
Biochemical Pharmacology. Vol. 34. No. 3. pp. 307-310. 1985. 
Printed in Great Britain. 

00&29S~/R5 13.(M + O.llO 
@ 1985 Pcrgamon Press Ltd. 

PROSTAGLANDINS AND HUMAN PLATELET 
AGGREGATION 

IMPLICATIONS FOR THE ANTI-AGGREGATING ACTIVITY OF 
THROMBOXANE-SYNTHASE INHIBITORS 

GRAZYNA RAJTAR,* CHIARA CERLE-ITI,~ MARIA NOVELLA CASTAGNOLI, 
VIT~ORIO BERTJZLB and GIOVANNI DE GAETANO 

Laboratory of Cardiovascular Clinical Pharmacology and Laboratory of Environmental Pharmacology 
and Toxicology, Istituto di Ricerche Farmacologiche “Mario Negri”, Via Eritrea 62, 20157 Milano, 

Italy 

(Receiued 23 May 1984; accepted 27 July 1984) 

Abstract-Selective pharmacological blockade of thromboxane-synthase in human platelets by dazox- 
iben resulted in the reorientation of cyclic-endoperoxides towards PGEr, PGD, and PGFZ,. At con- 
centrations which can be reached when thromboxane-synthase is inhibited, PGE, (100-500 nM) exerted 
a marked, concentration-dependent pro-aggregatory effect. This required the formation of endogenous 
or the addition of exogenous endoperoxides and was prevented by PGDz or 13-aza-prostanoic acid, a 
setective antagonist of PGH&xA, receptors. The ~ti-a~regating effect of PGDz was evident at 
concentrations lower than those obtained in d~oxi~n-seated platelets. It is proposed that in the 
absence of TxAz generation, a combination of endoperoxides and PGEz may resuh in normal aggregation. 
The latter may be inhibited by PGD2. No interference of PGF,, on platelet function couid be shown. 

Human platelets are aggregated by arachidonic acid. 
This fatty acid is metabolized via a cycle-oxygenase 
enzyme to prosta~andin (PG) cyclic-endoperoxides, 
which in turn are transformed via thromboxane (TX) 
AZ-synthase to TxAs [l]. Relatively small amounts 
of PGE2, PGDz and PGFr, too are formed from 
endoperoxides, but their role in arachidonic acid- 
induced platelet aggregation seems not to be relevant 
since none of these PGs, at the concentrations usually 
generated in stimulated platelets, could themselves 
induce platelet aggregation [l ,2]. 

PGEr sensitizes platelets to aggregating stimuli 
[3-51, but has also been shown to inhibit platelet 
function [6]. PGDz inhibits platelet aggregation 
through an adenylate-cyclase-mediated increase in 
cAMP [7,8] but it is not known how this effect is 
related to the amount of endogenous platelet PGDr. 
The effects of PGF,, on platelet function are less 
defined and a moderate pro-aggregatory activity [5] 
and an anti-aggregating effect [9] have both been 
described. 

The recent availability of selective inhibitors of 
TxAr-synthase has renewed interest in the possible 
interaction of these prostaglandins with platelet 
aggregation. It has in fact been shown that phar- 
macological suppression of TxBr generation occurs 
concomitantly with re-orientation of PG endo- 
peroxide metabolism towards PGl$ [lo, 111, PGFr., 
and PGD2 [12-1.51. It has been suggested that 
accumulation of the endoperoxides (which are aggre- 
gating compounds themselves although less potent 
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than TxAr [l, 121) may to some extent explain the 
observation that AA-induced platelet aggregation 
occurs despite prevention of thromboxane synthesis 
[12,16]. On the other hand, indirect evidence has 
been presented that newly formed PGDr could con- 
tribute to the anti-aggregating activity of TxA,-syn- 
thase inhibitors [12,17]. 

The purpose of this study was: 
1. To quantitate the amounts of PGE2, PGDs and 

PGFr, formed in human platelets in concomitance 
with pharmacological blockade of thromboxane- 
synthase; 

2. To investigate and characterize the effects on 
platelet aggregation of these three PGs within the 
range of concentrations determined in the previous 
experiments. 

MATERIALS AND METHODS 

Venous blood from healthy human volunteers who 
had taken no drugs during the previous 10 days was 
collected on 3.8% sodium citrate and platelet-rich 
plasma (PRP) and platelet-poor plasma were pre- 
pared as described [18]. 

Platelet aggregation was studied in PRP in a Born 
aggregometer (Elvi 840, Elvi Logos, Milan, Italy). 
Aliquots of 250 @ of PRP were pre-incubated at 
37” for 3min with the PGs or their vehicle at the 
concentrations specified in the Results, then the 
a~regating agents were added in microlitre amounts 
and aggregation was monitored for 3 min under con- 
tinuous stirring. Selected experiments were per- 
formed on “aspirinated” PRP, obtained by incu- 
bating PRP with 100 @l aspirin (as the soluble lysine 
salt of acetylsalicylic acid, Flectadol, Maggioni, Italy) 
for 15 min at room temperature. 
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The aggregating agents, sodium arachidonate 
(AA, Sigma, >99% pure), adenosine-5’-diphos- 
phate (ADP, Sigma) and the stable endoperoxide 
analogue U-46619 (kindly provided by Dr. J. Pike, 
Upjohn, Kalamazoo, MI, U.S.A.) were dissolved 
as described [18,19]. Stock solutions (at mmolar 
concentrations) of PGE*, PGD, and PGF1, 
(Upjohn) and 13-aza-prostanoic acid (13-APA, 
kindly provided by Dr. G. C. Le Breton, University 
of Illinois, Chicago, IL, U.S.A.) [ZO] were prepared 
in absolute ethanol and freshly diluted with isotonic 
saline. Dazoxiben (UK 37, 248-01, kindly obtained 
from Dr. H. M. Tyler, Pfizer, U.K.) was dissolved 
in Tris-HCl 0.15 M, pH 7.4. Prostaglandins were 
determined on PRP incubated for 3 min at 37” with 
dazoxiben or Tris-HCl and stimulated with threshold 
aggregating concentrations of AA [18]. The reaction 
was stopped 3 min later by adding to 500 ~1 PRP an 
equal volume of 0.001 N HCl. Protein precipitate 
was removed by centrifugation, and the pH of the 
supernatant was adjusted to 3.5 by HCl. Two acidi- 
fied PRP samples were pooled and diluted with iso- 
tonic saline to a final volume of 10 ml. 

PGE2, PGD2, PGFZly and TxB2 were detected sim- 
ultaneously using high-resolution gas chroma- 
tography coupled to mass spectrometry in the selec- 
ted ion monitoring mode, as described by Chia- 
brando et al. [21]. Briefly, this method is based on 
single-step extraction of PGs and TxB2 from acidified 
PRP samples on Cl8 reversed phase cartridges (SEP- 
PAK C18, Waters) after addition of deuterated ana- 
logues as internal standards. This is followed by 
derivatization of functional groups and final analysis 
by high-resolution gas chromatography with selected 
ion monitoring using SE-54 WCOT persilanized 
Pyrex glass capillary columns (20m long; internal 
diameter 0.35 mm) on an LKB 2091-051 gas chro- 
matograph-mass spectrometer equipped with an 
LKB 2130 computer system. The detection limits 
(nM) were: TxB2: 21; PGE2: 45; PGD2: 56 and 
PGF2,: 48. 

RESULTS 

Table 1 shows that preincubation of PRP with 
40 PM dazoxiben before stimulation with threshold 
concentrations of AA (0.2-0.7 mM) resulted in more 
than 90% suppression of TxBr and concomitant 
increases of PGE2, PGDz and PGFZe, PGE2 being 
the most abundant. In the absence of dazoxiben, 
only PGEZ could be detected besides TxB2 in all 
samples. The amounts of PGs formed in dazoxiben- 
treated PRP samples were utilized to establish the 
concentrations of the three PGs in further 
experiments. 
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Fig. 1. Potentiation by PGE, of platelet aggregation 
induced by U-46619 (210 nM). 

Platelets challenged with subthreshold concen- 
trations of AA, the endoperoxide analogue U-46619 
or ADP fully aggregated in the presence of PGE2 
(100-500 nM) but not of PGF2, (up to 1 PM). Figure 
1 shows, as an example, the potentiating effect of 
PGEz which was concentration-dependent within the 
range of concentrations tested (125-500nM). The 
pro-aggregatory activity of PGEr could not be seen 
on “aspirinated” platelets challenged with AA but 
it was clearly apparent in “aspirinated” platelets 
challenged with subthreshold concentrations of the 
endoperoxide analogue U-46619. The first wave of 
ADP-induced aggregation was potentiated by PGEp 
but no second wave followed (Fig. 2). 

The pro-aggregatory effect of PGEz was com- 
pletely prevented by 13-APA, a selective endo- 
peroxide/thromboxane receptor antagonist, when 
either AA or compound U-46619 were used as aggre- 
gating stimuli. 13-APA also prevented the second 
wave of ADP-PGEr-induced aggregation but did not 
affect the pro-aggregatory effect of PGE2 which was 
apparent on the first wave of ADP-induced aggre- 
gation (Fig. 2). 

PGDr (2.5-50 nM) completely suppressed platelet 
aggregation induced by threshold concentrations of 
the three aggregating stimuli whereas neither PGE? 
nor PGF2, inhibited platelet aggregation at con- 
centrations as high as 1 PM (data not shown). The 
same range of concentrations of PGD2 counteracted 
the pro-aggregatory effect of PGEr (Fig. 3). PGF,, 
up to 1 PM was ineffective in all test systems. 

Table 1. TxBr and PG levels (nM) in control and dazoxiben-treated (40 @4) platelets 
stimulated with threshold aggregating concentrations of arachidonic acid 

TxBr PGEz 

Control 437.8 f 71.6 180.2 2 10.3 
Dazoxiben 36.4 + 12.1 540.3 * 60.8 

n.d. = not detectable. 
Figures are means 2 S.E.M. (N = 6). 

PGDr 

n.d. 
202.6 ” 53.4 

PGF,, 

n.d. 
113.4 t 42.5 
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Fig. 2. Representative tracings of platelet aggregation in 
control and aspirin-treated (100 /.&I) PRP. Potentiation by 
PGE, (500 nM) and reversal bv 13-APA (64 uM) of olatelet 
aggregation in&iced by AA lo.4 mM), ‘ACP (1 &I) and 
U-46619 (210nM): (a) control; (b) PG&; (c) PGE2+13- 

APA. 

DISCUSSION 

Dazoxiben, a thromboxane-synthase inhibitor, re- 
oriented platelet cyclic-endoperoxide metabolism 
towards PGEr, PGDr and PGFz4. High resolution 
capillary column gas-chromatography coupled with 
mass spectrometry permitted quantitative deter- 
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Fig. 3. Effect of different concentrations of PGDl on the 
potentiating effect of PGE, (SOOnM) on platelet aggre- 

gation induced by U-46619 (210 nM). 

mination of the three prostaglandins formed. PGE, 
was the only one consistently measurable in control 
samples; its formation was increased by about 3 times 
in dazoxiben-treated samples and reached con- 
centrations averaging 540nM. Both PGDr and 
PGFz, were formed by dazoxiben-treated platelets 
at concentrations about 3-5 times lower than PGEr. 
None of the three prostaglandins at concentrations 
obtained in the presence of dazoxiben induced plate- 
let aggregation themselves. However, PGE,but 
neither PGDz not PGFr,-showed marked pro- 
aggregatory activity when platelets were challenged 
with subthreshold concentrations of AA, the endo- 
peroxide analogue U-46619 or ADP. 

The observation that pretreatment of platelets 
with aspirin abolished potentiation by PGEr of AA- 
but not endoperoxide-induced platelet aggregation 
suggests that PGEr requires the presence of cyclic- 
endoperoxide/thromboxane (either endogenously 
formed or added as a stable analogue). This inter- 
pretation is supported by the observation that the 
pro-aggregatory activity of PGEr was counteracted 
by 13-APA, a selective antagonist of the endo- 
peroxide/thromboxane platelet receptor. 

This extends the original observation by Willis that 
the aggregation stimulating effect of endogenous 
endoperoxides was potentiated by PGEZ [S]. 

The involvement of endoperoxide/thromboxane in 
the activity of PGEr is also shown by the finding that 
PGEz-induced secondary aggregation in the presence 
of subthreshold concentrations of ADP was blocked 
both by aspirin and by 13-APA. However the first 
wave of ADP-induced aggregation was increased by 
PGE2, independently of endoperoxide/thromboxane 
availability. 

Although the pro-aggregatory properties of PGEz 
had already been reported [3-51, the requirement 
for endoperoxide/thromboxane had not been recog- 
nized. The potentiating effect of endoperoxide and 
PGEz at the concentrations formed in dazoxiben- 
treated platelets could explain why platelet aggre- 
gation may not be inhibited in platelet samples in 
which thromboxane-synthase has been pharmaco- 
logically blocked [ 17,22-251. 

PGDr counteracts the pro-aggregatory activity of 
PGEr on endoperoxide-induced platelet aggregation 
but is effective at concentrations (10-40nM) well 
below those apparently formed in dazoxiben-treated 
samples (85-374 nM). The generation of such large 
amounts of PGDr in dazoxiben-treated PRP samples 
should completely prevent platelet aggregation. This 
is, however, not the case, since aggregation is not 
inhibited in all samples treated with dazoxiben. Thus 
the present study suggests that PGDr may not be the 
only factor implicated in the antiaggregating action 
of thromboxane-synthase inhibitors [12, 17, 22, 
26-291. The crucial role of PGD;? was based on the 
observation that phosphodiesterase inhibitors 
potentiate the anti-aggregatory effect of dazoxiben 
and adenylate-cyclase inhibitor counteracts it. Both 
findings have been interpreted with respect to the 
well-known property of PGDz to activate adenylate- 
cyclase [7,8]. Further studies are warranted to inves- 
tigate whether all the PGDr formed in concomitance 
with thromboxane-synthase blockade is functionally 
available [27]. 
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Finally this study clearly shows that PGFzc, does 
not interfere with platelet function nor does it modify 
the effects of PGEz and PGD, up to 10 times the 
concentrations formed in dazoxiben-treated PRP. 
This supports the conclusion of Hung et al. [9] that 
the antagonism of PGF2, (X5@%) against throm- 
boxane-induced human platelet aggregation has no 
physiological relevance for platelet function. 
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