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ABSTRACT: Matrix metalloproteinases (MMPs) are crucial extracellular matrices degrading enzymes that have important 
roles in metastasis of cancer progression as well as other significant conditions such as oxidative stress and hepatic 
fibrosis. Marine plants are on the rise for their potential to provide natural products that exhibit remarkable health ben-
efits. In this context, brown algae species have been of much interest in the pharmaceutical field with reported instances 
of isolation of bioactive compounds against tumor growth and MMP activity. In this study, eight different brown algae 
species were harvested, and their extracts were compared in regard to their anti-MMP effects. According to gelatin zy-
mography results, Ecklonia cava, Ecklonia bicyclis, and Ishige okamurae showed higher inhibitory effects than the other sam-
ples on MMP-2 and -9 activity at the concentrations of 10, 50, and 100 g/mL. However, only I. okamurae was able to reg-
ulate the MMP activity through the expression of MMP and tissue inhibitor of MMP observed by mRNA levels. Overall, 
brown algae species showed to be good sources for anti-MMP agents, while I. okamurae needs to be further studied for its 
potential to yield pharmaceutical molecules that can regulate MMP-activity through cellular pathways as well as enzy-
matic inhibition.
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INTRODUCTION

Ongoing cancer research has acknowledged the matrix 
metalloproteinases (MMPs) as significant enzymes that 
are involved in several steps of cancer-related conditions 
(1). Especially in terms of invasive tumor cells, MMP ex-
pression and activitiy are deteriorated and closely linked 
to cancer onset (2,3). MMPs are zinc-dependent endo-
peptidases responsible for extracellular matrix degrada-
tion that play crucial roles in the progression of various 
disorders including inflammation, arthritis, cardiovascu-
lar diseases, pulmonary diseases, and cancer (4,5). Dif-
ferent types of MMPs have different roles depending on 
which tissue they are produced. The main duty of MMPs 
is in extracellular matrix degradation, cell surface recep-
tor cleave, apoptotic ligand release, and activation/in-
activation of several cytokines that are processed by the 
involvement of MMPs. Regarding their function in differ-
ent tissues, different classifications occur. For instance, 
collagenases, responsible for collagen degradation, are 
mainly present in bone-related tissues while gelatinases 

are expressed mainly by fibroblasts and are responsible 
for gelatin cleavage (6). Among all different types of 
MMPs, MMP-2 (gelatinase A, 72 kDa), and MMP-9 (gel-
atinase B, 92 kDa) are suggested to play pivotal roles in 
tumor invasion and metastasis. Both of these MMPs are 
abundantly produced in various malignant tumors (7). 
Notably, increased MMP-2 and -9 expression levels are 
suggested to result in markedly enhanced metastasis (8). 
Hence, MMPs are considered to be essential in tumor 
cells due to their ability to degrade the extracellular 
matrix. Therefore, much attention has focused on the 
development of MMP inhibitors as a new class of cancer 
therapeutic targets of current interest. Regulation of 
MMP-2 and -9 activities are suggested to possess a ther-
apeutic potential against cancer (5). The pathways of 
MMP-2 and -9 activation is regulated by tissue inhibi-
tors of MMP (TIMP) through a negative feedback mech-
anism. All MMPs, except gelatinases, are inhibited by 
TIMP expression while gelatinases are expressed to form 
complexes with TIMPs and further activated by a cell 
surface MMP complex called MT1-MMP (MMP-14). In 



154  Bae et al.

case of malignant tumors, the normal action of TIMPs 
ought to be deteriorated to further facilitate the activa-
tion of elevated MMP expression coupled with MT1- 
MMP (9).

Although there are important achievements in syn-
thetic drug development, natural products and com-
pounds derived from natural origins are still of high in-
terest due to various health beneficial properties with 
high potential to be utilized as nutraceuticals. In terms 
of bioactive natural products, algae have been inten-
sively studied and several bioactivities have already been 
reported promoting marine plants as important sources 
for pharmaceuticals (6,7). In addition, marine algae are 
credited to be a healthy source for consumption due to 
their low content in harmful lipids and high content in 
polysaccharides, unsaturated fatty acids, vitamins, and 
minerals as well as reported bioactive compounds such 
as sulfated polysaccharides, phlorotannins and glyco-
proteins (8-10). Among algae, the division Phaeophyta, 
also known as brown seaweeds, includes some of the 
most studied species of marine plants, namely Ecklonia, 
Laminaria, Undaria, and Himanthalia. In addition to con-
tain high nutritious value, other important contents 
found in the aforementioned brown seaweeds include 
phenolic compounds, sulfated polysaccharides, quinones, 
and several secondary metabolites that are studied for 
their activities against numerous diseases and conditions 
(11-13). To date, marine plants have been studied to de-
velop anticancer materials such as MMP inhibitors. 
Brown algae species also were found to produce MMP 
inhibitors, although any antitumor compound that is 
able to reach clinical trials has not been reported. There-
fore, on the way to develop natural anticancer com-
pounds, specifically MMP inhibitors, this study aims to 
provide insights on the potential of brown algae as a 
MMP inhibitor source. Hence, eight different kinds of 
brown algae from Korean shores were compared in re-
gard to their anti-metastatic properties through MMP- 
activity based assays. Following a literature survey, Sar-
gassum siliquastrum, Ecklonia cava, Sargassum thunbergii, 
Ecklonia bicyclis, Hizikia fusiformis, Ishige okamurae, 
Sargassum horneri, and Laminaria japonica were chosen to 
be screened as potential MMP-inhibitors due to their 
availability in the daily Korean diet, as well as reported 
bioactive potential as sources of compounds with nota-
ble health effects (10,11).

MATERIALS AND METHODS

Plant materials and extract preparation
Brown algae samples were purchased from different lo-
cations as follows: Sargassum siliquastrum, Ecklonia cava, 
Sargassum thunbergii, Ishige okamurae, and Sargassum hor-

neri from Parajeju (Jeju, Korea). Hizikia fusiformis and 
Laminaria japonica from Jeonbok Maeul (Mokpo, Korea), 
and Ecklonia bicyclis from Ulleungdomall (Ulleung, 
Korea). The samples were air-dried under shade and 
ground to powder. Next, 250 g of powdered sample was 
extracted with 10-fold (w/v, 2,500 mL) of 80% ethanol 
for 4 h by stirring at 80oC. The extract was then filtered 
with a Whatman® qualitative filter paper (Sigma-Aldrich, 
St. Louis, MO, USA) and dried to powder. The obtained 
extract powder was extracted once more with 10-fold 
(w/v, 2,500 mL) of 80% ethanol for 4 h by stirring at 
80oC and filtered again. Finally, the extract was concen-
trated using a vacuum rotary evaporator (RV 10 Series, 
IKA, Wilmington, NC, USA) followed by dissolution in 
dimethyl sulfoxide (DMSO).

Cell culture and cytotoxicity determination 
Human fibrosarcoma HT1080 cells (Korean Cell Line 
Bank, Seoul, Korea) were grown as monolayers in T-75 
tissue culture flasks (Nunc A/S, Roskilde, Denmark) at 
5% CO2 and 37oC humidified atmosphere using Dul-
becco’s modified eagle medium (DMEM, Gibco-BRL, Gai-
thersburg, MD, USA) supplemented with 10% fetal bo-
vine serum, 2 mM glutamine, and 100 g/mL penicillin- 
streptomycin (Gibco-BRL). The medium was changed 
twice or three times each week. 

In order to determine non-toxic concentrations of 
brown algae samples, the cytotoxic effects were eval-
uated using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) cell viability assay in HT1080 
cells. The cells were grown in 96-well plates at a density 
of 5×103 cells/well. After 24 h, the cells were washed 
with fresh medium and were treated with control me-
dium or the medium supplemented with brown algae 
samples. After incubation for 24 and 48 h, cells were re-
washed, and 100 L of MTT solution (1 mg/mL) was 
added and incubated for 4 h. Finally, 100 L of DMSO 
was added to solubilize the formed formazan crystals, 
and the amount of formazan crystal was determined by 
measuring the absorbance at 540 nm using a GENios® 
microplate reader (Tecan Austria GmbH, Grödig, Aus-
tria). Relative cell viability was determined by the amount 
of MTT converted into formazan crystal. Viability of cells 
was quantified as a percentage compared to the control, 
and dose response curves were developed.

Cell migration assay
Cells were plated on a 12-well culture dish with 90% 
confluence, and an injury line with a width of 2 mm was 
made by scraping across the cell monolayer with a sterile 
scraper. After floating cell debris was removed by wash-
ing with PBS, cell medium was replaced with serum-free 
medium, and cells were treated with 10, 50, and 100 
g/mL brown algae samples. Cell migration in the pres-
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ence of samples was monitored under an inverted micro-
scope (Nikon Eclipse TS100, Nikon Inc., Melville, NY, 
USA) and photographed at incubation starting time and 
after 24 h incubation.

Determination of MMP activity by gelatin zymography
Activities of MMP-2 and MMP-9 in HT1080 cells treated 
with samples were determined by gelatin zymography. 
HT1080 cells were seeded in 24-well plates at a density 
of 2×105 cells/well and incubated for 24 h to reach 80% 
confluence. After the incubation, cell culture media was 
changed to serum-free media, and MMP expression was 
stimulated by introduction of phorbol 12-myristate 13- 
acetate (PMA, 10 ng/mL) to the wells. At this stage, dif-
ferent concentrations of the sample were treated, and 
cells were incubated for another 24 h. Total protein con-
tents were normalized by the Bradford protein determi-
nation method. Cell conditioned medium was subjected 
to substrate gel electrophoresis. A same amount of pro-
tein containing conditioned media was applied under 
non-reducing conditions on 10% polyacrylamide gels 
containing 1.5 mg/mL gelatin. After electrophoresis, pol-
yacrylamide gels were washed with 50 mM Tris-HCl (pH 
7.5) containing 2.5% Triton X-100 at room temperature 
to remove sodium dodecyl sulfate. Gels were then in-
cubated for 48 h at 37oC in a developing buffer contain-
ing 10 mM CaCl2, 50 mM Tris-HCl, and 150 mM NaCl 
to digest gelatin by MMP. Areas of gelatin hydrolyzed by 
MMP were visualized as clear zones against blue back-
ground by Coomassie Blue staining, and the intensities 
of the bands were estimated by densitometry (Multi 
Gauge V3.0 software, Fujifilm Life Science, Tokyo, Japan). 

RNA isolation and reverse transcription-polymerase chain 
reaction (RT-PCR) analysis 
Total cellular RNA was extracted from sample-treated 
cells using Trizol reagent (Invitrogen, Carlsbad, CA, 
USA). Changes in the steady-state concentration of 
mRNA for MMP-2 and MMP-9 were assessed by RT- 
PCR. Briefly, total RNA (2 g) was converted to single 
stranded cDNA using a reverse transcription system 
(Promega, Madison, WI, USA). The target cDNA was 
amplified using the following primers: forward 5'-TGA 
AGG TCG GTG TGA ACG GA-3' and reverse 5'-CAT 
GTA GCC ATG AGG TCC ACC AC-3' for MMP-2; for-
ward 5'-CAC TGT CCA CCC CTC AGA GC-3' and re-
verse 5'-CAC TTG TCG GCG ATA AGG-3' for MMP-9; 
forward 5'-AAT TCC GAC CTC GTC ATC AG-3' and re-
verse 5'-TGC AGT TTT CCA GCA ATG AG-3' for TIMP- 
1; forward 5'-TGA TCC ACA CAC GTT GGT CT-3' and 
reverse 5'-TTT GAG TTG CTT GCA GGA TG-3' for 
TIMP-2; forward 5'-GCC ACC CAG AAG ACT GTG 
GAT-3' and reverse 5'-TGG TCC AGG GTT TCT TAC 
TCC-3' for -actin. The amplification cycles were 95oC 

for 45 s, 60oC for 1 min, and 72oC for 45 s. After 30 cy-
cles, the PCR products were separated by electrophoresis 
on 1.5% agarose gel for 30 min at 100 V. Gels were then 
stained with 1 mg/mL EtBr visualized by Davinch-Chemi 
CAS-400SM Imager (Davinch-k, Seoul, Korea) and Al-
phaEase® gel image analysis software (Alpha Innotech, 
San Leandro, CA, USA). 

Statistical analysis 
The data were presented as means±SD (n=3). Differen-
ces between the means of the individual groups were as-
sessed by one-way ANOVA followed by Duncan's multi-
ple range tests. Differences were considered significant 
at P＜0.05. The statistical software package, SAS v9.1 
(SAS Institute Inc., Cary, NC, USA), was used for these 
analyses.

RESULTS AND DISCUSSION

MMPs are known to be a part of different important 
pathways including metastasis, oxidative stress, and fib-
rosis (14,15). Hence, potent MMP-inhibitors are of high 
interest in several fields of pharma and nutraceutical 
studies. On the way to obtain natural MMP-inhibiting 
compounds, marine organisms hold a great deal of po-
tential because they are present in a unique and chal-
lenging environment. Various organisms, especially ma-
rine algae, and metabolites have been identified as po-
tential MMP-inhibitors, and possible mechanisms of ac-
tion for isolated compounds have been suggested (16, 
17). In order to provide valuable insights on that matter, 
eight different brown algae species from the shores of 
Korea, namely S. siliquastrum, E. cava, S. thunbergii, E. bi-
cyclis, H. fusiformis, I. okamurae, S. horneri, and L. japonica, 
were compared in regard to their MMP-inhibition effi-
ciency which will help the future utilization of marine 
sources as nutraceuticals.

First, the extracts were tested for their cytotoxic pres-
ence in human fibrosarcoma cell line HT1080 for 24 and 
48 h at three different concentrations (10, 50, and 100 
g/mL) (Fig. 1). The cytotoxicity test revealed that fol-
lowing 24 h incubation these concentrations were cyto-
compatible for all tested brown algae extracts and possi-
ble inhibition of MMP-2 and MMP-9 was not due to cy-
totoxic influence. At 48 h incubation, some significant 
differences were observed between the different concen-
trations of samples. Therefore, all assays were carried 
out with 24 h sample treatments.

Effects of samples on the invasive properties of 
HT1080 cells were observed by migration assay. Pres-
ence of samples halted the migration of cells shown by 
microscopic images (Fig. 2). All of the samples were 
able to prevent cell migration in a dose-dependent man-
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Fig. 1. Cytotoxicity of eight brown algae extract treatments for 24 h (A) and 48 h (B) on human fibrosarcoma cell line HT1080 
assessed by the MTT-formazan assay at the concentrations of 10, 50, and 100 g/mL. Cell viability was indicated as percentage 
of untreated control cells. Means with different letters (a-f) are significantly different (P＜0.05) among same concentration by 
Duncan’s multiple range test.

ner following 24-h incubation. Among all tested sam-
ples, I. okamurae and E. cava were the most effective sam-
ples inhibiting cell invasion of HT1080 cells. Inhibited 
cell migration of invasive cancerous cells indicated a 
possible anti-MMP activity for tested samples as the 
MMP activity is the crucial regulator for successful mi-
gration of tumor cells into unoccupied extracellular 
space. Screening anti-invasive effect of samples paved 
the way for further experiments in order to elucidate the 
mechanism behind the migration inhibitory effect.

Inhibitory effect on MMP-2 and MMP-9 activities by gela-
tin zymography 
To investigate the effect of brown algae on MMP enzy-
matic activity, brown algae species were tested for their 
efficiency to inhibit MMP-2 and -9 activities following a 
PMA stimulation. Gelatinolytic activities of MMP-2 and 
-9 secreted from fibrosarcoma cell line HT1080 were 
evaluated with gelatin zymography which was carried 
out with PMA stimulated conditioned medium of brown 
algae-extract treated cells (Fig. 3). Administration of 
PMA (10 ng/mL) enhanced the expression of MMP-2 
and -9 hence the elevated gelatinolytic activity in gelatin 
zymography. All treated cells showed a decreased activi-
tyies for both MMP-2 and -9. There was no consistent 

inhibitory activity for treated concentrations and brown 
algae. In the case of MMP-2 activity, S. siliquastrum was 
the most active one at the concentration of 10 g/mL, 
while I. okamurae showed the most active inhibition at 
the concentration of 50 g/mL. On the other hand, E. 
cava and E. bicyclis were observed to have the highest in-
hibition ratio for 10 and 50 g/mL, respectively for 
MMP-9 activity. Nonetheless, all tested brown algae 
showed an inhibitory effect to a level against both MMP- 
2 and -9. Brown algae are known for their bioactive phe-
nolic compounds mostly, but they also have sulfated 
polysaccharides and derivatives which are very prom-
inent health beneficial compounds (18). Accordingly, S. 
siliquastrum was reported to contain a very active metab-
olite known as fucoxanthin, which is also a MMP-in-
hibitor (19). I. okamurae is known for glycolipids and 
polysaccharides that are known to inhibit MMP as well 
(20). Considering the efficiency of these isolated com-
pounds, the observed effects and unresponsiveness to 
increased doses of these species can be credited to the 
presence of these compounds along other non-specific 
MMP-inhibitors of brown algae such as phlorotannins 
and fucoidan. However, at the concentration of 100 g/ 
mL, S. siliquastrum showed an unexpected failure to fur-
ther inhibit MMP-2 activity in a dose-dependent man-
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Fig. 2. Effect of brown algae extracts on the migration of HT1080 cells after 24 h incubation. HT1080 cells were grown to 80% 
confluence prior to the application of 2 mm wide injury line. Pictures of cell migrating towards the injury line were taken at the 
start and at 24 h incubation with samples.

ner. At lower concentrations, dose-dependency was rela-
tively small in case of S. siliquastrum, suggesting that at 
100 g/mL a saturation effect occurred with the increas-
ing dose of polyphenols, probably the effective ingredi-
ent fucoxanthin. E. bicyclis contains different polyphenol 
derivatives and sulfated polysaccharides in high amounts 
and reported to have glycolipidic bioactive compounds. 
Considering the superior inhibitory effect of E. bicyclis 
only at the concentration of 50 g/mL compared to oth-
er brown algae species, presence of high concentrations 
of phlorotannins were responsible for dose-dependent 
elevation in MMP-inhibitory activity. In that manner, 
different compounds that are present in E. bicyclis might 
prevent the higher inhibitory effect, and this lesser effi-
ciency was overcomed by higher concentration treat-
ments.

Effect on expressions of MMPs and TIMPs 
In order to examine the mechanism of brown algae ex-
tracts acting on MMP activity, gene expressions of MMP- 
2 and -9 were evaluated by RT-PCR along the levels of 
TIMP-1 and -2. TIMPs are known inhibitors of MMPs 
that are also known to elevate the activity of MMP-2 in 
some occasions (21). RT-PCR results indicated the pres-
ence of all eight brown algae extracts was able to sup-

press the expression of MMP-2 and -9 in mRNA levels. 
Presence of TIMPs is expected to be an indicator for in-
hibited MMP activity as a part of the cellular response to 
extracellular stimuli (22). Hence, PMA stimulation 
caused TIMP levels to decrease and MMP expression to 
increase. However, treatment with brown algae extracts 
was observed to suppress TIMP levels further following 
PMA stimuli. Expected results were to suppress MMP 
expression while regulating TIMP expression in order to 
balance the extracellular matrix degradation. Some brown 
algae species such as E. bicyclis and S. thunbergii did not 
to affect MMP-2 and -9 expressions in an unexpected 
manner. In addition, these two species inhibited both 
TIMP-1 and TIMP-2 expression compared to un-stimu-
lated and PMA-stimulated controls indicating negative 
effects against MMP activity. However, I. okamurae ex-
tract was able to suppress MMP-9 expression by a re-
markable 98% of PMA-stimulated control and a notable 
64% for MMP-2 (Fig. 4A). Unlike all of the other brown 
algae species, I. okamurae was able to increase TIMP-1 
and TIMP-2 expressions which were suppressed follow-
ing PMA-stimulation (Fig. 4B). The observed inhibitory 
effect of I. okamurae against both MMP activity and ex-
pression coupled with the regulated TIMP expression 
suggests that I. okamurae also acted on cellular ex-
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Fig. 3. Effect of brown algae extracts on the gelatinolytic activities of MMP-2 and MMP-9 in PMA-stimulated (10 ng/mL) HT1080 
cells determined by gelatin zymography (A). Gelatinolytic activities of MMP-2 and MMP-9 in conditioned media were detected by 
SDS-PAGE electrophoresis on gelatin containing 10% polyacrylamide gel and band sizes of multiple assays (n=3) were compared 
(B). Means with different letters (a-j) are significantly different (P＜0.05) among same concentration by Duncan’s multiple range 
test. Blank: unstimulated, untreated; Control: stimulated, untreated.

pression of MMP-related pathways as well as enzymatic 
inhibition. On the other hand, failure to regulate the 
MMP-related gene expression pathway by treated brown 
algae species, except I. okamurae, indicated that in gen-

eral brown algae extracts did not exhibit their MMP-in-
hibitory effect through intracellular signaling pathways 
as expected. Considering that both MMP and TIMP 
mRNA were suppressed by treatment, it might be sug-
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Fig. 4. Effect of brown algae extracts on mRNA expression levels of MMP-2, -9 (A) and TIMP-1, -2 (B) in HT1080 cells stimulated 
with PMA (10 ng/mL). Cells were treated with different concentrations of sample and PMA (10 ng/mL) for 24 h. The expression 
levels of these genes were detected using RT-PCR analysis and band sizes of multiple assays (n=3) were compared. -actin was 
used as an internal standard. Means with different letters (a-h) at each gene are significantly different (P＜0.05) among same 
enzymes by Duncan's multiple range test. Blank: unstimulated, untreated; Control: stimulated, untreated.

gested that brown algae extracts inhibit overall MMP ac-
tivity through a direct enzyme-bound inhibition rather 
than regulation of the expression of MMPs or TIMPs. 
Presence of compounds such as fucoidan, fucoxanthin, 
ishigoside, dieckol, and related derivatives that can stim-
ulate the TIMP-MMP binding, hence the MMP inhib-
ition, are reported for most of the brown algae species 
(23). However, current results indicated that extracts of 
brown algae were unable to regulate the TIMP expres-
sion as expected in order to regulate a successful MMP 

activity to prevent metastatic and unwanted fibrotic 
degradation. Under these conditions, utilization of crude 
extracts of brown algae might be limited to support nu-
trition rather than as potential nutraceutical as they only 
inhibit MMPs enzymatically and probably not with spe-
cific binding considering the different types of metabo-
lites present. Moreover, compared to the other brown al-
gae species tested, I. okamurae was suggested to contain 
higher concentrations of anti-MMP compounds that can 
act both on MMPs and their expression pathways. All 
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Table 1. Polyphenol contents of eight brown algae as milligrams
of gallic acid equivalents (mg GAE) per 100 g of dry extract 
weight (unit: mg GAE/100 g)

Sample Polyphenol content

Sargassum siliquastrum 6
Ecklonia cava 135
Sargassum thunbergii 16
Ecklonia bicyclis 115
Hizikia fusiformis 5
Ishige okamurae 70
Sargassum horneri 19
Laminaria japonica 4

tested brown algae species contained phytochemicals as 
their major bioactive constituents with some specific 
variations unique to each species. It was expected that 
all samples showed a recognizable effect on MMP ex-
pression and activity due to these phytochemicals. How-
ever, the notable difference of I. okamurae hints to in-
clusion of slightly more effective compounds and/or to-
tal contents of phlorotannins and glycolipids. In this 
context, the total polyphenol contents of all tested sam-
ples were calculated using the Folin-Ciocalteau assay 
and presented as mg gallic acid equivalents per 100 g dry 
weight of extracts (Table 1). As expected, three of the 
most effective samples were shown to contain signifi-
cantly higher amount of polyphenols than the remaining. 
Specifically, the polyphenol contents of E. cava, E. bicyclis 
and I. okamurae were 135, 115, and 70 mg GAE/100 g dry 
weight, respectively. However, I. okamurae showed high-
er inhibitory potential than E. cava and E. bicyclis despite 
containing slightly less polyphenols. I. okamurae is re-
ported to contain ishigoside which other species do not 
produce unlike fucoxanthin and fucoidan most brown al-
gae contain. In this context, different derivatives of ishi-
goside-related compounds might be the reason behind 
the higher efficiency of I. okamurae on MMP expression 
and activity compared to the other tested brown algae 
species. E. cava and E. bicyclis are also known to possess 
notably high amounts of polyphenols, mainly tannin 
derivatives. Tannin derivatives inhibit MMP-related 
pathways as well as MMP enzymatic activity (10). None-
theless, brown algae species can inhibit MMP action re-
gardless of the difference in species and concentration of 
different bioactive molecules which make them good 
sources for further studies to isolate and elucidate lead 
compounds that can be further utilized in pharmaceut-
ical and nutraceutical fields and MMP inhibitors. Fur-
ther, I. okamurae stands out from the rest of the brown 
algae species assayed for its ability to inhibit MMP activ-
ity and regulate deteriorated MMP and TIMP expression.
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