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Abstract : Several solvents were used to fractionate an extract obtained from the chapped root bark of
Ulmus davidiana Planchon. The each fractionary part was condensed under reduced pressure and then
examined to investigate the inhibitory effect on MMPs by modified gelatin zymography, where EA
fraction showed the inhibition effect on the activity of MMPs.

% Corresponding author
Phone : +82+(0)2-820-5651 Fax : +82+(0)2-817-9866
E-mail : keejunghan@hanmail net

104 —



9 W ¢] Matrix Metalloproteinase-9 24 Al Aol B3 A 105

A compound showing inhibition effect on the MMPs was isolated and purified from EA fraction. Under

IR, 'H- and "C- NMR analyses it is very close to a catethin.
This substance showed 48% inhibition effect on measurement of MMP-9 activity at 5 mM and 43% at

10 mM.

To verify the effect of this substance on cells, human hepatoma, SK-Hep-1 cells as a cancer model, and

Chang liver cells as a normal model were selected. MTT assay was performed to examine the cell

viability by treatment of 1 nl/mL of the purified substance on cells. The purified substance showed

negligible toxicity on human liver cell line.
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ZHAEE AHAHoE A= A (invasive growth)
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Modified Eagle’s Medium
71 vjkdS centricon 30°0.E

SK-Hep-1=  Dulbecco’s
(DMEM)©I| 4] Bl sk 5i i

F53] MMPse] A9 FolA MMP-9dl thk A3ld)
A8,

2.2. A<k

Glycine, 3(4,5-dimethylthiazol-2-yl) 2,5-diphenyltetra-

zolium bromide (MTT), ammonium persulfate, coomassie
blue, triton X-100 52| A]2F& Sigma Chemical Co. |
=g ARESIYE a8l tris(hydroxymethyl)-amino-
methane  (Tris), N,N,N’,N’-tetramethylethy-
lenediamine (TEMED), sodium dodecylsulfate (SDS) &
£ Bio-Rad (Hercules, Co.) A& ARSIt

I Dulbecco’s modified Eagle’s medium (DMEM),
Dulbecco’s phosphate buffered saline (PBS), trypsin-EDTA,
L-glutamine= Gibco BRLA} #|#-S AFE-3%1, n-hexan
(95.0%), ethanol (99.5%)3} ethyl acetate (99.0%)= A+7

setoll A Fdste] Al glo] ARS-sksit

acrylamide,

2.3. AE7|7|
2 A ANEAE] 2 84 E4x FH AHEE
VNES T, AR EERE 74] (Varian Cary 3E,

Australia), ELISA reader (Spectra Max 340, USA)5=
ARESEEYE a8l E3e] AA|dlE HPLC  (Jasco
pu-980, Japan)2} MPLC (YAMAZEN, collector: FR 50N,
detector: UV-10v, pump: YAMAZEN 540, Japan)E A&
93, 77]1%9%7] (Mighty Small SE250, Hoefer, USA)
a8y Y% AX7) (Martin  Christ  Alpha type,
Germany)= A&9] A2] 9 #2jsh=d ARkt

2.4, AlE g

2.4.1. F2L/ofA MMPs &H =2 | £ 4 22
Z Azxd =FuUFe 2y @ | HoAAA 1
% -’.—]‘3}04 1 L round flaskol ¥ 70% OﬂE}% 4A

) %23 Fol olmsigle. 2eln mo}

58 o] =l 200

*
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mLe FFFE TR F
methylene chloride MC)Z &Jz1¥
MC FZE& et w53t dv= MMP—991 d
ol AHESIAT UHAE A AP AREsIth
MC 53 229 A5de FaZ) 7)o A ethyl acetate
EAHZ o %%‘8} | EA F29& 719t 5%
& ¥ o 22w MMP-9 A3jA9] #e|&
a9t
EA FEES 4

MeOH (10:0.7)2]

o)
A

[

o
=
al
Ho

=

A7 2+ (30x400 mm)olA] EA:
T 8ulE AMEslte &EsIGich
a8z AEE F 15 mLy £98 wol UV/VIS
spectrophotometerS AF8-51¢] 365 nmollA] SFEE 2
gate] ez dol A B3 ;}@EP. 7] 5709 £3
FET Fol s ¥F
EZE9 MMP9 AFelA 271
3% eI o] 2719 g 77
MPLC (Silica gel column, 30 X200 mm, at 365 nm)E
AH&3te] ACN:H,O (10: DE A3t 372 23
S 2otk BEE 4 REse
x 400 mm) AolA EAZY §Z3te] Uuvel Fubdol
A Bt AES YyeEhE 28 A5 A%S YE
e FEoz B3kt MMP9 43S 53l A3
JE A= UrEP)r uve] XHWOHH LR
ES JellE 24¢ FI-IR, 'H- and "C-NMRS o]&
st T2 24 }%o}@q

2.4.2. NZZF0M MMP-92| 22
MMP9 &4 4 Eg= MMP-9 &4
e AXFE ¢3R SK-Hep-12
DMEM H|A & 7]¢ thSo] MMP-9 &4
27 83§ PBSE 33 Z AH3th 1?4
7181 92 DMEM A 02 24A]7F v A
+ DMEM H|d& 3]3te] A BEatdinh 34
DMEM Hj%9-& Amicon 302 &3} =5
MMP-9 &4 oA 55 shHsh=d o83}t

2.4.3. MMP-9 4= &3

MMP9 SA T gelatin zymography 'S k3
HEPAZ] HoZ 3T Z, 0.1%9] gelatin®] §
$8 10% acrylamide geldll A719% &gk 28]
719%°] U gel 2.5%9 triton X-1002.2 3024
23] 2 AH 3} gelol EAdh= SDS ARS AAIA
t} 122]3 ©] gelE incubation buffere]l 10%% 23]
A3}l 37 C shaking incubator®l] 4] 2447t incubation
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Frty) Ul e] Matrix Metalloproteinase-9 24 Al Aol &3 A+ 107

AZ1 & coomassie blueE 12417+ GAIA)Z]
AA gel 249 92 kDa 91A]el Sl=
HEE densitometerZ &4 A =& 74]’&0}93\13}.

> > >

2.4.4. M=o| M=E
oA A" Ed9 AXEe dig 54 A%
gol sl ] 95kl 96-well plateo] SK-Hep-1 Kﬂi—rﬂ
well F 10,000 ¥ EAI3A 319 SH, Chang AEF
E lwell % 20,000 MW EAsHA st 37 C, 5%
CO, incubatorol|A] 12A]7F BiFAIZTE Z1g]al o] Ao
Zt oA £33 MMP-9 A E2& 18]¢] PBSY
o F= R AHFEPoen, ozs uA 37 T,
5% CO, incubator®] 24A17F vlFAA ZF MEZFo A
F JdAAEE HEsAk 2 olw A
A 2] &< °‘8 Ag 7108 4 AEF9 AL
3% AA AT AT &, Axe] AE
uL AE HH kolo]] 10 uLe] MTTS %] CO; incubator
7r wjeks RS 100 pLe] DMSOS Yol 24
9] AAHE =9 Z ELISA reader® 590 nmolAY] &%
Te ofFAE AYA &
T A]zﬁOﬂH 4o FHEe} Hlwsly WEEE

=2 =X
= o

o
rlo
3

MMP-9 —>
MMP-2 >

Fig. 1. Zymography of MMPs in the precence of
extracts obtained from different solvents.
Lain 1: Control (MMPs of SK-Hep-1)

Lain 2: Extrate of Ulmus davidiana Plancn with
70% Ethyl alc.

Lain 3: MC Layer

Lain 4: EA Layer

Lain 5: MtOH Layer

T2 70% e FEES o Sz B
2R thatk MMP-9 &4 2do|x EA E3o| A3t
Adisel e Aew Ut (Fig. 1). WA EA ¥
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e Ay7hA 2= (30x400 mm)olX EA: MeOH
(10:07)9 EF 8WE AMEstd &&3ske] UV/VIS
spectrophotometerS AF8-31e] 365 nmollA EFFEE =
A T Yz EE Stk MMPO AF A
A sS UeEbd B3L MPLC (Silica gel column, 30
x200 mm, at 365 nm)E A&}l ACN:HO (10:1)
2 AMste] #£8s Ak £ 74 £E¥EL flash
silica column (30 x 400 mm)’JollA] EAZYF £%3}o
uvel Zigex Hepas Yehle RES #9359
t}. 25 TLC aluminium sheets (Silica gel 60 F254)°i 4]
ACN:H,0 = 10:028 Z/sle] GdEH AL 9l
33l TRl GC-MSOllA ER1sH). #e] AAE £2
< MMP99] A A=} Fx XS Y5t IR ¥
'H- and "C-NMR 4]0 A-g-311th

3.2. FT-IR A®HEZN NMR DATA0]
MMP-9 NollAe] 7= &4

EA FEE)A E&3 MMP-9 A3|A19] FT-IR &%)
EdA -OHS 73 F4 w7} 3380 cm'olAM LER}
3 WFEFE9] C=C stretching®] 1608, 1518 1|3 1442
em'olA ZEA 1036 em'AE C-0 AgY FF
7} JERstTh

'H- and "C-NMR9| data: Table 1°] JERAITE
'H NMR spectrum®l] ¢35} § 3.98 oA OCH; & K9]
£ peako] How, § 251904 g4 17 33HE9
-CHyr-#} C-H7} B § 385904 C-HE Holx ¢l
th & § 5.00 oA C-H7} coupling constant 3.15 HzE
UL 283 § 61004 Ce-H7F Holi glom,
§ 589 oA Cg-H7} YeRt ok a8a ¢, Cs ¢
Cs-H 7} § 6.61 ~ 673914 Yehd Aoz HATh 1
21l OHE 6§ 8.887 9.489|4 Uehh= Aoz Rtk

“C NMR spectrum® “C NMR Dept 45 spectrum<-
Hlws] B9 § 102.07, 107.19, 130.78, 14522, 155.63 1
Il 156.708] ©he F4E A U= A & F U
k. CoH Cooll 3FslE peake]l ZHZF & 103.58%
107.19 oA Holi § 130.78% 145228 Z+7 Cs¢t C;
of 23l § 115503} 114.7290-= Z2F Ce}F Cooll 3
I3l peakZ} Btk ®3 § 155.63% 156.702 24+
Cy ¢ CyY ASE Holi § 11860, 11550, 1L
11472 M9 peakss ZHZF Cp, Cs', L8] Csoll 38l
Fohe Aoz et &4 1EsEEY -CH-ol
| F3R= (Cy) peaks & 27.64 ppmollX, 123 OHY|

0|t
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o o8t shift2 § 8124904 C3oll 3| 23tE peak’t Ut
S Bkt § 78.7991 4% Goll, § 95.129) 96.13
<& 47 Cs Cooll 833l peak &2 UFERSTE
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R = H or alkyl group

Fig. 2. Structure of catechin.

Table 1. 'H and “C-NMR spectral data of purified
compound

Phc®  Hem) T Mc®)  Heem)

2 7879 493(1H,d,16.84) I° 102.07

3 8124  3.85(1H, q) 2 11860 6.68(1H, s)

4 2764 251(1H, qq) 3° 15663

5 13078 4¢ 155.70

6 11550 6.10(1H, s) 5¢ 11550 6.73(1H,d,2.1)

7 14522 6 11472 6.61(1H, d, 2.1)

8 11472 589(1H,s) O-CH; 7628 3.98(H, s)

9 107.19

10 103.58

* Recorded in de-DMSO, chemical shift values are reported as
§ from TMS at 75 MHz for “C and 400 MHz for Dept
spectrum; number of protons, signal multiplicity and coupling
constants (Hz) are shown in parentheses.

3.3. F2UloiM HElE &2 MMP-9 2Rl &1}

T2 FEEAA #8 ZAE e zymo-
graphy Holl 2l MMP-92] &4 A ads HE3

A= Fig. 39 YeERigich o]5 18olA AAE 5
=2 MMP-9S 5 mM FE014 48%7F A Hx
10 mMOAE 43%7} Eﬂzﬂﬂ% Ao 2 Jehfich
Hong" 3} Park'®e] 7] oJabdl =Fuiste] 4%
ol fuldeld EaE EREAM FHBAol ot
Busglth 223 Lee'o] Aol FeFurolA
223 (-)Epicatechin® FP|YE Zgo] e o=
vehgth zeja AR dAexe is,—qfrqm
davidianone S-S Egjsl o|59 g
Skl Qloh o] &= mFo] =

T
37
=
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Rk R

ol
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Fig. 3. Effect of MMP-9 in the presence of purified

compound.

A. Zymography analysis B. Densitometric analysis

Lain 1: MMPs of SK-Hep-1 Lain 2: 10 mM
Lain 3: 5 mM Lain 4: 1 mM
Lain 5: 0.5 mM Lain 6: 0.1 mM

3.4. MMP-9 &N ZZe| Z
Hsl0 0|Xl= Y&k
AEe] FAF dolgle Mz tiaEl] HAE MMP-9
AAEDS Fofsla 1 FETH wists wEs An
£ Fig. 4%} 59 YEt). S, 843 AEF<] Chang
24-well plate®] 50,0007§8] A EZE seedingd}
¥ MMP9Y 94 EZE HIFTE | mME
8AIZF 37 C, 5% CO, incubation Z7o|A
ety wsls A 47 3 1 FH9
Aol A eokrh. 1efut 24-well plato] X
000702] AEZ seedingdlx 124)7F & MMP-9 <A

HEEE

MEZZFC| Helx

£

2Fe
273 &

3] 4

=

(
O

2l
]
Rl

rlr :

él

ﬂ-ﬂﬂorﬂﬁ
_\9_,

mlo

1 mME Hz|ate] 48417t 37 T, 5%
CO;, incubation 274 7] & ety WHas &
23t A7} SK-Hep-1 MEFo|A o] F9Jof] HL2 wh
o] WA= on, AL FPz A EEEHo
AT

ol
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9 W 9] Matrix Metalloproteinase-9 24 A Aol 3 A 109

ol Lin"e Aol oJstd aEAY FAZFA,
IetAlZ o] 20|= curcumin (diferuloylmethane)<-
SK-Hep-19] $o13F A3} 10 pMollA 174%<] A a3}
2 Bon, 706%7t AT AolHdcka & Anet
2ok E£3 Kim® 59 A7l Q4] ginsenoside-R4
(G-Rs#)Z SK-Hep-19| #2|5}99& W] LA} (apoptosis)
7} dojut AEE A7t Bael e AFgS
BRI} ol9hre Anz Hol B A yehd 3
F99] HHe FAE A Fod 9% Aoz A7}
=m, olgjgk @io] MEe] Al gk ZQ1A A}
(necrosis)?l] 93+ ZANA = Foz AT Holop
RAoz Aztgit

3.5. B=2E0| 2Ift 2} MZE MEZEF WEES

AES FA3 Aol AEE FAs] s
MMP-9 AAIEZR] FAE ES Foistal MIT &
Aol o]s) ELISA reader2 =739tk 18]a ou)
obt A AHeatA] ¥ RS 100% 7IFoE st 4

Fig. 4. Effects of purified compound on growth of
normal liver cell (Chang).
A. Normal
B. Treated with purified compound
The Chang cells were treated with 10 mM of
purified compound for 48h and the morphology of
the cells was examined microscopically (40X)

Vol.18, No.2, 2005

Fig. 5. Effects of purified compound on growth of
Hepatocellular carcinoma cell (SK-Hep-1)
1. Normal
2. Treated with purified compound
The SK-Hep-1 cells were treated with 10 mM of
purified compound for 48h. and the morphology of
the cells was examined microscopically (40X)

0 %< -3 A3l Fig. 691 YERIQITE o] 2-E)
A AAAEFC) Chang AZFANAE 1 mMolA AZ
ZAdo] L35l Frtetke BF (13077 £ 137)S B
HHA| SK-Hep-1 M EFol| X AE2 Z2]0] A33] 9
AE AT UERIT (16.02 + 6.08).

ol Jung 59 ATl oJs}¥  allylthiopyridazine
FEAES SK-Hep-1 AEFo] X2 of Z+ F=A ol
e} 2AY 2.5 mMellA ¢ 100% 8% 43S IA
ANZYL d9em, Oh” £ SK-Hep-l AEFo]
pentagalloylglucose (PGG)E 347t TS of 5= 9
EXoF (SouMlA 50% A AEF7E FAlEATL
Bsdth &3 Yang™) 59 A7) 2shd HL-60
M EFo 1-O-galloyl-castalagin®| 1} casuarining *]2]3}
A4S 7 25 pgmLe FEA 100% AAEIT A
Joshi*& 3}3t2 W A1¢) idarubicin (Ida)E 30 nM 2] 3]
S W Chang MEFE 35% A% 4S5 yehgon,
4-hydroxyperoxycyclophosphamide (4-HC)E 1 pg/mL &
NS AsALul= 41%2 A JAE HJvia B
wdth. 28y o]AES TEAO)A F23 proan-
thocyanidin (GSPE)E Idas} 2] A& w& 85%7}



3 EHI 4-HC 2ol AsA 105%2 NEFIF 4
Aot Bausigoh ol e ﬁﬂr~i Hol B o
T2 Bl A2 o] compound7} FE FH3FQHAITL

160

140
120
100

80 —®— Chang cell
—O0— SK-Hep-1 cell

Cell viability (%o of control)

Concentration (mM)

Fig. 6. Cell viability depending on the concentration of
purified substance.

4. 2
Z AzxdE 295 0% dEHEE FE, 5% &
o] o]2 A o] &g EIF 35S MMP9 &
A AgolX EA EFE0] MMP-92| FA I3t A
dlso]l Jde Aoz YETE o] EA EZE2 silica

gel columnellA] 2] &ujE ARE-sle] &&3 L ol
= A9 uvellAd R Yehls B3 29
Agte] MMP-99] &4 Agel| ARGt o] AFoA
MMPsZoll A o] MMP-9 4o Aslisel e

Aoz yepga o] EZC IRI NMRE F49A
catechin A|EQ o=z FRISHAT. FHdlA £
AA D 3FGES zymographyHell s MMP-9¢] &4
A4 945 FHAY FAE FFES MMPIS 5
mM FEA 48%7F A 3 10 mMAME 43%
£ Alste Aoz Yehyth

A MEFQ Chang HNEFE  24-well plateo]
50,00071 9] MEE seedingstal 12413 & MMP-9 A
548 HFTFT | mME XT3t 48417 37 T, 5%
CO2 incubation 2704 7] & gz His #
et An 93} o Fe wske A TEEA A%
ot 2y 24-well platoll A 30000718 A|EE Ze
SK-Hep-1 AEFE o] F9¢l| AL wixdo] A=A
o, dlo] He FH=Z HA EEH AN oY

ot rr

ol gt - 243
Aol Mxe] wAte] oJd AR A} (necrosis)l
93t AR oz A Holol & Aot}

AEe) FHn Aolgle ATE Y] sk
]o S

Eos1 MTT 7
o o]&ll ELISA reader2¢] ZAoNA AAAMEFSI

Chang AZFAE 1 mMolA AE EAo] 23] =

7¥he A% (13077 £ 13.71)2 H.<l ®HH, SK-Hep-1

AZFo M M F2o] 473 AAd ez
6.02

Bttt (1

608). o9} L& AT Hop X

+
FolAe] A= o] compound’} F2 QAN 2
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