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ABSTRACT

Phospholipids (PL) of five species of marine malgaa (two speciesf Rhodophyta (Laurencia popillose,
Galaxoura cylindriea); one specie of Chlorophytalv& fasciata), and two species of Phaeophyta (Dijap
fasciola, Taonia atomaria) collected from the Red &editerranean seas, respectively were extragiadfied on
silicic acid column chromatography, and identifiday liquid chromatography LC/ MS/MS. Macroalgal
phospholipids content varied from 3.18 to 8.80 %t total lipid; the maximum phospholipids content was
recorded in G. cylindriea (8.80%) followed by papillose (8.7%) and U. fasciata (8.18%). Phosplsccontents
of algal phospholipids were varied from 0.11 to83® All algal phospholipids have a high concentratiof
plamitic acid (Ge.q) which is ranged from 27.28 to 53.95% whildhigh level of G.3(46.67%) and . (27.11%)
were observed in D. fasciola phospholipids. Thennstructure of algal phospholipids fraction watentified as
phosphatidyl serine, phosphatidic acid, Lysophosigighcholine, phosphatidyl ethanol amine and phusjlyl
glycerol. The Phospholipids of U. fasciata and bpglose was found to inhibit antiviral activity sfmplex virus
type 1. All algal phospholipids possessed a higiicancer activity in vitro against breast and liveuman cancer
cells with IGg values ranging from 0.47 to 3.15 pg/ml. Phosphadipf U. fasciata exhibited a remarkable activity
against E. coli and B. subtili with MIC values rang from 40 pg/ml, while .Tatomaria showed the most potential
selective activity with MIC of 80 pg/ml againstriger and C. albicans.

Key words: Phospholipids, Marine macroalgae, Anticancer, Viral, Antibacterial, HSV-1 , MCF7 Cell , HepG2
Cell

INTRODUCTION

Algae represent valuable sources of a wide specwfircomplex lipids with different potential appligans
especially, in food, cosmetic, and pharmaceuticdlistries [1-2].

Phospholipids are a class of lipids, major comptmenall cell membranes, and they can form lipidyers in the
cell. Phospholipids are synthesized by both praéryand eukaryotic organisms. They are the magonponent of
most eukaryotic cell membranes, which play a funelatad role in compartmentalizing the biochemistfyife. The
guantity and composition of phospholipids are sgulaed in a way that enables membranes for maintaitheir
structure and function, in spite of their developtaé and environmental changes [3]. Most phosphdsiare
characterized by a common backbone of phosphatit (PA), formed from L-glycerol 3-phosphate witbo fatty
acids esterified on positions 1 and 2. They plagyoitant structural and metabolic roles in livingscgt]. The phospholipids
with sphingolipids, glycolipids, and lipoproteingeacalled complex lipids [5-6]. The algae contathsee major
phospholipids, phosphatidylglycerol (PG), phosplyigthanolamine (PE), and phosphatidyicholine (P[Z)8].
Phospholipids possess various biological activitiesh as antibacterial, antiviral, and antitumeetivities [9]. For
instance,P. yezoensigphospholipid fraction were found to possess anpotantitumor activity against Meth A
fibrosarcoma [10] and phospholipids fractionSafrgassum marginatutms high effect in inhibiting the growth of HL-60
cells cancer [11].

This study aims to isolate and identify of phosptidk fraction, characterize their chemical constitts in some
Egyptian marine algae, and assess their anti@rdgicancer and antimicrobial activities.

MATERIALS AND METHODS

1- Collection of algal samples

Five macroalgal species were used throughout thidys Laurencia popilloseand Galaxoura cylindrieaspecies
were collected from west coast of Red Sea (Faiedeam Al-Sokhna sector of Suez Galjlva fasciataand Taonia
atomaria (Abu-Qir sector Alexandria governorate) afdlophys fasciola(Marsa Matrouh governorate) were
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collected from the Mediterranean Sea. All algal gi&® were washed several times with water, airddirieshaded
area. The dried samples were grinded into fineigharby Brown mill and stored in glass containetsr@om
temperature for further experiments

2-Identification of marine macroalgae species

After preparation of herbarium specimens of theaalgpecies, they were identified by. Brauhaiya Abdul-Latif,
Professor of Botany Department of Botany, Facuftgcence, Al-Azhar Universityto whom the authors are very
indebted.

3- Extraction and determination of total lipids

Total lipids of marine algae (10 g) were extracigth 100 ml methanol: chloroform solvent (2:1, vimjxture [12].
After filtration, the mixture was evaporated a@do a minimum volume (15 ml) and dried undexr N'hen, the
total lipids content were determined by weighing

4- Separation and determination of macroalgal phodmlipids

Zwitterionic and polar were separated from totpldiextracts usingliethylaminoethyicellulose(DEAE-cellulose)
column chromatography (0.6 x 6 cm, i.d), then elutgth 21.5 ml mixture of chloroform/ methanol (2@, 3:2,
viv) [12]. Then, phospholipids fraction were sepiad from zwitterionic and polar lipid fraction lging silicic
acid column (100- 200 mesh, 15x 2.5cm i.d) andedlutith methanol (100%) as described by Maktoodl.e{13]
The methanol extracts were evaporated ungeoMryness at 4€ then total phospholipids content was calculated
by weighing.

5- Identification of marine macroalgal phospholipids

5. 1. Determination of total phosphorus of algal Pospholipids

Total phosphorus was spectrophotometracilly deteechusing ammonium molybdate reagent at 800 nrapasted
by Rouser et al., [14]

5.2. Identification of marine macroalgal phospholifd fatty acids:

Macroalgal phospholipids were subjected to diremigmethylation in 1.5% sulfuric acid: methanol tie at 95C
for 2 h [15]. Fatty acid methyl ester were anatiAz®y gas chromatography (Perkin Elmer Autosysteln X
equipped with a flame ionization detector and dus#ica capillary column (DB-5 (American) 60 m x3@ mm,
i.d.) with a film thickness of 0.25/25um. The colu temperature was initially 150 and was then gradually
increased at rate of°G/ min up to 25F°C. The injector and detector temperature were®@3and 256C,
respectively. The helium was used as a carrier(gasdml /min). The split ratio was 1/100. Fatty dsiwere
identified by comparison between retention timesarhples with those of methyl fatty acid standarxture (
Sigma, > 99% purity by GLC).

5.3. LC / Ms/Ms analysis of macroalgal phospholipisl

An aliquot of phospholipids fraction was analyzegdUC-MS-MS (LCQ Advantage Max, Thermo Finnegan, JSA
using triple mass spectrometer operated in poséigetro spray ionization (ESI). The heated capjilend voltage
were maintained at 286 and 4.5 KeV, respectively. The full scans of mgssctra of the phospholipids were carried
out from m/z 500 to 2000 using 500 ms for collectaf ion in the trapMS/MS was used to break down the most
abundant [M+HT ion from MS with depended Collection Induced Digation (CID) [16].

6. Biological evaluation of algal phospholipids

6.1. Antiviral Activity of algal phospholipids

6-1-1- Preparation of macroalgal extract for bioasay:

Stock solution of algal PL was freshly prepareddissolved 100 mg of phospholipids fraction in 10ahtimethyl
sulfoxide (DMSO) in water (9:1, v/v) and kept at@ until use, appropriate dilutions of solution ersed in each
assay. All the tests were carried out in threepedeent assays, and the means were used.

6-1-2- Antiviral screening of macroalgal phospholifzs

The antiviral activity of algaphospholipids wasevaluated for antiviral activity against herps giex virus type- 1
(HSV-1). The virus was obtained from Virology LaboratoWater Pollution Research Dept., National Research
Centre (NRC), Egypt. The virus was propagated iia gell cultures. Inhibition % of virus was calcdd as plaque
reduction as a result of being subjected to a gesracts [17].

6-1-3- Mode of action of macroalgal phospholipidssaantiviral agent
Virus inhibition mechanism was studied for the Kiif@spholipids extracts in three categories.

a- Effect of macroalgal phospholipids on virus a rglication

The inhibitory effect of phospholipids of algaeragts on the replication of HSV-1 in Vero cells vgasdied by the plague
reduction assay, which was performed accordingrtmset al., [18] method Mono-layers of Vero cells (African green
monkey, Kidney cell lines) were grown on 6-welltaré plates. Virus was diluted at’®FU (Plaque forming Unit)ml,
then 50ul was applied to cells. After incubated for 1 hatiB?C, the phospholipids were added at different cdrations
(25, 50, 75 and 100 pg/mi). Cell sheets were finet% formalin solution for 2 h, and stained vth% crystal violet, then
the number of plagques was counted. The percenfagilation of plaques formulation was calculatesl follows: Initial
virus count (PFU/mI) — virus count of treatmentwihospholipids fraction 100= % of reduce.

b- Effect of macroalgal phospholipids on virus adsgption.

Vero cells grown in 6-well plates were infectedhiiSV-1, in the presence of different concentratioh macroalgal
phospholipids (75 and 100 pg/ml). The plates wareliated at 4C for 2h. Then, cells were washed with phosphafierbu
to remove any unabsorbed virus. The number oftinfecbound visions was then measured by the plagliestion assay
[19].

10
www.scholarsresearchlibrary.com



Hanaa H. Abd El Baky et al Der Pharma Chemica, 2014, 6 (6):9-18

c- Veridical effect of macroalgal phospholipids.

For studying the direct effect of phospholipidsH8V-1, assays were performed according to Schuhenaathal., [20]
method. Briefly, fifty pl of viral suspension (HSM-containing 18 PFU/mI were added to the extracts at concentrations
giving maximum viral inhibition. Then, the volumé the mixture was adjusted to 100 and added to the cell monolayer.
After 1 hour incubation, 6 ml medium with 2% agaregere added to cell monolayer. Virus inoculatedels and treated
identically without the addition of algal extragthich served as control. Viral plaques were countatl the percentage of
virus reduction was calculated. Acyclovir was usethe reference compound for antiviral activity.

6.2. Antitumor activity of macroalgal phospholipids

Potential antitumor activity of algal phospholipidas tested using the method of Skehan et al., Rdinan hepato
cellular carcinoma cells (Hep G2) and breast adamamoma cells (MCF-7) were plated in 96 multi-weliate for
24 h before treatment with the algal phospholipaallow attachment of cells to the well of thetplaPhospholipids
and antitumor reference drug (Novantron) were aditeserial concentrations to cell monolayer. Aftezubation
for 48 h at 37C in atmosphere of 5% GQthe cytotoxicity was determined spectrophotoroaty by measure the
developed color at 570 nm by ELISA reader (TecanriSe absorbance reader (No. 3008746), softwarelldfag
V.4 was used, Germany).

6.3. Antimicrobial activity of macroalgal phospholpids

The antimicrobial activities were determined by wamtional agar diffusion assd22] using one gram positive
(Bacillus subtilisNRRL B-94) one gram negativé&gcherichia coliNRRL B-3703) bacteria, fungiAépergillus
niger NRRL 313), and yeastC@ndida albicandNRRL 477). The microbial growth inhibition zone sveneasured
after incubation at 3C@ by the appearance of clear microbial free inlibizone, beginning within 24 h for yeast,
24-48 h for bacteria and 72-96 h for fungus. Thestrreictive phospholipids fractions were tested fer NIC
according to Hammer et al., [23]; MIC was deterrdireess the lowest concentration of phospholipidstivas
inhibiting the visible growth of each organism twe tagar plate.

7-Statistical analysis:-
Data were statistically analyzed through analysisasiance (ANOVA) and Duncans test at P> 0.01 phility
level was applied [24].

RESULTS AND DISCUSSION

Total lipids content of marine macroalgal

The total lipids content (TL) of marine algae wasged from 0.09 to 2.35%J. fasciata(2.35%) had the highest

TL contents followed byD. fasciola (1.11%), whereas the lowest level was found iratomaria(0.66%) and..
popillose(0.81%) as shown in Table (1). However, the lewél$L among all algae species were within the esng

of several algae species (1- 3¥8p]. In previously report by Manivannan et aRg], the total lipid content in
twelve species of marine algae belong to 3 famfliesy Chlorophyceaean, Phaeophyceae and Rhodophyceae were
ranged from 1.33+0.20% to 4.6+0.17%. The totablptontent was varied among algae depending oe afggcies,
genetic origin, climate and geography of developnoéthe algae [26-27].

Phospholipids contents of marine macroalgae

Total Phospholipids content of total lipids wasgad from 3.18 to 8.8% of total lipids (Table 1). htaum
phospholipids content was detectedGn cylindriea(8.8%) followed by L. papillose(8.7%) andU. fasciata
(8.8%). On the other hand the minimum phospholipmistent was observed T atomaria(3.18%).

Phosphorus content of marine macroalgal phospholigs

Total Phosphorus content of marine algal phosphsifraction was presented in Table (1). The ressiibwed that
the maximum content was observedDOn fasciola(0.86 %) followed byT. atomaria (0.71%)and G. cylindriea
(0.61%). The minimum phosphorus content was obseime U. fasciata (0.11%) andL. papillose (0.23%).
Kulikova and Khotimchenko [28] found that phosppals content of5. miyabereached maximum content (40.8%)
of the total lipids in the lower thallus region, ilehit was 27.6% in the upper thallus. The Phosipiad fraction of
three species macroalgae were 10.9% of total lipids spicifera 10.2 of total lipids % irs. folifera and 7.7 %
of total lipid in G. edulis[11]. Goncharova et al., [29] reported that theg@holipids content of macroalgae if (
tobuchiensis L. japonica, S. pallidupl). fenestrate and Z. marip@onstituted the substantial value (9.1— 49.7% of
total lipids) and was lower in summer than in sgri8hevchenkeet al., [30]found that thephospholipids of L.
gurjanovarepresented 1.1% of total lipids.

Fatty acids composition of marine macroalgal phosptiipids

The fatty acids composition of macroalgal phospghid$ is summarized in Table (2). All algal phospbids have a
high concentration of plamitic acid {£) which is ranged from 27.28 to 53.95% whilgg.§Wvas found in relatively
higher amount in three alda. fasciola(46.67%),T. atomaria(17.42%) ands. cylindriea(13.34%).The content of
margaric acid (¢.g was found in moderate contemtbich were ranged from 9.12 to 18.638hereas the highest
content of G,.s was found inJ. fasciata(29.94%) followed byl'. atomaria(14.58%) and.. papillose(12.22%). A
relatively high amount of oleic (g1) was detected iphospholipid fraction oD. fasciola(11.48%) and G.o, Cis.0,
and G,.,were existed imelatively smaller amount in all algal species. i&inresults were obtained [Sanina et al.,
[31], they found that six major FAs, 16:0, 18:0,:189, 18:1n-7, 20:4n-6 and 20:5n-3 were observed i
phospholipids ofA. tobuchiensisDembitsky and Rozentsvet [32] found that The méatty acids compositions of
seven green algal phospholipids were 6. Ciesr Cig, Cigz and Ggas while two species of algad.
penicilliformis and U. rigida have a high content of eicosapentaenoic acidl(5% and 18.3%), respectively.
Bhaskar et al., [11] reported that the red aljeenthophora spicifer@hospholipids had significantly higher amounts of
eicosapentaenoic acid (EPA) and arachidonic aci) @ compared to the same fatty acidsGimcilaria edulis and
Gracilaria folifera. Goncharova et al. [29] found that the main fadiyids of two brown marine macrophyte
phospholipidswere characterized by the significant contents @&flL 1(8.7-14.7% inZ. marinaand 12.1% inL.
japonica.
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Identification of macroalgal phospholipids compound by LC-MS

The proposed chemical structure of the active dtmesits of the algal phospholipid were determinsihg LC-MS-
MS. LC/MS analysis ofJ. fasciata T. atomaria, G. cylindrieandL. papillosephospholipid gave total ion at
retention time ranged from 0 to 12.46 min. withaoy ion fragmentation except ionsDf fasciolaphospholipids
induced fragmentation. The following are the idiicaition of phospholipids compounds of the diffdreracroalgal
species by LC/ MS.

a. Identified phosophlipids compounds olJ. fasciata

Mass spectrum of). fasciata phospholipids showed five ions at m/z 793.42,.838604.46, 590.38 and 555.23
with retention time ranged from 0 to 12.46 min. The ions; at m/z 793.42 (Rt =12.46) and at m/z.B3§Rt =
8.07) have high intensity ratio and were only iife@d by comparing their mass spectra with thosevimusly
reported in the literature. lon of m/z at 793.425(Gnd Gy.9) corresponding to the phosphatidylserine (Table 3),
that is confirmed by Wang et al. [38hd at m/z 618.33 corresponds to phosphatidic (&ichand Ge.q) (Table 3),
that is consistent with Mileykovskya et al. [34].

b. Identified phosophlipids compounds of T. atomaria

The ion of T. atomariaat m/z 570.33 (Rt = 7.78) was found to corresptnthe lysophosphatidylcholine {£)
(Fig. 3), that agreed with the results obtainedChgn and Li [35] and the ion at m/z 694.55 (Rt 90).corresponds
to the phosphatidylglycerol ¢(goand Ge.) (Table 3), that is confirmed by Mazzed#ital [36].

c. ldentified phosophlipids compounds of G. cylindriea

Total ion chromatogram @. cylindrieaphospholipids at retention time 12.49 and at m/2.48® was attributed to
the phosphatidylserine (Table 3), m/z 779.43 (R211) was attributed to the phosphatidylglycerak@@and Gs.g),
which is agreed with the results of Ziekal.[37] and 714.72 (Rt =10.47) was attributed tophesphatidylethanol
amine (Gg.1 and Cigq (Table 3), that is confirmed by [36] and [34] afiti8.42 (Rt = 8.10) was attributed to the
phosphatidic acid (Table 3). However other moleca@aG. cylindrieaphospholipids was observed at another
retention times and had smaller molecular, whichhinresulted from fragmentation.

d. Identified phosophlipids compounds ofL. papillose

The ESI- Ms of L. papillosephospholipids showed one ion at m/z 632.47(Rt3¥8.which is the corresponding
to the phosphatidylethanol amine;{gand Cy4. (Table 3)., that is confirmed by Mileykovskya at [34] and
Mazzella et al. [36]

e. ldentified phosophlipids compounds of D. fasciola

Four molecular ions [M + Hdf D. fasciolaphospholipids at retention time 0 to 60 min. wetentified by ESI-
Ms. The molecular ions [M + Hf D. fasciolaphospholipids were m/z 601.30( Rt = 24.50), m/28L(Rt = 0.22),
1395.20 (Rt = 0.88) and 566.69 (Rt =1.62). ESI/ bfShe major component dd. fasciolaphospholipids was
consistent with the molecular ion [M + Td} m/z= 1148 corresponding to the molecular di-phosphigiggerol
(formula of G;H13/0¢P) (Table 3). The fragmentations of this compouFid.l) were the peak at m/z = 895.71 and
this was due to the loss of 5. The peak at m/z = 812.63 was due to log#iG and also the peak at m/z 730
was due to the lossg®;;. The fragmentation of the compound may resultediiphosphatidylglycerol (Fig. 1).
Meanwhile the molecular ion of peak at 1395.20 €R0.88) was identified as tri-acylphospatidylinokidi-
mannosides as reported by Yagual [38] they come in harmony with the results of gnesent study, that the ion
at 1395 correspond to tri-acylphosphatiylinositehrdinnosides. In this concern Khotimchenko andygittova [39]
found that The phospholipids composition of marileown algae were phosphatidyl choline (PC),
phosphatidylethanolamine (PE), phosphatidyl glycéP&), phosphatidyl inositol (Pl) and new aminamgpholipid
(PX), which are in harmony with the result of theegent study. Hanust al. [40] found that Phosphatidylcholine
(PC) contained in red algal species varies froné 61.77.8 %.

The mass spectrum of phospholipids from soylieditated the presence of peaks at m/z = 761. paetursor
scan showed a clear protonated molecular peak alithga sodium adduct molecular ion peak, simulbarsty. 1-
oleoyl-2-palmitoyl-PC (18:1-16:0 PC)), [M +H]+ algwith [M + NaJ" peaks were shown exclusivelyratz 761.0
and 782.5, respectively. The MS—MS spectrum ofstilected moleculen(z 761.0) contained fragment ionsrafz

496.5 and 522.5, corresponding to the neutraldbsise fatty acid group as a ketonesatl ((M+H R1-CH= C O])

andsn2 ([M +H- R2-CH= C Q]+), respectively [41].

Biological evaluation of marine algal phospholipiddraction.

1. Antiviral activity of marine algal phospholipids

Antiviral activity of algal phospholipids was evated by plaques reduction method and the resudtdlastrated in
Table (4). Algal phospholipids showed high antilvirdibitions against HSV-1, which were ranged fr@h87 to
75.25 %. The maximum inhibition % of HSV1 was fouwastcthe concentration of 20 pg/mllih fasciata(75.25%)
followed byL. papillose(75%) andG. cylindriea(68.75%). A moderate inhibition % of HSV-1 was fiduat 10
pg/ml inU. fasciata(56.25%) and at 20 pg/ml if. atomaria(53.12%). The minimum inhibition % against HSV1
was observed at 10 pg/ml@ cylindria (21.87%) and. fasciola(25.00%)

1.1. Antivirus activity confirmation of U. fasciata and L. papillose phospholipids

U. fasciataand L. papillosephospholipids were selected foonfirmation according to inhibition % which readhe
> 75%. The antiviral activity was confirmed usin@¥AL with different concentrations of phospholipi 50, 75
and 100 pg/ml. The effectiveness of inhibition (#®f HVS1 virus) was found irL. papillose at all
concentrations, whil®. fasciataphospholipids inhibited virus maximum by 78% (Table IG;, of antiviral were
10, 29 ug/ml folJ. fasciataand L. papillose respectively.
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1.2. Mode of action ofU. fasciata and L. papillose phospholipids as antivirus

a. U.fasciata and L. papillose phospholipids as antireplication of virus cells

Virus replication into cells is also one of theigators of antiviral targets. As shown in (Figs&3), at 100 pg/ml
of L. papillosephospholipids completely inhibited virus replicatil00%), while the phospholipids bf. fasciata
inhibited the virus replication by about 95 %.

b. U.fasciata and L. papillose phospholipids as anti-adsorption of virus on hostells

The effect of algal phospholipids on adsorption wasermined by the inhibition of HSV-1 binding togh cells
pretreated with various concentrations of macrdalg@ospholipids. At concentrations of 75 and 100/mlg
phospholipids ofL. papilloseshowed inhibition of virus adsorption to host ceémbranes by approximately 83 and
90 % respectively, while the phospholipids exti@fdt). fasciatadid not induce any effect on virus adsorption (FBs
& 3).

c. U. fasciata and L. papillose phospholipids as veridical

Figs. 2 and 3 showed the dose-dependent veridifeadt eof phospholipids of. papilloseandU. fasciata against
HSV-1. At the concentration df. papillosephospholipids (75 pg /ml) the residual infectivitf these viruses was
approximately 90%, while high concentration of 108 /ml was inactivated HSV-1 by about = 95%.fasciata
phospholipids were not affected of virus.

D and L-isomers of phosphatidyl choline, phosphatglycerol, phosphatidic acid, and phosphatidyiirse have
approximately equal antiviral activity [42luchnaya et al. [43] investigated the antivirusivitgt of different
synthetic compounds which containgdosphate and sulfate derivatives. They found 2h&, 4, 5-tetra-O-benzyl-
D, L-iditoldi-phosphate Xl and 1,12-dodecanediolmohogphate X were active against herpes simplesesu
HSV1 and HSV2.The structures were highly active inhibitors wal/penetration into cells.

2-Antitumor activity of marine algal phospholipids

2-1- Antitumor activity of algal phospholipids against human breast carcinoma (MCF-7)

The cytotoxic activities of five algal phospholipidtaction was tested agaifdCF-7 and the results are illustrated
in Table (6). All algal phospholipidshowed highly inhibition of MCF-7 cell line at atbncentrations which is
ranged from 42.73 to 93.39%. The most potentiactizle activity 1Go wasranged from 0.47 to 1.28 pg/ml against
MCF-7cell line (Table 7). The minimum gof algal phospholipids against MCF-7 cell was fdumD. fasciolag L.
papillose and G. cylindriea(0.47 pg/ml) followed byJ. fasciata(1.28 pg/ml ) andr. atomaria(1.21 pg/ml)
(Table 6 & 7). It is interested to note that alialspecies had kglower than the 1g, of antitumor drug Novantron.

2-2- Antitumor activity of marine algal phospholipids against human hepato carcinoma (HepG2)
Phospholipids of all algal species showed inhibitagainst HepG2 which is ranged from 14.59 to 84(&#ble 6).
The highest inhibition HepG2 was recorded in afjahlspecies phospholipids at 5, 10 pg/ml. Thg & algal
phospholipids varied from 1.81 to 3.15 pg/ml agakiepG2 (Table 7). The minimum 4gof algal phospholipids
against HepG2 was recordedlin papillose(1.81 pg/ml) followed byD. fasciola(2.40 pug/ml) (Table. 7). The
results of the present study are in agreement thidhe obtained by [10]. They found that low doskemacroalgal
phospholipids isolated fromaminaria angustata, L. angustat8. ringgoldianumand Porphyra yezoensishowed
significant antitumor activity against Meth-A fitsarcoma. The anticancer activity of lipids classetsacted from
brown alga Sargassum marginaturehowed high effective inhibition to the growth ofirhan pro-melocytic
leukemia (HL-60) cells [11]. The mechanism of thdigroliferative of synthetic phospholipids condui¢hrough
indirect ways of action, such as activation of mabtiages, inhibition of invasion of tumor cells irc@&ll lymphoma,
and also mechanisms which directly influence catlsignaling and lipid metabolism [44].

3- Antimicrobial activity of marine macroalgal phospholipids

All algal phospholipids did not show any antifungald antiyeast effect exceptatomarig which has an antifungal
activity againstA. niger and inhibition the yeast growth @&. albicans T. atomaria showed the most potential
selective antimicrobial activity with MIC of 80 [rgl againstA. nigerand MIC agains€Candida albicanswas 60
pg/ml (Table 8).

Table 1: Phospholipids and Phosphorous contents ebme Egyptian marine macroalgae

Algae strains  Total lipid %  Total phospholipids (% of total lipid) Phosphorous %
8.18

U. fasciata 2.35 0.11
T. atomaria 0.66" 3.18 0.71
D. fasciola 1.11° 7.27 0.86
L. papillose 0.8“ 8.70 0.2%
G. cylindriea 0.09 8.80 0.6%
LSD 0.09 1.45 0.55

The mean difference is significant ak@.01.

Table 2: Fatty acids composition of some macroalgahospholipids

ae strains Mediterranean sea Red sea
Fatty aci U. fasciata T.atomaria D. fasciola L. papillose G. cylindriea

Cuac 1.02 2.33 2.53 6.83 6.87
Cue:¢ 53.95 42.54 27.28 64.5 43.21
Cie 0.52 - - - 1.26
Curc 9.12 16.15 3.72 9.97 18.65
Cusc 4.33 3.12 3.26 451 3.84
Cisi 2.26 2.15 11. 48 1.43 2.20
Coo 2.78 17.42 46.67 8.83 13.34
Coo - 1.70 - 1.72 1.59
Cos 25.94 14.58 5.07 12.22 9.04
Saturated FAs % 68.42 64.14 36.79 77.27 68.73
MUFAs % 2.78 2.15 11.48 1.43 3.46
PUFAs % 28.72 33.7 51.74 22.7 23.97

FA, fatty acid; MUFAs, mono unsaturated fattydsci PUFAs, Polyunsaturated fatty acids

13
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Table 3: Identified phosopholipids compounds in fie marine macroalgae strains

Tri-acyl
) Phosphatidyl Phosphatidic Lysophosphatidyl Phosphatidyl Phosphatidyl phosphatiyl Di-Phosphatidyl
Algae strains - ; A B Lot h
serine acid choline glycerol ethanol amine inositol -di glycerol
mannosides
Exact
Exact Exact
i Mass:632.47 X
Exact Exact _ Mass:694.55 | p1 gr2 c14:0 Mass:632.47
X R Exact Mass:570.36 R1 &R2 C16:0 R1 &R2 C14:0 Exact
IMass:793.56 Mass:619.43 . Exact i i
y ¥ MW:570.72 Exact X Exact Mass:714 Mass:1149.82
MW:794.09 MW:619.83 R Mass:714
Mass:714.72 R1C16 &R2 R1C16 &R2
R1 &R2 C18:0 c18:1 Ci18:1
U. Fasciata + +
T. atomaria + + + +
G. cylindriea + + + +
L. papillose + +
D. fasciola + + +

Table 4: Antiviral activity of phospholipids extracted from some marine algae against HSV-1

Table 5: Antiviral activity of U. fasciataand L. papillose phospholipids and antivirus drug acyclovir againsHSV-1

Algae strains

Viral inhibition %

10pug/ml 20 pg/ml
U. fasciata 56.25 75.25*%
T. atomaria 50.00 53.12
L. papillose 50.00 75.00*
G. cylindriea 21.87 68.75
D. fasciola 25.00 34.37

Inhibition %
Algal phospholipids concentrations  Acyclovir Mediterranean Sea Red sea
U. fasciata L. papillose
25 pg /ml 5 51 100
50 pg /ml 60 54 100
75 ug /ml 70 59 100
100 pg /ml 100 78 100
ICs0 pg/ml 55 29 10

Algae species Concentrations Growth Inhibition %
MCF7 Cell | HepG2 Cell
1ug/mi 70.78 14.53
. 2.5 g /ml 86.03 48.3
U. fasciata 5ug /ml 88.45 76.53
10 pg /ml 91.09 84.8¢
1pg/ml 44.5% 16.76
T atomaria 2.5 pg /ml 77.38 43.48
: 5 ug /ml 80.98 68.16
10 pg /ml 82.55 79.5¢
1ug/mi 79.33 35.78
D fasciola 2.5 g /ml 89.70 42.5F
' 5ug /ml 92.59 74.2
10 pg /ml 92.46 78.49
1ug/mi 87.91 45%12
. 2.5 g /ml 87.% 48.6*
L. papillose 5 ug /ml 88.83 78.62
10 pg /ml 91.586 83.36
1pg/ml 83.93 45,92
o 2.5 g /ml 88.93 48.6
G. cylindriea 5 ug /ml 93.28 78.63
10 pg /ml 93.39 83.3¢
1pg/ml 42.73 26.1
Novantron 2.5pug /ml 52.81 42.27
(reference drug 5 pg /mi 52.81 47.66
10 pg /ml 52.81 59.5
LSD 7.3746 14.856

The mean (n=3) difference is significant atP.01.

Table 7: Antitumor activity of some algal phosphépids againstMCF7 and HepG2

. ICxo g/ml
Algae species ~uEr e | HepG2 Cel
U. fasciata 1.28 2.82
T. atomaria 1.21 2.82
D.fasciola 0.47 2.40
L. papillose 0.47 181
G. cylindriea 0.47 3.15
Novantron
(reference drug 1.4 4

Table 6: Antitumor activity of some algal phospholpids against MCF7 and HepG2 cells after 48h incigtion

The antibacterial effect of all algal phospholipis two bacterial straiB. subtilisand E. coli at concentration
100pg are shown in Table (8). The maximum inhdbitzone was observed . fasciata(21mm) and (18mm)
againstB. subtilisandE. coli ,respectively. TatomariaandG. cylindrieahave relatively low antibacterial effetd.

fasciata, T atomariaandG.

cylindrieashowed the most potential selective activity wiihC ranged for 40 to

80pg/ml againsB. subtilisand E. coli . The result of the present study are in agreemétiit the results of
Ramadaret al. [45].
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Table 8: Antimicrobial activities of some macroalgaphospholipids (inhibition zone in diameter ( mm)around the discs) at the
concentration 100pg well and MIC values

icroorganism inhibition zone ( mm) MIC pgml
Bacteria Fungi Yeast Bacteria Fungi yeast
Algae strai E. coli B.subtilis A.niger C.albicans E.coli B. subtilis A.niger C. albicans

U. fasciata 18.0 21.0 - - 40.0 40.0 - --
T. atomaria 6.0 9.0 10.0 12.0 80.0 60.0 80.0 60.0
G. cylindriea 7.0 10.0 10.0 10.0 60.0 40.0 80.0 60.0

They found that phospholipids 8pirulina platensisnhibited the growth of all tested microorganistBs subtilis,
St. aureus, A. niger, A. flavus, S. cervisiae andlRicans) at concentration of 100ug except theaeruginosand
E. coli which did not show any activity. Ellst al. [46] reported that the Phospholipids and ergostefofeasts,
containing arachidonic acid have susceptibility dods the antifungal effecthe antimicrobial activity of cationic
parts is proposed to initiate electrostatic intBoacwith the negatively charged components of imbrane of
microbes and disturbs its barrier functisnch as inhibit cell-wall, nucleic-acid, or preotesynthesis or inhibit
enzymatic activity[47 and &]. Garget d. [49] indicated that the mechanism through which aictiobial
liysophosphatidic acid may regulate membrane tffig events can involve (i) direct mechanisms,altgring
membrane shape and/or binding proteins, (ii) imdireechanisms, by stimulating or inhibiting sigtr@nsduction
pathways through phosphatidic acid release, aid(@ombination of both.

Cl6 C18:1 C20:3 C1

N\I\I

o —
7
S,

oH CTigHas™

C71H1370gP
Exact Mass: 1149.01
Mol. Wt.: 1149.82

251.274

2\/ N e NI N S VD e e
Di-phosphatidyl-glycerol

Ca1H70sFP
730.551
CszHi1009sP"
895.716
l l -
Cs3tHooOsP"
894.71

l CeHaa®
83.0861

O\)\/o
O,
CL41H7OsP™ l/D/\O —
730.551

(o}
J\/ Om—i TN Setlar
m 83.0861

CLHgOgP™™
812.63
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C23H4408P™
479.277

o

Ox/
P\OH

o

Q

Ca1H7608P™ y
730.551 O

Ca1H700gP™"
Exact Mass: 730.55
Mol. Wt.: 731.03

1 CaH7
* 55.0548

Co/H5,08P™
534.332

CiaH29"
197.227

C23H4408P™™"
A79.277

Fig.1. Fragmentation pattern of compound di-phosphadyl glycerol extracted from D. fasciola phospholipids
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Fig.2: Mode of action ofL. papillose phospholipids against HSV-1
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a75 8100
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Virucidal Adsorbtion Replication

Mode of action

Fig. 3: Mode of action ofU. fasciate phospholipids against HSV-1

In conclusion, the mass spectrumlbf fasciata, T. atomari@and G. cylindrieaphospholipids indicated that the
presence of peaks at m/z = 793.14, which may béuaid to phosphatidyl serine. The peaks obseimed.
fasciataand G. cylindrieam/z = 619 is expected to be phosphatidic acid.i®hefT. atomariawas the distinct at
m/z = 570, which may attributed to lysophosphaticlybline. Whereas the ion @t atomaria (m/z = 694.55) and
ion of G. cylindriea ( m/z 779.74) may be corresponds to phosphagjiggerol (Geoand Ge.0)(Cigoand Gg.). L.
papillose and G. cylindriea phospholipids showed spectrum peaks at m/z 632afd 714.72, which may be
attributed to the phosphatidyl ethanol amine@@&nd C 14.0)(Cig1 and Geyg). D. fasciola phospholipidswas
characterized by the content of two high molecalam/z =1148, this may be attributed di phosphétiycerol
and m/z =1395, which is expected to be tri- acyggatidyl inositol di mannosides.

Algal phospholipids oD. fasciola, L. papillosend G. cylindrieapresented highly inhibition of MCF-7 cell line
growth . U. fasciataand L. papillosephospholipids inhibit virus replication aradisorption of virus on host cells.
Antitumor and antivirus activities of phospholipislsay be related to unsaturated fatty aeidd phosphorus
contents.
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