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Attract-Antiplatelet activity of PCR 4099, an analogue of ticlopidine, resides in its specific effect 
against exogenous as we11 as released ADP. This study investigated in rat ptatelets the effects of the 
drug on ADP-induced shape change, elevation of cytosolic free CaZ’ concentration ([Ca2+]J and 
hydrolysis of inositol phosphotipids, monitored as [32P]phosphatidic acid formation. Shape change and 
influx of CaZ+ ions across the plasma membrane were not modified after PCR 4099 administration using 
aspirin-treated platelets. On the other hand, phosphatidic acid formation and calcium mobilization from 
internal stores were strongly inhibited. These results suggest that PCR 4099 leaves intact the machinery 
involved in ADP-induced platelet shape change and influx of calcium ions, but inhibits an early step in 
the ADP-response coupling leading to inositol phospholipid hydrolysis and aggregation. 

Ticlopidine and its analogue PCR 4099 inhibit ex 
t&m the aggregation of platelets in response to a 
variety of agents such as ADP,§ collagen, arachi- 
donie acid, thrombin, epinephrine and calcium ion- 
ophore A23187 (reviewed in Refs 1 and 2). We have 
found recently that the broad spectrum anti- 
aggregating activity of these drugs resides in their 
specific effect against ADP [3]. 

ADP is known to be a major regulator of platelet 
behaviour 14-83. Its interaction with platelets leads 
to shape change, exposure of fibrinogen binding sites 
and aggregation f9-121. ADP induces these 
responses by interacting with specific cell surface 
receptors [13-161. Like many other agonists, ADP 
produces in platelets a rapid elevation of the cyto- 
plasmic free calcium concentration [12,17,18], 
resulting not only from an influx across the plasma 
membrane, but also from the discharge from internal 
stores. The latter is thought to involve generation of 
inositol-1,4,5_trisphosphate (IPs) from phosphati- 
dylinositol-4,5-bisphosphate by phospholipase C 
[ 19,201. However, whether ADP is able to initiate 
phospholipase C activation in platelets is still a matter 
of controversy and might depend on the animal 
species considered [17,1&Z-23]. For example, 
studies in rat platelets indicated that ADP elicits 
phospholipase C activation while the same effect 
could not be detected in human platelets by the same 
authors [24]. 

“f To whom correspondence should be addressed. 
Ej Abbreviations used: ADP, adenosine diphosphate; 

IP,, inositol-1,4,Wrisphosphate; PA, phosphatidic acid; 
PIP2, phospatidylinositol-4,5_bisphosphate; PIP, phos- 
phatidylinositol 4-phosphate; PI, phosphatidyl-inositol; 
ASA, acetyl salicylic acid; CP, creatine phosphate; CPK, 
creatine phosphokinase. 

In this study, we investigated the ex uiuo effect of 
PCR 4099 on phospholipase C and calcium mobi- 
lization induced by ADP in washed rat platelet. 

MATERIALS AND METHODS 

Materials. Adenosine diphosphate (ADP) was 
purchased from Boehringer (Mannheim, F.R.G.). 
Bovine thrombin (43 NIH units/mg protein) was pro- 
vided by Hoffman-La Roche (Basel, Switzerland). 
Quin 2AM (quin 2 acetox~ethylester), creatine 
phosphate (CP) and creatine phosphokinase (CPK, 
100-150 units/mg protein) were obtained from 
Sigma (St Louis, MO). Aspirin (ASA), lysine salt, 
was provided by Egic-Joullie Laboratories (Mon- 
targis, France). PCR 4099 (d,l methyl(Z 
chlorophenyl) - 5 - (4,5,6,7 - tetrahydrothieno(3,2 - 
c)p~dyl)acetate, hydrochlo~de, hydrate) was syn- 
thesized by Sanofi Recherche (Toulouse, France). 
[32P]-Orthophosphate was from the Radiochemical 
Centre (Amersham, U.K.). 

Animals and drug administration. Female CD- 
COBS rats (Charles Rivers) weighing 220-250g 
were used. PCR 4099 dispersed in 5% arabic gum 
solution was orally administered by gavage, at the 
dose of 100 mg/kg/day for 3 days. The last adminis- 
tration preceded by 1 hr blood processing. 

Preparation of platelet suspensions. Blood was 
collected from abdominal aorta under ether anaes- 
thesia into 0.1 vol. citric acid, sodium citrate, dex- 
trose (7 mM, 93 mM, 140 mM, respectively), pH 6.8. 
Platelet-ash plasma was obtained by a rapid 
procedure, i.e. centrifugation at 1000 g for 2 min and 
platelets were resuspended in a modified Tangen 
buffer pH. 7.4 containing 145 mM NaCl, 5 mM KCl, 
1 mM MgC12, 5.5 mM glucose, 15 mM Hepes and 
1 mg/ml bovine serum albumin [2S]. The platelet 
count was adjusted to 8 X lo8 cells/ml. 
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Measurement of cytoplasmic free calcium con- 
centration. This was performed by the fluorimetric 
method of Rink et al. [26], using a Jobin-Yvon 
spectrofluorimeter (model JY 3C). Platelet sus- 
pension in modified Tangen buffer (251 was incu- 
bated for 30 min at 37” with 15 ,uM quin 2-AM. ASA 
(0.5 mM) was added 15 min before the end of the 
incubation. Platelets were then centrifuged for 
15 min at 1OOOg and washed twice to remove unin- 
corporated quin 2. Platelets were diluted to approxi- 
mately 10s cells/ml and placed in a quartz cuvette at 
37”. Fluorescence (excitation at 339 nm, emission at 
500 nm) was measured before and after the addition 
of CaCl, (1 mM) or EGTA (1 mM) and ADP at 
various concentrations. The maximum fluorescence 
(Fmax) was obtained using digitonin (50pM) which 
disrupts plasma membrane, in the presence of 1 mM 
CaCl,. The minimum fluorescence (F& was then 
obtained after adding 3 mM EGTA and 10 mM Tris 
[27]. Cytoplasmic concentration of resting and ADP 
exposed platelets were calculated using the equation 
from Tsien et al. [28]. 

Preparation of [32P]o-phosphate-labelled platelets. 
Platelets were prelabelled in the first washing solu- 
tion (8 x 10s cells/ml) at 37” for 45 min, with [32P]o- 
phosphate (25 ,&i/ml). ASA (0.5 mM) was added 
15 min before the end of the incubation. The unin- 
corporated label was removed by centrifuging and 
washing platelets twice in a modified Tangen buffer 
[25]. Platelets were finally resuspended in the same 
buffer to a final density of 8 X lo8 cells/ml. 

Stimulation of prelabelled platelets and analytical 
procedures. Platelet suspensions (0.5 ml aliquots) 
were equilibrated for 1 min at 37” after addition of 
EGTA (1 mM). ADP at various concentrations or 
thrombin (0.2 II-J/ml, final concentration) was added 
and the incubation was continued for 1 min. When 
thrombin was used, creatine phosphate (CP, 5 mM) 
and creatine phosphokinase (CPK, 40 Iv/ml) were 
added prior to stimulation. The reaction was blocked 
by addition of 1 ml of chloroform/methanol (l/l, 
v/v) and 0.05 ml of 200 mM EDTA pH 7.4. 

Lipids were extracted according to Bligh and Dyer 
[29] after acidification with 10 M HCI [30]. Phospho- 
lipids were separated by monodimensional thin-layer 
chromatography on oxalate-impregnated silicagel 
plates (Merck, Darmstadt), F.R.G.) using the pro- 
cedure of Jolles et al. [31]. After autoradiography, 
the radioactive spot corresponding to phosphatidic 
acid was scaped off and submitted to liquid scin- 
tillation counting. 

Aggregation and shape change measurements. 
Before all experiments, platelets were checked for 
aggregation and shape change by a standard tur- 
bidimetric technique [32] at 37” using a Coultronics 
aggregometer (Chronolog Corp. Harveston, PA). 

RESULTS 

In all experiments, platelets were treated with 
aspirin in order to eliminate any participation of 
cyclooxygenase products. 

Effects of PCR 4099 on platelet aggregation and shape 
change induced by ADP 

After administration of PCR 4099, aggregation of 
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Fig. 1. Effects of PCR 4099 administration on washed rat 
platelet aggregation and shape change induced by ADP: 
(A) in the presence of 1 mM Ca’+; (B) in the presence of 
1 mM EGTA. Data are from one experiment rep- 
resentative of six different experiments with identical 

results. 

washed rat platelets in response to 10 PM ADP was 
suppressed while shape change was unaffected (Fig. 
1A). In the absence of extracellular calcium, only 
shape change could be detected in both control and 
PCR 4099-treated platelets (Fig. 1B). 

Effect of PCR 4099 on calcium movements 

Figure 2 represents typical records of calcium 
movements, monitored by quin 2 fluorescence 
changes in platelets stimulated by 10pM ADP. In 
the presence of 1 mM extracellular calcium, where 
the large fluorescence signal is mainly due to Ca2+ 
influx, cytoplasmic free calcium concentration rose 
rapidly from the basal level of about 100nm to 
550 nM in both control and PCR 4099-treated plate- 
lets. In the absence of external calcium, where the 
fluorescence signal corresponds to Ca*+ mobilization 
from dense tubular system, ADP stimulation induced 
an increase of [Ca2’], in the control platelets from 
the basal level of 50 nM to 140 nM (Fig. 2A), while 
Ca2+ mobilization was almost abolished in PCR 4099 
treated platelets (Fig. 2B). 

The ADP dose-response curves in the presence of 
external Ca2+ (Fig. 3A) showed that PCR 4099 was 
virtually without any effect against ADP-induced 
Ca2+ influx in washed rat platelets, whatever the 
ADP concentrations used, and maximal cytoplasmic 
free calcium concentration was obtained with 2.5 PM 
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Fig. 2. Effects of PCR 4099 on calcium movements induced by 10pM ADP. Data are from one 
experiment representative of six different ex~~ments with identical results. 

ADP, in both control and drug-treated platelets. In 
the absence of external Ca*+, PCR 4099 treatment 
suppressed Ca2+ mobiIization induced by ail doses 
of ADP used (Fig. 3E3). 

Effects of PCR 4099 on phosphatidic acid production 

As illustrated in Fig. 4, ADP caused an increase 
in 32P-labelled PA. A paired Student’s t-test of these 
data showed that at all ADP doses the increase was 
statisti~lly si~ificant at least at 98%. PCR 4099 
significantly inhibited the ADP-induced PA pro- 
duction by about 45% (P < 0.05, N = 3). 

It has been shown that platelet aggregation and 
secretion induced by low thrombin concentrations is 
highly dependent on released ADP (3,331. Under 
these conditions (0.2 IU/ml thrombin) PCR 4099 
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Fig. 3. ADP dose-response curves of calcium movements 
in washed rat platelets from PCR 4099 treated animals and 
from control: (A) in the presence of 1 mM Ca’+; (B) 
in the presence of 1 mM EGTA; U, control; 
O----O, treated. Results are mean 2 SEM of six 

experiments. 

significantly inhibited PA production by about 55% 
(P < 0.02, N = 3) (see Table 1). The same effect was 
obtained upon in uitro addition of CP/CPK, in both 
control and PCR 4099 treated platelets (Table 1). 

DISCUSSION 

In a previous study, we demonstrated that ticlo- 
pidine and its analogue PCR 4099, exert their anti- 
platelet effect against released ADP 131. It then 
seemed interesting to investigate the effects of these 
drugs on the biochemical steps involved in platelet 
stimulation by ADP. Platelets obtained after PCR 
4099 administration exhibited impaired aggregation 
but had normal shape change in response to ADP. 
These observations are consistent with previously 
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Fig. 4. Effect of PCR 4099 on phosphatitic acid production 
induced by ADP in washed rat platelets: M, control; 
O----O, treated. Results are mean + SEM of three 

experiments. 
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Table 1. Effect of PCR 4099 on phosphatidic acid (PA) 
production induced by thrombin 0.2 W/ml compared to 

the effect of CP/CPK in vitro (mean f SEM; N = 3) 

Treatment 
PA 

(o/o of resting levels) 

Control 453 t 26 
PCR 4099 249 + 39** 
CP/CPK 264 t 55* 
PCR 4099 + CP/CPK 247 2 62* 

Unpaired Student’s t-test: *P < 0.05; **P < 0.02 (versus 
control). 

published data [34] and suggest that PCR 4099 does 
not affect the interaction of ADP with its receptor 
at least for that concerning shape change. Deter- 
mination of Ca*+ movements triggered by ADP 
revealed that PCR 4099 leaves intact Ca*+ influx 
across plasma membrane but strongly inhibits Ca2+ 
mobilization from internal stores. A suppression by 
ticlopidine of thrombin-induced Ca2+ influx has been 
recently reported by Morikawa et al. [35], but at this 
thrombin concentration (1 Iv/ml), we were unable 
to observe any change (not shown). Our results are 
not so surprising since PCR 4099 like ticlopidine, 
does not inhibit platelet activation induced by high 
thrombin concentrations [3]. The reasons for such a 
discrepancy remain presently unclear. 

Since Ca2+ mobilization is due to IP3 generation 
[19,20], we then investigated the effects of PCR 4099 
on phospholipase C activation induced by ADP. This 
was performed by measuring [32P]PA production, 
the latter compound being formed by phospho- 
rylation of diacylglycerol. Although this method does 
not enable us to identify the substrate used by 
phospholipase C (PIP?;, PIP, PI or other phospho- 
lipids), it remains much more sensitive than deter- 
mination of IP3, which requires previous labelling of 
platelet inositol-phospholipids with large amount of 
[3H]inositol. This is particularly critical in the case 
of ADP, for which controversial results have been 
reported [17, 18,21,23]. Under these conditions, we 
observed that inhibition of Ca2+ mobilization 
induced by PCR 4099 was accompanied by a signifi- 
cant loss of [32P]PA labelling. So our results support 
the view that Ca*+ mobilization induced by ADP 

Table 2. Effects of PCR 4099 on various biochemical and 
functional events evoked by ADP in rat platelets 

Effects of ADP 

Ca*+ influx 
Ca’+ mobilization 
PA synthesis 
Shape change 
Fibrinogen binding 
Aggregation 

Inhibition by PCR 4099 

(%) 

0 
100 
45 

0 
50 to 90* 

100 

* Gachet et al. (391 

requires phospholipase C activation and generation 
of IP,. Such an observation is in agreement with the 
data of Daniel et al. [18], but contrasts with other 
reports [17,21-231. However, Vickers et al. [23] 
proposed that ADP is only able to stimulate 
phospholipase C action against PIP and PI in rabbit 
platelets. Our results would also partially support 
their conclusion, since some PA formation was still 
observed under conditions where Ca2+ mobilization 
was completely abolished. 

Further evidence for a possible role of ADP in 
activating platelet phospholipase C is brought about 
by the observation that the enzymatic ADP-remov- 
ing system CP/CPK depressed [32P]PA production 
induced by thrombin by almost 50%. As seen pre- 
viously for platelet aggregation and secretion [3], 
such an inhibition is indistinguishable from the effect 
of PCR 4099. Furthermore, no synergism appeared 
between in vitro addition of CP/CPK and ex vivo 
treatment with PCR 4099. This strongly suggests that 
PCR 4099 antagonizes the effect of released ADP. 
Actually, such an effect of ADP on Ca?+ mobi- 
lization probably involving IP3 generation might not 
be due to ADP itself, but rather to the binding of 
fibrinogen to glycoprotein IIb/IIIa complex (in fact 
to the conformational change of glycoprotein IIb/ 
IIIa, since fibrinogen does not bind in the presence 
of EGTA, under which conditions Ca2+ mobilization 
still occurs). In this respect, it is worth remembering 
that, at low thrombin concentrations, fibrinogen 
binding to platelets is almost entirely due to released 
ADP [33]. Such a proposal was recently presented 
by Banga et al. [36], but these authors suggested 
that phospholipase C activation following fibrinogen 
interaction with its receptor actually involves 
phospholipase A2 stimulation and thromboxane A2 
generation. This is certainly not the case here, since 
all the experiments were performed with ASA- 
treated platelet. Such a discrepancy might account 
for an animal species difference, since rat platelets 
remain insensitive to thromboxane A2 [3,37, 381. 

In summary, the main data obtained in the present 
study are reported in Table 2. Some clear conclusions 
can be drawn from our observations. (1) Ca?+ influx 
and Ca2+ mobilization induced by ADP are quite 
different processes, showing different sensitivity to 
PCR 4099 and suggesting the involvement of two 
different receptors (or two different transduction 
mechanisms). (2) Shape change can occur normally 
without any increase of cytoplasmic free Ca?+, i.e. 
in the presence of EGTA and with platelets treated 
ex vivo with PCR 4099. Such an observation is in 
agreement with a recent study of Hallam et al. [40], 
but the mechanism of shape change still remains to 
be understood. One can notice anyway that, under 
these conditions, some residual PA synthesis still 
occurs. Although we have not yet any evidence for 
the nature of phospholipids (probably not PIP2) 
used as a substrate by phospholipase C, such an 
observation might offer some clue to further explore 
the biochemical mechanism of platelet shape change. 
(3) A close relationship seems to exist between 
exposure of fibrinogen receptors, Ca?+ mobilization 
and part of PA synthesis. As discussed above, the 
latter two events might correspond to PIP2 
hydrolysis. 
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