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Abstract

Natural 1-O-alkylglycerols have multiple biological activities with distinct mechanisms. In THP-1 monocytes, they amplify

platelet-activating factor production. In endothelial cells, they participate in the production of 1-O-alkyl-2-acyl-sn-glycerol, a PKC

inhibitor. Since PAF as well as PKC may interfere with platelet functions, we studied the effect of natural alkylglycerols purified

from shark liver oil on [3H]-serotonin release from rabbit platelets in vitro. [3H]-alkylglycerols (1 mM) were consistently incorporated
into platelet lipids and after a 2-h incubation, they were metabolised into phosphatidylcholine, phosphatidylethanolamine and

phosphatidylinositol, which represented 53.571.7%, 36.371.8%, 5.370.5% of metabolised [3H]-alkylglycerols, respectively.

Alkylglycerols (10 mM) had no effect on spontaneous [3H]-serotonin release. However, alkylglycerols partially inhibited PAF-
induced [3H]-serotonin release while they did not modify thrombin-induced release. These data show that alkylglycerols inhibit

partially and specifically PAF-induced platelet stimulation and suggest that this effect could result from interfering with PAF

receptors.

r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Blood platelets play a key role in haemostasis.
Activation of platelets also participate in patho-physio-
logical mechanisms involved in various diseases, such as
thrombotic heart disease [1,2], hypertension [3–5],
autoimmune diseases [6,7], diabetes [8], and might play
an important role in metastasic growth of cancer cells
[9–12]. Platelet activation is characterised by changes in
cell morphology and by the release of both the contents
of intracellular granules and neoformed lipidic media-
tors such as eicosanoids and platelet-activating factor
(PAF).
1-O-alkylglycerols (alkyl-Gro) are naturally occurring

ether-lipids, present in human or cow milk and in
hematopoietic organs, such as bone marrow; they are
particularly abundant in shark liver oil [13,14]. Alkyl-
Gro have several biological activities at low concentra-
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tions, suggesting pharmacological mechanisms: They
possess anti-tumour effect and prevent radiotherapy side
effects [15–17], including leukopenia and thrombocyto-
penia [18] and they modulate the immune system [19–
21]. Recently we have established that alkyl-Gro could
also improve in vitro as well as in vivo gamete functions
[22]. The mechanisms of these various effects are not
clearly established; however, we have shown that alkyl-
Gro could incorporate into membrane 1-O-alkyl-phos-
pholipids of several cell types [22–24], allowing them to
modify cell signalling pathways involving phospholi-
pases. In monocytes and spermatozoa, alkyl-Gro
increase the production of 1-O-alkyl-2-acetyl-sn-gly-
cero-3-phosphocholine (PAF) [24] or of its precursor
and metabolite lyso-PAF [22], while in endothelial cells,
activation of phospholipases produce 1-O-alkyl-2-acyl-
sn-glycerol [23], an analogue of diacylglycerol (DAG)
which is an inhibitor of protein kinase C (PKC) [25–26].
PAF is a potent platelet activator [27–29] while
several platelet activating mediators, including PAF
or thromboxane A2, act through receptors coupled to
phospholipase C and induce PKC activation. Therefore,
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although 1-O-hexadecyl-sn-glycerol has no proper effect
on platelet aggregation [30], one could expect that alkyl-
Gro might modify platelet functions by interfering with
lipidic signallings. In this paper, we have studied the
effect of alkyl-Gro on platelet functions in vitro. We
show that alkyl-Gro inhibit partially PAF-induced
activation of rabbit platelets.
2. Materials and methods

2.1. Reagents

[3H]-serotonin (5-hydroxytryptamine binoxalate
[1, 2, 3H]) was obtained from Isotopchim (Ganagobie-
Peyruis, France). Acetylsalicylic acid (Aspegic) was
from Sanofi-Synthelabo (Paris, France). Gelatin type
B, EDTA ((Ethylenedinitrilo) tetraacetic acid), Triton
X100, PAF (1-O-alkyl-2-acetyl-sn-glycero-3-phospho-
choline), thrombin (from bovine plasma), formaldehyde
and the adenosine diphosphate (ADP) scavenger com-
plex phosphocreatine/creatine kinase (CP/CPK) were
purchased from Sigma-Aldrich (La Verpill"ere, France).
All solvents and silica gel 60 (A LK6 plates were
purchased from Merck (Darmstadt, Germany).

2.2. Buffers

Buffer 1. Tyrode’s gelatin without Ca2+: 137mM
NaCl; 2.6mM KCl; 12.1mM NaHCO3; 1.0mM MgCl2;
5.5mM glucose; 4.2mM HEPES; 0.25% (w/v) gelatin;
pH 6.5 or 7.4; Buffer 2. Tyrode’s gelatin without Ca2+

with EDTA: same as Buffer 1 but with 0.10mM EDTA;
Buffer 3. Tyrode’s gelatin with Ca 2+: same as Buffer 1
but with 1.15mM CaCl2, pH 7.4; Buffer 4. Acid citrate
dextrose (ACD): 71mM citric acid, 85mM sodium
citrate, 111mM dextrose, pH 4.4.

2.3. Alkylglycerols

Alkyl-Gro from liver oil of Centrophorus squamosus

were a generous gift from Dr P. Allaume of the Centre
Technique ID-MER (Lorient, France). The alkyl-Gro
were prepared and purified from shark liver oil as
described previously [24]. Alkyl-Gro species varied
according to the alkyl-chain length, with composition
as follows: 14:0=0.7%, 16:0=9.1%, 16:1n-7=12.5%,
18:1n-9=68.1%, 18:1n-7=4.8% and other minor spe-
cies (o0.1%)=4.8%. Tritiation of alkyl-Gro was
performed by 3H -labelling on the sn-3 position of
glycerol as described elsewhere [24].

2.4. Platelet sampling

New Zealand white rabbit platelets were obtained as
described previously [31]. Briefly, six volumes of blood
were collected from the marginal vein into one volume
of ACD and centrifuged at 375 g for 20min. The
platelet-rich plasma (PRP) was collected and centrifuged
at 375 g for 20min.

2.5. Incorporation of [3H]-alkyl-Gro into rabbit platelet

lipids

Platelets were suspended in buffer 1 (pH 7.4) (108

platelets/ml). [3H]-alkyl-Gro (1 mM, 92.5mCi/mmol)
were added and the mixture was incubated at 37�C
under 95% air+5% CO2. After indicated periods of
time, 50� 106 platelets were washed in buffer 1 (pH 7.4)
and total lipids were extracted according to Bligh and
Dyer’s method [32]. Lipid extract was separated by thin
layer chromatography (TLC) on silica gel plates using
the following system chloroform:methanol:acetic acid
(35:14:2.7, v/v) as mobile phase. Radioactive zones were
visualised by a radiochromatogram scanner (Bioscan,
Washington DC, USA). Phospholipid classes were
identified by their retention factor (Rf), radioactive
zones on the silica gel were scrapped off and the
radioactivity was quantified in a liquid scintillation
counter (Packard, USA). The silica containing non-
polar lipids from the above TLC was scrapped off,
extracted with ethyl acetate:0.1% acetic acid (1:0.025,
v/v) and further analysed on silica gel TLC using
the solvent system hexane:diethyl ether:acetic acid
(40:10:0.2, v/v). The zones co-migrating with 1-O-
alkyl-2,3-diacyl-sn-glycerol (alkyl-DAG) or alkyl-Gro
standards were scrapped off and the radioactivity was
measured by liquid scintillation counting.

2.6. [3H]-serotonin release from platelets

Platelet activation was quantified by a bioassay of
[3H]-serotonin release. Platelets were labelled as pre-
viously described by Ardlie et al. [33]. Briefly the PRP
was incubated at 37�C for 45min with [3H]-serotonin
(1 mCi/ml, 27.5Ci/mmol) and acetylsalicylic acid
(0.1mM) for inhibition of cyclooxygenases. The plate-
lets were then centrifuged at 1400 g for 20min and
washed in buffer 1 (pH 6.5). Cells were incubated at
37�C for 2 h under 95% air+5% CO2 in the presence of
indicated concentrations of alkyl-Gro or in vehicle
(ethanol 0.2%). Platelets were centrifuged at 1400 g for
20min and washed first in Buffer 2 and then in Buffer 1
(pH 6.5). The pellet was gently resuspended in Buffer 2
(1.25� 109 platelets/ml). For stimulation, labelled plate-
lets (50 ml) were added to Buffer 3 containing CP/CPK
(1mM/10U/ml respectively), for inhibiting ADP activa-
tion, and indicated concentrations of thrombin or PAF,
or vehicle for control. The platelet suspension was
stirred at 37�C for 3 and 10min, for thrombin- and
PAF-stimulations, respectively. The reaction was
stopped by addition of 9.25% formaldehyde (20 ml),
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platelets were centrifuged at 2500 g for 15min at 4�C,
and supernatant was collected for measurement of
released [3H]-serotonin. A fraction of labelled platelets
was lysed by 10% Triton X-100 (20 ml) and radioactivity
was measured to establish total incorporated [3H]-
serotonin. Each data point was expressed as released
[3H]-serotonin/total incorporated [3H]-serotonin� 100.

2.7. Calculation and statistics

All data are the mean of the indicated number of
experiments performed in two or more repetitions.
Significance of treatments was tested by ANOVA or
by significance of correlation coefficient r, and indivi-
dual differences were checked by Mann and Whitney
non-parametric test.
65

n)
 

3. Results

3.1. Incorporation of [3H]-alkyl-Gro into platelet lipids

Incubation of platelets in the presence of [3H]-alkyl-
Gro (1 mM) resulted in a time-dependent incorporation
of radioactive material into several phospholipid or
neutral lipid classes. This incorporation was predomi-
nantly observed into 1-O-alkyl-2-acyl-sn-glycero-
3-phosphocholine (alkyl-PC) and 1-O-alkyl-2-acyl-sn-
glycero-3-phosphoethanolamine (alkyl-PE). After 4 h,
this incorporation reached 4473.3, 2971.5 and
4.370.4 pmol/108 platelets for alkyl-PC, alkyl-PE and
1-O-alkyl-2-acyl-sn-glycero-3-phosphoinositol (alkyl-PI),
which represents 53.571.7%, 36.371.8%, 5.370.5%
of metabolised radioactive material, respectively (Fig. 1).
No significant amount of radioactivity was detected in
1-O-alkyl-2-acyl-sn-glycero-3-phosphoserine. We also
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Fig. 1. Incorporation of [3H]-alkyl-Gro into rabbit platelets. Platelets

were incubated with [3H]-alkyl-Gro (1mM) for the indicated times.
Lipids were then extracted and separated on TLC as described in

Material and methods. Radioactivity of lipid classes was determined

by liquid scintillation counting: alkyl-Gro (&), alkyl-DAG (,), alkyl-

PC (+), alkyl-PI (�), alkyl-PE (m). Means7SEM (n=3, 3 repetitions).
observed incorporation of [3H]-alkyl-Gro into alkyl-
DAG. The sum of [3H]-alkyl-Gro which were meta-
bolised into lipids after 4-h-incubation represented
3573% of radioactive material associated to cells.
Unmodified [3H]-alkyl-Gro were also fast either bound
or incorporated in platelets (Fig. 1).

3.2. Effects of alkyl-Gro on [3H]-serotonin release

When platelets were incubated in the presence [3H]-
serotonin, we observed its uptake into the cells. The
platelet content in [3H]-serotonin was not modified when
platelets were further incubated in the presence of up to
20 mM of alkyl-Gro for 2 h (data not shown).

3.2.1. PAF-stimulated platelets

Incubation of platelets with increasing concentrations
of PAF resulted in a concentration-dependent release of
[3H]-serotonin (Fig. 2). When platelets were first
incubated for 2 h with alkyl-Gro (10 mM) before PAF
stimulation, we observed a partial and significant
inhibition of the stimulating effect of PAF (Fig. 2). To
assess that this inhibition was concentration-dependent,
platelets were stimulated by PAF (120 pM) after 2-h-
incubation in the presence of increasing concentrations
of alkyl-Gro. This resulted in a significant concentra-
tion-dependent drop in PAF stimulating effect on [3H]-
serotonin release (r=0.741, Po0.01) (Fig. 3).

3.2.2. Thrombin-stimulated platelets

Platelet stimulation by increasing concentrations of
thrombin resulted in a concentration-dependent raise in
[3H]-serotonin release. When platelets had been first
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Fig. 2. [3H]-serotonin release from rabbit platelets treated with alkyl-

Gro and stimulated with different concentrations of PAF. Platelets

were labelled with [3H]-serotonin, incubated for 2 h with alkyl-Gro

(10mM) (�) or vehicle (J) and then stimulated with indicated
concentrations of PAF for 10min as described in Materials and

methods. Mean7SEM (n=7, 2 repetitions). Significance of differences

between alkyl-Gro and control: Po0.001 (three-way ANOVA) and
individual differences tested by Mann and Whitney’s test: ��Po0.01
and ���Po0.001.
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Fig. 3. [3H]-serotonin release from rabbit platelets treated with

different concentrations of alkyl-Gro and stimulated with PAF.

Platelets were labelled with [3H]-serotonin, incubated with indicated

concentrations of alkyl-Gro for 2 h and then stimulated for 10min with

PAF (120 pM) (’) or vehicle (&) as described in Materials and

methods. Mean7SEM (n=4, 2 repetitions). Correlation between [3H]-

serotonin release and alkyl-Gro concentration in the presence of PAF:

r=0.741, Po0.01.
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Fig. 4. [3H]-serotonin release from rabbit platelets treated with alkyl-

Gro and stimulated with different concentrations of thrombin.

Platelets were labelled with [3H]-serotonin, incubated for 2 h with

alkyl-Gro (10mM) (�) or vehicle (J) and then stimulated with
indicated concentrations of thrombin for 3min as described in

Materials and methods. Mean7SEM (n=7, 2 repetitions). No

significance between alkyl-Gro and control (three-way ANOVA).
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incubated for 2 h in the presence of 10 mM alkyl-Gro, we
observed, in contrast with data obtained with PAF, that
thrombin-induced [3H]-serotonin release was not mod-
ified (Fig. 4).
4. Discussion

Naturally occurring alkyl-Gro have potent biological
activities on various cells or systems [34]. They are
incorporated into phospholipids of cultured trans-
formed monocyte-like cell line THP1 [24], endothelial
cells [23] or, in a lesser extent, spermatozoa [22].
Therefore, mechanisms of their effects may include
interfering with the production of lipidic second
messengers [23] or mediators [22,24]. Effects of alkyl-
Gro on platelets are poorly documented; Le Blanc [30]
found a weak effect of 1-O-hexadecyl-sn-glycerol on
human platelet aggregation. Since platelet phospholi-
pids have a key role as precursors of potent bioactive
lipids such as DAG, PAF or eicosanoids, we investi-
gated the in vitro effect of alkyl-Gro on rabbit blood
platelets. We first observed that [3H]-alkyl-Gro were
highly incorporated into platelet phospholipids, pre-
dominantly into the PAF precursor alkyl-PC, and to a
lesser extent into alkyl-PE. Alkyl-PC also might be
hydrolysed by phospholipases C or D and provide 1-O-
alkyl analogues of DAG. Such DAG analogues with an
ether bond at 1-sn position have no ability to activate
PKC, and inhibit the stimulating effect of DAG on PKC
[25,26]. Since PKC activation is a ubiquitous signalling
for secretion, it was of interest to explore the effects of
alkyl-Gro on [3H]-serotonin release by platelets.
Alkyl-Gro had no significant effect on spontaneous

[3H]-serotonin release. Alkyl-Gro also decreased the
magnitude of the PAF-induced [3H]serotonin release,
while they had no such effect when thrombin was used
as [3H]-serotonin release activator.
Our data show that alkyl-Gro display contrasted

effects on [3H]-serotonin release depending on the
stimulus. Since alkyl-Gro had no inhibiting effects on
thrombin-triggered [3H]-serotonin release, their inhibit-
ing effect observed with PAF-stimulated platelet is not
likely to result from influencing common pathway such
as alteration of PKC activation. Either alkyl-Gro are
not likely to stimulate the PAF production, because this
would result in an increased [3H]-serotonin release under
stimulation with low concentrations of PAF. The
selective inhibition of alkyl-Gro on PAF stimulating
effect could result from an antagonist effect of alkyl-Gro
on PAF receptor.
Thus, the multiple biological activities of alkyl-Gro

could stem from several and distinct mechanisms.
Amplification of PAF production by THP1 cells can
be explained mainly by increasing PAF precursors in
these cells [24]. This mechanism might account for the
immunostimulating properties of alkyl-Gro since PAF is
a potent mediator involved in macrophage-triggered
immunological responses [19]. Another and totally
different mechanism is the production of DAG analo-
gues with inhibiting effects on PKC. We have observed
such an effect in endothelial cells [23]. A similar
mechanism is suggested in the inhibition by alkyl-Gro
of phorbol ester-induced arachidonic acid release [35].
Our present data suggest that alkyl-Gro may also alter
PAF-induced responses, possibly by antagonist action
on PAF-receptors.
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The in vivo consequences of alkyl-Gro effect on
platelet functions have not yet been explored. Since
shark liver oil is used as a nutritional complement and
contains two lipidic compounds with known or potential
activities on platelets, namely n-3 unsaturated fatty
acids and alkyl-Gro, further exploration of shark liver
oil consumption on platelet functions in vivo would
deserve further attention and exploration.
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