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Abstract-Upon incubation with human platelets previously labelled with [‘4C]arachidonic acid, a new 
immunomodulator, LF 1695, induced the accumulation of [“Cl-12-(S)-hydroxy-5,8,10,14-eicosatetra- 
enoic acid (12-HETE). Although the time course of [ W]HETE accumulation was identical with 60 pM 
LF 1695 and calcium ionophore A23187, the latter compound also promoted the formation of W-labelled 
thromboxane BZ and 12-(~)-hydroxy-5,8,l~heptadecatrienoic acid (HHT), whereas 12-HETE was the 
only arachidonic acid metabolite generated under the action of LF 1695, suggesting that the drug 
inhibited cyclo-oxygenase. This was further confirmed by the fact that LF 1695 inhibited the second 
wave of platelet aggregation induced by ADP as well as arachidonic acid effects. Cell lipid analysis 
revealed that arachidonic acid was liberated from both triacylglycerol and phosphatidylcholine. The 
effect was observed in the concentration range 15-9OpM, with a half-maximal effect at 30pM for 
HETE production, 15 PM for triacylglycerol hydrolysis and 45 MM for phosphatidylcholine deacylation. 
Incubation of platelets with [W]arachidonic,acid in the presence of 6OpM LF 1695 resulted in a strong 
inhibition of arachidonic acid incorporation into the various cell lipids, indicating that arachidonic acid 
mobilization might be due to inhibition of reacylation processes. It is concluded that LF 1695 displays 
an original and complex effect on platelet lipid metabolism, resulting in the specific generation of 
lipoxygenase metaboiites. 

LF 1695 is a synthetic, low molecular weight com- 
pound described as an immunomodulator, able to 
potentiate or to stimulate lectin-induced T-cell pro- 
liferation, depending on the dose used [l]. In 
addition, LF 1695 also modulates interleukin pro- 
duction, stimulating interleukin 1 secretion by 
murine adherent peritoneal cells or increasing inter- 
leukin 2 production by Concanavalin A-stimulated 
spleen cells [2]. When considering arachidonic acid 
metabolism, the drug was found to inhibit prosta- 
glandin synthesis in macrophages stimulated by cal- 
cium ionophore A23187 or lipopolysaccharide, 
whereas leukotriene B4 synthesis was stimulated [2]. 
Since the mechanism of action of LF 1695 remains 
presently unknown, we decided to study its effects 
on human blood platelets, where arachidonate lib- 
eration from cellular lipids, as well as its subsequent 
metabolism, are well documented. During platelet 
activation, two biochemical pathways of arach- 
idonate liberation have been described: the first one 
involves a phosphoinositide specific phospholipase C 
[3,4], coupled to diacylglycerol/monoacylglycerol 
Iipases [5-71, the second one, a phosphoiipase A2 
[8,9]. Both pathways lead to the release of arachi- 
donic acid, which is a prerequisite for the synthesis 
of cycle-oxygenase ( prostaglandin endoperoxides, 
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§ Abbreviations: 12-HETE, 12-(S)-hydroxy-5,8,10,14- 

eicosatetraenoic acid; ETYA, 5,8,11,14-eicosatetraynoic 
acid; HHT, 12-(~)-hydroxy-5,8,l~heptadecat~enoic acid. 

thromboxane) and lipoxygenase [12-(S)- 
hydroperoxy-5,8,10,14-eicosatetraenoic acid, 12- 
HPETE$O rapidly degraded into stable 12-(S)- 
hydroxyeicosatetraenoic acid, 12-HETE] derivatives 

[IO]. 
In the present study, we used human blood plate- 

lets prelabelled with radioactive arachidonic acid in 
order to investigate the possible effects of LF 1695 
on the pathways of arachidonate liberation and 
metabolism. 

MATERIALS AND METHODS 

materiels. LF 1695 ~5-amino-2-(4-methyl-I- 
pi~~diny~)phenyl] (4-chIoro-phenyl methanone) 
was synthesized by the Organic Chemistry Depart- 
ment, Laboratories Fournier (Dijon, France). 
(l-14C]Arachidonic acid (58 mCi/mmol) was pur- 
chased from New England Nuclear (Dreieich, 
F.R.G.). Human thrombin (3,000 NIH U/mg 
protein) and calcium ionophore A23187 were 
obtained from Sigma ChemicaI Co. (St Louis, MO). 
Acetylsalicyclic acid, a lysin salt, was purchased from 
Laboratoires Egic (Amilly, France) and 5,8,11,14- 
eicosatetraynoic acid (ETYA) was a generous gift 
from Hofmann-La Roche (Basel, Switzerland). 

Preparation of radiolabelled platelet suspensions. 
Fresh human blood was collected from healthy vol- 
unteer donors free of any medication for at least one 
week, using acid/citrate/dextrose as an anti- 
coagulant [ll]. Platelet rich plasma was obtained by 
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Table 1, Effect of LF 1695 on thrombin-stimulated [%I]arachidonic acid labelled platelets 

Conditions 

Arachidonic acid and metabolites 
Cyclooxygenase Lipoxygenase 

Total Non-esterified metabolites metabolites 
phospholipids Triacylglycerol arachidonic acid (TXBr, HHT) (1ZHETE) Total 

Control 95.7 3.6 0.05 0.13 0.05 0.23 
Thrombin 

1 U/ml 88.1 3.9 0.40 4.0 1.4 5.8 
Thrombin 

plus LF 1695 3 ,uM 88.1 3.6 0.30 4.1 1.9 5.3 
Thrombin 

plus LF 1695 15 ,nM 89.3 2.7 0.40 2.6 3.3 6.3 
Thrombin 

plus LF 1695 60 ,uM 91.3 1.5 0.20 0.4 5.3 5.9 
Thrombin 

plus LF 1695 90 PM 92.5 2.1 0.10 0.4 3.6 4.1 

Conditions of incubation were the same as in Fig. 1 and lipid extracts were processed as described under Materials 
and Methods. Results are expressed as percentages of total radioactivity. Since minor lipids (as diacylglycerol, mono- 
acylglycerol) are not considered in this table, total does not come to 100% in each column. 

centrifugation at 120 g for 20 min (20”) and was then 
incubated at 37” for 90 min in the presence of 
[‘4C]arachidonic acid (75 nCi/ml) dissolved in etha- 
nol (0.1%) final concentration). Radiolabelled plate- 
lets were then isolated according to Ardlie et al. [ 121. 
After sedimentation at 1000 g for 15 min (ZOO), they 
were washed in calcium free Tyrode buffer (pH 6.5) 
containing 2 mM MgClr, 5.5 mM glucose, 0.35% 
bovine serum albumin (w/v) and 0.2mM EGTA. 
After a second wash in the same buffer lacking 
EGTA, they were finally suspended in a Tyrode 
buffer (pH 7.35) containing 1 mM MgClr, 5.5 mM 
glucose and 1 mM CaC12, at a concentration of 
5 x lo* cells/ml. The whole procedure was per- 
formed in plastic tubes or in siliconized glassware 
(Sigmacote@). 

Incubation of [ 14C]arachidonic acid labelled plate- 
lets. Platelet suspensions (2 ml) were equilibrated for 
1 min at 37”, and increasing concentrations of LF 
1695 (3-90pM) were then added under a minimal 
volume of ethanol (0.005 ml/ml suspension), which 
was also included in the control tubes. All the solu- 
tions of LF 1695 were prepared immediately prior to 
use in glass tubes and light-sheltered in order to 
avoid decomposition of the drug. After 10 min at 37” 
(or various times for time course study), incubation 
was stopped by addition of 0.065 ml of ice-cold 0.2 M 
EDTA (pH 7.4), followed immediately by 4ml 
chloroform/methanol (l/l, v/v). 

In some experiments, the 10 min preincubation in 
the absence or in the presence of LF 1695 was fol- 
lowed by addition of thrombin (1 U/ml, final con- 
centration), or of buffer (isotonic saline) in non- 
stimulated platelets. Cell suspensions were then 
further incubated for 1 min, followed by EGTA and 
chloroform/methanol addition as above. 

In some other experiments designed to identify 
arachidonate metabolites formed under stimulation, 
2 ml of radiolabelled platelet suspensions were pre- 
incubated for 20 min at 37” with 0.1 mM ace- 
tylsalicyclic acid or 0.01 mM ETYA (final 
concentrations), in order to inhibit cycle-oxygenase 
and lipoxygenase activities, respectively. The latter 

one was added under a minimal volume of ethanol 
(0.005 ml), which was also included in controls. Then 
LF 1695 (6O,uM, final concentration) or A23187 
(1 PM, final concentration) or their respective sol- 
vents (ethanol or dimethylsulfoxide, respectively, 
0.005 ml/2 ml) were added, and incubation was pro- 
longed for 5 min with A23187 or 10min with LF 
1695, followed by addition of EDTA and 
chloroform/methanol as previously. 

Study of [ 14C]aruchidonic acid incorporation into 
platelet lipids. In this case, platelet sus ensions were 
incubated at 37” with 75.6nCi ml (1.4pM) P 
[14C]arachidonic acid in the presence or in the 
absence of LF 1695. Incubations were stopped at 15 
or 30 min. 

Lipid analysis. Lipids were extracted according 
to Bligh and Dyer [13]. After recovering the first 
chloroformic phase, the medium was acidified with 
26.5 M formic acid (0.02 ml/ml platelet suspension) 
and submitted to a second extraction with chloroform 
[14]. The two lipid extracts were pooled, evaporated 
to dryness under reduced pressure, dissolved in a 
minimal volume of chloroform/methanol (l/l, v/v), 
and submitted to two different chromatographic sep- 
arations on thin layer plates, 0.25 mm thick (Merck, 
Darmstadt, F.R.G.), using the following solvents: 
(1 chloroform/methanol/acetic acid/water (65/43/ 
1 I 3, v/v) for the separation of phospholipids [15]; 
(2) the u per phase of ethylacetate/acetic acid/ 
isooctane water P (110/20/50/100, v/v), which 
allowed separation of phosphatidic acid, various 
eicosanoids, non-converted arachidonic acid, diacyl- 
glycerol and triacylglycerol from the bulk of 
phospholipids [16]. The various lipid spots were 
detected by autoradiography and then scraped 
directly into scintillation vials containing 10 ml Insta- 
gel (Packard). Radioactivity was determined using a 
Packard-Tricarb 4530 spectrometer equipped with 
automatic quenching correction. 

Platelet aggregation. This was measured in platelet- 
rich plasma using the turbidimetric method of Born 
1171. 

Statistical analysis. Statistical significance for 
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Fig. 1. Effect of LF 1695 on arachidonic acid and eicosanoid 
production in ~‘~CJ~achidonic acid labelled platelets trig- 
gered by thrombin. Human ptatelet sus~nsions (2mI) 
labelled with [I-‘%]arachidonic acid were incubated at 37” 
for 10 min with increasing concentrations of LF 1695, then 
were stimulated for 1 min with thrombin (1 U/ml). Lipid 
extracts were processed as described under Materials and 
Methods. Results (percentages of total radioactivity) are 
expressed as differences of the radioactivity present in 
assays compared to controls. Abbreviations: ‘I’XBr, throm- 
boxane B,; HHT, 12-(S)-hydroxy-5,8,10-heptadecatrienoic 
acid; lZHETE, 12-(S)-hydroxy-5,8,10,14-eicosatetraenoic 

acid; AA, arachidonic acid. 

paired data was determined by Student’s t-test. A 
~nimum level of significance was fixed at P < 0.05. 
All results are expressed as percentages of total 
radioactivity (except for arachidonic acid incor- 
poration, which is determined as pmol/l5 min/lO’ 
platelets) and are means 2 SE of four experiments, 
unless otherwise stated. 

RESULTS 

ET 
ect of LF 1695 on thrombin stimulated 

[’ Cjarachidonic acid labelled platelets 

This preliminary experiment was devised in order 
to see whether LF 1695 was able to modulate arachi- 
donic acid metabolism in platelets stimulated with 
thrombin. For this purpose, platelets were previously 
incubated with [l-14C]arachidonic acid under con- 
ditions allowing incorporation of 80% of it into cell 
lipids. Radioactivity was mainly detected in phospho- 
lipids (95% of total incorporated radioactivity), the 
remainder being associated with neutral lipids 
(diacyl- and triacylglycerol). 

As shown in Table 1 and in agreement with pre- 
viously reported data [IO], thrombin stimulated the 
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ELF 16951 (FM) 

Fig. 2. Arachidonic acid and 1ZHETE release in radio- 
labelled platelets upon LF 1695 stimulation. Two milliliters 
of human platelet suspensions labelled with [1-14C]ara- 
chidonic acid were incubated at 37” for 10 min in the pres- 
ence of increasing concentrations of LF 1695. Lipid extracts 
were analysed as described under Materials and Methods. 
Results correspond to differences of percentages of total 
radioactivity present in assays compared to controls and 
are means +: SE of 4 experiments. Statistical analyses by 
paired Student t-test are represented: ** P < 0.02; 
*** P < 0.01. Abbreviations: LZHETE, lZ-(S)-hydroxy- 

5,8,10,14-eicosatetraenoi~ acid; AA, arachidonic acid. 

release of [*“C]arachidonate from phospholipids and 
its oxygenation into eicosanoids, mainly by cyclo- 
oxygenase, since thromboxane Br, the stable metab- 
olite of thromboxane AZ, and 12-(S)-hydroxy-5,8,10- 
heptadecatrienoic acid (HHT) accounted for 1.4% 
and 2.6%, respectively, of total platelet radioactivity 
after 1 min, against 1.4% for 12-HETE. The almost 
twice higher radioactivity detected in HHT com- 
pared to thromboxane Ba, which are produced in 
equal amounts by thromboxane synthetase, probably 
reflects the non-enzymatic conversion of prosta- 
glandin H2 into HHT, in agreement with Raz et al. 

WI* 
However, preincubation of piatelets with LF 1695 

prior to thrombin stimulation induced a dose-depen- 
dent inhibition of thromboxane B2 and HHT pro- 
duction, without any accumulation of arachidonic 
acid (Fig. 1). Half maximal inhibition of cyclooxy- 
genase metabolite production, as well as half maxi- 
mal activation of 12-HETE production occurred at 
approximately 15 PM LF 1695. 

This change in eicosanoid formation was not 
accompanied by an increased phospholipid hydroly- 
sis, when considering the total radioactivity of eico- 
sanoids. However, increasing doses of LF 1695 
promoted a progressive decrease of phospholipid 
hydrolysis, which was concomitant with an increased 
degradation of triacylglycerol (Table 1). 

These results prompted us to investigate in more 
detail the proper effect of the drug on [‘“Clara- 
chidonic acid metabolism in non-stimulated plate- 
lets. 

Effect of LF 1695 on [‘4C]arachidonic acid labelled 
platelets 

As depicted in Fig. 2, LF 1695 added to platelet 
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Fig. 3. [ W]Arachidonate radioactivity changes in the vari- 
ous lipids of platelets upon LF 1695 stimulation. Human 
platelet suspensions (2 ml) labelled with [l-14C]arachidonic 
acid were incubated at 37” for 10 min with increasing con- 
centrations of LF 1695; lipids were analysed as described 
under Materials and Methods. Results are expressed as 
differences of percentages of total radioactivity present in 
assays compared to controls and are means + SE of four 
experiments. Statistical analyses by paired Student r-test 
are represented: * P < 0.05; ** P < 0.02; *** P < 0.01. 
Abbreviations: PC, phosphatidylcholine; PE, phosphat- 
idylethanomamine; PI, phosphatidylinositol; PA, phos- 

phatidic acid; DG, diacylglycerol; TG, triacylglycerol. 

suspensions induced a significant accumulation of 
lZHETE, which was maximal at 60 PM of the drug. 
This occurred in the absence of any accumulation 
of cycle-oxygenase metabolites (thromboxane BZ, 
HHT) or of non-esterified arachidonate. Up to 
30pM, HETE formation was concomitant with a 
dose-dependent decrease in the radioactivity of tri- 
acylglycerol, which levelled off at higher con- 
centrations of the drug (Fig. 3). In contrast, further 
increase of [ 14C]HETE occurring at 30-60 PM of LF 
1695 was parallel to a fall in the radioactivity of 
[14C]phosphatidylcholine (Fig. 3). As also shown in 
Fig. 3, a low but significant accumulation of 
[14C]diacylglycerol could be already observed at the 
lowest concentrations of LF 1695 (difference vs con- 
trols significant at 15 PM of the drug), but this was 
never accompanied by an accumulation of radio- 
active phosphatidic acid. 

Figure 4 illustrates the time course of LF 1695 
effect as compared to the calcium ionophore A23187. 
With both agents, IZHETE formation occurred with 

HHT + TX& 
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Fig. 4. Time course of the effects of LF 1695 on arachidonic 
acid metabolism in human platelets. Conditions of incu- 
bations are identical to those of Fig. 2, with incubation of 
[‘4C]arachidonic acid labelled platelets in the presence of 
60 PM LF 1695 (dotted lines, full symbols) or 1 /.IM A23187 
(continuous lines, open symbols) for the indicated times. 
Data are expressed as differences of percentages of total 
radioactivity present in assays compared to controls, and 
correspond to 1ZHETE (a), cycle-oxygenase metabolites, 
i.e. thromboxane B2 plus HI-IT (b), total phospholipids (c) 
and triacylglycerol (d). Abbreviations: 12-HETE, TXB2, 
thromboxane B,; HHT, 12-(S)-hydroxy-5,8,10-heptade- 

catrienoic acid; PL, phospholipid; TG, Triacylglycerol. 

the same velocity, half maximal effect occurring at 
2 min, followed by a progressive decline and some 
levelling off between 10 and 30 min (Fig. 4a). Figure 
4(b) illustrates a main difference between LF 1695 
and A23187, i.e. the absence of cycle-oxygenase 
metabolites upon LF 1695 treatment, whereas 
thromboxane Bz and HHT synthesis was completed 
after 30sec of A23187 stimulation. Another dif- 
ference between the two compounds concerns their 
effects on cell lipid radioactivity, A23187 inducing a 
rapid and important decrease of phospholipid radio- 
activity (Fig. 4c), reflecting a major stimulation of 
phospholipase AZ [19], whereas LF 1695 promoted 
an immediate deacylation of [ r4C]triacylglycerol 
(Fig. 4d) and phospholipids (Fig. 4c). 

Effect ofaspirin and ETYA on eicosanoidproduction 
by platelets incubated with A23187 or LF 1695 

To substantiate these data, platelets were incu- 
bated with aspirin or ETYA prior to addition of LF 
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1695 or A23187. As it can be seen in Fig. 5, ETYA 
inhibited all eicosanoid production induced by LF 
1695 or A23187. These included 12-HETE, as well 
as thromboxane Bz and HHT, when A23187 was 
used as a stimulant, reflecting the ability of ETYA 
to inhibit lipoxygenase and cycle-oxygenase, in 
agreement with previous literature data [20]. In both 
cases, this resulted in a concomitant accumulation of 
non-esterified [i4C]arachidonic acid. 

In contrast, aspirin remained without effect on 
]i4C]HETE accumulation induced by LF 169.5, but 
inhibited the synthesis of ~~4C]thromboxane Bz and 
HHT promoted by A23187. At variance with LF 
169.5, where a total conversion of released arach- 
idonate to lipoxygenase had already occurred, 
aspirin led, in this case, to a higher 12-HETE 
synthesis, reflecting a shift towards the still active 
lipoxygenase pathway (Table 2). 

Both inhibitors (aspirin and ETYA) did not mod- 
ify significantly the release of arachidonate from 
cellular lipids (Fig. 6), despite a lower hydrolysis of 
phosphatidylcholine in the presence of ETYA, as 
previously described [lo]. In addition, analysis of the 
various lipid classes confirmed the loss of radio- 
labelled ara~hidonate from both triacylglycerol and 
phosphatidylcholine, with some transfer to phos- 
phatidylethanolamine, but without any change in the 
radioactivity of phosphatidylinositol, in all the LF 
1695 stimulated platelet suspensions (Fig. 6). Fur- 
thermore, we still noted an obvious formation of 
diacylglycerol induced by LF 1695, without any effect 
of A23187 on this lipid (Table 2). Again, this was 
never accompanied by ~14C]phosphatidic acid for- 
mation. 

Effect of LF 1695 on [‘4C]aruchidonic acid incor- 
poration into platelet lipids 

In this series of experiments, platelets were incu- 
bated with ~14C]arachidonic acid during 15 or 30 min 
in the presence of increasing concentrations of LF 
1695. As shown in Fig. 7, incorporation of the fatty 
acids was efficiently depressed by the drug, half 
maximal effect occurring at 60 .uM for triacylglycerol, 
60 PM for phosphatidylcholine and 30 PM for phos- 
phatidylinositol. Similar results were observed after 
30 min incubation with the drug (not shown). 

Effect of LF 1695 on platelet aggregation 

Since, among other effects, LF 1695 appeared 
as a strong inhibitor of platelet cycle-oxygenase, 
additional experiments were performed in order to 
examine whether this resulted in some modification 
of platelet function. As shown in Fig. 8, LF 1695 
inhibited the second wave of aggregation induced by 
ADP as well as arachidonic acid-induced platelet 
aggregation. In the latter case, higher concentrations 
of LF 1695 (60-90pM) were necessary to totally 
suppress platelet response, whereas concentrations 
as low as 3 ,uM reversed ADP-induced platelet aggre- 
gation. 

DISCUSSION 

The present study extends to platelets some pre- 
vious observations indicating that LF 1695 stimulates 

the production of lipoxygenase metabolites by 
macrophages without any prostaglandin secretion, 
whose synthesis is actually inhibited [1,2]. Alto- 
gether, our data bring clear evidence that LF 1695 
promotes arachidonic acid release from both tri- 
acylglycerol and phosphatidylcholine, coupled to a 
total conversion of liberated arachidonic acid into 
12-HETE by lipoxygenase. 

The inhibition by LF 1695 of platelet cyclo-oxy- 
genase is probably due to a direct effect of the 
drug on the enzyme. This is indicated by previous 
experiments using microsomes from sheep seminal 
vesicles, which revealed an inhibition of the enzyme 
involving the formation of a complex between LF 
1695 and heme present in the enzyme (Mansuy D, 
personal communication). Also, an indirect effect of 
LF 1695 (i.e. inactivation of cycle-oxygenase by 12 
(S)-hydroperoxy-5,8,10,~4-eicosatetraenoic acid or 
12-HPETE, Refs 21, 22) can be excluded, since 
thromboxane Bz and HHT production is not sup- 
pressed in platelets stimulated by A23187, which 
induces 12-HETE production with a time course very 
similar to that observed in the presence of LF 1695). 
Finally, some preliminary experiments revealed an 
inhibition of prostagl~din I2 synthesis by LF 1695 
in cultured human endothelial celts, which still lack 
lipoxygenase (Hullin F et al., in preparation). 

As expected, inhibition of platelet cyclo-oxy- 
genase results in modifications of platelet aggre- 
gation, especially under those conditions where 
thromboxane B2 and prostaglandin endoperoxides 
are required for maximal platelet activation. This is 
the case of ADP-induced human platelet aggre- 
gation, where LF 1695 displayed a behaviour very 
similar to that of aspirin or other non-steroidal anti- 
inflammatory drugs, i.e. a suppression of the second 
wave of platelet aggregation [23]. However, it still 
remains to be shown whether a similar effect also 
occurs ex vivo at the therapeutic doses currently 
used. The inhibitory effect exerted on platelet cyclo- 
oxygenase probably explains why phospholipid 
hydrolysis induced by thrombin is decreased in the 
presence of LF 1695 (Table l), since thromboxane 
Az and prostaglandin endoperoxides no longer pro- 
mote amplification of platelet activation. This might 
appear somewhat paradoxical, since LF 1695 is also- 
shown to induce by itself deacylation of phospha- 
tidylcholine. However, phospholipid hydrolysis 
promoted by the drug is only 3% of total radioactivity 
(Fig. 3) against 7.6% when considering the effect of 
thrombin (Table 1). 

As to the mechanism of arachidonic acid liberation 
promoted by LF 1695, this differs from other stimu- 
iatory agents like thrombin or calcium ionophore 
A23187. For instance, thrombin activates a phospho- 
lipase C specific for inositol phospholipids, thus gen- 
erating two potent intracellular messengers, inositol- 
1,4,5trisphosphate and 1,2-diacyl-sn-glycerol, able 
to mobilize calcium and to activate protein kinase C, 
respectively [24-Z]. The latter compound is also a 
substrate of diacylglycerol/monoacylglycerol Iipases, 
representing a minor pathway of arachidonic acid 
liberation [5-71. This is mainly achieved by phospho- 
lipase A2 [&lo, 271, which seems to be activated as 
a consequence of an increase in cytosolic free calcium 
concentration [28] and possibly of lipocortin 
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Fig. 5. Autoradiography of arachidonate metabolites pro- 
duced by human platelets after A23187 or LF 1695 stimu- 
lation. Two milliliters of human platelet suspensions 
tabelled with [l-‘4C]arachidonic acid were preincubated for 
20 min with 100 UM acetvlsalicvlic acid (ASAI or 10 UM 
5,8,11,14-eicosat~traynoi~ acid ‘(ETYA),‘ then’stimul~ted 
for 10 min with 60pM LF 1695 or for 5 min withi PM 
calcium ionophore A23187. Various eicosanoids were sep- 
arated by thin-layer chromatography as described under 
Materials and Methods. Abbreviations: PL, phospholipids; 
PA, phosphatidic acid; TXB,, thromboxaneBz; HHT, 12- 
(SI-hvdroxv-5.8.10-heotadecatrienoic acid; 12-HETE, 12- 
~~j-h~drox~-S,8,10,14~eicosatetra~ooic acid; AA, arachi- 
donic acid: DG, 1,2-diacyi-sn-glycerol and 1,3-diacyl-sn- 

glycerol; NL, neutral lipids (triacylglycerol). 

phosphorylat~on by protein kinase C 1291. Such a 
calcium-dependent activation of platelet phospho- 
lipase A1 also occurs in response to calcium ion- 
ophores, which do not activate phospholipase C [3Oj. 
However, as is also clearly shown in the present 
study, neither thrombin nor A23187 are able to 
promote triacylglycerol hydrolysis. This is a main 
difference with LF 1695, which acts primarily on 
triacylglycerol, when considering either time course 
or dose dependence of LF 1695 effects, but also on 
phosphatidyicholine. This suggests that the cellular 
target for LF 169.5 is probably a more general step 
involved in arachidonic acid turnover rather than 
a double stimulation of triacylglycerol lipase and 
phospholipase Az. From data obtained on arachi- 
donic acid incorporation into platelet lipids, it 
appears that LF 1695 greatly depresses arachidonic 
acid esterification into both neutral lipids and 
phospholipids, indicating that inhibition might well 
occur at the stage of arachidonic acid activation into 
arachidonoyl Co A or at the level of reacylation. In 
this respect, triacylgiyceroi, the lipid displaying the 
highest sensitivity to the action of LF 1695, is known 
to be in a rapid dynamic equilibrium with other 
lipids, this involving deacylation, reacylation and 
transacylation. Such an intermediary role of tri- 
acylglycerol has been well documented in other celis, 
like endothelial cells [31,32]. So the apparent 
hydrolysis of triacylglycerol and phosphatidylcholine 
promoted by LF 1695 probably results from an inhi- 

A 23187 LF 1695 
-- 

-6 - 

A 23167 LF 1695 
-- 

A 23187 LF 1695 
IT------- - 

0 

-3 - 

Fig. 6. Effect of aspirin (ASA) and .5,8,11,14-eicosatetra- 
vnoic acid IETYA) on lt4Clarachidonate changes in 
phospholipids and tr~acylgly&e& of platelets upon &?3187 
or LF 1695 stimulation: untreated, open bars; 100 PM ASA, 
dotted bars; lO@vf ETYA, full bars. Conditions of incu- 
bation were the same as in Fig. 5 and lipid extracts were 
analysed as described under Materials and Methods. 
Results are expressed as differences of percentages of total 
radioactivity present in assays compared to controls. 
Abbreviations: PC, phosphatidylcholine; PE, phos- 
phatidylethanolamine; PI, phosphatidylinositol; TG, 

triacytglycerol. 

bition of reacylation, as evidenced in other cells with 
other inhibitors of acyltransferases [33,34]. 

Whatever is the mechanism of arachidonic acid 
liberation promoted by LF 1695, its further specific 
conversion into 12-HETE deserves some discussion 
Some studies dealing with neutrophils [35) or endo- 
thelial cells [36] have shown that various hydroxy- 
eicosatetraenoic acids can be incorporated into cell 
lipids, mainly, but not exclusively, triacylglycerol. 
So it was possible that, during the labelling period, 
some [i4C]arachidonic acid was converted into 12- 
HETE by platelet lipoxygenase, followed by incor- 
poration into triacylgiyceroi and phosphatidyl- 
choline. If this were true, a selective hydrolysis of 
those lipid species containing 12-HETE could 
explain our present results. Indeed, phospholipase 
A2 activity is higher against phosphatidylcholine con- 

BP 38:17-B 
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Fig. 7. Effect of LF 1695 on [l-i4C]arachidonic acid incor- 
poration into platelet lipids. Platelet suspensions (5 x lo8 
cells/ml) were incubated in the presence of [I-i4C]ara- 
chidonic acid (1.4 PM, 75.6 nCi/ml) at 37” for 15 min in the 
absence or in the presence of increasing concentrations of 
LF 1695. Lipids were extracted and analysed as described 
under Materials and Methods. Abbreviations: PC, 
phosphatidylcholine; PE, phosphatidylethanolamine; PI, 

phosphatidylinositol; TG, triacylglycerol. 

taining HETE in the m-2 position, compared to 
the non-oxidized phospholipid [37]. However, our 
experiments using ETYA allowed us to definitely 
exclude this hypothesis, since lipoxygenase inhibition 
during platelet treatment with LF 1695 completely 
suppressed 1ZHETE production and promoted the 
accumulation of non-esterified [ 14C]arachidonic 

acid. This unambiguously proved that 12-HETE was 
not pre-existing in any of the lipids undergoing net 
deacylation under the action of LF 1695. 

Another interesting biochemical observation of 
the present work is the accumulation of low but 
significant amounts of radioactive diacylglycerol 
under the action of LF 1695. Such an event is well 
documented in platelets, where it results from inosi- 
to1 phospholipid hydolysis by phospholipase C upon 
physiological stimulation [3,4,26,28,38]. However, 
in this case, diacylglycerol accumulation is only tran- 
sient and no longer detectable after 1 min stimulation 
[3,38]. Moreover, a large part of it is immediately 
converted into phosphatidic acid by diacylglycerol 
kinase [3, 5,26,38-421. This is not the case with LF 
1695, where phosphatidylinositol does not display 
any modification of radioactivity. Another possibility 
might be the stimulation by LF 1695 of a phospho- 
lipase C specific for phosphatidylcholine, as recently 
found in various tissues or cells [43-471. However, 
this was probably not the case here, since diacyl- 
glycerol accumulation actually occurred at con- 
centrations of LF 1695 where [ 14C]phosphatidyl- 
choline was not modified, in contrast to [14C]tri- 
acylglycerol, which was significantly decreased (see, 
for instance, Fig. 2). We thus suggest that 
[t4C]triacylglycerol is probably the source of 
[14C]diacylglycerol. The lack of [‘4C]diacylglycerol 
conversion into [14C]phosphatidic acid in platelets 
treated with LF 1695 might not be due to a lack of 
accessibility of the substrate to ‘the kinase, which 
displays an ubiquitous localization [48]. This could 
involve a direct inhibition of diacylglycerol kinase by 
LF 1695, or a specific hydrolysis of triacylglycerol at 
the sn-1 position, leading to the formation of 2,3- 
diacyl-sn-glycerol, which is not a substrate for the 
highly stereospecific kinase [49]. 

Fig. 8. Effect of LF 1695 on platelet aggregation induced by ADP or arachidonic acid. Human platelet- 
rich plasma was incubated at 37” for 10 min in the absence or in the presence of LF 1695, under which 
conditions no modifications of optical transmittance could be observed. Aggregation was triggered by 
further addition of ADP (2.5 FM) or arachidonic acid (AA, 1 mM) and determined according to Born 

(171. 
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In conclusion, our study reports the first obser- 
vation in intact platelets of a direct stimulation of 
triacylglycerol deacylation subsequent to inhibition 
of reacylation. Although higher concentrations of LF 
1695 are also able to promote phosphatidylcholine 
deacylation, this effect on triacylglycerol is sufticient 
to induce a significant and selective synthesis of 
lZHETE, the stable derivative of 12-HPETE, owing 
to a simultaneous inhibition of cycle-oxygenase. 
1ZHPETE production by platelets might participate 
in the immunostimulant properties of LF 1695, since 
platelet-derived fatty acid hydroperoxides are able 
to stimulate leukotriene biosynthesis in human blood 
leukocytes [50]. The biochemical mechanism 
observed here in platelets is probably the same as 
that leading to inhibition of prostaglandin synthesis 
and stimulation of leukotriene B4 production by 
murine macrophages [2]. In this respect, it is inter- 
esting to note that the concentrations of LF 1695 
(15-90 ,uM) inducing IZHETE production by plate- 
lets are in the same order of magnitude (l-10 pg/ml) 
as those eliciting leucotriene B4 synthesis, interleukin 
1 secretion, inhibition of interleukin 2 synthesis and 
modulation of T-cell proliferation in previously stud- 
ied murine cells [l, 21. This suggests, although it does 
not prove, that the biochemical effect of LF 1695 
described in the present study might play a central 
role in its immunodulatory properties. Finally, there 
is increasing evidence for an involvement of lipoxy- 
genase metabolites in other fields of pathobiology, 
like thrombosis [51-541. This should warrant further 
studies dealing with a possible effect of LF 1695 on 
other cells, like vascular cells, involved in throm- 
bogenesis. 
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