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ABSTRACT

Posidonia oceanica is one of the few marine highlants endemic to the Mediterranean Sea, considasedn
indicator of environment quality in coastal areaBotal phenolic, flavonoid and tannin contents weetermined in
FP (soluble free phenolic) and BP (insoluble-boupldenolic) extracts obtained from Posidonia oceanica
intermediate leaves. Higher phenolic content wataioled in FP (27.71+ 2.4 GAE/g DW), but higher flaoid
content and tannin contents were detected in BR16#91.8 mg QE/g DW, and 3.34+ 0.5 mg CE/g DW,
respectively). ldentification and quantification pifienolic compounds were carried out using RP-HRIn@lysis.
Protocatechuic, ferulic acids and catechin were tm@jor compounds (constituting 90%) of the ideeifi
compounds in FP extract, while in BP extract, qe#irc was the main flavonol aglycone (about 95%)ghér
DPPH scavenging activity (Kg 2.5 mg/ml), was measured for BP extract. Theystdidhe antimicrobial activity of
FP extract showed that it exhibited potentiatingivaty of some antibiotics. These findings suggetat Posidonia
oceanica could be considered as a natural sourceliarmacological products.
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INTRODUCTION

Posidonia oceanicgl..) Delile, is a seagrass member of the only grofihigher plants living in marine habitats [1].
It is a phanerogam endemic to the Mediterranean B8bkare it forms vast space from the water surtacthe
depths, up to 40 m, serving as a bio-indicatohefdoastal ecosystem stress, like anthropogenssyres and inter-
specific competition, due to its cumulative respent® the environmental changes [2].

Its wide spread surfaces serve as hatcheries andrgibeds for many populations [3,4]. Many humetivdies are
regularly carried out in marine environments, tketadvantage of the several benefits provided bgdlecosystems
[5]. Some studies have dealed with the human inspadfectingPosidonia populations and the consequences
depending on it [6].

A number of phytochemical investigations with difet focuses have been carried outtonceanicatheir results

have been summarized and appraised [7]. The aithifstudy is to analyze major metabolites (phenald
flavonoidal compounds) of the sea-shore collecie@ceanicaleaves using HPLC analysis, and to determine its
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total phenolics, flavonoids and tannins contentsluate its antioxidant and antimicrobial acti\stien order to
determine whether this seagrass can be made usas @bioactive source material.

Due to the fact that antibiotics are losing thdficacy facing multidrug resistant bacteria, andhgidering the vast
majority of therapeutic applications from plantse wimed to evaluatP. oceanicafor its antibacterial activity
againstStaphylococcus aurewsrains, a major pathogen in clinical settingJuding efflux pump overexpressing
and MRSA strains. Additional studies of synergisetween this plant extract and several antibioticrew
performed in the quest for new effective co-thezapgainst this pathogen.

EXPERIMENTAL SECTION

Plant material

P.oceanicaleaf shoots were collected at random in early &aper, off the seashores of North Coast of Egypt.
Intermediate, intact leaves or blades measurind5L8m were studied, as they contain more phenolispounds
than sheaths [8]. The plant was authenticated amouaher specimen was kept in the National Rese@satter
Herbarium under the No.344.

Extraction

Extract of soluble free phenolics (FP) used herg adeived from that adapted to marine phanerog8in3fie plant
dry leaves were homogenized in 50% aqueous EtO#hikness (41C). The homogenate was filtered, and then
slightly adjusted to pH 2. The ethanol was evamarainder reduced pressure, and then the aqueoss ples
extracted with EtOAc. The extract was dried usinfyalrous NgSq, filtered, then evaporated. The dry residue was
re-dissolved in MeOH, ready for quantitative estiora of the total phenolic, flavonoid, tannin camtte and HPLC
analysis for extract investigation.

Extract of bound phenolics (BP) was based on ththodeof Kaunduret al. [10]. The residue after the ethanol
extraction was suspended in 100 ml of 2M HCI. Thletson was heated to 80 in a water bath with reflux for 90
min. It was left to cool, filtered, and then flawwraglycones were extracted from the solution kgksig twice with
diethyl ether. The ether was evaporated and théuesvas re-dissolved in MeOH before HPLC analysis.

Determination of total phenolic content (TPC)

The Folin—Ciocalteu method was used to determited fmhenolic content (TPC) [11]. An aliquot (150jalf) 100
pag/ml of each of FP and BP was separately addén5tan! of distilled water and 125 pl of the Foliie€alteu
reagent. The mixture was then shaken and allowsthitd for 6 min, prior to adding 1.25 ml of J8&; (7%). The
solution was then adjusted with distilled waterdach a final volume of 3 ml, mixed thoroughly, ghdn held in
darkness for 90 min at ambient temperature. Afteulpation, the absorbance was measured at 760 menTFC
was determined in triplicate, and gallic acid (Ség#ldrich Chemicals Co., St. Louis, MO, USA) wasdisas a
standard (from 50 to 250 mg/L) to produce the catibn curve. The results were expressed as gadid
equivalents mg/ g of dry plant weight.

Determination of total flavonoid content (TFC)

The total flavonoid content (TFC) was determinedoading to a colorimetric assay [12]. It is based the
formation of a complex flavonoid —aluminium havitige absorptivity maximum at 510 nm, and using &rcaion
curve with quercetin (Sigma—Aldrich Chemicals Cat., Louis, MO, USA) as standard. 1ml of diluted ptan(FP
and BP, separately) was mixed with 1 ml of 2% ahum chloride methanolic solution. After incubatianroom
temperature for 15 min, the absorbance of the imaatixtures was measured. Results were takenplictate and
expressed as quercetin equivalents mg/g of dryt plaight.

Determination of tannin content (TC)

The tannin content was measured using a colorimagsay [13]. An aliquot (50 pl) of concentratid@®ug/ml of

both extracts and standard solution of (-)-catedidigma—Aldrich Chemicals Co., St. Louis, MO, US#as

prepared in triplicate (for each), mixed with 3 @fil4% vanillin-methanol solution and 1.5 ml of centrated HCI.
The mixture was allowed to stand for 15 min. Absorte was determined at 510 nm against blank (wéat€rvas

calculated in triplicate as catechin equivalentéghad dry plant weight, using a catechin calibratmurve (range, O-
400 pg/mil).
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Determination of antioxidant activity

The ability of the corresponding two extracts tonal® hydrogen atoms or electrons was determinedhéy
bleaching capacity of purple-colored methanol sotutof 1,1-diphenyl-2-picrylhydrazyl (DPPH, Aldrich
chem.Co.). The method depends on measuring thdodeeizing capacity of each extract against stabiRPH free
radical, the colour change being detected speabtopfetrically at 516 nm [14]. Extracts were teste@r a range
of concentrations to establish thesd@he concentration reducing DPPH absorbance by)50Bs method follows
closely that used by previous workers [15]. DPPHs wdded to the extracts and Trolox (reference rfitioddant
activity) in fixed volumes, and left to stand inrkldor 30 min. Any decrease in the absorbance efpthirple colour
of DPPH solution measured at 516 nm, indicates mtipxadant activity of the extract. A lower g value
corresponds to a higher antioxidant activity. Tegtse carried out in triplicates [16].

Blank gps)— Sample qps)

RSA%= x100

Blankqps)

Quantification of phenolic compounds by HPLC analys

Phenolic acid and flavonoid standards were quaatifty preparing in methanol solution (HPLC gradesrék,

Germany), and serial dilutions were carried outdoyble-distilled water. Various standard conceiurat were
injected into HPLC system to establish standarébition curves. Analyses were developed by HPLEtesy

(Agilent Technologies, Waldbronn, Germany, moduterdel 1200 series instrument), equipped with Eelip8-

C18 column (5 um, 4.6 x 250 mm i.d.) according oMt al.[17]. Isocratic elution was carried out with a riebi
phase consisting of acidified water and acetoaiirl the ratio of 90:10 (v/v), at a flow rate ofil/min. Detection
was done using a diode array detector (DAD) at 2&® 320 nm. The injection volume for all samples 2@ pL.

Identification of phenolics was based on retentiomes in comparison with standards. Signals werpiaed and
processed using a Chemstation soft-ware. Quantitati each gram of sample was carried out usingreat

standard method. The concentration of each of ttenglics was calculated using peak area and tlieraiidn

curves obtained from the phenolics standard solgtidhe amount of each phenolic compound was esgdeas
micrograms per gram of dry plant weight (g/g).

HPLC analysis for the determination of flavonolssvearried out using 5% acetic acid and acetonitnil@ gradient
elution mode and column temperature ofG0

Antimicrobial Activity

Bacterial strains

SevenS. aureusstrains were used. SA1199B is a fluoroquinolonéstast NorAoverexpresser derived from a
methicillin-susceptibleS. aureusbloodstream isolate from a patient with endocasdjfi8], RN4220 contains
plasmid pU5054 (that carries the gene encodingvtsrd macrolide efflux protein), and XU212 possestesTetK
efflux pump and is also a MRSA strain. These sgrauere provided by S. Gibbons (University Collegmdon,
UK) [19-22]. Three clinical MRSA (MJMCO001, MIJMCOORJIJMCO004) were isolated from the Hospital Centre of
Tras-os-Montes and Alto Douro, EPE, Vila Real (Bgat).S. aureusCECT 976 was already used in other studies
with phytochemical compounds [23-26]. Bacteria wgrewn overnight at 37 °C and under agitation (df) in
Mueller-Hinton (MH) broth (Merck, Germany).

Antibiotics
Ampicillin (AMP), ciprofloxacin (CIP), erythromycin(ERY), oxacillin (OXA) and tetracycline (TET) were
obtained from Sigma (Portugal) and prepared in thyiesulfoxide (DMSO), (SigmaAldrich, Portugal).

Antibacterial susceptibility testing

The Minimum Inhibitory Concentration (MIC) of eadxtract was determined by broth microdilution tegti
according to the Clinical and Laboratory Standdndsitute (CLSI) guidelines [27]. MIC was defined the lowest
concentration of the antimicrobial compound thdtilited bacterial growth. Three independent expenita were
performed for each compound. The highest concémtraf DMSO remaining after dilution (10%, v/v dfe well)
caused no growth inhibition (data not shown).

Disc Diffusion Method

Antibiotic-extracts antibacterial effects were detamed according to Abreu et al. [24]. FP extraesvadded to MH
agar (after autoclaved and cooled) yielding thelfinoncentration desired. Samples were appliedeagral
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concentrations, in order to define the minimal/mati concentration causing antibiotic potentiatidimen, the
medium was poured into 90 mm Petri dishes to giwenidorm depth of approximately 4 mm (~20 mL). The
bacterial suspensions were adjusted to 0.5 McFarkdandards and seeded over hardened MH agardigtes
using a sterilized cotton swab and allowed to fmt 10 to 15 min).Sterile blank discs (6 mm diametexoid,
Portugal) were placed on the agar plate seededthéthespective bacteria. A volume of {15 of each antibiotic
prepared according to the CLSI guidelines (AMP —utydisc; CIP — 5ug/disc; ERY — 15ug/disc; TET — 30
pg/disc; and OXA — Lg/disc) was added to the blank discs [26]. Afteulmation at 37 °C for 24 h, each inhibition
zone diameter (1ZD) was recorded and analyzed douprto CLSI guidelines [27]. According to the soie
proposed in a previous study [24] for non-antibaéatecompounds, it was characterized the combinatietween
two bioactive agents as additive if4(IZD combination — IZD most active agent) < 6 mas, potentiation if (1ZD
combination — 1ZD most active agent)6 mm, indifferent if -6 < (IZD combination — IZD @st active agent) < 4
and as negative if (IZD most active agent — 1ZD bamation)> 6 mm.

RESULTS

TPC, TFC, TC and scavenging activity
Table 1; reported the yield percentage, TPC, TRCafmd IG, for both FP and BP extracts Bf oceanicdeaves. A
higher yield (7.55%) was observed for FP extrattemeas BP extract yield was about 5 times lowéi5@).

The TPC of both extracts, as estimated by the Foilatalteau reagent method with reference to thedsrd curve
gave a higher value, 27.71+ 2.4 for FP extract HA@5+1.1 mg GAE/g DW for BP extract. TFC in theragts,
was expressed with reference to a standard cuni®.88+ 1.4 for FP extract, and higher to 19.168hg QE/g
DW for BP extract. As for TC of both, FP and BPragts, was close and corresponded to 2.08+ 0.3a4# 0.5
mg CE/g DW respectively. The scavenging activityFéf, BP extracts and standard (Trolox) on DPPHceddi
expressed as kgvalues were in the following order, 4.0+ 0.03, 2B@&2 and 0.7+ 0.0 mg/ml, respectively.

Table 1. Content of total phenolics, flavonoids, tanins and antioxidant activity in FP and BP extract obtained fromP. oceanica leaves

) TPC TFC TC ICso
Sample | Yield (%) (mg GAE/g DW | (mgQE/g DW | (mg CE/gDW (mg/ml)
FP 7.55 27.71+24 1533+ 1.4 2.08+£0.2 4.0+ 0.03
BP 2.75 12.35+ 1.1 19.16+1.8 3.34+£ 0.5 2.5+ 0.02
Total 10.30 40.06+ 3.5 34.49+£3.2 5.42+ 0.7 Trolox 0.7300
Results are expressed in mean of triplicates+ staghdieviation (S.D.); GAE, gallic acid equivale@E, quercetin equivalent; CE, catechin
equivalent

HPLC analysis

HPLC analysis of FP extract was assayed by extstaaldard calibration method at 280 and 320 nmadnyparing
the retention times of phenolic compounds with ¢hof commercial standards. The results showedthigatmain
constituents were protocatechuic acid, catechid farulic acid, in the order of 192.32, 56.41, @5d36 pg/g of the
dry leaves weight, respectively. Vanillic acid, feéd acid, cinnamic acid and syringic acid wereoalientified as
minor constituents (Table 2, fig. 1&2).

Table 2. Results of HPLC analysis of phenolic compmds in FP extract obtained fromP. oceanica leaves

Peak No. Compound Rt Conentration(pg/g)
1 Protocatechuic acid 10.17 192.32+ 2.56
2 Catechil 18.7( 56.41+ 0.0
3 Caffeic acid 21.73 10.36+ 0.02
4 Syringic acid 23.14 6.15+ 0.01
5 Vanillic acid 25.16 25.84+ 0.03
6 Ferulic acid 32.77 45.36+ 0.03
7 Sinapic acid 33.70 2.82
8 Cinnamic aci 42.9¢ 6.48+ 0.0:

Results are expressed in mean of triplicates+ stashdleviation (S.D.)
R= retention time in min
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(Fig: 1) HPLC-DAD chromatograms at 280 and 320 nmfdStandards; 1- Protocatechuic acid, 2-Catachin, 3caffeic acid, 4- Syringic
acid, 5-Vanillic acid, 6- Ferulic acid, 7- Sinapicacid and 8- Cinnamic acid
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(Fig: 2) HPLC-DAD chromatograms at 280 and 320 nmfd-P extract of P. oceanica leaves; Peak numbers refer to Table 2

Results of HPLC analysis of BP extract (obtainerahydrolysis) showed that the main flavone aghgcovas
quercetin (6.20+ 0.10 pg/g DW), while myricetin akekmpferol were present in minor amounts (0.206 @&nd
0.42+ 0.00 pug/g DW, respectively). Identificatioh ftavonols was performed by comparing the chromgetms
obtained from the BP extract to the one obtaingdafenixture of authentic samples of myricetin, qa¢in and
kaempferol (Table 3, fig.3) using retention timegether with UV-spectra of the studied flavonolsn€equently,
their retention pattern depends on the number ofg@tps in the B ring, therefore, the order of ielutfrom the
reverse phase column follows the rule: more pofaH (groups, myricetin with three, quercetin with twad
kaempferol with one OH groupjless retention>shorter retention time.

Table 3. Results of HPLC analysis of free flavonoglin BP extract obtained fromP. oceanica leaves

Peak No.| Compound| Rt Concentration (ug/g
1 Myricetin 10.07 0.21+ 0.00
2 Quercetin 11.06 6.20+ 0.10
3 Kaempferol| 16.57| 0.42+ 0.00

Results are expressed in mean of triplicates+ stashdleviation (S.D.)
R= retention time in min
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(Fig: 2) HPLC-DAD chromatograms at 320 nm of Standals and BP extract ofP. oceanica leaves; Peak numbers refer to Table 3

Table 4. 1ZDs obtained by disc-diffusion method fotthe antibiotics alone and in combination with theFP extract of P. oceanica leaves (at
1000 mg/l) against theS. aureus strains tested. Classifications of the combinationas potentiation (P), additive (A) or indifferent () are
given in parentheses

Isolates Antib . Control FP
CIP 389+21| 365+1.7()
TET 29.7+2.1| 30826 ()
CECT 976 ERY | 32.0+1.4] 354+3.2()
AMP | 22.2+2.0| 19.3+1.2())
OXA | 27.2+24 ] 223+23(
SA1199E CIP 18.1+1.5| 27.2+1.8 (P
XU212 TET 0.0+0.0 0.0+£0.0 (1)
RN4220 ERY | 9919 10.3+0.8 (1)
CIP NI NI(I)
TET 245+0.0| 295+0.7 (A
MRSA MJMCO001 ERY 13.0+0.0 16+1.1()
AMP NI NI(1)
OXA NI NI(1)
CIP NI NI(I)
TET 20.0+0.0| 25.0+0.0 (A
MRSA MJMCO002 | ERY | 125+0.7| 14.0+0.0())
AMP NI NI(I)
OXA NI 26.0+14 (P
CIP NI NI(1)
TET 27.0+1.0] 22.0+1.8(l)
MRSA MJMC004 ERY 12.0+0.0 10.0 £ 0.0 (1)
AMP NI NI(1)
OXA NI 30.5+0.5 (P)

NI: no inhibition. Data are means and SD from atdethree independent experiments.

Antimicrobial activity

Table 4 presents the disc diffusion method resedauated for the antibiotics alone and combineth whe FP
extract (at 1000 mg/L). FoB. aureusSA1199B, RN4220 and XU212, only CIP, ERY and TE€revtested,
respectively. According to the analysis of IZDsthg susceptibility breakpoints of the NCCLS, 2003][S. aureus
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CECT976 was considered susceptible to all antitsp8. aureusSA1199B, RN4220 and XU212 were resistant to
CIP, ERY and TET, respectively, the MRSA strainsreveslassified as resistant to ampicillin, oxacillin
erythromycin and ciprofloxacin and only susceptitiid¢etracycline; MSSA strains were classified asceptible to
all antibiotics, with exception of ampicillin. Thextract had no antibacterial activity at the higgheoncentration
tested, 1000 mg/l (data not shown).

The tested extract exhibited potentiating actiwitysome antibiotics. It had no potentiation effeith TET against
XU212 (contrarily to the others) but it only had aiditive interaction with this antibiotic.

Analyzing the results, FP extract seems to potentidP against the NorA overexpresser strain SAB19¢hich
could be related to a efflux pump inhibition. Algmtentiation of OXA was verified against MRSA MJRI2 and
4. This could be related to a positive interferéimtgbition with the resistance mechanisms of thedSA strains
to OXA. However, no effect was observed with theeoB-lactam AMP. Additive effects were also obtainedhwi
TET only against MRSA MJMC 001 and 002.

DISCUSSION

P.oceanica(L.) Delile is a marine key species in littoral Mediterraneaonsgstems. It is capable of producing
polyphenolic compounds, due to the presence ofriasells, which are found in large numbers in thaves of most
of the marine phanerogams, particularlyPinoceanicg28]. Previous studies oR. oceanicahave revealed great
differences in the relative number and abundandadffgfrent phenolic compounds, which are much highan that
observed in other marine phanerogams of the Meditean [29], only rosmarinic acid is not found,giesthe fact,
that it is present in other marines. These phemmimpounds are often cited in allelopathic regiplaying an
important role in the protection of these plantaiagt competitors (algae dense meadows) and patedgé], it
thus appears that when the seagrass is in intenadtiaccelerates its production of secondary bwdii@s (phenolic
compounds), so as to limit invasion of the beds33]L Also deterioration of environmental conditirmpollution,
as well as, resistance to colonization (indiregl@ation competition for light and nutrients) teto stress, which is
hypothesized to be the reason behind an increagbeirproduction of tannin cells and consequentlgnatic
compounds in marine environments [33]. Howeverggsavstudies have shown that the concentrationhehglic
compounds irP. oceanicadecreases with the age of leaves, thus the intbateeleaves show significantly greater
concentrations than in the adult leaves [34-35].

The extraction procedure with aqueous ethanol @tbwhe identification of phenolic compounds, wtaleidic
reflux generated anthocyanidins from homologousaptimocyanidins and flavonol aglycones from corresiitg
flavonol glycosides [10]. Thus, high phenolic cont€TPC) is observed for the alcoholic extract (F&) the
contrary, flavonoid content (TFC) is lower. In thgdrolyzed extract (BP), TFC and TC increased, thigl point,
demonstrates that these compounds are preserd piaht tissues mostly as esters and glycosidesr&sults of the
HPLC quantitative analysis confirm these spectroqinetric studies. The phenolic compounds determinfee
extraction with ethanol, are far the most part abtaristic of the monocotyledonous angiospermgrat®catechuic
acid (dihydroxy-3,4-benzoic) and ferulic acid (hgxlyl-4 methoxy-3-cinnamic), which are quantitativély far the
most abundant, accounting an average for more 8G¥% of the relative phenolic acids identified, lgein
characteristic not only of the marine phanerogam,abso of land phanerogams [29-36]. Vanillic agigdroxyl-4
methoxy-3-benzoic), and caffeic acid (3,4-dihydrcrypamic acid) are also among the analyzed pherdiids,
exhibiting much lower average concentrations. Témaining compounds represent less than 2% of tta to
phenolic compounds, including, cinnamic, syringid ainapic acids, which are present merely asdrace

The DPPH free radical scavenging activity of FP Bfdextracts oP. oceanicavas evaluated. Both extracts show
ability to quench DPPH radicals. FP extract showaser activity, this may be due to, hydroxycinnanaicd
hydroxybenzoic acids are known equally as primaxtyoaidants acting slightly as free radical accept®hile BP
extract exhibits a higher activity, as indicateditsylower 1G (2.5 mg/ml), as many flavonoids and their related
compounds have been known to possess strong afdtoseé characteristics linked to the presence anplic
hydroxyl groups attached to ring structures, beibig to scavenge free radicals (superoxide, peroxyfbrm stable
species which can stop an oxidation chain reacfidne@ spatial configuration, number and locationhgéiroxyl
groups on aromatic B ring, appeared to enhanceuttiexidant activity in radical scavenging assayatice that
quercetin has an additional orthodihydroxy grougha B-ring of the flavonoid skeleton [37-38]. Thesults of
antimicrobial effect of the FP extract is correthfmsitively with the previous studies [39], assifound to exhibit
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potentiating activity of some antibiotics agaiSstaureugesistant strains. More studies would be necessargder
to isolate the specific compounds promoting thisvag. Additionally, it would be necessary to iddiy the specific
targets of the phytochemicals in order to explampotentiation of the antibiotics.

CONCLUSION

This work could partially explain the medicinal eft of this plant by investigating its phenolic filly however, an
important extension in the future would beimwivo evaluation of its biological activity on animal nedd, which is
expected to provide important medicinal basis totacal consumption for obesity and diabetes.

We suggest that this sea wheat could afford amdstieg incorporating material for the productidmatural health
benefit products, mostly in developing countriesd groviding an indication, as well as, a solutionmany
environmental problems. Consequently, the managenoénmarine resources should be achieved within
comprehensive governance.
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