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Abstract

Matrix metalloproteinase-9 (MMP-9) degrades type IV collagen constituting the major structural component of the basement membrane and
extra cellular membrane. The enzymatic activity is found to be elevated in tumor tissues. With the aim of finding novel MMP-9 inhibitors from
natural products, 87 extracts of oriental medicinal herbs, which are used as prescriptions for cancer treatment in traditional Korean medicine,
were screened for their inhibitory activities towards MMP-9. It was found that most of the hexane and chloroform fractions as well as water
extracts showed a weak inhibitory effect on MMP-9 activity at a concentration ofig00l. However, a strong inhibition was found in the
butanol fractions oCinnamomum cassiBRESL,Magnolia obovataTlHUEB., Magnolia officinalisREHD. et WILS.,Magnolia officinalis
REHD. et WILS. varbilobaREHD. et WILS., andeuonymus alatu§THUNB.) SIEB. with inhibitory activity (>90%) at a concentration of
100pg/ml.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction normal physiological conditions, the proteolytic activities are
controlled by maintaining a balance between synthesis of the
Matrix metalloproteinases (MMPs) with a divalentZn active forms and inhibition of the same by tissue inhibitors
at the active site constitute an important class of endopro- of matrix metalloproteinases (TIMPS). In pathological condi-
teinases involved in extracellular matrix remodeling. Under tions, this fine balance is tipped more towards degradation of
proteins and proteoglycans leading to a loss of tissue integrity.
Abbreviations: MMP, matrix metalloproteinase; MMP-9, matrix  Consequently, there has been significant interest in the devel-
Q&?g)péffei?ﬁegﬁi&?ﬁ? ;z%ﬁ 'Emg'rt]z:s g;giﬂ:zrgiﬂ"ogoof?ase? opment of MMP inhibitors with the understanding that such
ethyl aéetate; CyC, (+)-cateéhin; EéXepicatéchin; ECG,—()-epi,catechirll agents \.NIII be able to ‘T\oerI the a.berrant reguIapon Of.MMP
gallate; EGC, {)-epigallocatechin; EGCG,—(-epigallocatechin gallate  Production, thus leading to amelioration of various disease
(EGCG); DMEM, Dulbecco's modified Eagle medium; PBS, phosphate- States, such as osteoarthritis and tumor metasfasist(al.,
buffered saline 1999. Several novel MMP inhibitors (i.e., Batimastat/BB-
* Corresponding author. Tel.: +82 54 770 2663; fax: +8254 770 2281. 94 and Marimastat/BB-2516) have been developed and are
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tional University, Mokpo 534-729, Republic of Korea. Wojtowicz-Praga, 1999
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Chemopreventive properties have been associated with thgyield: 13.4 g) and BUOH (yield: 3.9 g). All fractions, includ-
components of various natural products, including green teaing the final remaining water fraction (yield: 9.0 g) were con-
polyphenols, resveratrol, limonene and organosulfur com- centrated under reduced pressure using a rotary evaporator

pounds from garlic Kaegi, 1998. Especially, green tea

polyphenols and one of its constituents (epigallocatechin gal-

late) caused a strong inhibition of the gelatinolytic activities
of MMP-2 and MMP-9, and of the elastinolytic activity of
MMP-12 (Demeule et al., 2090

Furthermore, the activity of MMP-9 has been implicated

in a variety of tissue remodeling processes, including tu-
mor invasion and metastasis both in experimental models

and human malignanciePdrtridge et al., 1997; Kim et al.,
1998. Thus, it is known that MMP-9 is most closely linked
with metastasis of cancer ceBé¢rnhard et al., 1994 The

and then freeze dried.

The natural products (+)-catechin (C)-)tepicatechin
(EC), (—)-epicatechin gallate (ECG)—)-epigallocatechin
(EGC) and ¢)-epigallocatechin gallate (EGCG) were ob-
tained from Sigma Chemical Co. (St. Louis, Mo, USA).

2.2. Cell culture
Human hepatocellular carcinoma cell lines Hep3B, were

obtained from the Korean cell line bank (Seoul, Korea). These
cell lines were grown in Dulbecco’s modified Eagle medium

emergence of metastasis in organs distant from the primary(DMEM), containing 100 U of penicillin per ml, 100g of
tumor is the most devastating aspect of cancer. From thisstreptomycin per ml, and 10% fetal bovine serum &t@mn

point of view, various inhibitors, such as inhibitors of an-

5% COy—air.

giogenesis and matrix metalloproteinase, are presently be-
ing developed as novel therapeutic drugs. Several traditional2.3. Gelatin zymography assay
and herbal medicines, such as Keishi-ka-kei-to, Juzen-taiho-

to, Shimotsu-to, Unsei-in, Hochu-ekki-to, Shosaiko-to, and

Substrate gel zymography of the activity of MMP-9 was

Shichimotsu-koka-to have been so far reported to exhibit performed with a Mini-Protein Il apparatus from Bio-Rad,

an anti-metastatic effectvéno et al., 1994; Yoshikawa et

according to a method described previoushefneule et al.,

al., 200Q. However, there have been no systematic studies 2000; Choi et al., 2002Cells were grown to sub-confluence
of herbal medicines in the metastatic setting with regard to and were rinsed with phosphate-buffered saline (PBS) and

MMP-9 activity using medicinal plant resources. Therefore,

then incubated in serum-free medium for 24 h. The amount

we have screened the Korean medicinal plants for their abil- of gelatinase, such as MMP-9 in the serum-free medium

ities to inhibit the MMP-9 activity in vitro.

2. Materials and methods
2.1. Materials

The plants were collected in Kyungju city, the Repub-

was estimated and quantified by cell numbers. The serum-
free medium was resuspended in a sample buffer, contain-
ing 62.5mM Tris—HCI (pH 6.8), 10% glycerol, 2% SDS,
and 0.00625% (w/v) bromophenol blue, then were agitated
for 20 min at room temperature and loaded without boiling
onto 7.5% acrylamide/bisacrylamide (29.2:0.8) separating
gel, containing 0.1% (w/v) gelatin. Electrophoresis was car-
ried out at a constant voltage of 100 V. After electrophoresis,

lic of Korea. The samples and voucher specimens are keptthe gels were soaked in 0.25% Triton X-100>(30 min)

in the herbarium of the College of Oriental Medicine, Dong-

at room temperature and rinsed in NanoPure water. For

guk University. The plant samples (40 g) were extracted three gelatinase inhibition assays, the fractions, water extracts and

times successively with 1000 ml methanol (MeOH) atZ0

EGCG were freshly solubilized in the Tris—HCI buffer used

for 3 h. The methanol extracts were filtered, evaporated underfor developing the zymogram; the gel slab was cut into slices
vacuum and water was added. The w/w yield of extracts was corresponding to the lanes which were put in different tanks

about 7.4+ 4.4%. The aqueous layer of the MeOH extract
was partitioned with hexane (Hx) (3 mi100 ml) followed

by chloroform (CHC3) (3 ml x 100 ml) and finally with bu-
tanol (BUOH) (3 mix 100 ml). The respective fractions and
water extracts were evaporated at@under reduced pres-

and incubated at 37C for 20 h in the incubation buffer, con-
taining 50 mM Tris—HCI (pH 7.6), 20 mM NaCl, 5 mM Ca£l
and 0.02% Brij-58 with or without 10Qg/ml of the fraction,
water extracts and 1Q0OM of EGCG. The slabs were stained
for 15-30 min in 0.1% (w/v) Coomassie blue R-250 in 30%

sure. For the bioassay, the fractions and water extracts weranethanol and 10% acetic acid, and destained in the same so-

dissolved in dimethyl sulfoxide (DMSQO) and further diluted
with incubation buffer.

For Euonymus alatysthe plant samples were extracted
three times with methanol at 7€ for 5h. The extracts
were filtered through a 0.4bm filter and lyophilized. The

w/w yield of extracts was about 2.25%. The methanol ex-
tract (459) was suspended in water (500 ml) and succes-

sively re-extracted by 500 ml each (three times) of Hx (yield:
10.1g), CHC} (yield: 11.6g) and ethyl acetate (EtOAc)

lution without the Coomassie blue dye. After destaining, a
light translucent band over a blue background was detected
for gelatinase activity.

2.4. Densitometric and statistical analysis
The intensity of the bands obtained from zymogram stud-

ies was estimated with Gel-Print System (Core Bio Corp.,
Seoul, Korea). The values are expressed as RieRik.
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