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Abstract—The dependence of paf-acether ( paf)-induced human platelet activation on extracellular Ca?*
and Na* was examined by quantitating aggregation, secretion and thromboxane (Tx) formation in the
presence of physiological and/or low concentrations of Ca?* and/or Na*. In the presence of 2 mM
Ca?* and 140 mM Na*, paf induced a dose-dependent reversible aggregation and less than 25% of
["C]serotonin release. These responses were insensitive to aspirin or Tx antagonist SQ 29548 treatment
and negligible amounts of Tx were formed. In low Ca?* buffer, paf induced irreversible aggregation
and the *C-serotonin release could exceed 60%. These increases in platelet response were associated
with the formation of Tx and were suppressed by aspirin and SQ 29548 treatments, or by substituting
NaCl with N-methylglucamine hydrochloride. Thus, in low Ca?* medium, Tx synthesis is favored during
platelet activation and is dependent on Na* concentrations. A decrease in extracellular Na* inhibited
the paf-acether-induced Tx synthesis observed in low Ca?* medium but not that induced by the Tx direct
precursor, arachidonic acid (AA). Therefore, the increase observed in low Ca?* medium, no longer
seen when the Na™ level is decreased is not related to an impairment of the cyclooxygenase activity but
rather implicates an effect on the activity of phospholipase A,. A decrease in extracellular Na* (2 mM
Ca®" present), inhibited ['*C]serotonin release induced by paf from platelets which had, or had not
been, treated with aspirin. In this medium, the AA-induced release reaction was also affected whereas
Tx formation was not altered, thus suggesting that other mechanisms involved in platelet response apart
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from Tx synthesis are dependent on extracellular Na*.

Paf-acether (paf, formerly platelet-activating factor
[1]) identified as a 1-O-hexa/octadecyl-2-acetyl-sn-
glycero-3-phosphocholine [2, 3], is a potent activator
of human platelets {4-21]. Numerous studies have
shown that thromboxane synthesis is required for paf
to evoke extensive human platelet aggregation and
secretion [7-21]. In particular, the role of the throm-
boxane pathway is predominant in platelet activation
induced by low doses of paf [7-14, 17, 18]. Indeed,
aspirin-like drugs doinhibit the second phase of aggre-
gation and/or the release reaction induced by
threshold amounts of paf, whereas, when high con-
centrations of paf are used, usually only the release
reaction is affected by treatment with cyclooxygenase
blockers [7-14,17,18). However, it is not clear
whether this peculiar response of human platelets to
paf is not influenced by experimental conditions such
asthe concentration of externalionized calcium thatis
known to modify human platelet response to agonists
such as ADP and epinephrine [22-25]. Differences
can indeed be observed in the response of human
platelets to paf depending upon whether Ca?" is
present in a micromolar or millimolar range. In cit-
rated plasma, where the concentration of Ca?* is
40 uM [26], and in balanced salt medium without
added Ca?*, paf induces platelet activation (aggre-
gation and/or release reaction) mainly through the
cyclooxygenase pathway [8, 9, 11-20]. When Ca?* is
present at physiological range (1-2 mM) asin heparin-

* Current address and address for correspondence: Insti-
tut des Vaisseaux et du Sang, 150 Bld. Magenta, 75010
Paris, France.

or hirudin-plasma [26], or citrated plasma to which
Ca?* and hirudin have been added, platelet release
reaction in response to paf is usually lower compared
to citrated plasma (5, 8, 10, 18], and contradictory
results have been reported concerning its dependence
upon the cyclooxygenase pathway [8,9, 10, 18].
Interestingly, Kloprogge et al. [21] using gel-filtrated
platelets suspended in buffer without added Ca?",
observed that the release in response to paf can be
impaired (by around 50%}) by raising Ca?* to a milli-
molar range, whereas aggregation is barely affected.
Extracellular Na® is also important for stimulus-
provoked platelet release reaction. A decrease in
extracellular Na* selectively inhibits platelet
secretion that requires thromboxane synthesis to be
elicited with, for example, ADP, epinephrine or low
doses of thrombin [27, 28]. This control by Na* of the
release reaction is exerted through the modulation of
arachidonic acid mobilization [28, 29] necessary for
thromboxane formation through the cyclooxygenase
pathway. Decreasing the extracellular Na* did not
suppress either the aggregation or the cytoplasmic
CaZ* rise of aspirin-treated platelet stimulated by paf
[30]. However whether or not Na* could influence the
paf-induced platelet release reaction, and whether or
not this regulation is confined to an effect on the
thromboxane pathway remain to be investigated.
The putative importance of paf and platelet
secretionininflammation and vascular diseasesmakes
them currently pharmacological targets. The aim of
the present study was to examine the dependence of
human platelet aggregation and secretion on extra-
cellular Ca?* and Na*, while attempting to clarify the
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Fig. 1. Aggregation tracings obtained after addition of paf-
acether (arrows) on washed human platelets untreated
(top) or pretreated with 50 uM SQ 29548 (bottom), in
Tyrode’s Hepes albumin with no added Ca?*, i.e. 30 uM
Ca® present (—Ca?") or at physiological Ca?* con-
centrations, i.e. 2mM Ca?* present (+Ca?*). Figure is
representative of five to seven experiments. Similar results
were obtained when platelets are treated with aspirin (0.1

mM) instead of SQ 29548.

effectiveness of pharmacological inhibition of the
thromboxane pathway on human platelet activation
induced by paf.

MATERIALS AND METHODS

Materials were obtained from the following sup-
pliers: arachidonic acid (AA), N-methylglucamine
hydrochloride, imipramine and Hepes (N-2-hydroxy-
ethyl-piperazine-N-ethanesulfonic acid) were from
Sigma Chemical Co. (St Louis, MO). Paf (1.0-octa-
decyl-2-acetyl-sn-glycero-3-phosphocholine)  was
from Bachem (Bubendorf, Switzerland); heparin was
from Choay (Paris, France); bovine serum albumin
(BSA) was from Armour Co. Phoenix, AZ) and
aspirin as a lysin salt (Aspegic®) was from Egic
(Amilly, France). Human fibrinogen (Kabi,
Stockholm, Sweden) treated with diisopropylfluoro-
phosphate (DFP) to remove coagulant contaminants,
was a gift from Dr B. B. Vargaftig (Institut Pasteur,
Paris, France). Apyrase, prepared from potatoes by
the method of Molnar and Lorand [31] was a gift from
Dr R. L. Kinlough-Rathbone (McMaster University,
Hamilton, ONT, Canada). SQ 29548, a thromboxane
A,/PGH, receptor blocker [32], was a gift from
Dr M. L. Ogletree (Squibb Institute for Medical
Research, Princeton, NJ). ['*C]Serotonin (as
5-hydroxytryptamine-3'-[14C]creatinine  sulfate,
50 mCi/mmol) and scintillation counting liquid (ACS
IT) were from Amersham (Les Ulis, France).

Preparation of washed human platelets. Washed
human platelets were prepared as previously
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Fig. 2. Semi-log plot of the release of [!*C]serotonin
obtained after addition of different concentration of paf-
acether on washed human platelets in Tyrode’s Hepes
albumin with no added Ca?* (right graph; —Ca?*) or with
2 mM Ca?* (left graphs; +Ca?"). Platelets were pretreated
(A) or not (A) with 0.1 mM aspirin. Mean * SE of five to
seven experiments with platelet suspensions from different
donors. Similar results were obtained when platelets are
treated with SQ 29548 (50 uM) instead of aspirin.
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Fig. 3. Time-course of TxB, production after addition of

0.02uM (O, @) or 2uM (A, A) paf-acether on human

platelets in Tyrode’s Hepes albumin with no added Ca**

(O, A) or with 2mM Ca®* (@, A). Means = SE of

experiments with platelet suspensions from three different
donors.

described by Kinlough-Rathbone et al. [23, 33], with
the addition of 10 mM Hepes (pH 7.35) in the wash-
ing fluids and the final suspending media. The plate-
let count was adjusted to 5 x 10%/ml. The final
suspending medium was a Tyrode’s Hepes solution
to which were added Mg?* (1 mM MgCl,), Ca?*
(2 mM CacCl,), apyrase at a concentration that con-
verted 0.25 uM ATP to adenosine monophosphate
in 120 sec at 37°, glucose (1g/1), and BSA 0.35%
(w/v). Reactivity (aggregationandsecretion or throm-
boxane formation) of platelets from the same donor
was simultaneously compared in different media: to
study the effect of “low-Ca?* medium” on platelet
response, CaCl, was omitted in the final suspending
media; to study the effect of “low-Na* medium” on
platelets response, NaCl was replaced by N-methyl-
glucamine hydrochloride in the washing fluids and in
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Table 1. Effect of low concentration of extracellular Ca®* and/or Na* on the release of
['*C]serotonin from human platelets

Percent release of [!*Clserotonin

with Ca%* (2mM)

without added Ca®*

Agonist
(uM) +Na* —Na* +Na* —Na*
paf 0.02 39+1.4 1.9+09 43+14 1.6 £0.7
) 4
0.21 10.5+39 52=x25 26.1+94 40=x1.4
(6 (6)
22 17.0 = 4.1 7.1 +3.0** 39.2+8.8 5.3 +2.4**
(6) (6)
44 15256 6.2 +3.9** 41.9+93 52 %3.0*
(%) (3)

Values (means = SE) represent percent radioactivity found in the supernatant of
samples 3 min after stimulation of platelets with paf-acether (paf). Numbers in par-
enthesis indicate the number of experiments with platelet suspensions from different
donors. Significance of difference from values obtained with platelet stimulation in
buffer containing 140 mM NaCl (+Na*) or 140 mM N-methylglucamine hydrochloride
(—Na*) *P < 0.02; **P < 0.01. (Student’s t-test for paired data analysis).

Table 2. Effect of low concentration of extracellular Na*
on the thromboxane production of human platelets in low
Ca? medium

TxB, (ng/ml)
Agonist
(uM) +Na* —Na*t
paf 0.02 48.2 +10.8 0.27 £0.01
0.22 58.2 £20.2 0.38 = 0.09
2.22 43.8+12.3 1.70 + 1.44
AA 160 703 x 357 820 = 243

Values (means + SE) represent the amount of throm-
boxane B, (TxB,) present in human platelet suspensions
after 5 min stimulation with paf-acether (paf) or arachi-
donic acid (AA) in medium without added Ca?*. +Na* =
140 mM NaCl present; —Na* = NaCl replaced by 140 mM
N-methylglucamine hydrochloride. Experiments with
platelet suspensions from three different donors.
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Fig. 4. Effect of low Na* medium (—Na*) on aggregation

tracings obtained after addition of paf-acether in the pres-

ence of low Ca?* concentration. Figure is representative of
four to ten experiments.

the final suspending media in order to obtain an
extracellular Na* concentration lower than that of
intraplatelet Na* that is 38 mM [34]. The con-
centrations of Ca?* and Na* were approximately

30 uM and 15 mM for “low Ca?* medium” and for
“low-Na* medium” respectively as measured by
atomic absorption spectrometry. Under these con-
ditions, the concentration of Ca’* in “low Ca2*
medium” was close to that in citrate-anticoagulated
platelet-rich plasma [26]; the concentration of Na*
in “low Na* medium” was sufficiently reduced to
block arachidonic acid mobilization in response to
“weak agonist” [28]. In some experiments, platelets
were incubated with 0.1 mM aspirin in the first wash-
ing fluid for 20 min at 37°.

Platelet response study. Platelet aggregation, per-
formed on 400 ul platelet suspension and in the pres-
ence of 0.35 mg/ml DFP-fibrinogen, was recorded
as change in light transmission for 3 min at 37° in an
aggregometer (Icare, France). In some experiments,
platelets were preincubated for 1 min at 37° with
50 uM SQ 29548 before stimulation. Since Na* is
required for platelets to uptake serotonin [35], plate-
lets were labeled in plasma with ['*C]serotonin
(1 #Ci/10 mi platelet-rich plasma). Release of sero-
tonin was measured as described previously [36] in
the presence of imipramine (5 uM) to avoid reuptake
of the released serotonin. Three min after addition
of agonist, platelets samples were centrifuged for
1 min in an Eppendorff microcentrifuge, and 100 ul
of supernatant counted for radioactivity. The release
of ["*C]serotonin was calculated as per cent of the
total radioactivity present in the platelet suspension
and corrected for non-specific release from non-
stimulated controls. The ability of platelets to syn-
thesize thromboxane (Tx) A, was monitored by
measuring its stable catabolite TxB,, using a
radioimmunoassay (RIA) kit from New England
Nuclear (Boston, MA). Before addition of agonist
(or solvent as control) and 1, 2, 3 and 5 min after,
20 ul aliquots from 400 ul platelet suspension were
removed and quenched in 380 ul of ice-cold RIA
buffer containing 0.5mM indomethacin. The
samples were stored at —20° until assay. Whatever
the composition of the medium, negligible amounts
of TxB, were found in non-stimulated platelets sus-
pensions. Therefore, quantification of the TxB,
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present in the stimulated platelets suspensions were
corrected for TxB, present in non-stimulated con-
trols.

RESULTS

Effect of low concentration of extracellular Ca** on
human platelet response to paf

The aggregating ability of paf was tested on washed
platelet suspensions containing 2 mM Ca?* from 41
donors. As described elsewhere [5, 37] the individual
sensitivity to paf was highly variable. Weak platelet
aggregation (less than 20% of increase in light trans-
mission) was observed in suspensions from 18 of
the subjects even when the paf concentration was
increased up to 40 uM. These weak responders were
therefore withdrawn from the present study.

In the presence of Ca?* at physiological con-
centration (2 mM), paf induced a dose-dependent
aggregation that for 19 of the 23 subjects kept for
the trial was always reversible (Fig. 1) and associated
with a release of [1*C]serotonin that did not exceed
25% (Fig. 2). In this condition, neither addition of
the thromboxane/PGH, receptor blocker SQ 29548
nor aspirin-treatment modified the extent of aggre-
gation and the release reaction (Figs 1 and 2), and
less than 1ng/ml of TxB, were detected (Fig. 3).
Similar results were obtained with 1mM Ca®*
present (data not shown).

In contrast, when Ca’?" was omitted from the
suspending medium (i.e. in low Ca?* medium that
contains 30 uM Ca®*), paf-induced aggregation
became irreversible and the release reaction could
exceed 60% (Figs 1 and 2). This increase in platelet
response was associated with a TxB, synthesis that
reached 45ng/ml (Fig. 3) and was suppressed by
aspirin-treatment or by addition of SQ 29548 (Figs 1
and 2). However, in the presence of physiological
concentrations of Ca?*, 4 out of the 23 subjects
tested displayed a cyclooxygenase-dependent second
wave of aggregation following stimulation with paf.

In conjunction with the results obtained with paf,
in low Ca?* medium ['*C]serotonin release induced
by 0.16 mM AA is significantly decreased, as com-
pared to the response in the presence of 2 mM Ca®*,
from 56.9 + 3.4% to 43.8 = 5.8% (means = SE of
experiments with platelets obtained from N = 7
different donors, P < 0.05 Student’s test for paired
data difference analysis). Whereas, no significant
modification was observed in thromboxane synthesis
in response to AA since 544 +202ng/ml and
703 = 357 ng/ml TxB, was detected in platelet sus-
pension with and without added Ca?* respectively
(N =3).

Effect of a low concentration of extracellular Na* on
human platelet response to paf

Low concentrations of extracellular Na™* inhibited
the cyclooxygenase-dependent second wave of plate-
let aggregation and its associated [!'*C]serotonin
release that were observed in response to paf stimu-
lation in low Ca?* medium (Fig. 4 and Table 1). The
thromboxane formation induced by paf in low Ca*
medium was suppressed when extracellular Na* was
reduced, whereas thromboxane synthesis that

C. LALAU KERALY, D. DELAUTIER and J. BENVENISTE

Table 3. Effect of low concentration of extracellular Na~
on human platelet aggregation (2mM Ca** present)

Aggregation

Agonist
(uM) +Na~ —Na* % inhibition
paf 0.02 33457 183=x5.1* 46 (10)
022 519%46  30.5+4.8*" 41 (14)
222 589=%37 37.4=%6.0** 36 (12)
444 544x30 20.1x49** 46 (7)
AA 160 754=x32 68.9=*44* 9 (12)

Values (means * SE) represent aggregation heights
(arbitrary units) of human platelets in medium with 2 mM
Ca?*. +Na* = 140 mM NaCl; —Na* = NaCl replaced by
140 mM N-methylglucamine hydrochloride. Numbers in
parenthesis indicate the number of experiments with plate-
let suspensions from different donors. Significance of dif-
ference from values obtained with stimulation of platelets
in buffer in presence of NaCl or N-methylglucamine hydro-
chloride: *P < 0.02; **P < 0.01; ***P < 0.001 (Student’s r-
test for paired data analysis).

Table 4. Effect of low concentration of extracellular Na*
on the ['*C]serotonin release from aspirin-treated platelets
in response to paf (2mM Ca?* present)

Percent release of [!“Clserotonin

paf

(uM) +Na* —Na+
0.2 11.5x24 2.5+09
0.4 126 £2.3 3.1x0.2
2.2 176 4.9 6.7 3.5

Values (means * SE) represent percent radioactivity
found in the supernatant of samples 3 min after stimulation
with paf-acether (paf) in a medium with 2mM Ca?".
+Na* = 140 mM NaCl present; —Na* = NaCl replaced by
140 mM N-methylglucamine hydrochloride. Experiments
with platelet suspensions from three different donors.

resulted from AA stimulation was not significantly
modified (Table 2).

When Ca?* was present at physiological levels,
low concentrations of extracellular Na* reduced the
extent of aggregation triggered by paf (up to 46%
inhibition, Table 3). The release of [!*C]serotonin
was also affected (up to 60% inhibition, Table 1).
Similar inhibitory effect of low Na* medium on
[**C]serotonin release induced by paf was observed
on aspirin-treated platelets (Table 4). Low extra-
cellular Na* concentration (2mM Ca’* present)
weakly affected platelet aggregation in response to
0.16 mM AA (Table 3). The [*C]serotonin released
from these platelets under the same experimental
conditions, was also significantly reduced from
63.0 £3.0% to 54.1 +3.9% in high and low Na*
medium respectively (N = 12 experiments with dif-
ferent donors, P < 0.001 Student’s test for paired
data difference analysis).

Thromboxane synthesis that resulted from AA
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stimulation in high or low Na* medium (2 mM Ca?*
present) was not significantly different with
544 = 202 ng/ml and 765 = 336 ng/ml TxB, detected
in medium containing high or low level of Na*
respectively.

DISCUSSION

This comparative study shows the influence of
extracellular Ca’* and Na* on human platelet
response to paf. Our results show an amplification
of platelet response to paf in low Ca’* medium.
This potentiation was dependent upon thromboxane
synthesis and regulated by extracellular Na*. The
present study further suggests that Na® controls
other mechanisms involved in human platelet acti-
vation apart from thromboxane synthesis.

In the presence of physiological concentrations
of Ca?* 2mM Ca?*), cyclooxygenase-dependent
metabolites do not participate in paf-induced platelet
activation since neither aspirin nor the thromboxane/
PGH, receptors antagonist SQ 29548 modified the
extent of aggregation and the release reaction. By
contrast, when platelets are aggregated by paf in a
low Ca?* medium 30 uM Ca’"), the arachidonate
pathway is activated, and it is the thromboxane and
the prostaglandin endoperoxides thus formed that
leads to further aggregation and the release reaction.
Indeed, treatment with SQ 29548 or aspirin abolished
this second phase of platelet response. The con-
ditions leading to secondary aggregation in low-Ca?*
medium are similar to those in citrated platelet-rich
plasma (PRP) which contains approximately 40 uM
Ca?* [26]. Our results could therefore explain the
fact that paf induces secretion and secondary aggre-
gation in citrated plasma almost exclusively via the
thromboxane pathway [11-18]. However, in the
presence of 2 mM Ca®*, 4 out of 23 subjects displayed
an aspirin-sensitive second wave of aggregation fol-
lowing paf stimulation. This suggests a predisposition
of a few subjects to synthesize effective amounts of
thromboxane during platelet activation by paf even
though a physiological concentration of Ca’" is
present. This observation might also partly explain
the contradictory results reported on the involve-
ment of the cyclooxygenase pathway in platelet
response to paf in the presence of millimolar Ca**
concentration [5, 8-10].

This activation profile in low Ca%" medium is not
agonist specific since as shown in earlier studies, it
can be brought about by ADP [22-24], epinephrine
[25] or polylysine [24, 38]. None of these agonists
induce thromboxane synthesis in the presence of 1
to 2 mM Ca®* [22-25, 38]. However, the mechanism
involved in the amplification of human platelets
response observed in low Ca®* medium is unknown.
The present data show that the systematic throm-
boxane synthesis observed when platelets are
exposed to pafin low Ca?* medium is not attributable
to the low Ca’* concentration per se, since unstimu-
lated platelets did not synthesize thromboxane either
in high or low Ca?* medium. This phenomenon could
not be related either to a more sensitive state of
human platelets in low Ca?* medium. In fact, our
results suggest that platelets are less responsive to
thromboxane in low Ca?* medium. Indeed.
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under AA stimulation, less [“*Clserotonin was
released than in the presence of 2mM Ca?* even
though similar amounts of thromboxane were
formed in both media. These observations are in
agreement with those of Packham et al. [24] who
showed that platelets response to the thromboxane
analogue U46619 was lower in the presence of a
micromolar than a millimolar range of Ca®* [24].

Low extracellular Na* concentration inhibited
thromboxane synthesis and its subsequent poten-
tiation of platelet response to paf when tested in low
Ca?* medium. This inhibition could be related to an
impairment of arachidonic acid mobilization rather
than to an alteration of the cyclooxygenase activity
since the conversion of arachidonic acid to throm-
boxane still occurred. These results are in agreement
with Limbird’s group observations on the role of Na*
and Na*/H* exchange in thromboxane synthesis by
platelets stimulated with ADP, epinephrine or paf
[27,28,39]. However, it is noteworthy that this
phenomenon was observed with platelets suspension
with no added Ca?* {27, 28], or in citrated plasma
[39], i.e. in low Ca?* medium.

The present data further suggest that the reduction
in the platelet response observed in low Na* medium
is not confined to an inhibitory effect on the cyclooxy-
genase pathway of platelet activation. Indeed, under
conditions where paf trigger platelet activation inde-
pendently of the cyclooxygenase pathway products,
i.e. in the presence of 2 mM Ca?* and/or after aspirin
treatment, the presence of low extracellular Na*
concentration inhibited both release reaction and
aggregation evoked by paf. The reduction in the
platelet response to paf in low Na* medium could
not be ascribed to an impairment of intracellular
Ca?* mobilization since the rise of Ca®* in aspirin-
treated platelet cytosol was unaffected by Na*
removal [30]. Neither could it be related to an alter-
ation in the paf interaction with its receptor since
Na™ ions have been shown to reduce the paf receptor
affinity [40].

Platelet activation involves sequential changes in
morphology which starting from an indented disc
moves to a sphere with short pseudopodia, and then
progresses to aggregation, secretion and clot retrac-
tion. The cytoskeleton provides the structural basis
for platelet morphology. Therefore, the observation
of a role for Na* influx as well as for cytoplasmic
alkalinization and Ca?* rise, in the polymerization
of platelet cytoskeleton to an activated state [41, 42]
might account in part for the general decrease in the
platelet response in low Na* medium.

In conclusion, the observation that the cyclooxy-
genase pathway is involved in human platelet acti-
vation triggered by paf is probably most often
attributable to the presence of unphysiological low
Ca’* concentrations in the extracellular medium. It
is unlikely that paf can trigger human platelets to
generate thromboxane in vivo where Ca®* is present
in a millimolar range. In contrast, platelet to platelet
close contact in low Ca®* medium favored the acti-
vation of the thromboxane pathway, this phenom-
enon being regulated by extracellular Na*. Our
results further emphasize the critical role of Ca?*
in the in vitro pharmacological studies on platelet
activation inhibitors.



3420

Acknowledgements—We would like to thank Drs R. L.
Kinlough-Rathbone, M. A. Packham and I. Maridonneau-
Parini for their fruitful discussions.

10.

11.

12.

13.

14,

15.

16.

REFERENCES

. Benveniste J, Henson PM and Cochrane CG, Leu-

cocyte-dependent histamine release from rabbit plate-
lets: the role of IgE, basophils and a platelet-activating
factor. J Exp Med 136: 1356-1377, 1972.

. Benveniste J, Tence M, Varenne P, Bidault J, Boullet

C and Polonsky J, Semi-synthese et stucture proposée
du facteur activant les plaquettes (PAF): PAF-acether,
un alkyl éther analogue de la lysophosphatidylcholine.
C R Acad Sc Paris, Serie D 289: 1017-1021, 1979.

. Demopoulos CA, Pinckard RN and Hanahan DJ,

Platelet-activating factor. Evidence for 1-O-alkyl-2-
acetyl-sn-glyceryl-3-phosphorycholine as the active
component (a new class of lipid chemical mediators).
J Biol Chem 254: 93559358, 1979.

. Benveniste J, Le Couedic JP and Kamoun P, Aggre-

gation of human platelets by platelet-activating factor.
Lancet i: 344, 1975.

. Vargaftig BB, Fouque F, Benveniste J and Odiot J,

Adrenaline and Paf-acether synergize to trigger
cyclooxygenase-independent activation of plasma-free
human platelets. Thromb Res 28: 557-573, 1982.

. Lalau Keraly C, Delautier D, Delabassée D, Chignard

M and Benveniste J, Inhibition by ticlopidine of Paf-
acether-induced in vitro aggregation of rabbit and
human platelets. Thromb Res 34: 463471, 1984,

. Rao GHR, Schmid HHD, Reddy KR and White JG,

Human platelet activation by an alkylacetyl analogue
of phosphatidylcholine. Biochim Biophys Acta 715:
205-214, 1982,

. Fouque F and Vargaftig BB, Triggering by Paf-acether

and adrenaline of cyclooxygenase-independent platelet
aggregation. Brit J Pharmacol 83: 625-633, 1984.

. Cattaneo M, Caciani MT and Mannucci PM, Human

platelet aggregation and release reaction induced by
Platelet-activating factor (PAF-acether). Effects of
acetysalicylic acid and external ionized calcium. Throm
Haemostas 53: 221-224, 1985.

Zanetti A, Zatta A, Prosdocimi M and Dejana E, The
effect of AD6 (8-monochloro-3-g-diethylamino-ethyl-
4-methyl-7-ethoxy-carbonylmethoxycoumarin), on
washed human platelet aggregation induced by platelet-
activating factor (PAF) and epinephrine. Eur J Phar-
macol 128: 119-127, 1986.

McManus LM, Hanahan DJ and Pinckard RN, Human
platelet stimulation by acetyl-glyceryl-ether-phospho-
rylcholine. J Clin Invest 67: 903-906, 1981.

Marcus AJ, Safier LB, Ullman HL, Wong KTH,
Broeckman MJ, Weksler BB and Kaplan KL, Effects
of acetyl glyceryl ether phosphorylcholine on human
platelet function in vitro. Blood 58: 1027-1031, 1981.
Macconni D, Morzenti G, Livio M, Morelli C, Cassina
G and Remuzzi G, Acetyl glycerylphosphorylcholine
aggregates human platelets through two distinct path-
ways, both dependent on arachidonic acid metabolism.
Lab Invest 52: 159-168, 1985.

Lauri D, Cerletti C and De Gaetano G, Amplification
of primary response of human platelets to Platelet-
activating factor: aspirin-sensitive and aspirin-insen-
sitive pathways. J Lab Clin Med 105: 653-658, 1985.

Ostermann G, Till U and Thielmann K, Studies on the
stimulation of human blood platelets by semi-synthetic
Platelet-activating factor. Thromb Res 30: 127-136,
1983.

Korth R, Hillmar I, Muramatsu T and Zollner N, 1-O-
alkyl-2-O-acetyl-sn-glycero-3-phosphocholines:  influ-
ence on aggregation and [H]serotonin release of

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

C. LaLAaU KERALY, D. DELAUTIER and J. BENVENISTE

human thrombocytes. Chem Phys Lipids 33. 47-53,
1983.

Sturk A, Asyee GM, Schaap MCL, Van Maanen M and
Ten Cate JW, Synergistic effects of Platelet-activating
factor and other platelet agonists in human platelet
aggregation and release: the role of ADP and products
of the cyclooxygenase pathway. Thromb Res 40: 359-
372, 1985.

Zatta A, Zanetti A, Dejana E and Prosdocimi M, At
low extracellular calcium concentration Platelet acti-
vating factor induces beta thromboglobulin release
from human platelets through thromboxane-
endopercxydes formation. Agents Actions 22: 151-158,
1987.

Chesnay CM, Pifer DD, Byers LW and Muirhead EE,
Effect of Platelet-activating factor (PAF) on human
platelets. Blood 59: 582-585, 1982.

Kioprogge E, De Haas GH, Gorter G and Akkerman
JWN, Stimulus-response coupling in human platelets.
Evidence against a role of Paf-acether in the “third
pathway”. Thromb Res 30: 107-112, 1983.
Kloprogge E, De Haas GH, Gorter G and Akkerman
JWN, Properties of Paf-acether-induced platelet aggre-
gation and secretion. Studies in gel-filtrated human
platelets. Thromb Res 29: 595-608, 1983.

Mustard JF, Perry DW, Kinlough-Rathbone RL and
Packham MA, Factors responsible for ADP-induced
release reaction of human platelets. Am J Physiol 228:
1757-1765, 1975.

Kinlough-Rathbone RL, Mustard JF, Packham MA,
Perry DW, Reimers H-J and Cazenave J-P, Properties
of washed human platelets. Thromb Haemostas 37:
291-308, 1977.

Packham MA, Kinlough-Rathbone RL and Mustard
JF, Thromboxane A, causes feedback amplification
involving extensive thromboxane A, formation upon
close contact of human platelets in media with a low
concentration of ionized calcium. Blood 70: 647-652,
1987.

Lalau Keraly C, Kinlough-Rathbone RL, Packham
MA, Suzuki H and Mustard JF, Conditions affecting
the responses of human platelets to epinephrine.
Thromb Haemostas 60: 209-216, 1988.

Lages B and Weiss HJ, Dependence of human platelet
functional responses on divalent cations: aggregation
and secretion in heparin- and hirudin- anticoagulated
platelet-rich plasma and the effects of chelating agents.
Thromb Haemostas 45: 173-179, 1981.

Connolly TM and Limbird LE, Removal of extra-
cellular Na™ eliminates indomethacin-sensitive
secretion from human platelets stimulated by epine-
phrine, ADP, and thrombin. Proc Natl Acad Sci USA
80: 5320-5324, 1983.

Sweatt JD, Johnson SL, Cragoe EJ and Limbird LE,
Inhibitors of Na*/H" exchange block stimulus-pro-
voked arachidonic acid release in human platelets.
Selective effects on platelet activation by epinephrine,
ADP, and lower concentration of thrombin J Biol
Chem 260: 12910-12919, 1985.

Sweatt JD, Connolly TM, Cragoe EJ, and Limbird LE,
Evidence that Na*/H* exchange regulates receptor-
mediated phospholipase A, activation in human plate-
lets. J Biol Chem 261: 8667-8673, 1986.

Sage SO and Rink T, Effects of ionic substitution on
[Ca?*]; rises evoked by thrombin and PAF in human
platelets. Eur J Pharmacol 128: 99-107, 1986.
Molnar J and Lorand L, Studies on apyrases. Arch
Biochem Biophys 93: 353-363, 1961.

Ogletree ML, Harris DN, Greenberg R, Haslanger MF
and Nakane M, Pharmacological actions of SQ 29548,
a novel selective thromboxane antagonist. J Pharmacol
Exp Ther 234: 435-441, 1985.

Kinlough-Rathbone RL, Packham MA and Mustard



34.

35.

36.

37.

38.

Calcium, sodium and human platelet activation

JF, Platelet aggregation. In: Methods in Haematology.
Measurements of platelet function (Eds. Harker LA and
Zimmerman TS), pp. 64-91. Churchill Livingstone,
Edinburgh, 1983.

Motulsky HJ and Insel PA, Influence of sodium on the
a,-adrenergic receptor system of human platelets. Role
for intraplatelet sodium in receptor binding. J Biol
Chem 258: 3913-3919, 1983.

Rudnick G, Active transport of 5-hydroxytryptamine
by plasma membrane vesicles isolated from human
blood platelets. J Biol Chem 252: 2170-2174, 1971.
Greenberg J, Packham MA, Cazenave, J-P, Reimers
H-J and Mustard JF, Effects on platelet function of
removal of platelet sialic acid by neuraminidase. Lab
Invest 32: 476-484, 1975.

Tsien W-H, Ashley CJ and Sheppard H, Variable
responses of human platelets to synthetic Platelet-acti-
vating factor and their modification by epinephrine.
Thromb Res 28 587-591, 1982.

Guccione MA, Packham MA, Kinlough-Rathbone RL,

BP 38:20-C

39.

40.

41.

42.

3421

Perry DW and Mustard JF, Reaction of polylysine with
human platelet in plasma and in suspensions of washed
human platelets. Thromb Haemostas 36: 360-375,
1976.

Sweatt JD, Schwartzberg MS, Frazer M, Cragoe EJ,
Blair IA, Reed PW and Limbird LE. Evidence for
a role for Na*-H* exchange in activation of human
platelets by PAF. Circ Res 61(suppl. II): 6-11, 1987.
Hwang S-B, Lam M-H and Pong S-S, Ionic and GTP
regulation of binding of platelet-activating factor to
receptors and platelet-activating factor-induced acti-
vation of GTPase in rabbit platelet membranes. J Biol
Chem 261: 532-537, 1986.

Leven RM, Gonnella PA, Reeber MJ and Nachmias
VT, Platelet shape change and cytoskeltal assembly:
effects of pH and monovalent cation ionophores.
Thromb Haemostas 49: 230-234, 1983.

Nachmias VT, Yoshida KJ and Glennon MC, Lowering
pH in blood platelets dissociates myosin phospho-
rylation from shape change and myosin association with
the cytoskeleton. J Cell Biol 105: 1761~1769, 1987.



