SopizIgeIstalxl K 18H 63 Korean J. Oriental Physiology & Pathology 18(6):1686~ 1693, 2004

Anti-metastatic and Anti-angiogenic Activities of Ekong-san and lIts
Metabolites by Human Intestinal Bacteria
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Ekong-san(EKS) was expected to have inhibitory effects on angiogenesis, considering the fact that its
constituents such as Ginseng Radix, Glycyrrhizae Radix and Citri Pericarpium were reported to inhibit angiogenesis.
Moreover, recently several metabolites transformed by the human intestinal microflora were reported to enhance
effectiveness compared to their crude drugs. Based on these data, this study was designed to confirm whether the
EKS metabolites (EKS-M) can significantly exert the anti-angiogenic and anti-metastatic activites. Hence, with EKS and
EKS-M, viability assay, proliferation assay, in vitro tube formation assay, gelatin zymogram assay, in vitro invasion
assay were carried out. EKS showed less toxicity in ECV304 and HT1080 cells than EKS-M. EKS-M inhibited the
proliferation of HT1080 cells by 30% at 200 xg/m¢ and 42% at 400 ug/mé respectively. Also, EKS-M degraded the tube
network at 200 wg/mf. EKS and EKS-M inhibited the expression of MMP-Q at 200 and 400 ug/mfin HT1080 cells. EKS
reduced the invasive activity of HT1080 cells through matrigel coated transfilter atthe concentration of 200 xg/mé more
effectively than EKS-M. These data suggest that EKS and EKS-M has anti-angiogenic and anti-metastatic activities.
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1. N5
1) Mz

QITIY WewERMR MEE BWSlAZ ECV-304 (ATCC
CRL-1998; transformed human endothelial cell)2} HT 1080
(KCLB 10121; human fibrosarcoma)E 8iFsla] A& ol ARESH
ot ECV-304= medium 199 (M199)of] 10% fetal bovine serum
(FBS)z} &HBA (penicillin 10 units/mé - streptomycin 10 gg/ mé)
E Hriskd siFeled I HT-10802 Dulbecco’s Modified Eagle
Medium(DMEM)oll 10% FBS % ShREXE Hrlsly 37T, 5%
COz AMIEHIZT]0lA] Bl keI

Table 1. Ekong-san

BEg E3:5 Bi
N Ginseng Radix 49
Bt Atractylodis Rrizoma Alba 4q
20 Zingibens Rhizomal(dried) 49
HE Glycyrrhizae Radix 49
R Citn Pencarpium 49

BET 209
2. W

1) 2229 ZA)

O1F4E FElE ¥ Z&YHo] 21 23} 85% Methanol&
AR TR B2 dol 4% 1% BY JFF Thg 50T
ol 4] SM|7M 28] RETMEZIZ BElH A€ 7Iskd AR

9 EdlE FLXoIUCE o] HE filter paperZ EMESH TH2
rotary vacumn evaporator(EYELA, JapanjollA] R E#ESH 5
1000m¢ round flask ofl &7 freezing dryer(Eyela, Japan)& 244]

7F SO HifE Sk AR Be dEol ARE6iirkyield:

AlZO FundEAE] 2 lAR2EY Alx
AASH ALREY BH 5g2 F71d BRI (L 20 Mf, &
ol #Etslo] 500rpmofl4] 5274 2141 2elsle] 45dEg Al
o] 45N C}A] 5000xg(7000rpm), 4T oA} 3087} YA LTG5}
A F7IEERAIE 28] MAGHd A RIEEECE ARSI
Ol F4HY] ZEEATIA 1gE 100mlQ) F7)d 2Mu)Alo) 87}
Sld EIIHOF 37°C oAl 48A]7F B¢ ¥F2A)A ethylacetate
1000mIE #£& & i BH01 ARZE AHESIA
3) Viability assay

olFAt} o] FANAIMY MERSE Hlekslr] flold 2t
HEZo] AEE M3 & Mosmann®] MTT assay'& HE 51
ZHBIACE HA BE QM TS 2x10° cells/100 p0/well®] WE
Z 9%-well cell culture platec] BETIO 24A17HE didst = wi
QNS FolFEArt. mAS HE uierdol= FBSE M 716K &
1 of7jol 0]Z4 FEET} OlZANAKIE 242} 50 - 100 - 20
0- 400 pg/me9l sE= A2Isle] 204171 skt 18 T
Celltiter 96R Aqueous One Solution Reagent (Promega. U.S.A)
£ 10 pt/wells FHrisle] 158 & AM7z9] widol el iH
microplate reader (Molecular Device, US.A)E ©|&d] £&u}
2 490 nm - FUnhE 650 mE ZASISC

Viability (%) = average of absorbance of sample x 100

average of absorbance of control

4) Proliferation assay

HEE 96 well plateof] 217} 2x10%ells/welld) HIEE 10%
FBS7} &+ ui Al 100409} B seedingGloirt. 2441710 Rt
& O] ZASEE Y | ZARNAAEZEZ}E 50 - 100 - 200 - 400 gg/
mE2 7isk] k2] wellol Faiglil &Aloll BrdU labeling
solution 10x¢/wellS 7}31TE 18A]7}0] Xt & ethanol 70%
in HCI(7m¢ of 100% ethanol, 2.33m¢ of distilled water and 0.67
m¢ of hydrochloric acid) 2004¢/well& 715t -20Col 3027}
Fol M2E 1A & PBSE 20040/ well2 33] washingdIATt.
TA] nuclease 100uf/well22 718} & 3087} 37°C waterbathol)
Hol FQE7b PBS 200u¢/well2 33 washingsIQIEl THA]
anti-BrdU-PODE 10040/ wellZ£ 715} 30 27} 37C waterbath
ol & & washing buffer 200pu¢/well2 33] washingd}3i
PeroxidaseE 100uf/well& w1l 1082
(Molecular Device, US.A)E &% I}& 405nm, #h 3h&r
490nmofll A1 Optical Density 3t& 22ACh

5) Tube formation assay

Zof microplate reader

24-well cell culture plateE F& TAlol =1 matrigel 200
wE 71t & spatulas O|8dll TEEIGIC) MatrigelS H}—
plates= 37T incubatoroll 3~4A17F @IXISIL matrigelo] =5
5ttt ECV-304& EF plateo]] 8x10" cells/well
2 HE35L 10% FBS M-1990] SIS E H7Iskd 18417t &

matrigelo] &
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O HUBIRITE. Control welloll = Z2 &9 DMSOg H 71511
T} 18A]7}F & control wello]l tubeZ} HXE AE 2015 & 2061
S AR EF518itt
6) Gelatin zymogram assay

MEE 6-well cell culture platedi 1x10° cells/well 2
seedingd}o] 2 meS) 10% FBS7} €59 iR gIA 24417 B0}
37C, 5% CO, M ZuiF7|o]A] uieFsiirt. 7 & 1 md PBSE 1
3l MABIL 1 mQ) serumo] AAE MAE WAHT F o]S4t
ZEE O|FUNANE STEE H715HE control cellolli= 2
2 40| 84 DMSOE Foiald CO; Al ZEnjetrlolA uier
9t o2 g ROEHL 1241710 BAd o 100 ng/mlS
phorbol 12-myristate 13-acetate (PMA)E FoI8l9ic). 18 ti&
124171 S0t st & syl g Fglod 1000 rpm, 4T, 5834
A Belsld Az AlE 228 AW & 4EUE Foh
o} 4To] HASIFCI7) gelatin zymographyE Al ST

Gelatin zymographyi= Heussen} Dowdle9] 41&iehi o)
wieh Wi E sample buffer (10% SDS - 4% sucrose - 0.25 M
Tris - HCI pH 6.8 - 0.1% bromophenol blue)2} 3 : 12 & F
71E5IA & A 04 mg/mi gelatin B (Sigma)E ZESH 8%
{(w/v) sodium dodecyl sulfate-polyacrylamide gelol|l &7}k
H71FEBICE H7IEE & gel& 2.5% (v/v) Triton X-100
(Sigma)oll 3024 33 MESlH geld SDSE AAS F
substrate buffer (0.05 M Tris - HCl pH 7.5 - 0.15 M NaCl - 0.01
M CaCly - 1 uM ZnCl; - 0.02% NaNs)of| & A} 37CollA] 244]
Zb =0 HI2A17]1 & 10% methanol/10% W EAY/01% (w/v)
coomassie brilliant blue G-250 (Sigma)ol] 6417} &¢QF F4HA17]
% 10% methanol/10% &4l 3A17F S0 BRIz
Gelatinaseol] 9]8} gelatinolytic activity= HA| 7} MO Z A
B gelo|A] 7)ZL8 FARQ] band7} AEEHE ALE SEHECH

7) In vitro invasion assay

ol

A

=

Invasion activity &2 transwell cell culture chamberZ
018319t M ES7} 5x10" cells/well7} EEE serum free
mediaiz HEIEHE transwell chamberZ SFHCE 7)ol o] &4}
ZEEW O|ZARARKIE SEERE JIBHE o7]d] PMA 100
ng/mlZ Foiglol 24A17F S0 37°C, 5% CO; Al ZEuje7]ol4]
WkSIiEt. Transwell®] membrane® matrigel 5 pg/104L,
collagen 10 pg/100 2 A9} o2l & FHBIS ET[FollA HREA]
71 % PBSo] BAC} D] 87150l AEAIZIE gl A1E
siich.

Transwell chamberoflA] 24A17} &0t uiQk
upper chamberoll &= mediaZ A ASIIL transwell®] lower
chmaberZ 70% methanolol] 5827+ E7F] membraneS SISH
AZE 1HT £ 127 5750 B71 methanolS MASIA
CHA] hematoxylin solution esoin (in 1% glacial acetic acid,
Sigma, US)oll 30& E2& SF4ol 187} &2 & 95% ethanol
of 287F 23] VM "$AFETE olF WEE 0|85k
transwell®] upper chambero]l o} = AZE Hopl &4
o)A g ol8dle 50 S0l FAE MEY 2AE MAUTH

5 transwellQ]

<

|
AEZAT} 0]Z4 YE FEES 200 gg/mY SEAME
049] WEEO| HATI ZAIBISATL 400 pg/meolAl 78%
o] HEEE HAEFUrh Teiut O] SARANY S 200 pg/
me) BLolA 69%2] HEEES HAFAH 400 pg/me) 5&
oAl 45 %9l WEES HAFUTHFig. 1).

HT 10809 S 0lZ4 ZEES 400 pg/mS] SEAMT
AT BI5) 4% MESS BoiFo| Wrlg MZEHS 8
OlX] QXRAOL} Ol BLTHAIE 200 g/ me7MA THEZT Apo] 7}
T} 400 pg/mioll Al 54%9] WEES HolFol AskolM=
NZEH0] A5 LIERITHFig. 2).
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Fig. 1. Viability of ECV304 cells treated with Ekong-san methanol
extract and Ekong-san Metabolite (Ekongsan-M) ( 50-400 ug/m?,
respectively). Cell viebility was determined by mitochodria reduction of MTT test.

Data are expressed as means*S.D. of three independent experiments. Viability of
controlled cells was relerred to as 100%.
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HT 1080 cells
Fig. 2. Viability of HT 1080 cells treated with Ekong-san methanol
extract and Ekong-san-M ( 50-400 ug/mé, respectively). Cell viability was
determined by mitoctodnia reduction of MTT test. Data are expressed as
means=S.D. of three ndependent experiments. Viabiity of controlled cells was
referred to as 100%.

2 Mz &4l tiRle g

A8 A1 o]} HEtE FEES ECV-3049] A% 400 ug
/AT A& ARES LIERNA 2iRhet olFAE thARR] HA]
=Lol vlgisle 2512 548 SX8ISTHFg. 3).

SH3l HT 1080 429 DNA S41€ 8¢ 23t o534t ol
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EtE HEEE ECV-3040] thallA1Q} vl A2 400 g/ meoll A

5 A8 JHES VIERIA LT ZEfut o1& 4L thA & 200
pg/ miol A HZ Tl B8l 70%9] SAEE BoFASH 400 »e
/S BE 2%%] AMEE BoFUCK Fig. 4).
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Fig. 3. Proliferation of ECV304 Cells treated with Ekong-san and
Ekong-san-M ( 50-400 ug/m¢, respectively). DNA synthesis was determined
by Bral incorporation immunoassay Data are expressed as means+S.D, of three
'rdependent experiments, Proliferation of controlled cell was referred to as 100 %.

Protiferation (% of control)
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Fig. 4. Proliferation of HT 1080 Cells treated with Ekong-san and
Ekong-san-M ( 50-400 rg/m¢, respectively). DNA synthesis was determined
by BrdU incorporation immunoassay. Data are expressed as means=S.D. of three
indeperdenrt experments, Protferation of controlled cell was referred to as 100 %.

Proliferation (% of control)

3. Tube formation AF 710l D|X]= Fsk

OI:”'“ HELS AZSE7) 0] 24} tHARRIQ] angiogenesis &1 7]
BWE "rielzi 91510d, ECV-304F matrigelo] E2F 24-well
plateol] A HH oF5led tube formationS S5 3 &, HE ZAl
Shorz Ariet A 2T vlwsie Birh %_0"7“31} S
218} IE oAl capillary tuber} ZF EA % 0] S = &
UL olZ4t iEtg REES Neldh ]m_oﬂ/ﬂ 400 pg/mb
AL tube o] IHZE LIERARITE 0124 HANAE Al
Aol Ale 200 pg/mFE] capillary tubes} degradation &&=
AHS HAZELE (Fig. 5).

4. Gelatinolytic activity AA=7)Fo} n]x|&=

A AT HT 10809] MMP-99] band= 1%& HetE 55
231} o] Z4} tlAK EE 200 ug/meoi Al 2
SHA L 400 pg/meoll Al EHRISHAH ARIEIRATHFig. 6).

Con 50 100 200 400
Fig. 5. Capillary-like tube formation on Matrigel. ECV-304 cells were
seeded on Matrigel and treated with 50, 100, 200, 400 w/ml of Ekongsan (A) and
Ekongsan-M(B) for 18 n

A
Col M - + 50 100 200 400
(kDa)
100
90
B
Col M - + 50 100 200 400
(kDa)

100
90

Fig. 8. MMP-9 expression of HT 1080 cells by zymography. Col
Bacterial collagenase. M: Marker. - PMA negative. +: PMA positive. 50 ~400:
concentration ) of EkongsantA) and Ekongsan-M (B)

5. In vitro invasion SlAjoll O[X]&=
AP ATHFig. 7) o] 4 REEQ
&} ECV3049) = piRTLollA] 85.2+32 o o] E4E 100 pe/
mollAs 972+16.070,2  oi} —67}6}}@ 200 pg/ meo A=
7825+23.6°0 2 ZAGINOL EAXOE KYSHK= AtT) oF
A IS A8 AdlolAds tiART0] 105.8+54.071%3 1) 100
e/ Mo AE 95043577093 1L zooﬂg/meoiiﬁb 51843298 ol
QA 2SI p <0.05). HT 10809} AL 0124t 2E2ES [
8 AdoAds oiRo] 29.6+12. 97HM¢ 100/ mioll A=
26.2+12.993 1 200ug/ Mol A= 1421013702 S48 UA Z45h
(p<0.05). O|FXF URAMHE Aeldt 42 tHEaolie
22.6:12.8/W.01 100/ meoll AT 20.2+9.5293 31 200ug/ mbollAd=
194+14.770 2 24319 0LE BAFHOE 93} Zlol= gt

—Or— TS filter® E3
Hod
)wA

al -

$rolsl 2ol S AR WSS 23 FmEd 289

o} lom, AereisiolAel MET ol B
2SIk BSOS ool HelE mE Ches Aol ol o
v

A AERREe] 20101 g, Ll Al ®
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Fig. 7. Transmigratory cells on Matrigel precoated transwell
chamber. Cells were counted 1n 5 points randomly at a magnification of 400, *
p<0.05

Mean of transmigratory cells
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T EHEE HEEHS VIERNA] 2RO, o] Z4 Al &
400 pg/miQ) STl 45% (ECV-304), 54% (HT1080)0] EAS
LIERA AT

Ol&4T O] Z4Y THALRI 7} M3EQ] DNA H4lof| plR]E o
ghg ot 7] $15lad BrdU incorporation assayE A& GI93ct
5-bromo-2’-deoxyuridine(BrdU)s= ZSAl6k= M9 DNAo|
thymidine THA] incorporationE S FA4 immunoassayol] 9]l
BrdUZt EFECE 48 g1 olE4 F&EE diAe
ECV-30do] gk MzS4Al Adgmdrt LlERIA gigont,
HT10800] thall A= o4t thALA 7} 200 pg/ meoll A REY M ZE

Al AHEHE VIERRRACE

4 E BHUTINETE AARE 0]FT &, AlZ9)
7180l HABIA capillary-like tubeE EHSIOZH IEC)
O]&4 ol B4t ARl EERIY A gte Brish) st

At A, 014 2EE

& BHEYE dHanst fKoL), old4t A= 100 pg/me
STAMEE dagdE dAsIRIct

HE EE BRI EIL =4 ARG 5] A

ECME E2olshe THE 480 Z Ao Siry. ECM ol

A BR2E FEEo] Yl olFollA] collagen type VO] F

A8 59 shiold g EZi= ECME 2allsl] slo] o] 7}

1

&l in vitro tube formation assayE Al

RS AthE BHloket o]&2 38X QR ZnolRo] I
ofor TEAIS Fale 4= 217] whiZol matrix metalloproteinases

(MMPs)E}TL 220 olE MMP family% collagen typelVE
7182 k= A2 MMP-2, MMP-9 5 71X)7} €EiAd 21on o)
S 471 72 kDa, 92kDa®l =HJIE zFal Kt Gelatin
zymogramZ O|E& MMP-2, MMP-99] ulsiy} 84S ool
gigjolct. UEZY olaityt o124} tiAlAlE HT 10800]49
MMP-99] 258 200 pg/ml STollAt AASIACH

O 8 H NI M Z Y] invasion acitivtyE £X617] Y61
&} in vitro invasion assayE A|giSE A1, 0]F4+2 ECV-3049)
BIRL} o] F4E thARAlE 200 pg/mt ST
g EZo] gl FAEUA Bz
Chip <0.05). HT 10802] A o) ZAl ZESS 200ue/nl =5o)
Al invasion cell £ R tid] SOMUA Z4A17I L)
(p<0.05). O] Z4} HAKIE MG wie thR ol Bla) Zasd)

QLU EARCE ]S Alole= ATk

invasion2 HAG1K] &

oflA] invasion cell 4=

0]419] A ZANME Seksled & ul, o] FA QA E9] Ho)
Z A7l Eacl Hrt Aok, old4t A daiig g
sk 5ol Bt 48 ACZ Azt oigk ol#er 23
= in vitro @7FE £¢} A01BE 4H AU JIF7Z Edl Hr}
72 A7 HQE ACE MziErn

4 2

Ol Z4 T} o4 thALH| Q] Qbdo], B #4148

o ATHE
NG ARRHOR FHGkLA vAHY B B 252 ol

- 1691 -



LR R R LRV VS

gol MZEEY, BUHIM 2 &4], tube T, MMP-9 3
S .

O] B4t} O] B4t thAK S E&ildoll thel A F et of

e REUAEY Ho|AHE FrFsIaAl, ECV-3044129F 4

SHAMEQ HT 1080E ©|&3id

assay, tube formation assay, gelatin zymogram assay, in vitro

MNEMEE, proliferation

invasion assayZ A|8519]

o] 34t L4F FEES ECV-3040] Z S 400 g/ meoll X 78%
9] HEEES HAFATE 1L} ol SAERAIAS BF 200 pe/
we STolA 9% WEEE BAFALH 400 pg/mee] s
oAl 45 %9 WEES HAFICE HT 10809] B2 o|E4t 2&
B2 EHE MESHES HOA %o} o] S4HRA = 400
ug/meollA] 54%0) MEEE HAFo Askolie AEZEHo]
28I LERGTE DNA 54] GHE 83 23 o4t HEr=
ZEBE2 ECV-3049] A2 400 pg/mAA T T3 GAES LIE
UIA] QEUTE Ol 4 thARE HA] skl BlHISIH 2518 54
€ EXI5IGCT S8 HT 1080 Al ZollAM T o] 834t HEls S &8
2[5 dAEE VERNAl RtoLt o] Z 4t thARIE 200 pg/
ol Al tHETO) vl 70%2 BZAEE HAFAU2H 400 pg/me
o] AL 42%9] AMES HAFCL tube formation A S oA
= O] HEIZ ZEEE ATIFE uf 400 pg/mloA T tube
ool ThE VERIAIT O] ZARHAIA E Mgt dEwolie
200 ug/meEE] capillary tube”} degradation Tl&= A7 BoF
Rt Gelatin zymography A& 3} HT 10802] MMP-92] band
T 0134 HEtE FEEY 0134 AR 5 200 pg/meollA]
OFSHAl W E 7] AJARSIAOL 400 pg/ meolAle EASEA A=
AEL. In vitro invasiona A A E olF4 FHES BR t3
Y filterg 36 ECV3049] == tiZE ol vlsl] ZAsIi oLt
EARCE [T ZUTL o4 AR E XMEls AF
AJE 200pg/ meoll A FAEUA ZaSIAEH(p <0.05). HT 10802]
4R olFt FEES Aldh Adlolis 200us/mollA K94
UA BABIRTHp<0.05). olE4F AKME AMelgg me R
o] Hlol Z4dlsou SAFECE 7 Rloie Tt
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