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Abstract. Excessive breakdown of extracellular matrix
by metalloproteinases (MMPs) occurs in many patholog-
ical conditions, and thus inhibition of MMP activity
might have therapeutic potential. The methanolic extract
and the identified compounds from the bark of Tristan-
iopsis calobuxus Brongniart & Gris (Myrtaceae) were
tested on the activity, production, and gene expression of
MMP-9. The extract produced a concentration-dependent
inhibition (50–95% at 10–50 mg/ml) of MMP-9 activity.
The inhibitory activity was retained in the ethyl acetate-
soluble fraction (50–95% inhibition at 10–50 mg/ml)
which also reduced the release of MMP-9 by mouse peri-
toneal macrophages up to 80%. In the ethyl acetate-solu-
ble fraction, two active fractions, 5A and 5B were identi-
fied. HPLC-MS and NMR analyses of these fractions in-
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dicated the presence of gallocatechin, ellagic acid, and its
glycoside derivatives. Since the absolute configuration of
gallocatechin was not determined, in the next experi-
ments both (+)-gallocatechin (2R,3S) and (–)-gallocate-
chin (2S,3R) were tested, and (–)-epigallocatechin
(2R,3R) was included for comparison. 5A and 5B inhib-
ited MMP-9 secretion, an observation which correlated
with the decrease of MMP-9 promoter activity and the
downregulation of mRNA levels. All compounds de-
creased MMP-9 mRNA levels and secretion. Ellagic acid,
(+)-gallocatechin and (–)-epigallocatechin, but not (–)-
gallocatechin inhibited promoter-driven transcription.
Thus configuration at C2 (R) of the flavanol seem to be
critical for the interaction with the promoter. 

Key words. Metalloproteinase-9; ellagic acid; (+)-gallocatechin; (–)-gallocatechin; (–)-epigallocatechin; gene ex-
pression; secretion; plant polyphenols; Tristaniopsis calobuxus.

Degradation of extracellular matrix (ECM) is an impor-
tant feature in many physiological and pathological con-
ditions. ECM can be degraded by four classes of prote-
olytic enzymes: cysteine proteinases, aspartic protein-
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ases, serine proteinases and metalloproteinases (MMPs)
[1]. MMPs belong to a family of structurally related, zinc-
containing enzymes, and more than 20 different MMPs
have been described [2]. MMPs are secreted as proen-
zymes, act extracellularly at physiological pH, and re-
quire activation from proenzyme precursors to attain en-
zymatic activity [3]. Once activated, MMPs can com-
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pletely degrade all ECM components. MMPs play an im-
portant role in ECM remodelling in physiological situa-
tions, such as fetal tissue development and postnatal tis-
sue repair. Excessive breakdown of ECM by MMPs oc-
curs in many pathological conditions implicated in
connective tissue destruction and remodelling associated
with cancer invasion and metastasis, cartilage destruction
in arthritis, atherosclerotic plaque rupture and the devel-
opment of aneurysms [4]. The 92-kDa gelatinase B or
MMP-9 is expressed by virtually all activated macro-
phages and, through the degradation of the basement
membrane, it facilitates macrophage extravasation.
MMP-9 has been shown to be present in atherectomy ma-
terials from unstable angina [5] and abdominal aortic
aneurysm [6]. In addition, tumour invasiveness is corre-
lated with the level of MMP-9 expression [7]. MMP se-
cretion is increased in various inflammatory, malignant,
and degenerative diseases, and thus the inhibition of
MMP activity might have therapeutic potential. Experi-
mental observations indicate that lipid lowering, obtained
by dietary intervention, may stabilize vulnerable athero-
sclerotic plaques by reducing the secretion and activity of
enzymes that degrade the arterial ECM [8]. Our previous
results showed that statins, a class of drugs that can
achieve relatively large reductions in plasma cholesterol
levels and represent an established treatment of hyper-
cholesterolaemia [9], are able to reduce MMP-9 secretion
by mouse and human macrophages, independently of
their hypolipidaemic effect [10]. Besides lipid lowering,
the pharmacological reduction of MMP-9 release by
macrophages in vitro results in an overall reduction in
collagen degradation [11].
Green tea and its polyphenolic constituents have been re-
ported to suppress gelatin degradation mediated by
MMP-2 and MMP-9 in several conditions [12, 13], to in-
hibit angiogenesis and tumour invasion [13–15], and hu-
man vascular smooth muscle cell proliferation [16]. A
green tea extract rich in polyphenolic compounds inhibits
MMP-9 activity up to 80% at 35 mg/ml [17]; the inhibi-
tion is correlated with the presence of (–)-epicatechin-3-
gallate and (–)-epigallocatechin-3-gallate (IC50 28 mM
and 0.3 mM, respectively). Moreover, another family of
plant polyphenols, flavonoids, have revealed their capac-
ity to interact with different zinc metallopeptidases 
[18, 19]. 
In previous studies, we found that the methanolic extract
of the bark of Tristaniopsis calobuxus Brongniart & Gris
(Myrtaceae) displayed antielastase activity [20] and that
ellagic acid, isolated from the extract, inhibited plas-
mepsin II [21], an aspartic protease specific to Plasmod-
ium falciparum [22]. In the present work, we studied the
effect of T. calobuxus extract on MMP-9 activity and se-
cretion. Following activity-guided fractionation, several
constituents were isolated and tested both on enzyme se-
cretion and protein gene expression.

Materials and methods

Chemicals
All cell culture reagents were purchased from Invitrogen
(Life Technologies, Milan, Italy). The plasmid 2.2-Luc,
containing the MMP-9 promoter fused to a luciferase re-
porter gene, was a kind gift of C. K. Glass (Department
of Cellular and Molecular Medicine, School of Medicine,
University of California, San Diego, CA). Restriction en-
zymes, luciferin, and the plasmid pGL3-promoter con-
taining the SV40-early gene promoter were obtained
from Promega (Milan, Italy). The pCMVb-galactosidase
plasmid was from Clontech (Palo Alto, CA). The Qiagen
plasmid purification kit was purchased from Qiagen (Mi-
lan, Italy). The African green monkey cell line CV-1 was
purchased from the American Type Culture Collection
(Manassas, Va.). C57BL/6J mice were purchased from
Charles River (Calco, Italy). Gallic acid, ellagic acid
(EA), (–)-gallocatechin (2S,3R) (GC), Dulbecco’s modi-
fied Eagle’s medium and bovine serum albumin (BSA)
were obtained from Sigma-Aldrich (Milan, Italy). (–)-
Epigallocatechin (2R,3R) (EGC) was from Extrasynthèse
(Genay, France), (+)-gallocatechin (2R,3S) was a gener-
ous gift from Prof. Delcour (Heverlee, Leuven Bioprod-
ucts, Belgium). All other chemicals of analytical grade
were purchased from Merck (Darmstadt, Germany). 

Plant extraction
The extraction of the bark of T. calobuxus and the frac-
tionation of the methanolic (MeOH) extract were per-
formed as described elsewhere [23]. Briefly, the MeOH
extract was fractionated into CH2Cl2-, ethyl acetate
(EtOAc)- and water-soluble phases. The EtOAc-soluble
fraction, which retained most of the biological activity of
the total extract, was chromatographed on Sephadex 
LH-20, obtaining seven fractions. Some compounds were
isolated and identified as described previously [23]: gal-
lic acid, EA, p-hydroxybenzoic acid, and 3,4-dihydroxy-
benzoic acid. Since fraction 5 was biologically active, it
was partitioned in BuOH-nPrOH-H2O 2:1:3 to give the
organic phase 5A and the aqueous phase 5B. The chemi-
cal composition of 5A and 5B was analysed by HPLC-
DAD-UV-ESI-MS and NMR. 

HPLC-DAD-UV-ESI-MS and NMR analysis of 5A
and 5B
A Finnigan MAT (San Jose, CA) LCQ ion trap mass spec-
trometer equipped with a Microsoft Window NT data sys-
tem and an electrospray interface (ESI) was used. The
HPLC system included a Thermo Separation Product
P4000 pump (San Jose, CA) and a Diode Array Thermo
Separation Products UV6000LP detector. Separation was
performed on a Zorbax Eclipse SB-C18 (5 mm) column
(250 ¥ 4.6 mm I.D.) from Agilent Technologies (Hewlett-
Packard, Waldbronn, Germany). A step gradient of 0.01%



v/v trifluoroacetic acid in water (A) and 0.01% v/v triflu-
oroacetic acid in acetonitrile (B) was used according to the
following profile: 0–40 min, 95–50% A, 5–50% B;
40–41 min,  50–0% A, 50–100% B;  41–44 min, iso-
cratic 100% B. The flow rate was 1.0 ml/min. Column
temperature, controlled with a column heater-cooler HP
Series 1100 from Hewlett-Packard (Waldbronn, Ger-
many), was set to 25°C. Mass spectrometer conditions
were optimized to achieve maximum sensitivity. DAD de-
tection was undertaken in the range 200–500 nm. ESI
conditions: source voltage 80 kV, sheath gas flow rate 90,
auxiliary gas flow 60 psi, capillary voltage 19.0 V, and
capillary temperature 250°C. Full scan spectra from 150
to 1000 u in the negative ion mode were obtained (scan
time 1 s). Ion trap conditions: acquisition in automatic
gain control with a max-inject time of 200 ms. For the MSn

analysis, a collision energy of 35 eV was used.
1H-NMR spectra were recorded on a Bruker Advance 400
MHz, in CD3OD. The intense H2O signal (d 3.2 ppm) was
saturated using a NOESY sequence available in the Bruker
software (D1 = 5 s, mixing time = 0.3 ms, PL9 = 50 dB).

Cell culture
Mouse peritoneal macrophages were collected by peri-
toneal lavage with phosphate-buffered saline (PBS) from
C57BL/6J mice and plated as described previously [11].
CV-1 cells were plated in 24-well plates (105 cells/well)
the day before transfection in DMEM supplemented with
10% (v/v) heat-inactivated fetal bovine serum.
To generate the conditioned media, macrophages were in-
cubated for 24 h at 37°C with DMEM, supplemented
with 0.2% BSA in the absence or presence of the indi-
cated concentrations of compounds. At the end of the in-
cubation, the conditioned media were collected and the
gelatinolytic capacity of secreted MMP-9 analysed by zy-
mography. Cellular protein content was measured ac-
cording to Lowry [24]. For quantitation of zymograms,
densitometric scanning was performed using a system in-
corporating a video camera and a computer analysis
package (NIH Image 1.52 image analysis software). Each
experiment was performed at least three times with dif-
ferent preparations of cells. Results were normalized by
cellular protein content and expressed as arbitrary optical
density (OD) units. Data are presented as the mean ± SD
and analysed using the Dunnett test. 

SDS-PAGE zymography
MMP-9 gelatinolytic activity was evaluated as described
previously [11]. Briefly, samples underwent elec-
trophoresis on 7.5% polyacrylamide gels containing
10% SDS and gelatin (1 mg/ml). The gels were then
washed in 2.5% Triton X-100 (Sigma) at room tempera-
ture and then incubated overnight at 37°C (Tris 50 mM
pH 7.5 containing NaCl 150 mM, CaCl2 10 mM, ZnCl2 

1 mM; activation buffer). At the end of the incubation, the

gels were stained with Coomassie brilliant blue R-250
(Sigma-Aldrich). EDTA 2 mM was used as reference
compound. To test the effect of the extracts on the activ-
ity of secreted MMP-9, conditioned medium was elec-
trophoresed as described above and the tested compounds
added in the activation buffer.

Transient transfection assays
Transfections of CV-1 cells were performed by the cal-
cium phosphate co-precipitation technique [25] for 16 h
at 37°C. Briefly, a unique co-precipitate containing the
MMP-9 promoter/luciferase or pGL3-promoter plasmid
plus pCMVb-gal was prepared and aliquoted in different
wells to assure that all samples were transfected with the
same amount of plasmid DNA (1.2 mg of luciferase plas-
mid plus 0.3 mg of b-galactosidase plasmid DNA/well).
At the end of the transfection, cells were washed with
PBS and incubated for 24 h in medium containing the ex-
tracts or the compounds to be tested or the vehicle
(ethanol 0.1%). 

Enzyme assay
Luciferase and b-galactosidase assays were performed
using a luminometer (Lumat 9501; Berthold, GSG Nu-
clear srl, Bresso, Italy) and a microtiter plate reader (Bio-
Rad, Hercules, CA) respectively, as previously described
[25]. Luciferase activities were normalized versus galac-
tosidase activities. Results are expressed as the inhibition
of normalized luciferase activities versus control and rep-
resent the mean ± SD values of triplicate samples. Each
experiment was repeated at least twice. Statistical analy-
ses were performed using the Student t test.

Cytotoxicity assay
Cellular toxicity caused by the extracts and the compounds
was assessed both by measuring cellular protein [24] and
by using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide) (MTT) colorimetric assay [26]. Cells
were treated with increasing concentrations of extracts or
compounds for 24 h in DMEM supplemented with 10%
heat-inactivated FBS. The medium was removed, and cells
were incubated with a solution containing MTT 0.5 mg/ml
in PBS at 37°C for 3 h. The MTT solution was removed
and MTT formazan was extracted with isopropanol:
DMSO (9:1, v/v; 500 ml/well) for 15 min at 37°C. Ali-
quots of 100 ml were read on a plate reader (Bio-Rad) at
560 nm (reference wavelength 690 nm). No sign of cyto-
toxicity was found. Cell proliferation was also unaffected
(control cells: 51 mg protein/ plate; CV-1 cells treated with
fraction 5A: 57 mg protein/ plate; CV-1 cells treated with
fraction 5B: 61 mg protein/plate). 

mRNA analysis by real-time quantitative RT-PCR
Murine peritoneal macrophages were treated with differ-
ent compounds or extracts. Six replicates per treatment

1442 S. Bellosta et al. Metalloproteinase-9 inhibition by polyphenols



CMLS, Cell. Mol. Life Sci. Vol. 60, 2003 Research Article 1443

were pooled and total RNA extracted with the Absolutely
RNA RT-PCR Miniprep Kit (Stratagene, LaJolla, CA),
which includes a step of treatment with Dnase to remove
contaminating genomic DNA from the samples. Pooled
total RNA (1 mg) was reverse transcribed using Super-
script II (Invitrogen, Milan, Italy) enzyme according to
the manufacturer’s instructions. The real-time PCR reac-
tions were carried out in an iCycler iQ™ Detection Sys-
tem (Bio-Rad). Two-step real-time PCR reactions were
performed with an SYBR Green kit (Qiagen, Milan,
Italy), using the following conditions: activation step at
95°C followed by 40 cycles with 95°C denaturation step
for 15 s and annealing/extension at 60°C for 60 s. After the
final PCR cycle, a melting curve was performed to deter-
mine the specificity of the amplicons. Primers used were:
mouse MMP-9 forward primer 5¢-TGCCGTCGAAG
GGATACC-3¢, mouse MMP-9 reverse 5¢-GACCCGAAG
CGGACATTGT-3¢, mouse 36B4 forward primer 5¢-CG-
CAACGTGGCCAGTGT-3¢, mouse 36B4 reverse 5¢-GGA
AGGGTGTACTCAGTCTCCACAGA-3¢. All the samples
were tested in duplicate and relative expression of MMP-9
was calculated by normalizing the threshold cycle (Ct) of
MMP-9 with the Ct of 36B4 mRNA to correct for varia-
tions in RNA loading. Dexamethasone 0.1 mM was used as
reference compound. Each experiment was performed
twice with different cell preparations.

Results

Inhibition of MMP-9 activity and secretion by
T. calobuxus extracts
In the first set of experiments, we tested if the methano-
lic extract affected the in vitro activity of MMP-9 (gelati-
nase B). As shown in figure 1A, the MeOH extract in-
hibited the activity of secreted MMP-9. The effect was
concentration dependent (from 50% at 10 mg/ml up to
95% at 50 mg/ml) and statistically significant (p < 0.001;
fig. 1B). The inhibitory activity was retained mainly in
the EtOAc-soluble fraction, while the CH2Cl2-soluble
fraction did not show an appreciable effect (fig. 1). The
inhibition by the water-soluble phase was negligible (data
not shown).
The MeOH extract and the EtOAc-soluble fraction
(10–50 mg/ml), but not the CH2Cl2-soluble fraction, in-
hibited MMP-9 secretion by mouse macrophages in a
concentration-dependent fashion and the effect started
and was already statistically significant at 10 mg/ml 
(fig. 2). Following activity-guided fractionation, as de-
scribed in Materials and methods, the inhibitory activity
was associated with fractions 5A and 5B (12–50% inhi-
bition at 1–20 mg/ml). The effect of the two fractions was
comparable.
Secretion experiments were also performed in CV-1 cells.
This cell line is able to secrete measurable amounts of

MMP-9 (by gelatin zymography). The incubation with
fraction 5A and 5B for 24 h reduced the activity of MMP-
9 by 37% and 49%, respectively.

Composition of fractions 5A and 5B
HPLC chromatograms of 5A and 5B are shown in figures
3 and 4. Two different wavelengths (210 and 254 nm)
were used to detect all peaks in fractions 5A and 5B, since
the compounds gave different responses to UV detection.
MS detection allowed the compounds present in fractions
5A and 5B to be identified as gallocatechin, catechin de-
rivatives, EA glycosides (xyloside, arabinoside and rham-
noside), and EA. 5A and 5B showed a similar composi-
tion, but in 5B, catechin derivatives and EA glycosides
occurred in lower amounts. In the 1H-NMR spectrum of
5A, (fig. 5), although too complex to be fully interpreted,
the peaks present in specific zones of the spectrum, and
indicated as reported in the legend to figure 5, supported
the hypothesis derived from the MS interpretation. In
both fractions, the occurrence of flavan-3-ol oligomers
was proved by reaction with 5% n-butanolic HCl at
90°C, leading to a red colour.
Since the absolute configuration of GC in 5A and 5B
could not be determined, in the next experiments both
(+)- and (–)-GC were assayed. Their presence could not
be quantified due to broad HPLC peaks. 

Effect of single polyphenolics on MMP-9 secretion
EA, (+)-GC, (–)-GC, and for comparison (–)-EGC were
tested on MMP-9 secretion at 30 mM (10 mg/ml). All

Figure 1. Effect of the Tristaniopsis calobuxus extracts on the ac-
tivity of secreted MMP-9. (A) Representative gelatin zymograms
showing the effect of the extracts of the bark of T. calobuxus on the
activity of already secreted MMP-9. Mouse macrophages were in-
cubated with medium alone for 24 h. Then the conditioned media
were collected, run on gelatin gels, and the indicated compounds
added into the activation buffer, as described in Materials and meth-
ods. (B) Data were quantified by densitometry scanning and ex-
pressed as the mean ± SD of three experiments performed in dupli-
cate. *p < 0.001 vs control (untreated cells).
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Figure 2. Effect of the T. calobuxus extracts on the secretion of MMP-9 by mouse macrophages. Cells were incubated for 24 h with DMEM
containing increasing concentrations of the indicated extracts. Then, media were collected and MMP-9 gelatinolytic activity measured by
gelatin-zymography. Data were quantified by densitometry scanning and expressed as the mean ± SD of three experiments performed in
duplicate. *p < 0.01, **p < 0.001 vs control (untreated cells).

Figure 3. HPLC chromatogram of fraction 5A. The fraction was
analysed as described in Materials and methods. The top panel trace
was recorded at l 210 nm; the lower trace was recorded at l 254 nm.
Peak 1: gallocatechin; peaks 2, 3: catechin derivatives; peaks 4–6:
EA glycosides (xyloside, arabinoside and rhamnoside); peak 7: EA.

Figure 4. HPLC chromatogram of fraction 5B. The fraction was
analysed as described in Materials and methods. The top trace was
recorded at l 210 nm; the lower trace was recorded at l 254 nm.
Peak 1: gallocatechin; peaks 2–4: EA glycosides (xyloside, arabi-
noside and rhamnoside); peak 5: EA.
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compounds inhibited MMP-9 secretion (table 1), (–)-
EGC being less active. In contrast, gallic acid, p-hydrox-
ybenzoic acid, and 3,4-dihydroxybenzoic acid did not
cause a substantial effect (data not shown).

Effects on MMP-9 gene regulation
To investigate whether the effect on MMP-9 release could
be linked to a modulation of protein expression at the
transcription level, we tested the effect of 5A, 5B (1–
20 mg/ml), and the single polyphenols (1.5–50 mM,
0.5–15 mg/ml) on MMP-9 promoter activity. CV-1 cells
were used because they are easily transfectable, unlike
macrophage cell lines. In preliminary experiments, we
found that CV-1 cells secrete measurable amounts of
MMP-9 (as assessed by gelatin zymography) and the in-
cubation with fractions 5A and 5B for 24 h reduced the
activity of MMP-9 by 37 and 49%, respectively. The
range of concentrations was chosen according to the

MTT assay, which indicated no sign of cytotoxicity on
macrophages and CV-1 cells in those intervals. Fraction
5B displayed a potent concentration-dependent and sta-
tistically significant inhibition of MMP-9 promoter-dri-
ven transcription of the luciferase gene (from 25 up to
80% at 15 mg/ml; p < 0.01); 5A had a lower inhibitory ef-
fect, but still statistically significant (fig. 6A). The abil-
ity of the polyphenols to affect promoter activity was in
the order (+)-GC > (–)-EGC > EA > (–)-GC, the effect of
the latter not being significant (fig. 7A). To ascertain if
the inhibition was specific and selective for MMP-9 pro-
moter activity, the compounds were tested on SV40-early
gene promoter-driven transcription. None of the com-
pounds affected the activity of this promoter (fig. 6B,
7B), thus suggesting that the inhibitory effect observed
on MMP-9 promoter-induced transcription is not due to a
generalized suppression of gene transcription.

Effect on MMP-9 mRNA levels in mouse macrophages
To study if the reduced MMP-9 promoter-driven tran-
scription was paralleled by reduced MMP-9 mRNA pro-
duction, mouse macrophages were treated with 5A and
5B at 10 mg/ml, and by the single compounds at 30 mM
(10 mg/ml) for the determination of mRNA levels. The re-
sults are shown in table 2. mRNA levels were reduced to
50% of the control value by both 5A and 5B. All the
tested phenols decreased mRNA levels, in the following
order: (–)-EGC > (+)-GC = EA > (–)-GC.
The mRNA for 36B4, which was used as an internal
standard for normalization, was not affected by any of
these treatments. Furthermore, we also measured the

Figure 5. 1H-NMR spectrum of fraction 5A. The fraction was analysed as described in Materials and methods. G, GC protons; Xyl, xylose
protons; Rha, rhamnose protons; Ara, arabinose protons; EA, ellagic acid protons.

Table 1. Effect of polyphenols (30 mM) on MMP-9 secretion.

Compound MMP-9 secretion
% vs control

EA 61.9 ± 5.3**
(+)-GC 67.6 ± 12.5*
(–)-GC 69.2 ± 6.15**
(–)-EGC 75.9 ± 5.95**

Mouse macrophages were treated with the indicated compounds for
24 h. Secretion of MMP-9 into the conditioned medium was then
measured as described in Materials and methods. *p < 0.05, 
**p < 0.01 vs controls.
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Discussion

In this study, we showed that the crude MeOH extract of
T. calobuxus bark directly inhibited the gelatinolytic ac-
tivity of secreted MMP-9. After fractionation, only the
EtOAc-soluble fraction maintained the effect and was
also able to reduce the release of MMP-9 by mouse peri-
toneal macrophages. The antisecretory effect was associ-
ated with both the organic (A) and aqueous phase (B) of
fraction 5, obtained by chromatography of the EtOAc-
soluble fraction on Sephadex LH20. The decrease in
MMP-9 secretion was linked to reduced MMP-9 pro-
moter-driven transcription which lead to a reduction in
mRNA levels. The aqueous phase 5B was more effective
than the organic phase 5A in inhibiting MMP-9 pro-
moter-driven transcription. According to HPLC analysis,
EA and GC were the most representative compounds in
the mixture. The presence of EA glycosides was de-
scribed recently in the stem bark of Eucalyptus globulus
Labill (Myrtaceae) [27] and Eschweilera coricea [28]. 
The data obtained testing the single polyphenolic com-
pounds did not allow assignation of the inhibitory activ-

Figure 6. Effects of fraction 5A and 5B on MMP-9 (A) or SV40 (B) promoter-driven transcription. CV-1 cells were transfected with plas-
mids 2.2-Luc (A) or pGL-3 (B) and incubated for 24 h with the indicated concentrations of compounds. A luciferase assay was then per-
formed as described in Materials and methods. Results are expressed as the inhibition of normalized luciferase activities versus control and
represent the mean ± SD values of triplicate samples. Each experiment was repeated at least twice. *p < 0.05, **p < 0.01 vs control (un-
treated cells).

Figure 7. Effects of polyphenols on MMP-9 (A) or SV40 (B) promoter-driven transcription. CV-1 cells were transfected with plasmids 2.2-
Luc (A) or pGL-3 (B) and incubated for 24 h with the indicated concentrations of compounds. A luciferase assay was then performed as
described in Materials and methods. Results are expressed as the inhibition of normalized luciferase activities versus control and represent
the mean ± SD values of triplicate samples. Each experiment was repeated at least twice. *p < 0.05, **p < 0.01 vs control (untreated cells).

Table 2. Effect of polyphenols on MMP-9 mRNA levels.

Compound Concentration mRNA levels
% vs control*

5A 10 mg/ml 50.1
5B 10 mg/ml 49.1
EA 30 mM 34.9
(+)-GC 30 mM 31.9
(–)-GC 30 mM 42.8
(–)-EGC 30 mM 13.9
DEX 0.1 mM 4.9

Mouse macrophages were treated for 24 h with the indicated com-
pounds. The levels of MMP-9 mRNA were then measured as de-
scribed in Materials and methods. Dexamethasone (DEX) was used
as a positive control. 
* Control corresponds to cells treated with 0.1% ethanol. 

level of 18S rRNA in the same samples and found that it
was not changed by any of these treatments. Therefore,
we conclude that the observed effects are specific for
MMP-9 and are not due to global inhibition of RNA syn-
thesis.



ity to a specific single constituent. If one looks at the ef-
fect on metalloproteinase promoter activity, (+)-GC was
more active than EA (80 vs 40% inhibition), with no con-
tribution given by (–)-GC (see fig. 7). Regarding the re-
duction of mRNA levels, EA and (+)-GC contributed to
the same extent (70% reduction), while (–)-GC could
also participate in the effect. Furthermore, establishing
which enantiomer was present in the extract was not pos-
sible. The discrepancy between the effect of (–)-GC on
promoter activity and mRNA levels could be explained
by the fact that the experiments were performed with two
different cell types, CV1 and murine peritoneal macro-
phages. CV1 was chosen to evaluate the effect on the pro-
moter but avoiding possible interferences by other sig-
nalling pathways that could be active in macrophages. Al-
ternatively (–)-GC which is not active on the MMP-9
promoter, could instead decrease mRNA levels through
other mechanisms.
As regards the complexity of the secretion, none of the
tested compound was able to accomplish the effect
achieved by the complete fractions (see table 1 vs fig. 2),
indicating either synergism or the contribution of other
yet unidentified constituents. 
Differences in the structural features of the tested com-
pounds are important in determining their activity. Previ-
ous studies [13, 17] showed that the presence of a galloyl
group as in (–)-EGC gallate was critical for the interac-
tion with the enzyme, and that the planarity of the mole-
cule, as for baicalein, could be another important element
in conferring a low IC50 against gelatinases [29]. If one
considers that EA is a condensation product of two gal-
loyl moieties with a planar conformation, such structural
requisites (planarity and the presence of a galloyl group)
seem also to be important for the interaction of inhibitors
with the MMP-9 promoter. A 3,4,5-trihydroxyphenyl unit
is also present in GCs and, in addition, since only (+)-GC
and (–)-EGC were active on the promoter, a 2(R) config-
uration of the flavonol moiety seems to determine the
ability to act at the transcription level (fig. 8). The stere-
ochemical structure was shown also to affect the antitu-
mour-promoting activity of catechins [30]. 
Our results provide new insights into the ability of
polyphenols to act at the gene level. Tea polyphenols have
been shown to inhibit androgen action by repressing the
transcription of the androgen receptor gene [31] and to
down- or up-regulate the expression of genes in a human
lung cancer cell [32]. Moreover, red wine polyphenols
were shown to possess antiproliferative effects due to
their capacity to down-regulate the expression and pro-
moter activity of the cyclin A gene, a cell cycle regulator
[33, 34]. Finally, green tea polyphenols could potently en-
hance glucocorticoid-induced gene transcription [35].
Increased MMP activity is associated with a wide variety
of pathological conditions such as arthritis, cancer, mul-
tiple sclerosis, and atherosclerosis [1, 4, 36]. The poten-
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tial utility of MMP inhibitors in these diverse disease
states is evident, and several MMP inhibitors have now
entered clinical development [37]. However, their side-
effects have greatly limited their clinical use [36]. 
Our data indicate that simple and natural molecules such
as polyphenols, which can be readily available from di-
etary sources, exert an effect on MMP-9 gelatinolytic po-
tential by reducing its release from macrophages, via the
modulation of the activity of the MMP-9 promoter, in ad-
dition to their direct effect on enzyme activity. This is the
first study reporting an inhibitory effect on MMP-9 gene
transcription by these compounds. These results could
represent a beneficial effect of these polyphenols in the
therapeutic control of excessive ECM breakdown. 
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