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ABSTRACT
Glycolipids in five species of marine algae: two species of Rhodophyta (Laurencia popillose, Galaxoura cylindriea); and one species of
Chlorophyta (Ulva fasciata), and two species of Phaeophyta (Dilophys fasciola, Taonia atomaria ) collected from Red and Mediterranean
sea, respectively were extracted, purified on silica gel column chromatography and identified by liquid chromatography MS/MS. Total
glycolipid contents (GL) (as % of total lipid) were found to be in ranges 10.9 to 28.7%. T. atomaria had the highest level (28.7%) followed
by L. popillose (22.5 %). GL groups were analyzed for their sugars and fatty acids composition, and the result showed that the highest
carbohydrate content of GLs were found in U. fasciata (6.05%) and L. popillose (5.8%), and characterized by high content of
monosaccharide: mannouronic acid, galactose and rhamnose. Amongst of the glycolipids of algal species, the most predominate fatty acid
identified by GC were palmatic (C16:0 19.20 - 65.89% of total fatty acid), ecosatrienoic (C20:3 7.52 - 54.41%). GL analyzed by LC/MS/MS,
revealed the peak at m/z 956 corresponding to the molecular formula of C51H104O17 was the most abundant molecular ion among all GLs of algal
species and its fragments peaks at m/z 617(C37H58O4) and m/z 337 (C21H58O3), were tentatively identified as digalactosyldiacylglycerol (DGDG).
The in vitro anticancer, antimicrobial, and antiviral activities of algal glycolipids were evaluated. GL of all algae species showed a
remarkable antiviral activity in dose dependent manner. GL from D. fasciola has shown the most potent effect against HSV1 (IC50 of 10
µg/ml), comparable to that of the current antiviral drug acyclovir (IC50 55 µg/ml). On the other hand, GL of all algal species possessed a
moderate antimicrobial activity. GL of T. atomaria exhibited a high inhibition effects against all test microorganisms, with MIC value ranged
from 60 to 80 µg/ml. Moreover, all algal GL exhibited remarkable anticancer activities against both breast (MCF7) and liver human (HepG2)
cancer cells, with an IC50 values ranging from 0.47 to 2.89 µg/ml.
KEYWORDS: Antimicrobial, Laurencia popillose, Galaxoura cylindriea, Dilophys fasciola, Taonia atomaria, Glycolipids, Anticancer and
antiviral

INTRODUCTION
Marine algae are one of the most important producers of
biomass in the marine environment. They produce a wide
variety of chemically active metabolites in their
surroundings, potentially as an aid to protect themselves
against other settling organisms1. Among these
compounds, marine algae represent valuable source of a
wide rang of glycolipids that are a major group of polar
lipids in the plant chloroplast2 with different potential
application in pharmaceutical industry3. Glycolipids
(GL) are synthesized by both prokaryotic and eukaryotic
organisms4, but are usually rare in terrestrial plant and
animal, and are found in relatively large concentration in
marine algae5. The term of glycolipids designates any
compound
containing
mainly one or
more
monosaccharide residues bound by a glycoside to
hydrophobic moiety such as an acylglycerols, ceramides
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or a prenyl phosphate6. However, algae are very richest
sources of GL7. These compounds are reported to exhibit
diverse biological activities, which include inhibitory
effects on DNA polymerase and viral revere
transcriptase, immunosuppressive activities, antitumorpromoting, antistress, anti-inflammatory, haemolytic
action and inhibition and promotion of cell growth8. On
the other hand, GL play certain physiological roles in
inhibiting tumor cell growth through regulation of
protein kinase activity3. For instance, galactolipids with
octadecatrienoyl residues were found to possess a potent
anticancer activity against human murine leukemia
(P338) and colon adenocarcinoma cells (DLD- 1)9 and
nigricanosides A and B ether-linked glycoglycerolipids
showed inhibitory effect on human breast (MCF-7) and
colon (HCT-116) cancer cells10. Moreover, glycolipids
are known to play a role in improving the intestinal
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environment and protection against cell death11. Also,
lipid fraction containing GL isolated from several marine
algae was shown to inhibit a number of viruses including
HSV-1 and SFV12.
The aim of present work is to isolation and identification
of glycolipids group and characterization their chemical
constituents of some Egyptian marine algae. Also, its
antiviral, anticancer and antimicrobial activities were
evaluated.
MATERIALS AND METHODS
Collection of algal samples
Five algal species were used throughout this study.
Laurencia popillose and Galaxoura cylindriea species
were collected (during April 2007) from west coast of
Red Sea (Faied and Ein Al-Sokhna sector of Suez Galf).
Ulva fasciata and Taonia atomaria (Abu-Qir sector
Alexandria governorate) and Dilophys fasciola (Marsa
Matrouh governorate) were collected (during August
2007) from the Mediterranean Sea. All algal samples
were washed several times with water, air dried in
shaded area. The dried samples were grinded into fine
particle by Brown mill and stored in glass containers at
room temperature for further experiments.
Identification of algae species
After preparation of herbarium specimens of the algae
species, they were identified by Dr. Rauhaiya AbdulLatif, Professor of Botany, Department of Botany,
Faculty of Science, El-Azhar University.
Extraction and determination of total lipids
Total lipids of marine algae (100 g) were extracted with
chloroform: methanol (2:1, v/v) according to the method
described by Roughan et al13. The organic extract were
evaporated under reduced pressure at 40 oC to minimum
volume (30ml) then, evaporated to dryness under N2, on
a block evaporator at 40 oC. Then, the total lipids were
calculated by weighing.
Separation and determination of algal glycolipids
Zwitterionic and polar lipids of algal glycolipid were
separated from total lipid extracts by using column
chromatography (6-7 cm in length contained DEAEcellulose (Sigma Chemical Co, USA) and eluted with
chloroform: methanol (6:4, v/v ) mixture as reported
by13. Then, glycolipids fraction were separated from
zwitterionic and polar lipid fraction by using silicic acid
column (100- 200 mesh, 15x 2.5cm i.d) and eluted with
acetone (100%) as described by Maktoob et al14. The
acetoneic extracts were evaporated to dryness at 40 oC,
under N2, then total glycolipids content were calculated
by weighing.
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Characterization of algal glycolipids
Determination of total carbohydrates of glycolipids
Total carbohydrates were spectrophotometracilly
determined using phenol- sulfuric acid reagent at 490
nm15.
Identification of monosaccharide composition
The monosaccharide of algae glycolipids were analyzed
by HPLC according to Cpnatantopoulos and Bloch16
method. The glycolipid fraction (4 mg) was hydrolyzed
using 2N HCl (0.5 ml) at 100 oC for 1 h. The
monosaccharide were identified by HPLC (Shimadzu
Shim-Pack) on a SCR-101N column, (30 cm x 7.9 mm
i.d), using deionized water as the mobile phase (at flow
rate 0.5 ml/ min) and detector with refractive index
detection17. Monosaccharide (MS) were identified by
comparing the retention times of each MS with those of
monosaccharide standards (Sigma Chemical Co, USA).
Identification fatty acids composition
The algae were subjected to direct transmethylation in
1.5% sulfuric acid –methanol at 95oC for 2 h18. Fatty
acid methyl ester were analyzed by gas chromatography
(Perkin Elmer Auto system XL) equipped with a flame
ionization detector and fused silica capillary column
(DB-5 (American), 60 m x 0.32 mm, i.d.) with a film
thickness of 0.25µm. The column temperature was
initially 150oC and was then gradually increased at rate
of 3oC/ min up to 250oC. The injector and detector
temperature were 230 and 250oC respectively. The
helium was used as a carrier gas (at 1ml /min). The split
ratio was 1/100. Fatty acids were identified by
comparison between retention times of samples with
those of methyl fatty acid standards mixture ( Sigma, >
99% purity by GLC).
LC / MS/MS analysis of algal glycolipids
An aliquot of glycolipid fraction was analyzed by
LC/MS/MS (LCQ Advantage Max, Thermo Finnegan,
USA), using triple mass spectrometer operated in
positive electro spray ionization (ESI). The heated
capillary and voltage were maintained at 255 oC and 4.5
KeV, respectively. The full scans of mass spectra of the
glycolipid were carried out from m/z 500 to 2000 using
500 ms for collection of ion in the trap. MS/MS was used
to break down the most abundant [M+H]+ ion from MS
with depended Collection Induced Dissociation (CID).
Biological evaluation of algal glycolipids
Antiviral Activity of algal glycolipids
Preparation of algal extract for bioassay
Stock solution of algal was prepared by dissolved 100 mg of
GL in 10 ml of DMSO in water (90:1, v/v) and kept at 4 oC
until used, appropriate dilution of solution were used in each
assay.
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Antiviral screening of algal glycolipids
The antiviral activity of algal glycolipids was evaluated
against herps simplex virus type 1 (HSV-1). The virus
was obtained from Virology Laboratory, Water Pollution
Research Department, National Research centre (NRC),
Egypt. The virus was propagated in Viro cell cultures.
Inhibition % of virus was calculated as plaque reduction
as a result of being subjected to a given GL extracts19.
Mode of action of glycolipids as antiviral
Virus inhibition mechanism was studied for the algal
glycolipid extracts in three categories.
Effect on virus a replication
The inhibitory effect of glycolipid of algae extracts on
the replication of HSV-1 in Vero cells was studied by the
plaque reduction assay, which was performed according
to Amoros et al20 method. Mono-layers of Vero cells
(African green monkey, Kidney cell lines) were grown
on 6-well culture plates. Virus was diluted at 107 PFU
(Plaque forming Unit) / ml then, 50 μl was applied to
cells. After incubated for 1 hour at 37oC, the glycolipids
were added at different concentrations (25, 50, 75 and
100 µg/ml). Cell sheets were fixed in 10% formalin
solution for 2 h, and stained with 0.1% crystal violet
then, the number of plaques was counted. The percentage
of inhibition of plaques formulation was calculated as
follows: Initial virus count (PFU/ml) – virus count of
treatment with glycolipid fraction *100= % of reduce.
Effect on virus an adsorption
Vero cells grown in 6-well plates were infected with
HSV-1, in the presence of different concentrations of
glycolipid (75 and 100 µg/ml). The plates were
incubated at 4 ◦C for 2h. Then, cells were washed with
PBs to remove any unabsorbed virus. The number of
infectious bound visions was then measured by the
plaque reduction assay21.
Veridical effect
For studying the direct effect of glycolipids on HSV-1,
assays were performed according to Schuhmacher et al22
method. Brief, fifty µl of viral suspension (HSV-1)
containing 1010 PFU/ml were added to the extracts at
concentrations giving maximum viral inhibition. Then,
the volume of the mixture was adjusted to 100 μl, and
added to the cell monolayer. After 1 hour incubation, 6
ml medium with 2% agarose were added to cell
monolayer. Virus inoculated to cells and treated
identically without the addition of algal extracts which
served as control. Viral plaques were counted and the
percentage of virus reduction was calculated. Acyclovir
was used as the reference compound for antiviral
activity.
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Antitumor activity of algal glycolipids
Potential antitumor activity of algal glycolipids was
tested using the method of Skehan et al23. Human
HEPG2 (liver carcinoma cell lines) and MCF7 (breast
carcinoma cell lines) cells were plated in 96 multiwell
plate for 24 h before treatment with the algal glycolipids
to allow attachment of cells to the well of the plate.
Glycolipids and antitumor reference drug (Novantron)
were added at serial concentrations to cell monolayer.
After incubation for 48 h, the cytotoxicity was
determined spectrophotometrically by measure the
develop color at 570 nm by ELISA reader (Tecan
Sunrise absorbance reader (No. 3008746), software
Magllan V.4 was used, Germany).
Antimicrobial activity
The antimicrobial activities were determined by
conventional agar diffusion assay24 using one gram
positive (Bacillus subtilis NRRL B- 94) one gram
negative (Escherichia coli NRRL B- 3703) bacteria,
fungi (Aspergillus niger NRRL 313), and yeast (Candida
albicans NRRL 477). The microbial growth inhibition
zone was measured after incubation at 30◦C by the
appearance of clear microbial free inhibition zone,
beginning within 24 h for yeast, 24-48 h for bacteria and
72-96 h for fungus. The most active glycolipid fractions
were tested for its MIC according to Hammer et al.25;
MIC was determined as the lowest concentration of
glycolipid fractions inhibiting the visible growth of each
organism on the agar plate.
Statistical analysis
Data were analyzed by analysis of variance (ANOVA)
followed by Duncans test (at a P= 0.01 level) using
CoStat Statistics Software26.
RESULTS AND DISCUSSION
Algal total lipids
As shown in Table 1, the total lipids content (TL) among
of marine algae were ranged from 0.66 to 2.2 %. U.
fasciata (2.2%) had the highest TL contents followed by
D. fasciola (1.1%), whereas the lowest level was found
in T. atomaria (0.66%) and L. popillose (0.88%).
However, the levels of TL among all algae species were
within the ranges of several algae species (1- 3%)27. In
previously report by Manivannan et al 28, the total lipid
content in twelve species of marine algae belong to 3
families
from
Chlorophyceaean
(4
species),
Phaeophyceae (5 species) and Rhodophyceae (3 species)
were ranged from 1.33±0.20% to 4.6±0.17%.
Manivannan et al28 and Araki et al29 stated that the total
lipids content was varied among alga species depending
on algae species, genetic origin, climate and geography
of development of the algae.
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Algal total glycolipids content
The proportion of glycolipid (GL) class of TL in five
species algae are shown in Table 1. The GL class of TL
was ranged from 10.9 to 28.7 % of total lipids. Among
the algal species, the highest value of GL was found in T.
atomaria (28.7%) followed by L. popillose (22.5 % of
TL). Whereas, the lowest value was found in U. fasciata
(10.9%)
and D. fasciola (10.9%) followed by
Galaxoura cylindriea (11.1%).
These results are in agreement with the results of
Trincone et al30 that GL class of the total lipid content in
H. sodomense was 22%. The glycolipids content of total
lipid content in 14 species of red algae were ranged from
1.64% to 3. 18 % dry wt, while those in 13 species of
green algae varied from 1.05% to 3.18 % dry wt31.
Hossain et al7 found that the glycolipids content of the
brown algae Sargassum horneri was 1.38 %. However,
an analysis of the total lipid fractions of the brown algae
L. gurjanova, contained a complex mixture of
glyceroglycolipids, which represent 12.8% of total
lipid32. However, the concentration of GL in algae can
vary tremendously depending on growth condition, stage
of developments.
Level total carbohydrates and monosaccharide
profile of algal glycolipid fraction
The levels of total carbohydrates content of marine algal
glycolipids class were presented in Table (2). The results
showed that the highest content of total carbohydrate %
of glycolipid was found in U. fasciata (6.05%) followed
by L. papillose (5.8%) and T.. atomaria (5.1%), while
the other algae species had moderate levels of total
carbohydrate, ranges 3.5 to 3.9%.
The identification of monosaccharide (MS) of algal
glycolipids is shown in Table (2). Mannouronic acid was
the main glycolipid MS derive in all algal species
(ranged from 0.001 to 0.139 μg/g), and the highest levels
was found in U. fasciata (0.139 μg/g). Galactose and
rhamnose were detected as the most abundant
monosaccharide in all algal GL with values ranged from
0.026 to 0.067 μg/g and 0.012 to 0.048 μg/g,
respectively. While glucose (0.01μg/g) and mannose
(0.012 μg/g) were presented as a minor constitutes. Thus,
monosaccharide profile of glycolipid were great different
among all algae species. However, Al-Fadhli et al. 12
stated that the carbohydrate chains of glycolipid of
Chondria armata contained galactose, rhamnose, fucose,
deoxyglucose, lactose and β-D-glucose.33 found that
main MS in glycolipid of red algae species were
galactose, mannose and rhamnose.
Fatty acid composition of glycolipids
The fatty acid composition of glycolipids is illustrated in
Table (3). Nine fatty acids (FA) were identified by GC;
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the composition of FA among all algal species varies
conceiverably.
D. fasciola, L. popillose and G.
cylindriea were found to be rich in plamitic acid (C16),
whereas Ulva fasciata had a high content of
ecosatrienoic (C20:3, 54.41%) followed by T. atomaria
(49.04%). U. fasciata and T. atomaria were contained a
high amount of margaric acid (C17). The results here
reveled that fatty acid composition was differ
significantly among all algae species. The FA
composition of glycolipid class is similar to those
previously reported for green, brown and red algae27.
Similar results were obtained by Hossain et al. 7, that
glycolipids of the brown algae
S. hornen were
characterized with present high levels of saturated fatty
acids (C16:0 and C22 :0) and monounsaturated fatty acids
(C18:1). Leblond et al34 found that the main fatty acid
composition of glycolipid from 4 green algae species (B.
natans, G. stellata, L. amoeboformis and Lotharella)
were C16:0 and C20:5.
In general, GL fraction of U. fasciata (55.97%) and T.
atomaria (50.92%) contained high levels of PUFA,
whereas D. fasciola (64.46%), L. papillose (75.98%)
and G.cylindriea (80.33%) had high content of saturated
fatty acids.
Proposed chemical structures of bioactive constituent
LC/MS/MS can be utilized to identify the lipid species with
a lipid class. Algal glycolipids were identified using
LC/MS/MS, the cluster of peaks at m/z (+ev) are illustrated
in Fig. 1. The mass to charge ratio (m/z), which is ranged
from m/z 500 to 2000 was scanned over 10 min, giving
many molecular ions for each algal glycolipids. One
compound has been identified according to the previous
findings in the literature while the others have not been
identified. As shown in Fig. 1 the main abundant fragment
pattern observed at m/z 956 in LC/MS/MS glycolipid of
different algae species.
The results showed that the
molecular ion peak at m/z 956 corresponding to the
molecular formula C51H104O15 was found in all alga
glycolipid class, mainly in L. papillose and G. cylinder. Ion
of m/z 572 (C37H58O4) imply the loss of two glactose units,
with minus one H2O molecules. Therefore, this ion contains
protonated glycerol esterified with C18:2 and C16:0 fatty acids
(minus 2 H2O). Then, the peak at m/z 337 is produced by
loss of C16:0, and is tentatively identified as proteinat C18:2
esterified to glycerol minus one H2O (C21H37O3). This
presented mass spectral interpretation is in agreement with
the suggested structure of di-galactosyl di-acylglycerol
(DGDG) in the literature12,35. Therefore, the suggested
structure of most abundant peak at m/z 956 is digalactosyl
diacylglycerol (DGDG). The mass spectrum of the
suggested structure was confirmed by the results of Moreau
et al.35 they found that the mass of DGDG compounds from
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Oat Kernels are ranged from m/z 900 to 1050. Also
Sugawara and Miyazawa36 found DGDG had molecular
ion at m/z 792 and m/z 954. Moreover, many ion peaks were
observed at m/z 1075 in Taonia atomaria and U. fasciata,
and at m/z 1170 to m/z 2000 among all algae species, are
under investigation.
Biological evaluation
Antiviral Activity of algal glycolipids
Antivirus screening for algal glycolipids
The antivirus activity of glycolipids class of five
Egyptian marine algae against HSV-1 clinical strain was
evaluated by the plaque reduction assay (Table 4). All
GL samples at 10 and 20 µg/ml showed antiviral activity,
the inhibition % of HSV-1 in within ranges 9.37% to
81.25%. Thus, GL fraction had dose–dependant antiviral
activity. For instance, at 10µg/ml the most algae species
showed the weak inhibition effect against HSV-1 ranged
from 9.25 to 50.04%. Whereas, at 20 µg/ml, all algal GL
exhibited high level of antivirus, with inhibition %
ranged from 15.62% to 81.25%. GL class of D. fasciola
showed highest inhibition % (81.25%) amongst all GL of
algae samples.
Confirmation of antivirus activity
Glycolipid of D. fasciola was selected according to its
high inhibition % against HSV-1, to confirm their
activity. Serial concentrations of GL D. fasciola ranged
25 to 100 µg/ml was tested and the inhibition % was
recorded. As shown in Fig. (2), GL of D. fasciola at all
concentration levels caused significantly inhibition % of
HSV-1 with various degrees ranged 78.5 -100%.The IC50
was 10 µg/ml, compared to that 55 µg/ml for acyclovir.
Thus, GL of D. fasciola exhibited a concentrationdependent inhibition of plaque formation
Mode of action glycolipids of D. fasciola as antiviral
activity
In terms of the mechanism of action of GL D. fasciola,
three mode of action named HSV-1 replication,
adsorption and veridical were assessed.
HSV-1 replication mode
In this assay, the activity of GL of D. fasciola (at
concentration 75 and 100 µg/ml) against HSV-1 strain
was evaluated by the plaque reduction method. After
exposed of HSV-1 to GL samples for 1 h, during and
after adsorption, GL of D. fasciola did not induce any
effect on virus replication formation compared with
control (Fig. 2).
HSV1 adsorption mode
The inhibitory effect of GL D. fasciola fraction on HSV1
adsorption was determined by inhibition of HSV-1
binding onto host cells in presence of various
concentrations of the GL. The number of viruses was
assayed by plaque titration. At 75 and 100 µg/ml, GL of
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D. fasciola inhibited the cell associated infectivity by
about 65% and 76%, respectively (Fig. 2).
Direct virus inactivation mode
Fig. (2) illustrated the dose-dependent virucidal effects
of GL class of D. fasciola against HSV-1 virus. At 75
and 100 µg /ml the residual infectivity of these viruses
was about 70% and 100%, respectively comparable with
control preparations.
Antiviral compound could protect cells against virus
infection in several ways including: directly inactivating
the virus or by interfering with the virus replication cycle
37
. In this study, GL of algae species seems to be
exhibited a different mechanism of inhibition effects,
which inhibited may be HSV-1 attachment to host cells
or inhibit the HSV-1 replication. However, inactivation
of HSV-1 by algal GL might be due to the binding of the
virus glycoprotein to algal GL and cause an irreversible
denaturation that blocks the viral infectivity. The results
reported herein are in agreement with the previous
studies on the antiviral activity of glycolipid such as
sulphoquinovosyl-di-acylglycero
(SQDG)
and
nigricanosides A and B. Whereas, the mechanism of
antiviral action of this class of lipids has been attributed
to an interaction with virus attachment to host cells38,10.
In general, many of natural lipid classes have been
shown to have high virucidal activity and are being
developed as microbicidal ingredient in drug formulas
that kill viruses and bacteria on contact39. This data,
expressed in term of percentage of inhibition using the
values obtained from non- treated infected cells as
reference.
Antitumor Activity of algal glycolipids
Recently, several anticancer agent are effectively used
for treatment of cancer, they have been associated with
serious side effect40. Therefore, it would be the need of
the hours to have compounds that will be devoid of such
side effect. Thus, utilized the lipid of marine algae for
use in pharmaceutical action have drawn much attention
for researcher41.
Effect of algal glycolipid on the inhibition of MCF7
The antitumor activity of algal glycolipid class (at 1, 2.5,
5 and 10µg/ml) tested toward MCF7 cells and the cell
viability was determined after 48 h of incubation. As
shown in Table (5). All algal GL showed high inhibition
percentage (%) toward MCF7 cell, ranged from 73.33 to
91.12 %. Thus, all algal GL fraction have highly
significant antitumor activity with various degree, with
the IC50 values ranged from 0.47 to 0.87 µg/ml,
compared to Novantron reference antitumor drug (1.4
µg/ml) (Table, 6).
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Effect of algal glycolipids on the inhibition of HEPG2
The results presented in Table (5) showed that
glycolipids faction of 4 algae species (i.e. U. fasciata,
T. atomaria, L. popillose and G.cylindriea) had high
growth
inhibitory activity against HEPG2 cells. At
concentration of 2.5 to 10 µg/ml, the growth of HEPG2
cells was inhibited within ranges of 43.55 - 92.4%.
Therefore, all the algae GL showed potential antitumor
activity against HEPG2 with IC50 ranged from 2.89 to
0.67µg/ml. The IC50 value of Novantron reference
compound was 4 µg/ml in this assay (Table 6).
In this study, GL isolated from L. papillose, U. fasciata
and T. atomaria appeared to be a potent species, which
inhibited both HEPG2 and MCF7 cells. The results here
are in agreement with that obtained by Bhaskar et al.40
who found that the total lipid and lipid classes of brown
algae Sargassum marginatum possessed an inhibition
effect against human pro-melocytic leukemia HL60.
However, glycolipid isolated from several macroalgae
species have been reported to exhibit high inhibitory
effect toward Caco-2 cells promotion3. However,
glycoglycerolipid have gained importance in cancer
chemoprevention due to the promising inhibitory effect,
exhibited by them on tumor promoting activity. The
relationship between anticancer activity and chemical
structure of glycolipids class has been documented. The
fatty acyl chain length, its position and the nature of
sugar moiety of GL had high influenced on the antitumor
activity8. For instance, galactosylglycerols are reported
to be more potent than the corresponding glucosylglycerols with the same structural features12. Digalactosyl-di-acylglycerol rich in arachidonic acid, and
eicosapentaenoic acid, these fatty acid, induced high
growth inhibition of the MCF-7 cells3. However, the
cancer chemopreventive activity of glycolipid classes
was attributed to the inhibition of replicate DNA
polymerases leading to apoptosis pathway in tumor
cells42, 8.
Antimicrobial Activity of algal glycolipids
Antimicrobial Activity of algal glycolipids class toward
different microbial species including gram negative (E.
coil), gram positive (B. subtilis) bacteria, yeast (C.
albicans) and fungi (A. niger) are shown in Table (7).
The result obtained from the agar discs method revealed
that the algal glycolipid D. fasciola, L. papillos and G.
cylindriea did not inhibit the growth of the
microorganisms tested. Whereas, GL of T.. atomaria
posses a high antimicrobial activity against all
microorganisms tested. U. fasciata glycolipid showed
inhibitory activity toward the growth of yeast (C.
albicans) and fungi (A. niger). Here again, the GL of U.
fasciata and T. atomaria had maximum inhibition zone,
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when tested at concentration 100 µg/well disc, was that
against A. niger ( 13 and 8mm) and C. albicans (10 and
12mm). Moreover, the both GL had MIC value higher
than 60 µg/ml. However, some algae species tested in
our study have been described as having antimicrobial
activities that were not detected in our screening. In
general, there is no clear common trend for antimicrobial
activity of the macro algae was reported in the
literature43. Al-Fadhli et al.12 investigated the
antibacterial activity of glycolipid isolated from red algae
(Chondria armata), they found that the glycollipid ((2R)1-O-(palmitoyl)-2-O-(5,8,11,14,17-eicosapentanoyl)-3O-D-di-galactopyranosyl-sn-glycerol)
showed
antimicrobial actions. However, many natural lipid
groups such as fatty acid and monoglyceride have been
found to kill many pathogens, including viruses, bacteria
and fungi that infect mucosa and skin44. Glycolipids
isolated from the yeast like fungus Pseudozyma
flocculosa have antifungal activity45.
It could be concluded that analysis LC/MS/MS of algal
glycolipids showed the peak at m/z 956 was found in all
algae species, mainly in L. papillose and G. cylinder,
which corresponding to the molecular formula
C51H104O17, on the basis of fragmentation pattern of their
ion structure of the molecule as being digalactosyl
diacylglycerol. The glycolipid fraction of D. fasciola has
the highest antiviral activity against HSV-1. Whereas,
GL of Taonia atomaria had the high antifungal effect. In
addition, all algae glycolipids showed anticancer
activities against breast and liver human cancer with IC50
ranging from 0.47 to 2.89 µg/ml. The antiviral,
antibactrial and antitumor activity of algal glycolipids
may be related to their molecular weights,
monosaccharide and fatty acid contents. Thus, present
work provides additional information about bioactivities
of GL of some Egyptian algae against HSV-1 virus and
some cancer cell line, which can be useful the discovery
of natural compounds had the therapeutic action.
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Table 1: Level of total lipids (TL) content % and glycolipids class of TL in some Egyptian marine algae
Algae Species
Total lipid %*
Total glycolipid
(% of total lipid)*
U. fasciata
2.2
10.9
T.. atomaria
0.66
28.7
D. fasciola
1.1
10.9
L. papillose
0.8
22.5
0.9
11.1
G. cylindriea
*based on dry weight of sample
Table 2: Level of total carbohydrate (%) and monosaccharide contents in algal glycolipids fraction.
Monosaccharide content (µg/g)
Total
Algae species
carbohydrate
Mannouronic
Mannose
Glucose
Galactose
Rhamnose
%
acid
0.139
0.012
0.012
0.010
a
U. fasciata
6.05
0.059
T.. atomaria

5.1ab

0.001

D. fasciola

3.9bc

0.030

L. papillose

5.8a

0.028

G. cylindriea

3.5c

0.031

LSD

1.25

N.D.
0.048

N.D.

N.D.

0.026

N.D.

N.D.

0.067

N.D.

N.D.

N.D.

0.064

N.D.

N.D.

N.D.

0.06

The mean (n=3) difference is significant at P ≤ 0.01., N.D Not detect., Total carbohydrate (%) of glycolipid fraction.
Table 3: Fatty acids profile (% of total fatty acid content) of algal glycolipid fractions
Algae species

Fatty acids
U. fasciata

T.. atomaria

D. fasciola

L. papillose

C14:0

-

1.55

3.96

7.46

G.cylindriea
5.93

C16: 0

19.20

24.97

57.76

61.21

65.89

C16:1

-

-

1.25

0.78

0.37

C17:0

16.03

15.11

0.78

7.61

6.78

C18:0

5.39

4.80

1.96

2.70

1.73

C18:1

3.41

2.64

3.13

3.67

6.05

C18:2

-

-

27.11

-

-

C20: 3

54.41

49.04

3.96

13.11

7.52

C22 :5

1.56

1.88

0.1

3.96

5.72

Saturated FAs
%

40.62

46.43

64.46

75.98

80.33

MUFAs %

3.41

2.64

4.48

4.45

6.42

PUFAs %

55.97

50.92

27.21

17.07

13.24

FA, fatty acid; MUFAs, mono unsaturated fatty acid; PUFAs, Poly unsaturated fatty acid.
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Table 4: In vitro antiviral activity of glycolipids fraction of some Egyptian marine algae against HSV-1.

Virus production (inhibition %)
GL Concentration

Algae species

10 µg / ml
20 µg / ml
IC50 µg/ml
U. fasciata
9.37
15.62
T.. atomaria
31.25
34.37
9.37
31.25
L. papillose
G. cylindriea
15.62
28.12
D. fasciola
50
81.25*
10
55
Acyclovir
Table 5: Antitumor activity of some algal glycolipids against MCF7 and HepG2 cells after 47h incubation
Growth Inhibition %
Concentrations

Algae species

U. fasciata

T.. atomaria

D.fasciola

L. papillose

G. cylindriea

Novantron
(reference drug)
LSD

MCF7 Cell

HepG2 Cell

77.83bcd
77.14bcd
79.25bcd
81.09bcd
78.36bcd
79.21bcd
85.65ab
85.92ab
73.33d
79.4bcd
90.09a
91.12a
79.41bcd
79.96bcd
80.88bcd
84.85ab
75.7cd
77.56bcd
79.17bcd
80.86bcd
42.734g
52.81f
52.81f
52.81f
7.3746
The mean (n=3) difference is significant at P ≤ 0.01.

23.32h
55.99def
81.84abc
81.84abc
41.41g
80.84abc
92.35a
92.34a
68.00cde
59.33def
81.19abc
81.19abc
73.33bcd
83.99abc
85.27ab
87.95ab
14.42h
43.55fg
72.49bcd
81.69abc
26.1h
42.27fg
47.66fg
59.5def
14.856

1 µg /ml
2.5 µg /ml
5 µg /ml
10 µg /ml
1 µg /ml
2.5 µg /ml
5 µg /ml
10 µg /ml
1 µg /ml
2.5 µg /ml
5 µg /ml
10 µg /ml
1 µg /ml
2.5 µg /ml
5 µg /ml
10 µg /ml
1 µg /ml
2.5 µg /ml
5 µg /ml
10 µg /ml
1 µg /ml
2.5 µg /ml
5 µg /ml
10 µg /ml

Table 6: Comparison of glycolipid fractions for antitumor activity against MCF7 and HepG2
IC50 µg/ml
Algae species

IRJP 2 (3) Mar 2011

MCF7 Cell

HepG2 Cell

U. fasciata

0.47

T.. atomaria
D.fasciola

0.60
0.47

1.88
1.28
2.15

L. papillose

0.87

G. cylindriea

0.47

Novantron
(reference drug)

1.4

0.67
2.89
4
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Table 7: Antimicrobial activities of algal glycolipids (inhibition zone in diameter (mm) around the discs) and MIC

MIC µg/ml
Microorganisms

Inhibition zone (mm)
Microorganisms
Algae strains

Bacteria
B.
subtilis
9.0
-

E. coli
U. fasciata
T.. atomaria
D.fasciola
L. papillose
G. cylindriea

7.0
-

Fig. 1:

Yeast

Fung

Bacteria

C. albicans

A. niger

E. coli

8
10.0
-

13.0
12.0
-

-80
-

Yeast

Fung

B. subtilis

C. albicans

A. niger

-80
-

60
80
-

80
60
-

LC/MS/MS spectrum glycolipids of macroalgae species

Glycolipid of D. fasciola

100
90

Acyclovir

80
70
60
50
40
30
20
10
0
10

20

25

50

75

100

Fig. 2. Comparison between acyclovir and glycolipids extract of D. fasciola
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