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ABSTRACT

Objective:The studyaimedto evaluatehe chemical catent cytotoxic, andprotectiveeffectsof polysaccharide fractions
(CF9 from Codium edul@againsthuman breast cancer cells (M, UVB-inducedMMP-1 production and damagedts
skin. Materials andmethods: lon exchange chromatography was used for the isolatio€Fs from the crude
polysaccharidgCP) of C. edule which wassubsequently analyzed for their chemicaimposition Cytotoxic and
proliferativeactivities of CFs weréested on MCH andhuman dermal fibroblasts (HDFs¥ing MTT assayProtective
activity of polysaccharide fraction 1 (CFf®asevaluatedbn SpragueDawley ratsexposed to UVB radiationsAnimals
wereorally fedwith 50, 150, 200 mg/kg BVCF1 beforeexposurgo UVB radiation(1.14 uw/cn? 30 minute} daily for

7 daysRat 6 swasekaliuated byhistological examinatiomnd measurement ofeverity index The levels oimatrix
metalloproteinasé (MMP-1) in rats plasmawere quantified by ELISA Resultsand Conclusion CFs afforded
carbohydratesl(93- 14.99%, protein (L.3- 4.1%) uronic acid(1.11- 4.49% and sulfat€2.48- 6.3%). CF1lwascytotoxic
to MCF-7 (O 8 0CG%,= 38.32ug/mL), proliferative on normal HDFs, and inhibitory agaits¢B-inducedMMP-1
productionin fibroblast cells(O 9 7) #nd rats skifECso 85.12 mg/kg BVY. Oral treatment wittCF1 resulted tdower
severity indexabsence dfiyperplastic response dermalskin section anddecreaseMP-1 levelscompared tmegative
(UVB exposedno treatment and positive (UVB exposed piroxicam) groups (p< 0.05) Resultsstrongly suggesthe
cytotoxic, protectivend antimetastasis potentiaf CF1 against MCH, UVB-induced skin damage and irregular MMP
1 production.
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INTRODUCTION (MMPs)12 The expression and activity of MMPs
Bioactive compounds from marine green algaare increase significantly in various pathological conditions
interesting molecules due ttheir notable antitumor, characterized bylestructive oral disease, inflammation,
anticoagulant, antiinflammatory, hepatoprotective and tumor growthand metastasis Thus it is valuableto
immunomodulating properti&d The bioactivity of algal discover alocal source of areffective but nontoxic
polysaccharidess associatedo the degree of sulfation, compound frommarine producthat has the potential to
uronic acid contentmonosaccharide composition and inhibit or regulate the excessive produantiof destructive
glycosidic bond$ Ulvan and galactamrepolysaccharide ~ MMPs. C. edule commonly knownas fipuk-puklod is an
present in the cell wall ofreen algadJlva (Ulvaceae) edible seaweed sold seasonally in the local market in the
Enteromorpha (Ulvaceae) Monostroma  Northern Luzon, Philippingsand is being usedn
(Monostromataceag) Caulerpa (Caulerpaceag) and alternative medicinéor its anthelmintic, antibaerial and
Codium (Codiaceae)ppecieswith repeating disaccharide antitumorpropertie& At present, therarestill no reports
moieties ofsulfated rhamnose and uroracid (glucuronic ~ on the characterizaticand biological activitiesf sulfated

or iduronicf. Ulvan and galactan are understudied polysaccharidef C. edulefrom the Philippines. Hence,
compared to brown and red algal polysaccharimgsare  this study was conductedto evaluate the chemical
attracting the interest ahedicalresearcherslue to their =~ composition and actities of sulfated polysaccharide
reported effects on immune system, apgjg and from C. edulecollected aCagayan Provinc&hilippines
destructive proteasesuch as matrix metalloproteinases Thecytotoxic proliferativeandprotectivepotentialof the
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Table T Chemical composition (%) of polysaccharide fractions fréodium eduleextracted with hot water an
fractionation by anion exchange chromatography on DEAE Sepharose Column.

Yield Total Sulfate Protein Uronic Acid  Ash Moisture  Fats
Carbohydrates
Crude 14.10 14.9 6.3 4.1 4.49 77.2 3.0 1.0
CF1 32b 6.08 3.08 1.3 1.49 nd nd nd
CF2 7.1° 4.97 2.67 tr 1.11 nd nd nd
CF3 2.3 1.93 2.48 tr tr nd nd nd

aYield (weight of crude/weight of seaweed powder) X 100

b Yield(weight of fraction/weight of crude) X 100
tr i Percentages lower than 1% are given as tradices (
ndi not done

polysaccharidefractions from this alga onMCF-7,
irradiated fibroblast andVB-inducedskin damage in rats
is first reported

MATERIALS AND METHODS
Isolation ofpolysacchariddractions
Freshalgalthalli (2 kg) was collectean April 2016 at low

tide at a depth of 115 m along the coast of Santa Ana

Cagayan (Crocodile Island), GR8° 31o11oNpl22° I6a ¢
E. Dr.
Laboratory, University of the Rlippines Diliman Marine
Science Institute identified the alga.v&ucherspecimen
(No. USTHO14316)was deposited at theniversity of
Santo TomasHerbarium A collection certificate was
secured from the Bureau of Fisheries and Adquatic
Resources (BFAR) Region Eresh algal materials were
thoroughly washed with seawatéosllowed by distilled

Gavino C. Trono of Seaweed Taxonomy

Determinationof organiccomposition

The organic composition of the polysaccharide was

determined by phenolsulfuric acid?®, Bradford?,
sulfamate/rrhydroxydiphenyt?, Solvent
Extraction/Gravimetr§#1®* methods for carbohydrate,

protein, uronic acidfat and ash contentespectively. The

results were expressed as percent composition (w/w) in

comparisorwith knownstandards.

Determination opercentsulfation

The percent sulfateontentin CP was determinedby
Ashing-acid ion chromatographyD{onex DX-120 lon
ChromatographylonPac AS4ASC 2mm columr). Five
hundred milligrams of CP wasashed, digested with 1M
HCI, and filtered through 0.45 m me mb r aFive

microliter of filtratewasused as the injection volume. A

solution 1.8 tMl NaHCG; + 1.7 niM Na,COs was used as

the eluent, and electrical conductivity was used as the

water to remove extraneous matter and debris. Samplemode of detectionPercentsulfae was determinedby

were airdried under shade for two week€Fs were
isolated according toreportedmethod®32% The milled
sample (200 gwas soaked in85% ethanol(1:10 wv)
overnightat room temperatur@he alcoholigportion was
removedo retain the residue. The residue was ttiesed
with acetond1:1 w/v)and driecat room temperaturdwo
hundred grams of dried residue veatracted with distilled
water(1:10 w/v)at 60 - 65 °C with occasionaktirring for
4 h, cooled and centrifugedat 10,000 rpm for 10 min at
room temperature The collected supernatant was

concentrated by evaporatiounder reduced pressure at

60°C to approximately 500 mladded withEthyl alcohol
(EtOH, 99%) (1:1 v/v) and kept at 4°C overnight. The
precipitate wasollectedusingWhatman filter papef0.45
pum), washedwith EtOH (99%)(1:10 w/v), followed by
acetong(1:10w/v), andallowed to dry toyield the crude
polysaccharide (CP)CP was then fractionatedby ion-
exchangechromatography usindPEAE Sepharose fast
flow column (G.E. Healthcare Life Science, USAP
(100 mg- 1 ¢g) wasdissolved in ultrapure wat¢B5 - 50
mL) (Elix Millipore, Merck) at60- 65 C for 20to 30 min
andrun down tothe column previously stabilized in 4.
Water was used as first elution solvent and followith
NaCl solutions from 0.5 M to 2 Ml hree fraction®f 2 to
9 mL were obtainedndlabelled asCF1, CF2 and CE3
All fractions were dialyzed, freezdried andstored at-
20°C until use.

regressiomanalysis in comparisowith standardsulfates
(0.5M 1 2.0M). The sulfate content of hydrolyz&tFs
was estimated baCl, methodand theabsorbance was
recordedat 360 nm using kSO, as a standatéi2

FT-IR analysis

The polysaccharide as relied on an IR AffinitylS
Fourier Transform Infrared (Shimadzu.salt disc of 10

mm diameter was prepared by mixing and compressing 10

mg of polysaccharide witllO0 mg of dried potassium
bromide (KBr) FT-IR bandsvererecordedetween wave
numbers of 4000 and 400 dm

2.5.NMR Spectroscopy

Samples (10 20 mg) were dissolved 0.5 mLdeuterium
oxide using5 mm tubesSignals were recorded at room

temperature on a Bruker 300 MHz spectrometer (Billerica,

MA, USA) following the parameters o$pectral width of
4.5 KHz, anacquisition timeof 1.82 s, a rebeation delay

of 1.82 s for 100 scans. The chemical shift was expressed

in parts per million (ppni}.

Cell Culture Conditions

HDFs (PCS201-010) andMCF-7 (ATCC HTB-22) were
routinely culturedibul beco6s
(DMEM) supplemerad with 10%fetal bovine serum
(FBS Sigmg, 2 mM glutamine, containing 100U/mL
penicillin,
mycostatin. Cells were maintained ia humidified
chamber with 5% Cgat 37°C Cells were detached from
the flaskupon reaching 80% conflueneéth trypsin
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Figure 1: Fresh thalli of. edule (a);and sulfate ion chromatogram of Gf. (
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Figure 2: FTIR spectra of CP and CFs in comparison with carrageenan.
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Figure 3:*H NMR spectrum at 500 MHz of CF1 fro@ edule.

EDTA and splitted at 1:5 rationtil assays.

MTT assay

Cytotoxicity assay was performed using 3-(4,5
dimethylthiazol2-yl)-2,5-diphenyltetrazolium

Bromide(MTT) kit (Sigma Aldrich) MCF-7 and HDFs
cells were counted under a microscope using a
hemacytometer (Hausser Scientific) goldted(1 X 1C°
cells/well)into the 96well microtiter platesAfter 24 h,
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Figure 4:Effects of C. edule on MGF and HDFs:Cytotoxic activity ofC. eduleagainst MCF7 breast cancer cells

(a); proliferative effect on HDF<hj. Cells (1 x 18cells/mL) were incubated for 48 h with different concentration:

polysaccharides (0 to 160 pg/mL) with Doxorubicin as positive obnffhe data are presented as means + stanc

deviation (n=3). The letters":*¥: 2 indicate significant difference (p < 0.05) between the concentrations of CP
CFs with® b ¢indicating significant difference (p<0.01) between the CP andatE&ch concentration.

the culture medium wagmoved andeplaced by 100 pL
serial dilutions (0, 10, 2040, 80, 160 pg/m) of
polysaccharide extracts pfitered with 0.2nM Nylon
membrane filter (Sigma Aldrich, USA) and incubated for
48 h.Theformazan saltwasdissolved by DMSO anthe
absorbancewas read at 570 nm (Thermoscientific
Multiskan Go Reader). The cell inhibition ratio (%as
computed using the equatiofAc-Ae)/AL x 100, where A
and A.are the absorbance of untreated group taesated
group, respectively. For HDE-¢he proliferation ratio (%)
was computed using the equatioAJ/Ae X 100 where A

confluence. Cells were then starved in serum free DMEM
for 24 h, washedvith phosphatéuffered saline (PBS)
twice, and exposed to W irradiation (UMVB lamp
(Reptisun, 296820 nm, 25 mjoules/chasmeasured with
a VLX-3W research radiometer Wtec, USA). The
culture medium wathen removed angkplaced by 50QL
serial dilutionsof CFs (0 - 250 pg/mL) dissoled in
phenotred free DMEM After 48 h, thesupernatant was
collected in 2 mL centrifuge tukmndstored at80°C until
assay. The level of secreted MMPvas measured with
ELISA kit (Abcam). Quantity of MMPL was calculated

and A are the absorbance of the test group and controfrom standard curves of recombinant MMPstandard by

group, respectively. Assays were done in triplicate.
Induction of MMPR1 producion in HDFs and Treatment
HDFs (5 x 10° cells/mL) were plated into a t@ell plate
containing phenolredfree DMEM supplemented with
10% FBS, 2 mM glutaminel00U/mL penicillin, 100
U/mL streptomycin and 100 U/mlmycostatinto 80%

a linear regression method. Percent inhibition was
calculated using the equatiqfo) = (Au-Ay/A: x 100,
where Ay, and A are theseaeted MMR1 (pg/mL) of
untreated group and treated greugspectively.
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Figure 5:Inhibitory effect ofC. eduleon the production of MMA in UVB-induced HDFs: concentration of MMP
in pg/mL (a); 5 inhibition (b). HDFs (5 x 16 cells/mL) were exposed to 25 mjoulesfanfi UVB for 30 seconds anc
incubated for 48 h with different concentrations of polysaccharfilés 250 pg/mL) in phenol redree DMEM. The
data are presented as means * standard deviation (n=3). The'léttefsindicate significant difference (p < 0.05)
between the concentrations of the crude and the fractions® Witmdicating sigificant difference (p<0.01) betwee
CP and CFS at each concentration.

Acute oral toxicity

Acute oral toxicity was performed followingOECD 425
guidelinesin eightweek oldSpragueDawley rats (200 +
20 g) Nine rats were divided in three groupwith 3
animals eachThree rats were orally dosed with 2,000
mg/kg CF1 using oral canul&F1 wastestedbecause it
displayedthe highestpercentinhibition againstMMP-1
production in irradiated HDFs.CF1 was also used in

BW) andV (UVB + 200mg/kg CF1). The pre-shaved
dorsal side otherats (1.5cm x 2.5 cm) was irradiated
usingReptiSun UVB ligh{1.14 uwWi/cn?) for 30 mindaily

for one weekThe severityof skin damage wasvaluated
24 h post exposure for seven dagsverity scores were
based ongradiations ofscarring, redness, rashes, scaly
texture of the skin, loss of elasticity and wrinkfihgOn
the 8" day, blood sample ws collected in

MMP-1 assay because it did not cause any mortality andethylenediaminetetraacetic aciBlTA) tubesand the

abnormalities in rats throughout the experiment.
Induction of MMRL productionin ratsand treatment
Eightweekold female SpraguBawley rats (200 + 20 g)

level of secretedMMA i n ratsé pl asma
ELISA. Baseline level of MMPL in rats was obtained
before the treatmentA permit was secured fronthe

were purchased fronPlegaria, Inc.(Ph i | i pBuieaue sUniversity of Santo TomakstitutionalAnimal Care and

of Animal Industry Certification No. LAF0015). The
animals wereacclimatizedfor 7 daysin a well-ventilated
animal house at controlle@mperature (25 + 2°C12-h
light/dark cyclewith laboratory diet and drinking watad
libitum. After acclimitization,rats were divided into 6
groups with 5 rateach Normal Control(control : without
UV and treatment); (negative control : UVB extrac); Il
(positive control : UVB +piroxicam 10 mg/kgBW); 1lI
(UV + 50mg/kgCF1 BW); IV (UVB, + 100mg/kgCF1

Use Committee (USTACUC) before the assay was
conducted

Statistical Analyis

Data were presented agshe meant SEM of three
independent measuremeniata were analyzed by SPSS
20.0 and Prism ver 7.(5tatistical differencebetween
groups were testedby oneway ANOVA andTuk ey 6 s
multiple comparison tesP values of less than 0.05 were
considered significant Absolute 1Go and EGp values
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Figure6: Effect of C. eduleonUVB nduc e d d a ma gHistomathologyaof rétsskirsekposed to UVB

radiation: normal notJVB exposed &); UVB exposed without any treatmeil);(UVB exposed + piroxicanc];

UVB exposed + 50 mg/kg CFH) UVB expose + 100 mg/kg CF1€) and UVB exposed + 200 mg/kg CH1(
mean severity index scorg)( Left to Right image (rats skin, LPO (X150), HPO (X400).

were calculatetdy non-linear regression curviit function

of the Graph Pad Prism 6 Software at 95% confidenceRESULTS AND DISCUSSION

interval Chemical Composin of CP and CFs
Three fractionswere obtained from thelution of CP to
DEAE Sepharoseolumn Theproximatecomposition of
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