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Anti-sclerotic Effect of Cinnamomi Ramulus Via Suppression of MMP-9
Activity and Migration of TNF-a-induced HASMC

Jai Eun Kim, Chang Sup Lee, Sun

g Kyu Choi, Dall Yeong Choi*

Department of Pathology, College of Oriental Medicine, Dongguk University

Proliferation of vascular smooth muscle cell(VSMC) is one of the key features in onset of atherosclerosis and

restenosis after vascular surgery such as stent implant. Ath

erosclerotic plaques are usually composed of collagen,

elatsin and smooth muscle cells. Release of matrix metalloproteinases(MMPs) is considered to have corretation with
development of atherosclerotic plagues. Based on the hypothesis that MMP inhibition would be helpful in the treatment
of atherosclerosis, we investigated inhibition of MMP activity and migration of TNF-a-induced human aortic smooth
muscle cell(HASMC) by Cinnamomi Ramulus(CC). The result from gelatin zymography showed that CC inhibited

MMP-9 activity in a dose-dependent manner. In addition, CC

considerably inhibited the migration of HASMC induced

by TNF-a, while it showed little cytotoxic effect on HASMC. These results suggest that CC can be a potential
anti-atherosclerotic agent through inhibition of MMP-9 activity and SMC migraiton.
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BER 350] Stk CRIMCEE 1F, 348, g, Hd
s BF&UE OW]&‘%OI New TIet EAEY 2EAXE, A

Tk Park Y2 AX|7} LPSE HES ST8F 420 thAlM &
ollA] PGE-2, COX-2, NO, iNOS & @ZEIuzlo] wisliS oix| st
oY RS x5 Wu B2 Axe Rl

cmnamaldehydeﬂ Chro) Q17F QFA|ZEo] thahAl Bel2 4l
MAPK ZZE 447 apoptosisE SE3ICIL Bl E514
2 dFolAls dadoa] ] 20|11 9le AR Tt

2 Ri¥e AUSHESIATE thaos 1 78S Folg
koM 1 F B3] MMP S40HE B3 SENHE Ry
AT EHE 710l ololl Baushs Hlolct
s H I
1 AE
1) ok
B Agdl ALET ailE tiE gkl S5l E20st
3 FolBThEt BelSm el HEst Ag Btk A8
C} RS A 200 gofl 100%9] WEFS 1500 mlE 7}510d 244]
S, 3R] AX FEBCE 22U sl &6k
SEUE 7 BUS g Ugo) AL} (58 3.9%). o] &
TS 100%9] HEREo] =6 ALETINC Fig. 100 theke] 2ayt
e UERIRIC
| Materials (100 g) |
Extraction by boiling water (500 ml, 24 hrs)
Filterate using wattmann paper
I Ppt. I LSup. }
Evaporation
Lypophilized
Resolved in distilled water
Discard L Used for assay l
Fig. 1. Preparation of the methanolr-extracts of Cinnamomi
Ramulus(CC)
2) AJCk

Al Ze kel 2 Smooth Muscle Cell Medium (SMCM)S} o]
of W#l SMC growth supplementZ ScienCellA}Sandiego,
USAjolA TRlB3ict. A&l AT HE Al 248 53
OIGLE AMZBINE

P HE T MEFO Human Aortic Smooth Muscle
Cell(HASMC)& ScienCellAl (Sandiego, USA)ollA] )5t =
TAolA HHEIT U RE SMCMolA] HiESISEEE. W2
37T, 5% COx £X10jA1 olRAITh
2) XTIT assay

HASMCo] thet AX S HEZEE GuE YotHr] s &
23kzlo] & proliferation kit (XTT II, Roche Diagnostics
GmbH, Mannheim, Germany)E AHZSIGTE 96 well plateo]
well & 1x10" 719 HASMCE EF3611 OIS TS =5
(AZET 0 ug/ml) 2 RATIEIATE 24817 HiQE = well & 50 ule)
XTT solution(sodium
3'-[1-(phenyl-aminocarbonyl)-3,4-tetrazolium]-bis(4-methoxy-6-ni

N-mehtyl
diabenzopyrazine methyl sulfate, 50:19} HIEE E8he 715193
th 37T, 5% CO, &A7ollAl 4417+ weF & ELISA plate
reader(Molecular device Co., CA, USA)E 490 nmolA] S&T
£ S0l MiE ESE HETHSY WESE VERIICE oF
A ARG EEEE HE5P] ol MEE AL AnE
A sheflod thET R AEwe 258 vl HETH Fof
AZYEZSE NEST FAIGKY
3) Migration assay

HASMCY] #5552 transwell chamber(Corning, NY, USA)
£ X185k £861%rt. HASMCE invasion chamber®] upper
wello]] 5x10" cells/200 ulE seeding 3+ & X (500 ug/ml)E
A2 IETE lower wellol & conditioned mediumE 500 ulE &
11, chamberS 377C, 5% COy ZAIA] 24A17}F vHSI T BRQE
= filterg wellol|A] AT & IHS HWEOE ol ALE A
gt 2811 A FAKCorning)9] B OhHol Wil MeOHZE
1H5kiL hematoxylin & eosin (H&E) 443
solution @ & &Tjo|Zoll IF Bt HSkdn]H
5lo] o] ARITH Hl2L)
4) Gelatin zymography assay

MMP-99)] activityS &8 5}7]

tro)  benzenesulfonic  acid  hydrate  and

(Ot

St & permount
OF filterZ E1)
T}

6]

o |

& counting

23] 6 well plateo] HASMC

£ EF kst &, serum free medium O F 2X] 7} starvation Al
71 & 273 Thoksl Y] OB 2417F AAZIE % 100 ng/ml

9 TNF-o8 24A17} X133t 2 wleflE sample buffero]
resuspension & 100VollA] H718&E HAISE &, 0.25% Triton
X-1002.8 1025 33] AHoKT EFHeE ML AHE gel
< incubation buffer(50mM Tris-HCl(pH 7.6), 20 mM NaCl, 5
mM CaCly, 0.02% Brij-58)o]l o} 37°CollA] 20A|%F BEZAIZ] &
0.1%(w/v) Coomassie blue SMOFE 30827+ A5l Hzlg
28 AL E BQlgh & Scion Image(Scion Corp., MA, USA)E
zymograme< HATE
5) Western blotting assay

ket 59 UHEE AZIS HASMCE lysate buffer(20
mM Tris-HCL, 1 mM Na2EDTA, 150 mM NaCl, T mM EFTA,
1% deoxycholate, 2.5 mM sodium pyrophosphate, 1 mM
beta-glycerophosphate, 5 mM NaF, 1 mM Na3VO,, 1 ug/ml
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leupeptin, 1 ug/ml aprotinin, and 1% NP-40)Z X2]dICh
13,0000pmQ.E 1587 UAEE] & superatantE ST
Bio-Rad protein assay® O|&3l0] ¢ u58 SESL o
W3] aliquots(30 ug/lane)E 10% SDS-PAGE Mojlx] H71QES

%  Hybond-ECL Nitrocellulose membrane (Amersham
Bioscience, Buckshire, UK)o] transferslict. B& A9

overnight YF2A17] &, enhanced chemilumiescence 2 ThillZl
£ sk
6) RT-PCR
TRIZOL Reagent (Invitrogen life Techonologies, USA)& A}
25K total RNAE RETH &, RT-PCR 78S #d1 1 ugd
total RNAS} AccuPower RT Premix Kit (Bioneer, Korea)& A}
23510 (DNAE 61T T4T DNAE PCRE SE31%
o o] ul AKESE primerss=  MMP-9 (537 bp)
50-CGGAGCACGGAGACGGGTAT-30 (sense) and
50-TGAAGGGGAAGACGCACAGC-30 (antisense); B-actin (247
bp), 50-CAAGAGATGGCCACGGCTGCT-30  (sense)
50-TCCTTCTGCATCCTGTCGGCA-30 (antisense)o|C}. PCR 4}
Z2 ethidium bromide® 2443} agarose gel W71¥SE &
BA5IATE

and

42 ¥

1. AR HASMCol theh B4 (XTT)

CITIEEZA Zo] tigh HEZEHE Loley] fsikd AR
REEE sTHE 247 A8t #, XTT assayE AAlSH 234
(Fig. 2), 1000 ug/miS] BEOA 875%9) HEEE Hof ket Al
FEHS VERIICE 500 ug/mig] EolAi= 3% YEEE
2o, Al 8TE 500 ug/mlZ Holil thg e JE6INT
w5t ARG ARz BRIslod XIT assayE HAISIGE) 24t
0A17Y, 44173, 8A17E 24A17HEQIS) AHIXUG00 ug/ml) HE] & assay
£ g3l Fig. 3¢} 22 ANE GArk AE gEisld AXE
HEIBAT 24A177EA] AZol TS FHS VERIA 2820tk

AR 100%MeOH
200

150

100

cell vabilit{ %)

50

confrd 50

10 200 500 1000

concentrati onfug/mi)

Fig. 2. XTT asaay {(doses)

migration)

AR} TNF-o RE18 E715ks HASMCS fFsdd nrlxlE

ASS Yol 7] 951 transwell migration assayE A H5IR
Tl HASMColl 100 ng/ml® TNF-oE 2407 A2lsled g2
conditioned mediumE transwell®] lower wellol @1, AXE
AR5 & TNF-aE 24|17 £QF A2]8t HASMCE upper well
o Be 3 244]7} 0} 37T, 5% CO; incubatorollA] BBIFAT
upper well9] filter® HE a5l LSIein|Z o E HEBINICE
A3} TNF-oE A28 ME FFE ATl vld) d435] 571
Fliom, 500 ug/mizTo AXE Xl A2 olEA S7H
AZY §FE ZaATIE RS BARE + UUCHFg. 9.

Tire- it assay

“1 |G cortrd
BRIl =

cell viability
(fold of contral)

con(0h) 4h 8h
tme

24h

Fig. 3. XTT assay (times)

TNF -0 only

control
Fig. 4. Migration assay

3, 7 A7} MMP-99] 240 )] @8} (Zymography, RT-PCR,
Western blotting)

HASMColl4l MMP-92 TNF-aof gjall 2 g4o] S7islke
o, B AgoAE INF-oo] 93 FEF MMPOE AR 854
Hog AoA7IER gohBghrt o] 5(0, 50, 100, 200, 500
ug/ml)Q] AXE 2417 MARIGHL 100 ng/mi&) TNF-oE Az
Bl 24417 B A ZHIQSNM S o} gelatin zymographyE 8
3} v}, Fig. 5oll4] B50] TNF-aof 93 |LE = MMP-90] A
ol Q3 BEEIAEHOTE Zodhe ASE VERITE £ 23
2 AR 2RIE] Yo Al ZolA] RNAE F&5)0] RT-PCRE 4
a5t 27}, Fig. 69} 2o] & MMP-90] ARl 5] L&
Hog gashs Aol BEEJCE o1} g7, MAPK & p-ERK
9} p-P38Y) &0l AXNL PIAE AT Lot RTHFg. 7). O]
£ kinases &JA] TNF-a X|gloll A3 ggo] #25] 57T
7t ARG RElol g8l sRAEHOE 1 8H0] ZAashe A
o] olgeirt JIEla oln] EdZl MAPkinase inhibitors@l
SP600125(SAPK/INK  inhibitor), SB203580(p38  inhibitor),
PD98059(ERK1/2 inhibitor)2} Bl 5k zymographyE 4|5}
of Fig. 83 Z& ZIE AUrt
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TNF~-¢ (100ng/ml) Il =z
cC
Conc.(ua/m)y ¢ O S0 190 200 500 Fay Aol tEEe U0IoT JEEE: Eugs)
MMP—9 L HHNESH 0 F £a0 SUBEA Y HPUARA
MP-2 T 1ot FEUL Qe Sk, 19 SUROT Be oY
o) ST Ao IS YBEAZ ZelUL 3 wejoly?

» Matrix Metalloproteinase(MMP)i= M E)712 S Balsh=
Qo) Fo0im, BEIHel EANAE MMPY] WE4£ES 1)
33, © url waZe 71 SWEE, Mg, FHEAY BEE,
O = O ABOR oAl ACE YEA Uk SuEE

o A9, MMPY] Z71= EuAsl DE T QAEEle] QI F

Fig. 5. MMP-9 Zymogr;hy A P D80 wo] SBE fih MMPY ARE E3 B
A3l 27|18 ol BEQHEEE ouaro2) BuEsl A

TNF-a (100ng/mi) Fol 988 AS A dF d7ATE I HAZ HAR

CC Con¢.(ua/mly C 0 50 100 200 500 % %Oﬂ/\‘] EP&XH@‘Q Oﬂ“Zﬂ :é:'% %13_,75135‘,]— Oﬂ%}gl §60] 9/{—“:—:-
. 280 th3l BATH ¢TE7) BT, B8] MMP AFIRIQ) gt

MMP- T AT Qi 77 DS T QS olEE ¢ F & gpue
22 UAOR 8 RS BA 2on, gRE F4 oAl -

practn 2RE ol BE AFOIT} Mason EV2 MMP-90] Ttk wkl
EH rato] ZEW L4 ANA RS2 2%} ol

Zl2ey BEd W SOhL 2 UEI9) Bak 013wy B

¢l batimastat'?, statin? 0] MMP-99] oi& Zab7} YTz &

TEACE HE BAZE H210 FHEO] catechind] SMCO| &

#=Z dRshE AO0E LEA Utk oo B dFoxE =Q

SloIe) shiel AR AlS] SWHBTH O] HASMCY)

S5 W MMPs B8 ONE & QR £
AR (Cinnamomi Ramulus)= SH (Cinnamomum Cassia)2] o
g 7Kg dRS AL o] ] MBS e wHoh i
S, EACEEE, ABR, TR F50] r?. drlse
= A, 384, I8, g & 534038 drEkgoe] e

71t ZAEE BAE, Ag TaHAE, olnAE

R 1Oy

. _ ikl A ofz) o
Fig. 7. Western Biotting (P-ERK, P38) Uz 2T3 MR il ZolA] PGE-2, COX-2, NO, iNOS
£ ¢gEuiZol dEe dRSith Buskich £ Wu 57

& AXQ FHEQ! cinnamaldehyder} TR0 Q17F QbA|Zo
thalAl Bel-2 & MAPK AEZE &4AAH apoptosisE =kt
I 4RSIt Jeong =l cinnamaldehydes”} angiogenesis,
cell adhesion, tumor cell growthEo| A& F347} e 1 &5
ZEEY oMol FHHAE 1S cell cycle HME ESH
apoptosis7}  BiskE AL wEWil, Le E
cinnamaldehyde FZR|7} AP-1 2EMJ31E Sl ALY 54
Argro g AZY ML Has AaEeg HAURCE
2 Aslg Ed AR ARS &9 BEIAE HASMCY]
S5 2 MMP9 & 9AE 4 AeAl RARBIACE LA o
T E w D o AR AKX HASMCo] tigh MEZSHS Uohaght. 1000
Fig. 8. comparison with MAPKinases inhibitors ug/mlQ TR AXE XHelsh vl 500 ug/miTtAl = Al Zo

HMP-g

LIKP-2

[

relati: s dansit:
Hald of cantral
o rlo
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AL - olY - BT - D

212 U SHE UehiZ Sk w21 Ao E
SEE 500 ug/mIZ F3HL NPSA o8 Bl AR
§5 3 MMP 84 ORI EIt ME0) BES 247} ol
© Sl 9 AUS 2 £ 5.

migration assayE &3l Olol-EOH;]. Z 3 TNF-o Ao} 231 4
EO] FFIF AXG] 7ok AS BEE 4 JAAL, oA &
7Yt MY FFE AXV E3EoZ ZAA7ACh
HASMCS] 550} Zalof) Aghg = MMP-99] &4oil 1]
A= &S zymography, RT-PCR, Western blotiingS E3] ¢
OFE Q) TNF-0 M1 Z £718 MMP9o| A Rzlol & =
ol viEsle] REEol Zadhs AS BES 4 AAUTH MAP

kinasesp] =~ ERK®2}  P38o]l  widlil=  TNF-a A2
phosphorylationo] E71cH7F AR HElo] Yol 55 QEM O

T phosphorylationo] Z248le AS IS 4= AUt EF)
p-ERKQ] phosphorylation®] Z}4x7} p-P389] Aol H]3) Ati&
O F s =Rkt olo] Aokl ARE MEldt AW, o]

£ MAPkinase inhibitor5& XT3t A|E.2 MMP-9 28]|& H|1l
S 2T} B MMP-90] 248 HS ola 4 JIic.

Ol ZHE EUE & ul, AXol 9 HASMC S559]
AxE MMP-99] &4 Aol gt ASZ, & o7]ol= MAP
kinases =G| ERKS} p389] &4 A} Boidh= AQE 258

T U2H, AXNE SWAG AEA L AYBIZA AE5H=
78 g ode = ok

a4 £

2 d7E 39 TNFaZ FEE Q7 5 FEZHE
HASMCE tii} 22 AX HeE F&E0] 25 MMP-99] &4
2} o9& B MAPkinases ERK2} p389] phosphorylationS &3
She Ae Slsiirt Aol ain] 43 AXE 5T I9&EXHS
Z MMP-9 g8g KA 2m, HASMCY |fF58 A5
o 9P AlZ 24 e =X ZUTt olF Zike AXlE MMP9
gd3le UBES /F dAE B 2EuEE A8EH Y

AYELZEA JHsdo] USE ¢ 4 ok

Al 2 MMP AAIFES TICHA specifics}A] 9k
EIE ZEF0IA7E Yrk HeEQl AAF Q] AHkut 5? 2SS
gene transfer®] 7\o] SWAHSIY| A 5ol Br} Mgter AT 2
Ethz AE0] AZIEL Urt o218 SR ERTRE Hd

T Uy

& SollA MMP ol 37} A& AES AF8ld EWE3
S LA Ao S8BIE Aol T FEE ASZ AlFHnh

Za

3
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