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ABSTRACT

Obijective: The study aimed to evaluate the chemical content, cytotoxic, and protective effects of polysaccharide fractions
(CFs) from Codium edule against human breast cancer cells (MCF-7), UVB-induced MMP-1 production and damaged rats
skin. Materials and methods: lon exchange chromatography was used for the isolation of CFs from the crude
polysaccharide (CP) of C. edule, which was subsequently analyzed for their chemical composition. Cytotoxic and
proliferative activities of CFs were tested on MCF-7 and human dermal fibroblasts (HDFs) using MTT assay. Protective
activity of polysaccharide fraction 1 (CF1) was evaluated on Sprague-Dawley rats exposed to UVB radiations. Animals
were orally fed with 50, 150, 200 mg/kg BW CF1 before exposure to UVB radiation (1.14 pW/cm? 30 minutes) daily for
7 days. Rat’s skin was evaluated by histological examination and measurement of severity index. The levels of matrix
metalloproteinase-1 (MMP-1) in rats plasma were quantified by ELISA. Results and Conclusion: CFs afforded
carbohydrates (1.93 - 14.9%), protein (1.3 - 4.1%) uronic acid (1.11 - 4.49%) and sulfate (2.48 - 6.3%). CF1 was cytotoxic
to MCF-7 (< 80%, ICso = 38.32 pg/mL), proliferative on normal HDFs, and inhibitory against UVB-induced MMP-1
production in fibroblast cells (<97%) and rats skin (ECso 85.12 mg/kg BW). Oral treatment with CF1 resulted to lower
severity index, absence of hyperplastic response in dermal skin section, and decreased MMP-1 levels compared to negative
(UVB exposed, no treatment) and positive (UVB exposed + piroxicam) groups (p < 0.05). Results strongly suggest the
cytotoxic, protective and anti-metastasis potential of CF1 against MCF-7, UVB-induced skin damage and irregular MMP-
1 production.
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INTRODUCTION

Bioactive compounds from marine green algae are
interesting molecules due to their notable antitumor,
anticoagulant, anti-inflammatory, hepatoprotective and
immunomodulating properties’=. The bioactivity of algal
polysaccharides is associated to the degree of sulfation,
uronic acid content, monosaccharide composition and
glycosidic bonds*. Ulvan and galactan are polysaccharide
present in the cell wall of green algae Ulva (Ulvaceae),
Enteromorpha (Ulvaceae), Monostroma
(Monostromataceae), Caulerpa (Caulerpaceae), and
Codium (Codiaceae) species with repeating disaccharide
moieties of sulfated rhamnose and uronic acid (glucuronic
or iduronic)®>. Ulvan and galactan are understudied
compared to brown and red algal polysaccharides but are
attracting the interest of medical researchers due to their
reported effects on immune system, apoptosis and
destructive proteases such as matrix metalloproteinases

(MMPs)812, The expression and activity of MMPs
increase significantly in various pathological conditions
characterized by destructive oral disease, inflammation,
tumor growth and metastasis’. Thus, it is valuable to
discover a local source of an effective but non-toxic
compound from marine product that has the potential to
inhibit or regulate the excessive production of destructive
MMPs. C. edule, commonly known as “puk-puklo” is an
edible seaweed sold seasonally in the local market in the
Northern Luzon, Philippines, and is being used in
alternative medicine for its anthelmintic, antibacterial and
antitumor properties®. At present, there are still no reports
on the characterization and biological activities of sulfated
polysaccharide of C. edule from the Philippines. Hence,
this study was conducted to evaluate the chemical
composition and activities of sulfated polysaccharides
from C. edule collected at Cagayan Province, Philippines.
The cytotoxic, proliferative and protective potential of the
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Table 1: Chemical composition (%) of polysaccharide fractions from Codium edule extracted with hot water and
fractionation by anion exchange chromatography on DEAE Sepharose Column.

Yield Total Sulfate Protein Uronic Acid Ash  Moisture Fats
Carbohydrates
Crude 14,192 14.9 6.3 41 4.49 77.2 3.0 1.0
CF1 320 6.08 3.08 1.3 1.49 nd nd nd
CF2 7.1b 4,97 2.67 tr 1.11 nd nd nd
CF3 250 1.93 2.48 tr tr nd nd nd

a Yield (weight of crude/weight of seaweed powder) X 100

b Yield (weight of fraction/weight of crude) X 100
tr — Percentages lower than 1% are given as traces (tr)
nd — not done

polysaccharide fractions from this alga on MCF-7,
irradiated fibroblast and UVB-induced skin damage in rats
is first reported.

MATERIALS AND METHODS

Isolation of polysaccharide fractions

Fresh algal thalli (2 kg) was collected on April 2016 at low
tide at a depth of 1-5 m along the coast of Santa Ana
Cagayan (Crocodile Island), GPS 18° 31’ 11”N 122° 9' 6"
E. Dr. Gavino C. Trono of Seaweed Taxonomy
Laboratory, University of the Philippines Diliman Marine
Science Institute identified the alga. A voucher specimen
(No. USTH014316) was deposited at the University of
Santo Tomas Herbarium. A collection certificate was
secured from the Bureau of Fisheries and Aguatic
Resources (BFAR) Region 2. Fresh algal materials were
thoroughly washed with seawater followed by distilled
water to remove extraneous matter and debris. Samples
were air-dried under shade for two weeks. CFs were
isolated according to reported methods®321, The milled
sample (200 g) was soaked in 85% ethanol (1:10 wi/v)
overnight at room temperature. The alcoholic portion was
removed to retain the residue. The residue was then rinsed
with acetone (1:1 w/v) and dried at room temperature. Two
hundred grams of dried residue was extracted with distilled
water (1:10 w/v) at 60 - 65 °C with occasional stirring for
4 h, cooled, and centrifuged at 10,000 rpm for 10 min at
room temperature.  The collected supernatant was
concentrated by evaporation under reduced pressure at
60°C to approximately 500 mL, added with Ethyl alcohol
(EtOH, 99%) (1:1 v/v) and kept at 4°C overnight. The
precipitate was collected using Whatman filter paper (0.45
pum), washed with EtOH (99%) (1:10 w/v), followed by
acetone (1:10 w/v), and allowed to dry to yield the crude
polysaccharide (CP). CP was then fractionated by ion-
exchange chromatography using DEAE Sepharose fast
flow column (G.E. Healthcare Life Science, USA). CP
(100 mg - 1 g) was dissolved in ultrapure water (35 - 50
mL) (Elix Millipore, Merck) at 60 - 65°C for 20 to 30 min
and run down to the column previously stabilized in H20.
Water was used as first elution solvent and followed with
NaCl solutions from 0.5 M to 2 M. Three fractions of 2 to
9 mL were obtained and labelled as CF1, CF2 and CF3.
All fractions were dialyzed, freeze-dried and stored at -
20°C until use.

Determination of organic composition

The organic composition of the polysaccharide was
determined by phenol-sulfuric acid®°, Bradford??,
sulfamate/m-hydroxydiphenyl*, Solvent
Extraction/Gravimetry'?1® methods for carbohydrate,
protein, uronic acid, fat and ash contents, respectively. The
results were expressed as percent composition (w/w) in
comparison with known standards.

Determination of percent sulfation

The percent sulfate content in CP was determined by
Ashing-acid ion chromatography (Dionex DX-120 lon
Chromatography, lonPac AS4A-SC 2-mm column). Five
hundred milligrams of CP was ashed, digested with 1M
HCI, and filtered through 0.45 pm membrane filter. Five
microliter of filtrate was used as the injection volume. A
solution 1.8 mM NaHCO; + 1.7 mM Na,CO3 was used as
the eluent, and electrical conductivity was used as the
mode of detection. Percent sulfate was determined by
regression analysis in comparison with standard sulfates
(0.5 M - 2.0 M). The sulfate content of hydrolyzed CFs
was estimated by BaCl, method and the absorbance was
recorded at 360 nm using K,SO, as a standard®2.

FT-IR analysis

The polysaccharide was relied on an IR Affinity-1S
Fourier Transform Infrared (Shimadzu). A salt disc of 10
mm diameter was prepared by mixing and compressing 10
mg of polysaccharide with 100 mg of dried potassium
bromide (KBr). FT-IR bands were recorded between wave
numbers of 4000 and 400 cm2.

2.5. NMR Spectroscopy

Samples (10 - 20 mg) were dissolved in 0.5 mL deuterium
oxide using 5 mm tubes. Signals were recorded at room
temperature on a Bruker 300 MHz spectrometer (Billerica,
MA, USA) following the parameters of spectral width of
4.5 KHz, an acquisition time of 1.82 s, a relaxation delay
of 1.82 s for 100 scans. The chemical shift was expressed
in parts per million (ppm)*.

Cell Culture Conditions

HDFs (PCS-201-010) and MCF-7 (ATCC HTB-22) were
routinely cultured in Dulbeco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS, Sigma), 2 mM glutamine, containing 100U/mL
penicillin, 100 U/mL streptomycin and 100 U/mL
mycostatin. Cells were maintained in a humidified
chamber with 5% CO; at 37°C. Cells were detached from
the flask upon reaching 80% confluence with trypsin-
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Figure 1: Fresh thalli of C. edule (a); and sulfate ion chromatogram of CP (c).
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Figure 2: FT-IR spectra of CP and CFs in comparison with carrageenan.
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Figure 3: *H NMR spectrum at 500 MHz of CF1 from C. edule.

EDTA and splitted at 1:5 ratio until assays.

MTT assay

Cytotoxicity assay was performed using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

Bromide (MTT) kit (Sigma Aldrich). MCF-7 and HDFs
cells were counted under a microscope using a
hemacytometer (Hausser Scientific) and plated (1 X 10°
cells/well) into the 96-well microtiter plates. After 24 h,
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Figure 4: Effects of C. edule on MCF-7 and HDFs: Cytotoxic activity of C. edule against MCF-7 breast cancer cells
(a); proliferative effect on HDFs (b). Cells (1 x 10° cells/mL) were incubated for 48 h with different concentrations of
polysaccharides (0 to 160 pg/mL) with Doxorubicin as positive control. The data are presented as means + standard
deviation (n=3). The letters V"W *¥.2 indicate significant difference (p < 0.05) between the concentrations of CP and
CFs with @ ¢ indicating significant difference (p<0.01) between the CP and CFS at each concentration.

the culture medium was removed and replaced by 100 pL
serial dilutions (0, 10, 20, 40, 80, 160 pg/mL) of
polysaccharide extracts pre-filtered with 0.2 uM Nylon
membrane filter (Sigma Aldrich, USA) and incubated for
48 h. The formazan salt was dissolved by DMSO and the
absorbance was read at 570 nm (Thermoscientific
Multiskan Go Reader). The cell inhibition ratio (%) was
computed using the equation= (Ac-Ae)/A, X 100, where A¢
and Ac are the absorbance of untreated group and treated
group, respectively. For HDFs, the proliferation ratio (%)
was computed using the equation= A¢/A. x 100 where A
and A. are the absorbance of the test group and control
group, respectively. Assays were done in triplicate.
Induction of MMP-1 production in HDFs and Treatment
HDFs (5 x 10° cells/mL) were plated into a 12-well plate
containing phenol red-free DMEM supplemented with
10% FBS, 2 mM glutamine, 100U/mL penicillin, 100
U/mL streptomycin and 100 U/mL mycostatin to 80%

confluence. Cells were then starved in serum free DMEM
for 24 h, washed with phosphate-buffered saline (PBS)
twice, and exposed to UV-B irradiation (UV-B lamp
(Reptisun, 290-320 nm, 25 mjoules/cm?) as measured with
a VLX-3W research radiometer (UVItec, USA). The
culture medium was then removed and replaced by 500 pL
serial dilutions of CFs (0 - 250 pg/mL) dissolved in
phenol-red free DMEM. After 48 h, the supernatant was
collected in 2 mL centrifuge tube and stored at -80°C until
assay. The level of secreted MMP-1 was measured with
ELISA kit (Abcam). Quantity of MMP-1 was calculated
from standard curves of recombinant MMP-1 standard by
a linear regression method. Percent inhibition was
calculated using the equation (%) = (As-Ay/A: x 100,
where Ay and A are the secreted MMP-1 (pg/mL) of
untreated group and treated groups, respectively.
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Figure 5: Inhibitory effect of C. edule on the production of MMP-1 in UVB-induced HDFs: concentration of MMP-1
in pg/mL (a); 5 inhibition (b). HDFs (5 x 10° cells/mL) were exposed to 25 mjoules/cm? of UVB for 30 seconds and
incubated for 48 h with different concentrations of polysaccharides (0 to 250 pug/mL) in phenol red- free DMEM. The
data are presented as means + standard deviation (n=3). The letters "-*¥-Z indicate significant difference (p < 0.05)
between the concentrations of the crude and the fractions, with & ® ¢ indicating significant difference (p<0.01) between
CP and CFS at each concentration.

Acute oral toxicity

Acute oral toxicity was performed following OECD 425
guidelines in eight-week old Sprague-Dawley rats (200 +
20 g). Nine rats were divided in three groups with 3
animals each. Three rats were orally dosed with 2,000
mg/kg CF1 using oral canula. CF1 was tested because it
displayed the highest percent inhibition against MMP-1
production in irradiated HDFs. CF1 was also used in
MMP-1 assay because it did not cause any mortality and
abnormalities in rats throughout the experiment.

Induction of MMP-1 production in rats and treatment
Eight-week old female Sprague-Dawley rats (200 £ 20 g)
were purchased from Plegaria, Inc., (Philippines’ Bureau
of Animal Industry Certification No. LAF0015). The
animals were acclimatized for 7 days in a well-ventilated
animal house at controlled temperature (25 + 2°C), 12-h
light/dark cycle with laboratory diet and drinking water ad
libitum. After acclimitization, rats were divided into 6
groups with 5 rats each: Normal Control (control : without
UV and treatment); | (negative control : UVB — extract); 11
(positive control : UVB + piroxicam 10 mg/kg BW); I1I
(UV + 50mg/kg CF1 BW); IV (UVB, + 100mg/kg CF1

BW) and V (UVB + 200mg/kg CF1). The pre-shaved
dorsal side of the rats (1.5 cm x 2.5 cm) was irradiated
using ReptiSun UVB light (1.14 pW/cm?) for 30 min daily
for one week. The severity of skin damage was evaluated
24 h post exposure for seven days. Severity scores were
based on gradiations of scarring, redness, rashes, scaly
texture of the skin, loss of elasticity and wrinkling®®. On
the 8" day, blood sample was collected in
Ethylenediaminetetraacetic acid (EDTA) tubes and the
level of secreted MMP-1 in rats’ plasma was quantified by
ELISA. Baseline level of MMP-1 in rats was obtained
before the treatment. A permit was secured from the
University of Santo Tomas Institutional Animal Care and
Use Committee (UST-IACUC) before the assay was
conducted.

Statistical Analysis

Data were presented as the mean + SEM of three
independent measurements. Data were analyzed by SPSS
20.0 and Prism ver 7.0. Statistical differences between
groups were tested by one-way ANOVA and Tukey’s
multiple comparison test. P values of less than 0.05 were
considered significant. Absolute ICso and ECsp values
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Figure 6: Effect of C. edule on UVB-induced damage on rat’s skin: Histopathology of rats skin exposed to UVB
radiation: normal non-UVB exposed (a); UVB exposed without any treatment (b); UVB exposed + piroxicam (c);
UVB exposed + 50 mg/kg CF1 (d); UVB exposed + 100 mg/kg CF1 (e) and UVB exposed + 200 mg/kg CF1(f);

mean severity index score (g). Left to Right image (rats skin, LPO (X150), HPO (X400).

were calculated by non-linear regression curve-fit function
of the Graph Pad Prism 6 Software at 95% confidence RESULTS AND DISCUSSION

interval.

Chemical Composition of CP and CFs
Three fractions were obtained from the elution of CP to
DEAE Sepharose column. The proximate composition of
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Figure 7: Inhibition of MMP-1 production in UVB - exposed rats. All values are mean = SEM, n =5, where 2 p < 0.05
(compared to UV), @p < 0.01 (compared to UV and Piroxicam).

C. edule is presented in Table 1. Sulfate ion was
successfully eluted between 14 to 16 min (Fig. 1B). CFs
afforded sulfate content of 2.48 - 6.3% (w/w) which was
lower than 12 - 38%, 10.1 - 22.5%, 13% and 5.3 - 12.8%
reported from C. vermilaria (Olivi) Delle Chiaje, C.
decorticatum (Woodw.) M. Howe and C. fragile
(Suringar) Hariot, respectively6-17.13.2,

CP afforded 4.10% protein which was lower than the 10.4
- 20.3% reported in Codium fragile!®. The protein content
of CFs is comparable with 0.1- 1.9% reported in Codium
decorticatum!®®. The protein content in marine algae
ranges from 10 - 40% per dry weight and varies according
to the species and seasons®®. Generally, green seaweeds
possess lower amount of protein than red seaweeds. CFs
afforded 1.93 - 14.93% carbohydrate content which is
lower compared to the values reported in brown and red
counterparts. The uronic acid content of C. edule was
lower than 1.4 - 2.0% reported in C. fragile!6?,

Cell wall matrices of algae are composed of highly sulfated
heteropolysaccharide with associated galacturonic acid,
glucuronic acid, rhamnose, arabinose and galactose!’?,
Determination of total protein in algae is usually done to
find new sources of protein supplements?. The fat content
of C. edule is comparable to values reported in most brown
marine algae. Hizikia sp. (Harvey) Okamura
(Sargassaceae) and Eisenia  bicyclis  (Kjellman)
Setchell (Lessoniaceae) showed minimal content of fat
from 0.7 to 0.9 g/100 d.w?*. CP afforded 4.49% uronic acid
content, which is higher than 2.0%, and 1.4% of C.
fragile'®3. The major sulfated polysaccharides of green
algae are sulfated heteropolysaccharides with galactose,
xylose, arabinose, and uronic acid contents. The 77.2%
ash content of CP was higher than 15.9% of C.
tomentosum Stackh.!#3, The ash content of algae is usually
determined to assess the value of algae as food, feed, and
feedstock for biofuels. CP contained higher moisture than
C. tomentosum??,

FT-IR Spectra

FT-IR spectra of C. edule are shown in Fig. 2. The broad
band around 3400 cm-! was assigned to hydroxyl
stretching vibration of polysaccharide (-OH) and a band at
2922 cm™* corresponded to C-H stretch (alkane). Band at
1658 cm™ was attributed to C=0 stretches of amide C=N
group while the band at 1259 cm™ was assigned to S=O
sulfate ester. The signals at 843 cm™* and 1253 cm™* were
attributed to the bending vibration of C-O-S and the
stretching vibration of S-O of sulfate group'?3. The
regions at 1072 cm™ and 890 cm™ were assigned to the
skeleton of galactans and agar specific band?. The bands
at 1022 cm*and 1259 cm* corresponded to D-glucose and
ester sulfate groups**#. Thus, CP and CFs possess ester
sulfate group naturally present in the galactan and ulvan
polysaccharides of green algae.

'H NMR Analysis

The *H NMR spectrum of CF1 (Fig. 3) clearly shows the
presence of five anomeric proton signals at 5.37, 4.23.
4.14, 3.82, and 3.71 ppm and had relative integrals of 1.0,
2.17, 0.92 respectively. The H-signals at 5.37 was
assigned to the disulfated 3-L-arabinopyranose units while
the presence of small signals at 3.82 and 3.71 correspond
to C5/H5,5’of a-L-arabinopyranose with low molecular
weight'%3, Signal at 4.20 confirmed sulfation of C-2.
Signals between 4.20 and 4.14 suggested the presence of
a- (1,4) and B-(1,3) linked galactopyranosyl units?3 24,
These signals are attributed to the galactan moiety in the
polysaccharides that are seen in sulfated polysaccharides
from other Codium species. For instance, C. divarticum
(C.Agardh) Baisoletto and C. vermilaria were mainly
composed of B-D-mannan and pyruvylated sulfated 3- and
6-linked B -D- galactans respectively?®. Sulfated galactan
from C. cylindricum Holmes contained glucose residues
responsible for the formation of sulfated gluco-galactan. A
mixed linkages of (1-3)-a and B-D- mannan was seen as
the main backbone in the sulfated polysaccharides from
C. fragile'™® In this study, FTIR and NMR analyses
strongly suggest that CP and CFs are polysaccharide-
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protein complex with mixed a-(1,4) and B-(1,3) linked
galactopyranosyl units typically present in sulfated
galactan and ulvan polysaccharides. However, there is a
need to purify them to know the exact identity, molecular
weight and distribution of sulfate along the polymer chain.
The purification of biologically active compound is
hindered by some difficulties or limitations. Some of the
limiting factors include the low concentration, difficulty in
separation and instability of these bioactive compounds?.
Effect of CP and CFs on viability of MCF-7 and HDFs
Both CP and CFs exerted notable cytotoxic effect against
MCF-7 (Fig. 4). At 160 pg/mL, CF1 displayed the highest
inhibitory effect (80%) against MCF-7 (p = 0.002). ICso
values of 40.46 pg/mL, 38.32 pg/mL, 96.83 pg/mL, and
53.70 pg/mL were determined for CP, CF1, CF2, and CF3,
respectively. Cytotoxic effect of CFs was significantly
lower than  Doxorubicin (2.4 pg/mL) (p < 0.05).
Interestingly, CF1 promoted the proliferation of HDFs as
high as 104 + 2.0% (Fig. 5). These findings are very
important and may offer a strategy for cancer treatment.
Drug developers are aiming to develop new drugs that are
non-genotoxic, can kill cancer cells but with minimal toxic
effect to healthy cells or few organs??2. Marine algal
polysaccharides are generally reported as safe and non-
toxic to normal cells. For instance, ulvan, a biopolymeric
macromolecule in green algal cell wall has been reported
to maintain osmolar stability and provide protection to the
cell”. A low molecular weight ulvan (MW < 5,000)
isolated from Ulva lactuca inhibited the proliferation of
Caco-2 by induction of low cell reactivity to Ulex
europeaus-1 lectins, but did not exert any cytotoxic effect
on normal colonocytes®. In this study, the observed
proliferative effect of CFs on HDFs is possibly due to the
interaction of organic contents of the polysaccharide'**.
Effect of CFs on UVB-induced production of MMP-1 in
HDFs and rats

HDFs were exposed to 25 mJ/cm? dose of UVB irradiation
to induce MMP-1 production. UBYV irradiation usually
leads to elevation of interstitial collagenase MRNA levels
(MMP-1 and MMP-3) in cultured human dermal
fibroblast?®. Previous studies showed that irradiation of
fibroblast cells from 25 - 80 mJ/cm?induced the expression
of MMPs without being cytotoxic®-%2, After 48 h, level of
MMP-1 in cell supernatant of irradiated HDFs was highly
elevated and treatment with CF1 significantly inhibited the
MMP-1 production at a remarkable rate of <97% (Fig. 6
A-B) (p<0.05). The capacity of CF1 to inhibit MMP-1
production was not compared to any standard drug because
of the absence of standard MMP-1 inhibitor used for
research assays. At present, batimastat and marimastat are
considered the most advanced anti-MMPL1 in terms of
preclinical and clinical development33-34,

In rats, manifestations of UVB-induced damage which
include redness, swelling and irritation were apparently
visible three days after UVB exposure (Fig.6). These
damages were not seen on skin of rats treated with CF1.
The histological changes in rats skin were analyzed by H
& E staining. The epidermis of normal non-UV exposed
skin was observed to be thin with two to three layers of
normal cells (Fig. 6a). Formation of sunburn cells and skin

hyperplasia with five to nine cell layers thick were evident
in rats after 5 consecutive days UVB irradiation. Irradiated
dermis showed enlarged sebaceous glands, more vacuoles,
and few dermal cysts in comparison with normal skin
without UV exposure (Fig. 6b). Rats treated with CF1
showed better and intact skin histology than UVB exposed
and UVB + piroxicam treated group (Fig. 6c-f). Oral
feeding of 100 mg/kg CF1 in rats offered the best
protection against UVB-induced damage as epidermis and
dermal sections showed intact epidermis with very
minimal sign of hyperplasia and absence of dermal cysts
(Fig. 6e). A lower severity index score was also observed
in CF1 treated groups compared to negative control UVB-
treated group (Fig.6g). The observed protective effect of
CF1 was supported by decreased MMP-1 production.
UVB exposure induced three-to-four fold increase in the
baseline plasma level of MMP-1 from 6.14 to 22.52
ng/mL. Oral treatment with CF1 (50, 100, 200 mg/kg BW)
after UVB exposure significantly inhibited MMP-1
production by 75 - 81.48% when compared to both
positive (UVB + piroxicam) and negative (UVB, no
treatment) groups (p < 0.05) (Fig. 7). ECso of CF1 was
85.12 mg/kg BW. These results clearly indicate the
potential of CF1 in the field of drug development against
tumor invasion and metastasis. MMPs are potential focus
for medical intervention in conjunction with other
cytotoxic treatment that intends to stop or kill tumor
growth and metastasis®®>. The last few years of drug
development against destructive proteases focused on the
production of new generation of MMP-1 inhibitors that
selectively target high expression of enzymes in diseased
tissues. Studies were directed to improve selectivity
profile, reduce drug toxicity, increase availability and
binding efficacy®2.  Most studies on marine
polysaccharides as anti-metastasis agent are focused on
fucoidan and carrageenan®. The present findings strongly
suggest the bioactive potential of sulfated polysaccharide
from C. edule against MCF-7 and MMPs associated
diseases such as skin disease, aging and cancer metastasis.

CONCLUSION

C. edule is a potential source of bioactive polysaccharide
with significant sulfate, protein, and uronic acid content.
CF1 notably inhibited the growth of MCF-7, promoted the
proliferation of HDFs, regulated the MMP-1 production,
and provided protection to rats skin against UVB
radiations. Results strongly suggest that CF1 from C.
edule should be given attention for the development of
drug or nutraceutical against cancer and destructive
proteases such as MMP-1. However, there is a need to
determine the molecular structure, weight and distribution
of sulfate group along the polysaccharide chain before an
exact mechanism of action as anti- MMP-1 can be
proposed.
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