzed using a one—way ANOVA
followed by a Newman—Keuls Multiple Comparison Test. P values
{0.05 were considered significant. All analyses were performed
using the GraphPad PRISM® version 4 statistical program
(GraphPad Software Inc,, San DiegoCA, U.S.A). Values represent
the mean*S.D. A0.01, /&X0.001
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Proliferation
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Fig. 3. Effect of Rg5 on bFGF—induced Proliferation of HUVEC

All data were expressed as the meanztthe standard deviation,
and statistical significance was analyzed using a one—way ANOVA
followed by a Newman—Keuls Multiple Comparison Test, P values
{0.05 were considered significant. All analyses were performed
using the GraphPad PRISM® version 4 statistical program
(GraphPad Software Inc,, San DiegoCA, US.A). Values represent
the mean+S.D. X0.01, ~0.001

2. HUVEC migration %A|Z-&

SASEE9 bFGFO Qg =8 FIWTA|ze] o]F
AAEEL Fig. 4.9 YeRHch 45252 bFGF 9
A =" HUVECY o]5-& = g&FHoz ARt
Z, 125 ug/ml FEOAEE HUVECY A4S JAIstgeH
250 ug/ml SEAME 20%, 500 ug/ml BEAALE 35%,
1,000 wg/m¢ HENNE 66%2 w24 A HUVEC ol%
AAEAS UERTE, =3 b A vl go] 3k
£E9] HUVEC °|F JAZAHES YHetiisir] fEe] S4to
F8 42 Rg39 Rghel HUVEC olF JAEEE 43t
1% stglck ARAINE Fig. 5. E 6.9 Yebfgich Fig.
5.914¢} Zo] Rg3e FE9EFHOZ HUVEC °lF A
AL Ueidigiod, 250 ug/ml HEAME 17%2 F24 A
7l HUVECY] ol JAI&4S vetligich 2s%=<l 500 ug
/meolAE 39%, 1,000 ug/ml BEoNME 62%2] o] A
&3S VERfSlth E3F Reb®E Al Reg3t IR 5
E9EFH o2 HUVEC F29A1E34S vyeliigles, 500 ug
/ml FEANAEE FolA A AAEAAES vER], 500 ug
/mgoll M= 21%, 1,000 ug/ml FEoAME 56%2] ol A
&S Yepisict

Migration

60 125 250 500 1000

Concentration (ugiml)

Fig. 4. Effect of Black Ginseng Radix Extract on bFGF—induced
Migration of HUVEC.

All data were expressed as the meanzthe standard deviation,
and statistical significance was analyzed using a one—way ANOVA
followed by a Newman—Keuls Multiple Comparison Test. P values
{0.05 were considered significant. All analyses were performed
using the GraphPad PRISM® version 4 statistical program
(GraphPad Softyvare Inc., San DiegoCA, US.A.). Values represent
the mean+S.D. X0.01, A&0.001
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Fig. 5. Effect of Rg3 on bFGF—induced Migration of HUVEC

All data were expressed as the meanzthe standard deviation,
and statistical significance was analyzed using a one—way ANOVA
followed by a Newman—Keuls Multiple Comparison Test. P values
{0.05 were considered significant. All analyses were performed
using the GraphPad PRISM® version 4 statistical program
(GraphPad Software Inc, San DiegoCA, U.SAA). Values represent

the mean+S.D. X001, ~ A0.001
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Fig. 6. Effect of Rgb on bFGF—induced Migration of HUVEC
All data were expressed as the meanztthe standard deviation,
and statistical significance was analyzed using a one—way ANOVA
followed by a Newman—Keuls Multiple Comparison Test. P values
{0.05 were considered significant, All analyses were performed
using the GraphPad PRISM® version 4 statistical program. Values
represent the mean+S.D. X0.01

3. HUVEC tube formation JA|Z&

daduNzs SAE F A8 A4S T8 o 23S
el A, @A zse] E35te] HEHoe= o
FsHA At mebd @Az £33tz st
olRE tube formation assayE AAIStcTh Fig, 7.0A
é°] HUVEC Al /\l*,ﬂgd—l-ﬁl ol}el bFGFE A2
A tube P40l & O|RORTE & T 4 UM A7)
o ZHFEEGO ug/m)S x%ﬂs}‘ﬁ HUVEC tube 40|
A W 5 U

EF A0 F8 ¥ Rg3% Rgb59 HUVEC tube
formation ARAIFAEL =31 Pt AIANE Fig,
8. % 9.o Uehflch. Fig. 8.olx¢t Zo] Rg3= 30 ug/
m¢ %04 HUVEC tube formation JAIZAL e
th. Fig. 9.9014¢t Zo] Rgb= Rg3%t vbd7HAIZ 30 ug/me
2z o]|A HUVEC tube formation SAIEAL vFehfgich

o m$ rulo

5

—r—’

(—bFGF) (+HbFGF)

(+bFGF+BG 50ug/md)

Fig. 7. Effect of Black Ginseng Radix Extract on bFGF—induced
Tube Formation of HUVEC

(—bFGF) (+bFGF) (+HoFGF+Rg3 30ug/mQ)

Fig. 8. Effect of Rg3 on bFGF—induced Tube Formation of HUVEC

(—bFGF) (+bFGF) (+HbFGF+Rg5 30ug/ml)

Fig. 9. Effect of Rgs on bFGF—induced Tube Formation of HUVEC
4, in vivo ARET AAZE

SiEEE 9 S = AJEQ Rg3% Rgb7F HUVEC
o] FAAA|, olFdA ¥ tube formation JAEFE et
WE IFst in vivo AES FoA S AER A
e TR Stk £ A= 89 Chicken
Chorioallantoic Membrane (CAM)2] A& FA oJHE
dotR7] 43 bFGFE Aesty IS F=d & A4
&%, Rg3, RgvhE Fofatgith

@Q%J}t Fig, 10.o Jetfoitt, Fig. 10A, AL} 2ol

4%l bFGF (100 ng)E AHz|std o] & FHES
%T T Al 971 SAFEEE(Fig. 10B, 0.1 ug/ege)<
Agstd d@Fdol Aol AR 8% 1070 F 6717t
AR =t (60%). E3F Rg3 (Fig. 10C, 0.1 ug/ege)E A
gt Aol AMgE 8% 1070 F A7 9A (T0%) =

°w, Rgd (Fig. 10D, 0.1 ug/egg)E Azshd Aol At
43 3% 107 F 5707F oA = AT (50%).

B4R olu] FABAIL wR o A BTV 1
Ehfjo] @2 TS o1 Qe sREstoltt U St
Forgdol digk AR 2R dFhdEel gk A7t vl
3t AejolEg2 S4ke] AET AAEAS TEstA 5HG
oh b Ansh uiel Zo] ARBLFYL A TF 8F
I Mool WHZE Aol flen, olF HiEeR =9 F
Sof FUA & o7 A XBAR o3| Y3k EH Al
A AAA A7 Eds] JIYPE ok 19719 Folkmano
oA A FFol EAT AL Y & IS o
Asle Edol &A= 7Pgokl  ASE anti-
angiogenic therapy’l SARE {3t oz AT o
" Harvard®jt}e] Vallee ol oJ3) @A Gechagel
angiogenin®| AFES] fg@Hifne] g2 RE Hx=2 He
HA, 199490 ] 4SS 2 = FY T »
ZogHE 38kDa2] angiostating 2o
angiogenesis GAEIE FIF o, 1997dNE= 20kDall
endostatin®]gle EZE EEdyo] difuiNzel 434S
ARl ATE FRISFET, 1998Wol= NCIoA ZA|Z e
2 angiostatin®} endostating FA|o| F93te] FHo fatH
T S dARRE dRFgeREN, T YA}
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Nze FF Aaggos AA S B4 9. @
A7k 4R angiogenesis  HAAIE=  angiostatin,
endostatin, 2—-methoxyestradiol, TNP—470 S°| gloH,
2|2 u]2oll A Avastin (Anti—-VEGF mAb)©] 2004¢ FDA
3|7} HEate] AW 2o 9lom, vitaxin, EMD 121974 S
o QM AIF B0l k. ole 2ol WS 2Hale 27
& gohilel WA USRI AH 2 olge iz
detel HuAR Agalel RS Folslurke dlEA
A7) SN Bedel BB AAgoR ogos
A FEgo] gl ol FEAE LY = doke FHol
ot el e AERF Aol mA= Gl it ATE
AR 4 9 S g@ol EXdte JIAAREd Re ¥
Rele AAEHE4 20988 dehickn e o™,

Fig. 10. Effect of Black Ginseng Radix Extract, Rg3 and Rg5 on
bFGF—induced CAM

For CAM assay, 10 eggs were used per group. Saline (A, 10 ul
/egg, negative control), black ginseng radix extract (B, 0.1 ug
/egg). Rg3 (C, 0.1 ug/egg) or Rg5 (D, 0.1 ug/egg) containing
cover slip was respectively located on CAMs of 4-5 day chicken
embryos as described in material and methods. After 2 days, the
number of avsacular eggs were analyzed and photographed
under stereomicroscope.

AFolAE Bake] ANETPA ARBARLS FH
HGM 32228 HUVEC o] Hesle] HUVEC 24, o]
=, tube formation ¥ in vivo AFoNA AAETLF Al n]
A S AwE AT} Rgl D Red ATel: Wiz %
=oEFon AL Yerde Flstget. ol At
L 3ol wE EAEtE Sibo) wo] EAske QaakEd
Rg37F ANET AIZE-S Uehdids 7)&9 dpan™
o} dx|ak= Ho@A Qo] ERJsHe Ak Txo| ule}
A ARFEBEAe| W avt g2cks AL oujgitt
= Quike] &I Zof QA AbEU ] OH7I Aol
9= g 7}11 & QJEESo] do| YA ThEaHe| T2
22 A4 i Amd oz wWalE)y] wie Sk T4 2
ko] AFRPA | v Al gebdcE RS 9wl
gt weh g 3 SARS olg3h dekH A 9 Rg3,
Rg5 o9 Sate] ZAsHs 2 QRMALEIS gt A4
AP AATAY L 7| HAT it SrbAel A7 "Wad
Aog wehEr)
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71E9 AFAQ WE 52 WHol ofd AR
A2094E o] &3 THE Axsie WHE o83ty S4ke
AxsH o S4to2HE S Bolxgog go] EXsk=
A4AEY Rg3, Rghs #eE|ste] A2l HUVECH
bFGFE AHTsle IS §=3F &  proliferation,
migration, tube formation®] v|X|E H3FE Al EQFOMH,
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