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Abstract

The aggregatory properties of lipid fractions, obtained from wild and cultured specimens of sea bass (Dicentrarchus labrax) and gilt-
head sea bream (Sparus aurata) were studied. The total lipids were extracted and separated into polar and neutral lipids. The polar lipids
and neutral lipids were further separated by thin layer chromatography and the fractions obtained were tested for their ability to aggre-
gate platelets or inhibit the platelet-activating factor (PAF)-induced aggregation. The aggregatory properties of the lipid fractions were
dependent on the fish species and whether the fish samples were wild or cultured. The lipid fractions extracted from wild gilthead sea
bream showed strong aggregatory properties, while the lipid fractions extracted from farmed fish showed strong inhibitory activities.
The aggregatory properties of total lipids were mainly attributed to polar lipids while the PAF antagonistic activity was attributed to
neutral lipids. The biological activities of such fractions with respect to their aggregatory properties may explain, in part, the protective

role of fish consumption against cardiovascular diseases.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Sea bass; Sea Bream; Aquaculture; Platelet-activating factor; Atheromatosis.

1. Introduction

The most common cause of mortality in industrialized
countries is heart disecase and stroke. For this reason, the
prevention of atherosclerosis, is a major objective of mod-
ern medical investigation. Atherosclerosis is a chronic
inflammatory condition caused by cholesterol deposition
in the intima of large and medium arteries (Ross, 1993)
that can lead to an acute clinical event through plaque rap-
ture and thrombosis (Demopoulos, Karantonis, & Anto-
nopoulou, 2003) (foam cell formation). Many theories
have been advanced for the explanation of the mechanism
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of atherosclerosis. The “response-to-injury” hypothesis
presents atherosclerosis as a chronic inflammatory
response to injury of the endothelium, which leads to com-
plex cellular and molecular interactions among endothelial
cells, smooth muscle cells and several blood cell compo-
nents (Chan, 1998; Ross, 1993, 1995). On the other hand,
the “oxidative modification” hypothesis of atherosclerosis
suggests that the oxidative modification of low-density
lipoprotein (LDL) in the artery wall play a significant role
in the development of atherosclerosis (Steinberg, 1997;
Witztum & Steinberg, 1991). Binding of LDL to proteogly-
cans traps LDL in the arterial intima and allows lipid oxi-
dation (Witztum, 1994). Oxidatively modified low-density
lipoproteins (ox-LDLs) become cytotoxic to endothelial
cells, chemotactic for monocytes and exhibit an increased
affinity for their scavenger receptor, thus stimulating the


mailto:izabet@chem.uoa.gr

C. Nasopoulou et al. | Food Chemistry 100 (2007) 560-567 561

formation of foam cells loaded with cholesterol esters
(Steinberg, Parthasarathy, Carew, Khoo, & Witztum,
1989).

Platelet activating factor (PAF) (1-O-alkyl-2-acetyl-
sn-glyceryl-3-phosphocholine) (Demopoulos, Pinckard, &
Hanahan, 1979) is a crucial inflammatory phospholipid
mediator that is implicated in the mechanism of atherogen-
esis (Demopoulos et al., 2003). According to this mecha-
nism, PAF is produced during LDL oxidation (Liapikos
et al.,, 1994) and causes in situ inflammation. It is also
known that PAF is a compound of atheromatic plaque
and is essential for the activation of leukocytes and their
binding in the endothelial cells (Mueller et al., 1995). Fur-
thermore, evidence of the implication of PAF in atherogen-
esis is provided by studies in animals, which indicates that
PAF antagonists have protective action against athero-
sclerosis (Feliste, Perret, Braqueta, & Chap, 1989; Subban-
agounder, Leitinger, Shih, Faull, & Berliner, 1999), while
PAF-acetylhydrolases (PAF-AHs), the main enzymes
responsible for the degradation of PAF, are active in native
LDL but converted inactive forms in ox-LDL, leading to
higher levels of PAF (Liapikos et al., 1994). Therefore,
the presence of PAF-like molecules or PAF antagonists
in various foodstuffs is very important in terms of nutri-
tional value. Previous studies from our laboratory on lipid
fractions obtained from traditional foods of the Mediterra-
nean diet, such as olive oil (Koussissis et al., 1993), honey
(Koussissis et al., 1994), milk and yogurt (Antonopoulou,
Semidalas, Koussissis, & Demopoulos, 1996) and red wine
(Fragopoulou, Nomikos, Antonopoulou, Mitsopoulou, &
Demopoulos, 2000), have demonstrated the existence of
compounds with both PAF-like and anti-PAF activities
in washed rabbit platelets.

Several epidemiological studies have demonstrated the
protective role of fish and fish oil consumption against cor-
onary heart diseases (Kris-Etherton, Harris, & Appel,
2003). The nutritional benefits of fish consumption were
mainly attributed to the effects of w — 3 polyunsaturated
fatty acids, which are thought to have several potentially
cardioprotective actions along with their antithrombotic
action (Din, Newby, & Flapan, 2004). However, the effects
of w — 3 fatty acids on platelet function and thrombosis
are controversial, suggesting that other substances, apart
from w — 3 fatty acids, may be responsible for the anti-
thrombotic properties of marine fish (Kristensen, Iversen,
& Schmidt, 2001; Mori, Beilin, Burke, Morris, & Ritchie,
1997). Recent researches in our laboratory have been con-
ducted on lipid fractions of fish, showing the existence of
compounds with both aggregatory and antiaggregatory
activity toward platelets (Nomikos, Karantonis, Skarvelis,
& Zabetakis, in press; Panayiotou et al., 2000; Rementzis,
Antonopoulou, & Demopoulos, 1997).

European finfish marine culture spans a broad latitude
range, from the Mediterranean basin in the south, to the
north Atlantic areas bordering the Arctic Circle. Fish cul-
tivation in marine environments is dominated in this region
by three species: atlantic salmon (Salmon salar) (540,000

tonnes in 1999) sea bass (D. labrax) and gilthead sea bream
(S. aurata) (87,000 tonnes combined in 1999) (Shields,
2001).

While production of the atlantic salmon in northern
Europe accounts for the greatest tonnage of sea-reared fish,
farming of “true” marine species is focussed on the Medi-
terranean region (Shields, 2001). The species that are cul-
tured in the Mediterranean are primarily warm water
species, such as sea bass and gilthead sea bream, that target
the local market (Alasalvar, Taylor, Zubcov, Shahidi, &
Alexis, 2002). Sea bass is an economically important cul-
tured fish species in the Mediterranean coastal waters (Hol-
mer, Perez, & Duarte, 2003). Therefore, the market
demand (and, as result, the price) for fresh sea bass has
increased markedly over the past decade due to the desir-
able aroma and quality attributes of this fish (Holmer
et al., 2003).

Therefore, the aim of this study is to determine and
compare the biological activities of lipid fractions of wild
and farmed sea bass and gilthead sea bream of the Mediter-
ranean diet. These activities were assessed as the function
of lipids to induce washed platelet aggregation or inhibit
the PAF-induced aggregation.

2. Materials and methods
2.1. Reagents and instrumentation

All reagents and solvents were of analytical grade and
supplied by Sigma (Gillingham, UK) and Merck (Darms-
tadt, Germany). Chromatographic material used for thin-
layer chromatography (TLC) was silica gel G-60 (Merck).
Platelet aggregation was measured in a Chrono-Log (Hav-
ertown, PA, USA) aggregometer (model 400-VS) coupled
to a Chrono-Log recorder (Havertown, PA, USA).

2.2. Fish samples

Two different species of fish, namely sea bass (D. labrax)
and Gilthead Sea Bream (S. aurata) were purchased from
the local market. The cultured species were cultivated in
Selonda marine culture, situated in Selonda bay of Sofiko,
Korinthos, while the wild species were caught from the
area of Messolongi in Greece. The fish were gutted and
the head, skin and bones were removed. Three fish from
each species were filleted and pieces from each fillet were
pooled (this pooling represents each replicate). These pieces
were then chopped and weighed (=50 g), prior to homoge-
nization. This experiment was carried out three times.

2.3. Isolation of lipid fractions

Total lipids (TL) were extracted according to the Bligh-
Dyer method (Bligh & Dyer, 1959). One tenth of the TL
was weighed and stored at —20 °C while the rest of it
was further separated into polar lipids (PL) and neutral lip-
ids (NL) by counter-current distribution (Galanos &
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Kapoulas, 1962). The PL and NL were weighed and fur-
ther separated by preparative TLC. The lipids and lipid
fractions obtained were stored at —20°C for further
analysis.

2.4. Fractionation of PL and NL by thin-layer
chromatography

The TLC glass plates (20 x 20 cm) were coated with sil-
ica gel G-60 and activated by heating at 130 °C for 60 min.
The thickness of the TLC plates was 1.0 mm (preparative
TLC). Up to 50mg of lipids were applied to the TLC
plates. An elution system consisting of chloroform:metha-
nol:water 65:35:6 (v/v/v), was utilized for the separation
of PL, while NL were separated in petroleum ether:diethyl
ether:acetic acid 75:30:1 (v/v/v). The plates were stained
under iodine vapours. Ten bands were appeared after the
separation of NL of wild and cultured gilthead sea bass
and sea bream while 10 and 9 fractions were appeared after
the separation of PL of wild and cultured sea bass and gilt-
head sea bream, respectively. After the evaporization of
iodine vapours the bands were scraped and lipids were
extracted from silica gel according to the Bligh—Dyer
method (Bligh & Dyer, 1959). The chloroform phase was
evaporated to dryness under nitrogen and lipids were
weighed, redissolved in 1 ml chloroform:methanol 1:1 (v/v)
and stored at —20 °C.

2.5. Biological assay

Total lipids (TL), polar lipids (PL), neutral lipids (NL),
as well as purified fractions of each lipid class by the above
TLC separations were tested for their biological activity
against washed rabbit platelets according to the method
of Demopoulos et al. (1979). Briefly, the samples being
examined and the PAF were dissolved in 2.5 mg of bovine
serum albumin (BSA) per ml of saline. Various amounts of
the sample being examined, ranging from 0.0012 to
0.16 mg, were added into the aggregometer cuvette and
their ability to aggregate washed rabbit platelets or to inhi-
bit PAF-induced aggregation was determined. In order to
determine the aggregatory efficiency of either PAF or the
samples being examined, the maximum reversible aggrega-
tion was evaluated and the 100% aggregation was deter-
mined. The plot of the percentage of the maximum
reversible aggregation (ranging from 20% to 80%) versus
different concentrations of the aggregatory agent was lin-
ear. From this curve, the concentration of the aggregatory
agent, which induces 50% of the maximum reversible
aggregation, is calculated. This value is defined as ECsy,
namely equivalent concentration for 50% aggregation.

In order to determine the inhibitory properties of the
samples, various amounts of the sample being examined,
ranging from 0.0012 to 0.16 mg, were added into the aggre-
gometer cuvette and their ability to inhibit PAF-induced
aggregation was determined. The platelet aggregation
induced by PAF (2.5x107'"' M, final concentration in

the cuvette) was measured as PAF-induced aggregation,
in washed rabbit platelets before (considered as 0% inhibi-
tion) and after the addition of various amounts of the sam-
ple being examined. Consequently, the plot of % inhibition
(ranging from 20% to 80%) versus different concentrations
of the sample is linear. From this curve, the concentration
of the sample, which inhibited 50% PAF-induced aggrega-
tion, is calculated. This value is defined as ICsy namely,
inhibitory concentration for 50% inhibition.

3. Results and discussion

3.1. Total, polar and neutral lipid fractions of wild and
cultured fish

The two fish species, were examined for their ability to
induce washed platelet aggregation or inhibit the PAF-
induced aggregation. The procedure followed for the
extraction of the total lipids (TL) from the wild and cul-
tured fish samples, along with their separation into polar
lipids (PL) and neutral lipids (NL), is shown in Fig. 1.

The extraction of TL was carried out by the method of
Bligh and Dyer (Bligh & Dyer, 1959), which had been sat-
isfactorily used for the extraction of other fish lipids (Nom-
ikos et al., 2006; Panayiotou et al., 2000; Rementzis et al.,
1997).

An amount (1/10) of total lipids (TL) was stored at
—20 °C in order to test its biological activity while the rest
was separated into polar and neutral lipids by counter cur-
rent distribution chromatography (Galanos & Kapoulas,
1962). This method allows excellent recovery of polar lipids
from neutral sources. By this procedure the polar lipid frac-
tion contained glyco- and phospholipids. The amounts of
TL, PL and NL in g/50 g fish tissue are shown in Table 1.

As can be seen the content of the TL in cultured gilthead
sea bream is increased compared to that of one in wild gilt-
head sea bream, which is in accordance with the literature
(Grigorakis, Alexis, Taylor, & Hole, 2002; Grigorakis,
Taylor, & Alexis, 2003). In addition, the levels of the TL
in cultured sea bass are higher than the levels of the wild
sea bass, which is also in accordance with the literature
(Alasalvar et al., 2002; Kyrana & Lougovois, 2002). The
increased amounts of total lipids in cultured gilthead sca
bream and sea bass, compared with the respective wild spe-
cies, is attributed to both an increase of the NL and PL.
However, dealing with absolute amounts, the contribution
of the PL to the increased amounts of TL in the cultured
species is much higher than that of the NL. The high
amounts of the total lipids in cultured fish may be attrib-
uted to the diet of the cultured fish and the confined swim-
ming area compared to the wild fish.

3.2. Platelet aggregatory properties of lipid fractions
The extracted total lipids (TL) and polar (PL) and neu-

tral (NL) fractions were tested for their ability to induce
washed rabbit platelet aggregation or inhibit the PAF-
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Fig. 1. Schematic diagram of the extraction and purification procedure.

Table 1
Contents of total lipids (TL), polar lipids (PL) and neutral lipids (NL) in
the flesh of wild and cultured fish species

Fish species TL (g/50 g PL (g/50 g NL (g/50 g
fish tissue) fish tissue) fish tissue)
Cultured gilthead 0.304 4+ 0.061 0.277 +0.056 0.027 4 0.008
sea bream
Wild gilthead 0.224 £+ 0.056 0.209 + 0.049 0.015 4 0.006
sea bream
Cultured sea bass 0.382 4+ 0.078 0.353 +0.038 0.030 4 0.009
Wild sea bass 0.272 £+ 0.043 0.248 + 0.041 0.024 4 0.008
0.05
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Fig. 2. Biological activity of total lipids, polar lipids and neutral lipids of
wild sea bass (WSB), cultured sea bass (CSB), wild gilthead sea bream
(WGSB) and cultured gilthead sea bream (CGSB).

induced platelet aggregation. The ECsy and ICs, values of
each lipid fraction from both fish species, cultured and wild
were expressed as a percentage of the lipid fraction and are
shown in Fig. 2.

The total lipids of wild sea bass had a bimodal effect on
platelets, inhibiting their PAF-induced aggregation at low
concentrations and aggregating them at higher ones. The
PL were responsible for the aggregatory activity of TL
and the NL were responsible for the inhibitory activity of
TL since they strongly aggregated platelets or inhibited
PAF-induced aggregation, respectively. In contrast, the
TL and both lipid fractions of cultured sea bass exhibited
inhibitory properties (Fig. 2).

In addition, the TL of wild gilthead sea bream showed
similar biological activity to those of wild sea bass. Specif-
ically, the TL of wild gilthead sea bream exhibited inhibi-
tory activity at low concentrations which is attributed to
the NL and aggregatory activity at higher concentrations
which is attributed to the PL. Moreover, the PL and NL
of wild and cultured gilthead sea bream had the same bio-
logical activity. NL of the wild gilthead sea bream were
stronger inhibitors than those ones of the cultured gilthead
sea bream and PL of the wild gilthead sea bream were
stronger aggregators than those ones of the cultured gilt-
head sea bream (Fig. 2).

3.3. Platelet aggregatory properties of polar lipid fractions

The polar lipid fractions of both fish species were further
separated by preparative TLC (Fig. 3(a)) and the 10 lipid
fractions obtained were tested for their ability to induce
washed rabbit platelet aggregation or inhibit the PAF-
induced platelet aggregation. The ECsg and ICsq values
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of each polar lipid fraction, from both fish species, cultured
and wild, were expressed as a percentage of the lipid frac-
tion and are shown in Figs. 4 and 5.

Polar lipid fractions of cultured and wild sea bass exhib-
ited the same biological activity, except for lipid fraction 1
of cultured sea bass, which showed very weak inhibitory
properties, while the polar lipid fraction 1 of the wild sea
bass showed aggregatory properties.

As previously mentioned, PL of the cultured sea bass
exhibited inhibitory properties, that are attributed to
almost all the polar lipid fractions (1, 3, 5, 6, 7, 8, 9 and
10) apart from lipid fractions 2 and 4 that exhibited aggre-
gatory properties (Fig. 4).

Moreover, PL of the wild sea bass had aggregatory
activity, due to lipid fractions 1, 2 and 4 whose aggregatory
properties dominated the inhibitory activity of the rest of
the lipid fractions (Fig. 4). Polar lipid fractions 2 and 4
of both cultured and wild sea bass have similar R; values
to those of PAF and phosphatidylcholine (PC), respec-
tively. According to the literature, fish possibly contains
PAF (Samples, Pool, & Lumb, 1999; Summers, al-Hassan,
Thomson, Chun, & Criddle, 1991). In addition, PC does
not have aggregating properties but oxidized-PC, which
has a similar Ry value to that of PC, may have PAF-like
activity (Tokumura, Sumida, Toujima, Kogure, & Fuku-
zawa, 2000).

In wild gilthead sea bream, polar lipid fraction 1 did not
show any biological activity. In addition, the polar lipid
fractions of cultured and wild gilthead sea bream had the
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Fig. 4. Biological activities of the polar lipid fractions of cultured and wild
sea bass, after separation with preparative TLC.

same biological activities, except for lipid fraction 2 of cul-
tured gilthead sea bream, which showed strong inhibitory
properties, while the polar lipid fraction 2, of the wild gilt-
head sea bream showed strong aggregatory properties
(Fig. 5).

In cultured gilthead sea bream, PL exhibited aggrega-
tory activity, which is attributed to lipid fraction 4, domi-
nating the inhibitory properties of the rest of the
fractions. Finally, PL fractions of wild gilthead sea bream
also showed aggregatory properties, due to lipid fractions
2 and 4 which (as previously mentioned), have Ry values
similar to those of PAF and PC, respectively, and dominate
the inhibitory properties of the rest of the lipid fractions
(Fig. 5).
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Fig. 3. (a) Typical profile of the polar lipids separation of the fish species on preparative TLC. A: wild, cultured sea bass, B: wild, cultured gilthead sea
bream, L-PC: lyso-phosphatidylcholine, SM: sphingomyelin, PC: phosphatidylcholine, PE: phosphatidyl ethanolamine. (b) Typical profile of the neutral
lipids separation of the fish species on preparative TLC. C: cultured gilthead sea bream, D: wild gilthead sea bream, E: wild, cultured sea bass, MG:
monoglycerides, DG: diglycerides, FA: fatty acids, TG: triglycerides. The elution system used for the separation of total neutral lipids was petroleum
ether:diethyl ether:acetic acid 75:30:1 (v/v/v), while the elution system used for the separation of total polar lipids was chloroform:methanol:water 65:35:6

v/v/v).
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Fig. 5. Biological activities of the polar lipid fractions of cultured and wild
gilthead sea bream, after separation with preparative TLC.

3.4. Platelet aggregatory properties of neutral lipid fractions

The NL fractions of all fish species were further sepa-
rated by preparative TLC (Fig. 3(b)) and the neutral lipid
fractions obtained were tested for their ability to induce
washed rabbit platelet aggregation or to inhibit the PAF-
induced platelet aggregation. The ICso values, expressed
in percentage of lipid fraction, are shown in Figs. 6 and
7. All neutral lipid fractions from all fish species, either cul-
tured or wild, exhibited inhibitory activity. Specifically, NL
of cultured sea bass exhibited stronger inhibitory activity
than did that of NL of wild sea bass, which was attributed
to lipid fractions 1, 2, 4, 5, 6, 8 and 9. On the other hand,
NL fractions of wild gilthead sea bream showed stronger
inhibitory activity than that of NL of cultured gilthead
sea bream, that was attributed to almost all the neutral
lipid fractions of wild gilthead sea bream.

The existence of PAF antagonists in various foodstuffs is
of major importance for their nutritional value, considering
the importance of platelet activation and thrombosis in
cardiovascular diseases. Moreover, protective intervention
studies against atherogenesis have shown that only specific
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Fig. 6. Biological activities of the neutral lipid fractions of cultured and
wild sea bass, after separation with preparative TLC.
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Fig. 7. Biological activities of the neutral lipid fractions of cultured and
wild gilthead sea bream, after separation with preparative TLC.

PAF inhibitors (Feliste et al., 1989), olive oil polar lipids
(Karantonis et al., 2004) and statins (Wierzbicki, Poston,
& Ferro, 2003) are able to reduce atherogenesis in vivo.
o — 3 fatty acids, even though they suppress different steps
of atherogenesis are not able to reduce atherogenesis
in vivo (Mayer et al., 2002). The consumption of PAF
antagonists obtained from the diet is superior since they
are of natural origin and therefore they imply no risks
for human health as do the toxic statins.

Fish is one of the main components of the Mediterra-
nean diet and the beneficial effects of this diet could be
explained, in part, by the presence of PAF antagonists.
The presence of fractions with platelet aggregating proper-
ties, such as those found in polar lipids of wild sea bass,
wild and cultured gilthead sea bream, does not necessarily
mean that these fractions have prothrombotic effects since
they are less active than PAF. The presence of such rela-
tively inactive molecules in the bloodstream and their bind-
ing to PAF receptors could minimize the biological actions
of PAF or in other words they could be considered as PAF
inhibitors.

It should be mentioned that all these lipid fractions are a
mixture of lipid molecules that can potentially have aggre-
gatory or inhibitory properties. The final activity observed
depends on both the relative ability of each molecule to
aggregate platelets or inhibit the PAF-induced platelet
aggregation and also dependent on the relative amount
of each molecule in the mixture. With this perspective, a
fraction that aggregates platelet may also contain inhibi-
tory lipid molecules or the opposite could occur.

4. Conclusions

This paper demonstrates that compounds with strong
anti-PAF activity are present in neutral lipids of wild gilt-
head sea bream and cultured sea bass and in polar lipids
of cultured sea bass. It is well known that the lipids that
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are of biological importance for humans are those that
exhibit anti-PAF activity. However, the presence, in polar
lipids of wild sea bass and gilthead sea bream, of com-
pounds with PAF-like activity could also be beneficial as
they act as weak PAF agonists and compete with PAF
for common binding sites during the formation of athero-
matic plaque in blood arteries, protecting them from ather-
omatosis generation because they act mainly as PAF
inhibitors. In order to examine whether the biologically
active compounds of cultured or wild fish are beneficial
for humans, it is important to use the biologically active
compounds of cultured and wild fish in vivo with experi-
mental animals and to examine which compounds inhibit
the formation of atheromatic plaque in blood arteries.

In addition the differences that appear between cultured
and wild sea bass and gilthead sea bream may be attributed
to the differences in the nutrition of cultured and wild fish.
Current research in our laboratory is focussed on elucidat-
ing the structure of compounds with PAF-like and anti-
PAF activities in cultured and wild sea bass and gilthead
sea bream.
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