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Abstract: To find new products reducing free radical damégesery important research area in recent
pharmaceutical investigations. Considering thisorimfation, different marine sponges distributed in
Mediterranean coasts of Turkey were screened fair timtioxidant capacity. Methanolic extracts téven
species from six different localities were inveateg for their 2,2-diphenyl-1-picrylhydrazil (DPPH)itric
oxide (NO) and superoxide (SO) radical scavenguityities. Dose dependent radical scavengingviactvas
observed and the results were found to bmpaoable to that of known antioxidative compoyradsorbic
acid, quercetin and BHA. The most significant sceieg activity was determined for the methanolitraets of
Dysidea avara, Axinella cannabina, Axinella damider Agelas oroideand Ircinia fasciculata.In addition,
localities of the sponges were found to be effector the potency of their activities.
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1. Introduction

Different types of oxygen species such as supeeogigion, singlet oxygen and hydroxyl
radicals along with peroxides and transition mel@ag¢e degenerative effects to living cells and DNA
in human body. The role of free radicals and rgactixygen species are becoming increasingly
important in the pathogenesis of diabetes, arteleossis, cardiovascular diseases, cancer andadever
neurodegenerative disorders. Resent investigatiave indicated that effective antioxidants are
getting increasingly important in disease preventamd therapy [1-3]. Marine organisms are an
important source of novel molecules for new drugcdvery and drug development researches. Long
evolutionary history of marine organisms makes theemy diverse in secondary metabolites
production. A great number of secondary metabofiteisy marine organisms have been extensively
investigated for their bioactive properties and destrated interesting antiinflammatory, cytotoxic,
immunomodulating, antimicrobial, antiviral, neurppuesive and analgesic activities [4-6]. Potential
antioxidative activity of different marine organisrwere also studied and found to be interesting for
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research in detail [7,8]. Sponges (phylRarifera) are primitives of the animals that have existed f
700-800 million years. They are the most widespaaties with the approximately 15,000 species
in marine environments [9]. Sponges are also ontefmost interesting taxa of marine organisms
because of the large number of the bioactive sexgndetabolites, some of which are currently under
preclinical trials and many others have been repait display various types of biological acti\stie
vitro [5,10]. Particularly, with regard to sponge spedi®m Mediterranean coasts, a lot of cytotoxic
and antioxidant compounds have been isolated. Hemyvebioactivity screening studies on
Mediterranean marine invertebrates are very limged need to be investigated [7,8]. In the present
work, methanolic extracts of different sponges frtima Mediterranean coast of Turkey have been
screened for their radical scavenging activity agiaDPPH, nitric oxide and superoxide radicals to
understand their antioxidative potential.

2. Materials and Methods

2.1. Plant Material
Tested species and th&icalities are listed in Table 1 and shown in thegr.

Table 1.Tested species and thicalities

Species Location Species Location
Agelas oroides Ayvalik Agelas oroides Kemer
Dysidea avara Ayvalik Dysidea avara Kemer
Axinella damicornis Ayvalk Ircinia fasciculata Kemer
Axinella cannabina Ayvalik Axinella damicornis Kemer
Axinella cannabina Hatay Ircinia spinulosa Kemer
Axinella damicornis Hatay Ciocalypta carballoi Kas

Ircinia spinulosa Hatay Petrocia ficiformis Kas
Agelas oroides Hatay Sarcotragus sp. Turgutreis
Unknown sample Hatay Axinella verrucosa Turgutreis
Ircinia fasciculata Hatay Chondrilla nucula Guvercinlik

Map 1. Localities of the tested species in Mediterranezasts

2.2 General

2,2-diphenyl-1-picrylhydrazil (DPPH), nitro bluett@zolium (NBT), sodium nitroprusside, gallic
acid, ascorbic acid were obtained from Sigma-Allrichem Co (St. Louis, MO). Bbutyl-4-
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hydroxyanizole (BHA) was purchased from Nacalaidies Co. (Kyoto, Japan). Sulfanilamide and
napthylethylenediamine dihydrochloride were obtdifrem Merck Co. (Darmstadt, Germany).

2.3. Preparation of the extracts

Sponges were collected using scuba between 5 @nch Blepth in the coasts of Hatay,
Ayvalik, Kas, Kemer and Bodrum (Guvercinlik and Turgut ReisMaditerranean Region of Turkey
(Map 1). Collected materials were preserved in Abanol. After storing, materials were extracted
with methanol (3 x 50 mL) at room temperature amttaets were concentrated under reduced
pressure. Methanolic extracts were used for thadbidty experiments.

2.3. DPPH radical scavenging effect

DPPH radical scavenging activity of MeOH extractaswassessed by the decoloration of
MeOH solution of DPPH spectroscopically; butyl-4dhgxyanisole (BHA) and ascorbic acid were
used as reference compounds. MeOH solutions {RP0f the samples at various concentrations were
added to 1 mM DPPH/MeOH solution (PQ). The reaction mixture was shaken vigorously #rel
absorbance of remaining DPPH was measured at 524ftem30 min. The radical scavenging activity
was determined by comparing the absorbance withahblank (100%) containing only DPPH and
solvent. All the analyses were done in 3 replicftésl 2].

2.4. SO radical scavenging effect by alkaline DM&&hod

The method of Elizabeth and Rao was used for thecten of superoxide radical scavenging
activity of the extract with slight modification.riéfly, a superoxide radical was generated in a
nonenzymatic system. The reaction mixture contgidi@uL of NBT (1 mg/mL solution in DMSQ)
and 30uL of the extract or reference compounds were digsbin DMSO. 10QiL of alkaline DMSO
(2 mL DMSO containing, 5 mM NaOH in 0.1 mL waterasvadded to give a final volume of 140
and the absorbance was measured at 560 nm usingpiaie reader [12,13].

2.5. NO scavenging activity

In order to determine the NO radical scavengingyiigtof extracts, 6QuL of a serial diluted
sample were added into a 96-well flat-bottomed epl&tollowing this, 60uL of 10 mM sodium
nitroprusside, dissolved in phosphate bufferedheglPBS), were added to each well and the plate was
incubated under light at room temperature for 15 iinally, an equal volume of the Griess reagent
(1% sulfanilamide, 0.1% napthylethylenediamine dilmghloride, 2.5% BPO,) was added to each
well in order to measure the nitrite content. Aitaromophore was formed at room temperature in 10
minutes, absorbance at 577 nm was measured inrapiiite reader [12,14,15].

3. Results and Discussion

Free radical mediated cell damage in many diffediseases and importance of marine
organisms as a source of different secondary mktafoled us to determine radical scavenging
activity of different marine sponges from differémtalities [16]. The samples were collected frém t
coasts of Hatay, Ayvalik, KkaKemer and Bodrum (Guvercinlik and Turgut ReisMediterranean
Region of Turkey. Radical scavenging effects oefedifferent marine sponges from six localities
(totally 20 samples) were screened against thrfferelit radicals: 2,2-diphenyl-1-picrylhydrazil
(DPPH), nitric oxide (NO) and superoxide (SO) ratic The studied extracts exhibited dose
dependent scavenging activity in various strenfjtbthanolic extracts oAxinella cannabina(788
pg/mL) from Ayvalik, Agelas oroides(553.7; 545.Jug/mL) from Kemer and AyvalikAxinella
damicornis(519.5; 738.5ug/mL) from Kemer and AyvalikAxinella verrucosg432.32ug/mL) from
Turgut Reis showed radical scavenging activity mgfaDPPH radical and the strongest activity was
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observed for the Kemer sample®fsidea avaravith 92.8ug/mL 1Cs, value (Table 2). Ascorbic acid,
guercetin and BHA showed very high radical scaveggictivity in lower concentrations< (50
pg/mL).

NBT assay was carried out to test whether éxtracts scavenge superoxide anions or
not. In this assay, alkaline DMSO is used as arexpe generating system, reacts with NBT to give
colored diformazan. While all the extracts shovdede dependent SO scavenging activity, their
potency was found very low. Methanolic extracts Axinella cannabina(1286.9 pg/mL) from
Ayvalik, Dysidea avara(34.1 pg/mL), Ircinia fasciculata(1675.9ug/mL) andAxinella damicornis
(1579.6ug/mL) from Kemer andAgelas oroideg1617.2ug/mL) from Hatay showed SO scavenging
activity (Table 3). Similar to the DPPH results, S€venging activity dbysidea avarg34.1ug/mL)
was found comparable to that of standard compoqgndscetin (39.9ug/mL) and ascorbic acid (< 50
pg/mL).

Moreover, NO scavenging effect of the samples veisrthined using Griess reagent. NO is a
small molecule generated in biological system Hdyimioxide syntheses. It is an abundant reactive
radical that acts as an important biological sigmgamolecule in a variety of physiological process,
such as blood pressure regulation, defense mechagsinst pathogens, smooth muscle relaxation
and immune regulation. Increased NO concentratiag lead to nitrosylation reactions that can alter
the structure of protein and inhibit their normahdétion. When SO reacts with NO, it produces more
oxidative and active molecules peroxy nitrite i@NOO-), which causes DNA fragmentation and
lipid peroxidation [17,18]. In this study, five tfie tested extracts showed moderate NO scavenging
activity and their IG, values were found as follows (Table 4): 197[dg/mL for Agelas oroides,
1759.1ug/mL for Dysidea avara1937.9ug/mL for Ircinia spinulosaand 1150ug/mL for Axinella
damicornisfrom Kemer; 1668.ug/mL Axinella cannabindrom Hatay. Only the methanolic extract
of Ciocalypta carbolloi(700.7pug/mL) from Ka showed activity more than that of quercetin (787.8
pg/mL). NO scavenging activities of BHA and ascoraoid were also found dose dependent but very
low in the same conditions with the extract2(mg/mL).

Concerning DPPH, NO and SO radical scavengauogvity of the tested extracts, DPPH
radicals were found to be the most scavenged fadicals. While methanolic extract éfxinella
cannabinafrom Ayvalik showed both DPPH and SO scavenginiyiag Axinella damicornisand
Agelas oroidesrom Kemer showed both DPPH and NO scavengingrifictiin addition, Ircinia
fasciculatafrom Kemer scavenged NO and SO radicals signifigaMethanolic extract oDysidea
avara from Kemer found the most effective sample for DP@H.8 ug/mL) and SO (34.Jug/mL)
radicals with very low Ig values comparable to that of known antioxidamsaddition, samples
from Kemer were also found remarkably more effecttomparing the other samples. These results
indicated that the localities of the sponges angontant for the activity of the samples. Effecttioé
locality may be arisen from the endophytic micr@migms living together with the sponges or the
composition of the water around the collection dd&320]. It is well known that seasonal changes
influence various abiotic factors such as tempeeatpH, and salinity as well as biotic factors like
morphology and epifaunal diversity ultimately resgpible for the biosynthesis of sponge’s secondary
metabolites [21]. In addition, sponges often hassoaiated symbiotic microbial populations. In some
cases, these microorganisms and not sponge cellsharlikely source of the isolated secondary
metabolites. For example, the polybrominated bighether antibiotics isolated from the sponge
Dysidea herbaceaareeally produced by the endosymbiotic cyanobacter@suillatoria spongeliae
[9]. Concerning our results, tested sponges sangilesld be investigated from the view point of
endophytic microorganisms.
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Table 2.DPPH radical scavenging effect of the sponge eteti@thibition%+S.E.M)
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Kemer Ayvalik Guvercinlik Turgut Reis
Mg /mL Agelas  Dysidea Ircinia Axinella Ircinia Agelas Dysidea  Axinella Axinella  Chondrilla  Sarcotragus Axinella
oroides avara  fasciculata damicormis spinulosa oroides avara damicormis cannabina nucula verrucosa
50 6.7+1.6 38.6%9.1 2.1+0.7 6.9+1.2 L 6.9+25 3.3£3.0 4.1+25 2.7£1.2 9.0£3.5
100 8.7x1.7 73.2t1.1 2.3x0.9 11.2+0.6 - 10.1+0.5 3.9+0.9 7.240.9 7.7+1.1 13.6+4.4
200 20.3+0.8 86.2#1.1 6.5%1.7 22.5+0.8 - 23.5+0.8 6.2+0.2 15505 17.2+2.3 4.3+0.4 6.6+1.0 32.4+1.2
400 42.6x0.7 89.8+x2.0 12.0+0.7 47.3x54 52+04 40.4+1.2 12.1+1.1 30.1#2.2 27.6x25 5.6+3.2 10.6+0.7  50.9+0.9
800 73.8+1.8 91.8+0.5 21.8t1.9 70.9+0.4 9.8+0.7 69.9+1.7 20.3+0.2 52.9+1.7 46.9+¥1.9 12.5+1.5 21.7+0.7  83.9%0.9
ICsq° 553.7 92.8 >1000 519.5 >1000 545.1 >1000 738.5 788 >1000 >1000 432.32
Hatay Kas
Mg /mL Axinella Axinella Ircinia Agelas  Unknown Ircinia Petrocia  Ciocallypta AA Quercetin BHA
cannabina damiconis spinulosa oroides sample fasciculata ficiformis carbolloi
50 - 5.0+1.2 - 1.5+0.4 2.2+31 - - - 93.9+0.3 92.840.2 86.7+0.3
100 1.3£1.7 6.6+1.2 - 2.3+0.3 3.5x0.6 2.1x1.4 - - 94.0+0.5 93.240.1 91.9+0.8
200 8.2+1.3 9.1+1.3 2.6x0.2 2.6x1.2 4.4+3.7 2.4+0.3 - - 93.9+0.1 93.3+0.2 92.6+0.6
400 10.9£#1.9 185#1.3 10.4#6.7 5.0#1.2 10.2#1.7 5.3%#25 - 1.3+0.7 93.2+0.1 93.2+0.2 94.2+0.2
800 25.1+1.4  32.2+1.8 142+1.3 9.3+14 16.9t04 9.9%1.2 - 3.8+0.4 93.9+0.1 93.3+#0.1 94.8+0.2
ICso >1000 >1000 >1000 >1000 >1000 >1000 - >1000 <50 <50 <50

n=3,°No Activity, pg/mL
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Table 3.SO0 radical scavenging effect of sponge extractskition%+S.E.M)

Kemer Ayvalik Turgut Reis Guvercinlik
Mg /mL Agelas Dysidea Ircinia Axinella Ircinia Agelas Dysidea Axinella Axinella  Sargotragus Axinella Chondrilla
oroides avara fasciculata damiconis spinulosa oroides avara damicornis cannabina sp. verrucosa nucula
50 8.9+2.6 52.8+1.7 14.5+1.2 13.1+2.2 L 13.6+3.9 6.8%1.7 8.2+1.1 10.3+1.1 - - -
250 15.0+1.7 76.3£3.4 16.1+3.4  14.3%3.1 - 24.7£3.9  9.243.4 22.1+1.7 29.3+4.7 - - -
500 19.6+2.9 81.0+2.6 19.6+3.1  18.615.2 - 27.845.4 11.1+2.6 29.6+2.8 37.8+1.2 - - -

1000 31.2+1.9 83.1+#1.2 31.2#23 31.6#4.3 13.2+#5.1 30.6+3.9 15.7#5.2 32.4+3.7 46.2+1.6 - - -
1400 443+1.1 89.1+1.7 44.4+3.8 47.3#5.0 245342 32.4+28 26.7£t1.7 33.5%2.2 47.5+1.1 - - -

ICs¢ >1700 34.1 1675.9 1579,6 >1700 >1700 >1700 >1700 1286.9 - - -
Hatay Kas
Mg /mL Axinella Axinella Ircinia Agelas Unknown Ircinia Ciocalypta Petrocia  Quercetin BHA AA
cannabina damicornis spinulosa oroides sample fasciculata carballoi ficiformis

50 7.3£1.7 8.6+3.6 2.3+3.1 4.5+0.9 1.6x4.5 1.1+4.5 - 1.2+3.7 57.6£1.7 - -

250 9.2+1.9 7.9£1.2 7.1+4.7 7.2£1.9 6.61£2.1 1.8+1.8 - 1.4+2.8 82.2+2.4 - 73.8£2.5

500 11.0+3.9 16.5+2.0 16.9+1.1 13.7+1.3 18.0+3.5 11.6%+3.7 - 3.7£3.9 87.8£1.4  9.545.2 86.2+2.1

1000 11.6+1.0 24.7+2.1  17.2458 17.4+1.0 23.3t5,5 12.9+4.2 - 3.9+1.1 90.4+1.0 38.2+4.2 86.5+1.8

1400 20.4£1.0 32.1+.7 18.9+8.5 20.4+6.0 24.841.8 16.319.2 - 4.9+1.1 90.9+1.1 48.2+2.3 92.1+

ICso >1700 >1700 >1700 1617.2 >1700 >1700 - >1700 39.9 1420 <50

n=3,°No Activity, pg/m
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Table 4.NO radical scavenging effect of sponge extractsilfition%+S.E.M)
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Kemer Ayvalik Guvercinlik Turgut Reis
Mg /mL Agelas Dysidea Ircinia Axinella Ircinia Agelas Dysidea Axinella Axinella Chondrilla  Sarcotragus Axinella
oroides avara spinulosa damicornis spinulosa oroides avara damicornis cannabina nucula sp. verrucosa
50 22.7+1.1 - 23.1+1.5 22.1+1.7 - 3.1+1.4 - 8.3+0.8 8.5+0.9 5.3+0.9 2.9+1.4 5.1+0.9
250 29.0+2.1 8.5+#1.9 29.9+2.3 31.5+0.2 - 7.5+0.9 11.745.0 17.4+2.7  20.1+2.2 10.7£2.1 10.742.4 19.4+1.0
500 31.7+2.1 20.9+1.2 32.4+0.8 38.3x0.4 - 16.3+1.7 14.1+3.8 25.1+0.4  27.2+0.5 21.1+2.3 10.9+1.2 30.2+3.1
1000 37.7£3.8 28.2+0.5 39.6x1.5 48.1+2.3 3.9+3.0 31.5+25 32.1+25 34.310.5 36.910.7 32.1+2.0 12.44+2.4 36.1+2.0
1400 41.0+0.5 39.1+2.7 41.3+2.4 52.5+0.8 8.8+3.4 36.5+0.5 35.0+2.2 36.3#0.2  39.0+2.0 35.8+2.0 12.740.2 38.2+0.9
ICso 1977.7 1759.1 1937.9 1150 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000
Hatay Kas
Mg /mL Axinella Axinella Ircinia Agelas Unknown Ircinia Petrocia  Ciocalypta  Quercetin BHA AA
cannabina damicornis spinulosa oroides sample fasciculata ficiformis carbolloi
50 23.5+1.1 - - 5 0+0.9 - - 5.6+0.7 17.4+2.1 7.2+3.1 - -
250 28.8+1.1 1.1+0.4 2.0+0.3 12.5+1.9 2.4+1.8 8.6+3.8 9.1+1.2 33.6+0.7 12.842.1 13.142.5 1.2+1.9
500 34.9+2.4 134443  16.2+1.4 19.8+16 145+3.2  20.330.9 12.6+1.4  41.5+0.2 29.8+1.9 22.1+2.7 8.5+2.2
1000 40.5+1.6  33.3+1.2  32.4+0.7 29.741.0 31.2+3.3 36.2+2.2 12.7+0.6  71.0+0.6 64.2+0.9 25.9+3.7 24.9+1.8
1400 44.7+1.1  355+25  36.6+£0.5 32 440 3 40.5+1.3  38.0+1.9 17.3+1.8 73.5%0.2 91.6+0.5 32.7+3.9 37.5+0.9
ICx 16689 >2000 >2000 >2000 >2000 >2000 >2000 700.7 777.88 >2000 >2000

n=3,°No Activity, g/
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Turkey has 1542 km coast of Mediterranean SeaoAgh biodiversity of Mediterranean Sea is well
known, biological and phytochemical studies on sgseof Mediterranean Sea are very limited. In this
study, eleven different marine sponges from sialities (20 samples) were tested for their radical
scavenging activity and five sampl&sysidea avara, Axinella cannabina, Axinella damidsr Agelas
oroidesand Ircinia fasciculatawere found promising for further researches. Wik reveals that
Mediterranean Fauna is an interesting source of metioxidative sponge extracts. In another
bioactivity screening study of Mediterranean spangextracts ofAgelas oroidesand Axinella
damicornis from coastal water of Monastir,Tunisia, appearedbé quite promising due to their
capacity to inhibit the growth dPseudomonasaeruginosaand gentamycin resistant strainsteria
monocytogeneand Enterococcus feacalisg®2]. Very resent screening study on marine sponges,
showed thatrsinia spinulosaandl. fasciculata samples of Hatay collections exhibited pbten
antibacterial properties towards different manganisms. They also found the methanolic extracts
of Ircinia andDysideaspecies displayed promising results in ACimBibition test over 50%
[23]. In addition, the prenylated hydroquinonedadsed from the marine spongedasciculatafrom
Kemer were found to show cytotoxic and antioxidatctivities and inhibit NF-kB signaling in H4IIE
hepatoma cells and protein kinases [8gelasspecies have been reported to have bromopyrrel typ
alkaloids and different type of fatty acids in magmounts. Marine natural products isolated from
Agelas oroidesollected from the island of Gokceada in Aegeaa &éibitedn vitro antiplasmodial
activity as well as trypanocidal and leishmaniciaetivities without any mammalian cells cytotoxycit
[24]. In our studyDysidea avarawas found the most promising extract for the tbgbeperiments.
Previously, secondary metabolites, avarol and agranarine sesquiterpen hydroquinones were
isolated fronDysidea avarawith different pharmacological properties includisugtiinflammatory and
antipsoriatic effects. Antipsoriatic propertiesasfarol attributed to in part due to the down-retjola

of several inflammatory molecules, such as TdN&d NF«B in psoriatic skin [25-27]. Supporting to
the pervious results, further investigations nemdlarify mode of action of the active extracts and
future studies will focus on the chemical compositof Dysidea avara.
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