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Summary. The platelet-activating factor (PAF) produced by mouse embryos showed
similar kinetics of action and dose\p=n-\responsecurve, in a bioassay, as did 1-0-alkyl-2\x=req-\
acetyl-sn-glyceryl-3-phosphocholine (PAF-acether). The activity of the embryo\x=req-\
derived PAF was not affected by inhibitors of the ADP (pyruvate kinase with phos-
phoenol pyruvate) or cyclo-oxygenase (indomethacin) pathways of platelet activation.
Chlorpromazine, an inhibitor of the PAF-acether pathway of platelet activation,
caused a significant inhibition of the effects of embryo-derived PAF. Phospholipases
A2, C and D significantly inhibited the activity while lipase had no effect, suggesting a

phospholipid structure. All the embryo-derived PAF was found in the chloroform frac-
tion after chloroform:methanol (2:1 v/v) extraction, as was PAF-acether. Both factors
migrated at a similar rate (Rf0\m=.\10\p=n-\0\m=.\12)on silica thin-layer chromatography
(chloroform:methanol:water; 65:35:4 by vol.). The embryo-derived PAF therefore
displays chemical, biochemical and physiological properties similar to those of PAF\x=req-\
acether.

Introduction

The initial maternal response to conception in mice was shown to be platelet activation, resulting in
splenic contraction and mild thrombocytopenia (O'Neill, 1985a). This response to the presence
of the zygote occurred within hours of fertilization. Early pregnancy-associated thrombocytopenia
was not a consequence of the activation of the fluid phase of the blood coagulation cascade or

of the maternal immunological recognition of the embryo: the preimplantation mouse embryo
produced a soluble platelet-activating factor in vitro that had a temporal profile of induction of
thrombocytopenia that was similar and a dose-response that was parallel to that caused by
the platelet-activating factor, l-0-alkyl-2-acetyl-s«-glyceryl-3-phosphocholine (PAF-acether)
(O'Neill, 1985b). Further characterization of the embryo-derived platelet-activating factor was

carried out and its biochemical and physiological characteristics were compared with those of
PAF-acether.

Materials and Methods

Mice of the Quackenbush strain were exposed to light from 07:30 h to 21:30 h. Females, 6-8
weeks of age, were induced to superovulate by intraperitoneal (i.p.) injection of 5-10 i.u. PMSG
(Folligon: Intervet, Boxmeer, The Netherlands) given at 15:00-17:00 h, followed 46-50 h later by
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an i.p. injection of 5-10 i.u. hCG (Chorulon: Intervet). After the second injection females were

placed with fertile or vasectomized males and checked the following morning for copulation plugs
(= Day 1 of pregnancy). On Day 2 embryos at the 8-16-cell stage, or unfertilized eggs, were
collected from the oviducts of pregnant or pseudopregnant mice respectively. Unfertilized eggs and
all morphologically normal embryos were pooled and groups of 30 were placed in 200 µ Medium
W! containing 3 mg BSA/ml (O'Neill & Quinn, 1981) in disposable Petri dishes (Sterilin Ltd,
Teddington, Middlesex, U.K.) for 24 h. After culture the embryos or eggs were removed and the
culture medium was frozen immediately.

Bioassayfor the embryo-derivedplatelet-activatingfactor
The assay was carried out as previously described (O'Neill, 1985b). Briefly, medium or test

substances were given as a single i.p. injection (300 µ ) into splenectomized mice. Platelet counts
were performed immediately before and 30 min after injection. Animals were bled under light
anaesthesia from the peri-orbital plexus and 10 µ blood were diluted into 2 ml ammonium oxalate
(1 % w/v). In each assay, samples of PAF-acether were run as positive controls.

PAF-acether (Calbiochem-Behring, Aust. Pty Ltd, Sydney, Australia) was resuspended in
chloroform:methanol (2:1, v/v) under N2 and was then diluted to 3-3 µg/ml in phosphate-buffered
saline (pH 7-4) containing 0-25% BSA (Commonwealth Serum Laboratories, Melbourne,
Australia).

Experiment 1

The aim of this experiment was to determine whether inhibitors of the three pathways of
platelet activation could block the platelet-activating effects of the embryo culture medium.

Indomethacin (Sigma Chemical Co., St Louis, MO, U.S.A.) was prepared as a 1 ml solution in
ethanol and then diluted to 10 µ in 0-154M-NaCl. Various volumes of this solution (10, 20 and
40 µ ) were mixed with 300 µ of control medium, embryo culture medium or PAF-acether and the
solutions were tested in the mouse bioassay.

Following the method of Haslam (1964), stock solutions of 28 mM-phosphoenol pyruvate
(Calbiochem-Behring) and 300 U pyruvate kinase/ml (EC 2.7.1.40: Calbiochem-Behring) in
Medium Wt were prepared. Some (10 µ ) of each stock was added to 200 µ of control medium,
embryo culture medium or PAF-acether. The solutions were incubated at 37°C for 30 min before
injection into splenectomized mice.

Chlorpromazine HC1 (Chlorpromazine injection B.P., David Bull Laboratories Pty Ltd,
Mulgrave, Victoria) was mixed with Medium W, to give a final concentration of 150, 300 and
450 µg/ml. Aliquants (200 µ ) of other solutions were tested in splenectomized mice.

Experiment 2

Structural analysis of PAF-acether using phospholipases and lipase was described by
Benveniste, Le Couedic, Polonsky & Tence (1977), and similar studies were performed on

embryo-derived PAF. Control and embryo culture media were treated with the following enzymes
at a final concentration of 0-5 i.u./ml: phospholipase A2 (EC 3.1.1.4: from pig pancreas; Sigma);
phospholipase C (EC 3.1.4.3: from B. cereus; Sigma); phospholipase D(EC 3.1.4.4: from cabbage;
Sigma); and lipase (EC 3.1.1.3: pancreas; Calbiochem-Behring). Phospholipases A2 and C were

incubated for 30 min at 37°C with regular agitation. Phospholipase D was incubated for 1 h at
room temperature and lipase was left for 2-5 h at 37°C with constant agitation. Immediately after
treatment, the media were injected into splenectomized mice.
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Experiment 3

Extraction of the lipid fraction of culture medium was carried out as described by Lotner,
Lynch, Betz & Henson (1980). Culture media were extracted with a chloroform:methanol:water
(6:6:5-4, by volume) system. Methanol (A.R. grade, Ajax Chemical Co., Australia) was added to
the culture medium, or to the PBS-BSA containing PAF-acether, in a ratio of 6:4 (v/v). The con¬

tents were mixed at room temperature for 45 min. The protein was precipitated by the methanol
and removed by centrifugation at 4000 # for 20 min at 4°C. Water and chloroform (Ajax Chemi¬
cals) were added to the supernatant with gentle mixing. The methanol-water layer was removed by
a Pasteur pipette and the lipid-containing chloroform phase was retrieved.

The solvent was evaporated under a stream of N2. The residue was resuspended in PBS-BSA
for testing in the splenectomized mouse assay or in a minimal volume of chloroform:methanol
(2:1 v/v) for characterization by thin-layer chromatography (U.c.). The samples were spotted onto
silica-gel U.c. plates (silica gel, 0-2 mm thick: E. Merck AG, Darmstadt, West Germany) which had
been previously washed with methanol. The plates were run in a solvent system of chloroform:
methanokwater (65:35:4 by volume) (Lotner et al., 1980). Sections (10 mm  3 mm) of the
chromatogram were scraped from the plate and suspended in chloroform:methanol (2:1 v/v) to
elute active fractions, and the silica was removed by centrifugation at 700 £ for 10 min. Each section
was a progression of approximately 002 R{ units. The eluting substances were dried under N2 and
the residue was resuspended into 300 µ , PBS-BSA and tested in the splenectomized mouse system.

Results

Embryo culture medium induced thrombocytopenia (P < 001) in splenectomized mice while
medium in which unfertilized eggs were cultured had no significant effect (Table 1). The platelet-
activating effects of embryo culture medium were not altered by treatment with indomethacin or

Table 1. The relative change to the platelet count from splenectomized mice
caused by: (1) culture medium in which unfertilized eggs were incubated; (2)
culture medium in which 8-16-cell embryos were cultured for 24 h and (3) PBS
containing 3-3 µg PAF-acether/ml and the effect of treatment of these fluids with

various inhibitors of platelet activation

Platelet count relative to prior count (%)
Treatment Control medium Embryo medium PAF-acether

Control
(untreated media) 1031+4-7 721+31 65-3±8-l

Phosphoenol pyruvate
and pyruvate kinase 106-6±4-9 70-6±5-7 63-9 + 3-8

Indomethacin 101-3 + 61 690 + 21 61-8 + 3-8
Phosphoenol pyruvate/

pyruvate kinase and
indomethacin 104-9 + 3-6 70-2±2-l 671+4-3

Control 104-7 ±3-0 72-7 + 2-9 671+3-8
Chlorpromazine 98-7±4-5 90-6±2-3* 83-3 + 3-7*

Control 101-2±l-9 73-5±3-7 681 ± 1-2
Phospholipase A2 92-1 ±6-7 91-8 + 2-3* 79-9 ±21*
Phospholipase C 106-l±3-2 86-5 + 3-6* 78-3±2-7*
Phospholipase D 94-7 + 4-5 93-6±6-4* 80-1+3-5*

The results are the mean ± s.e.m. of 3 replicates.
*P<005 compared with control value (analysis of variance).
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Table 2. The platelet count of splenectomized mice after injection of the
lipid fraction, before and after thin-layer chromatography (t.l.c.) of
control and embryo culture medium and platelet-activation factor (in

PBS containing 0-25% BSA)
Platelet count relative to prior count (%)

Treatment Control Embryo PAF

Untreated medium 98-8 74-2 70-8
Chloroform fraction 1051 104-2 991
t.l.c. fractions
(Rfunits)

002-004 105-2 104-4 99-8
004-006 103-4 1000 106-2
006-008 96-8 99-7 102-7
008-010 102-4 981 94-3
010-012 100-7 80-5 76-4
0-12-0-14 97-3 86-3 79-4
014-016 104-8 106-3 104-3
016-018 101-7 101-7 97-6
0-18-0-20 109-3 98-4 101-2

The results are the mean of 2 replicates.

the removal of ADP by phosphoenol pyruvate and pyruvate kinase (Table 1). Chlorpromazine
caused a significant inhibition of the effects of embryo-derived PAF and PAF-acether (Table 1).
Both substances showed a significant reduction in activity after treatment with phospholipase A2,
phospholipase C and phospholipase D (Table 1): lipase had no inhibitory effect on the activity of
the embryo culture medium or PAF-acether.

The lipid fraction of the embryo culture medium contained all of the embryo-derived PAF. The
identity of the factor was further characterized by t.l.c. The bulk of the activity migrated at Rf
010-012 (Table 2). Synthetic PAF-acether displayed an identical profile (Table 2).

Discussion

Promoters of platelet activation are many and varied, but can be divided into a number of
categories: (1) macromolecules, e.g. collagen; (2) enzymes, e.g. thrombin; (3) small molecules, e.g.
adrenaline, ADP, PGs and PAF-acether; and (4) particles, e.g. antigen-antibody complexes and
latex (reviewed by Holmsen, Salganicoff & Fukami, 1977). Despite this array of known activators,
they are all thought to act via one of three pathways (Haslam, 1964) which converge to give a single
response. Such 'stimulus-response coupling' by platelets simplifies, to some extent, the study of the
causes of platelet activation.

The three pathways of platelet activation are initiated by: (1) adenosine diphosphate (ADP)
(Born, 1962); (2) the products of cyclo-oxygenase action on arachidonic acid (Vargaftig & Zirinis,
1973); and (3) platelet-activating factor (PAF-acether) (Chignard, Le Couedic, Tence, Vargaftig &
Benveniste, 1979). In any particular circumstance it is possible to test which pathway is responsible
by their sequential and concurrent inhibition. The ADP pathway is inhibited by the addition of
phosphoenol pyruvate and pyruvate kinase which converts ADP to ATP (Born, 1962). The enzyme
cyclo-oxygenase converts arachidonic acid to endoperoxide derivatives (Samuelsson, 1969) which
cause platelet activation. This enzyme is inhibited by aspirin or indomethacin (Ferreira & Vane,
1974) and so indomethacin blocks the second pathway of activation. The PAF-acether pathway is
characterized by its property of causing platelet activation in the presence of inhibitors of the
adenosine diphosphate- and cyclo-oxygenase-dependent pathways (Chignard et al., 1979). The
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involvement of this pathway is confirmed by examination of the biochemical properties of the
activator, i.e. its sensitivity to phospholipases (Benveniste et ai, 1977), its characteristic mobility
during t.l.c. (Tence, Polonsky, Le Couedic & Benveniste, 1980), and its inhibition by membrane-
active drugs such as chlorpromazine (Cazenave, Benveniste & Mustard, 1979).

The present results confirm earlier reports (O'Neill et al., 1985; O'Neill, 1985b) that the pre-
implantation embryo of the mouse produces a platelet-activating factor. It was previously reported
that neither ADP nor arachidonic acid could mimic the effects of the embryo-derived PAF in the
mouse bioassay (O'Neill, 1985b). In support of those findings, the platelet-activating effect of
embryo culture medium was not altered by inhibition of the ADP and cyclo-oxygenase pathways of
platelet activation (Table 1) and therefore did not appear to be acting along either of the first two
pathways of platelet activation.

Embryo-derived PAF had a temporal profile of induction of thrombocytopenia in splenec¬
tomized mice that was similar to and a dose-response curve that was parallel to that caused by
PAF-acether (O'Neill, 1985b). Both factors were partly deactivated by phospholipases A2, C and D
but not by lipase (Table 1). The degree of deactivation was greater for embryo-derived PAF than
for PAF-acether. This may suggest different chemical characteristics or it may be due to slight
difference in concentration of the two chemicals. The dose-responses of both are relatively flat at
these doses (O'Neill, 1985b) so that apparently similar doses may in fact be significantly different.
Chlorpromazine caused a significant inhibition of the platelet-activating effects of embryo-derived
PAF and PAF-acether (Table 1).

After chloroform:methanol extraction embryo-derived PAF and PAF-acether activity were
found in the chloroform fraction and both factors displayed the same rate of migration
{R{ 0TO-OT2) on silica t.l.c. (Table 2). Using the same methods, Lotner et al. (1980) showed that
PAF-acether had an R{ value of 0-10-0-11.

Insufficient material from the embryo culture medium has been collected to provide definitive
chemical characterization of the platelet-activating factor produced by the zygote. Tence et al.
(1980) proposed that if platelet activation occurs independently of the ADP and cyclo-oxygenase
pathways and if the factor is partly purified and shown to migrate with characteristic mobility on
t.l.c. or HPLC, that is sufficient evidence to assign the activation to the PAF-acether pathway.
Embryo-derived PAF fulfils these criteria and it displays other chemical, biochemical and physio¬
logical similarities to PAF-acether.

PAF-acether is synthesized by the release of l-O-alkyl-glycero-3-phosphocholine from phos-
pholipids by phospholipase A2 followed by the addition of the acetyl moiety of acetyl-coenzyme A
by acetyl transferase (Ninio, Mencia-Huerta, Heymans & Benveniste, 1982). The preimplantation
mouse embryo was capable of incorporating methyl-[3H]choline into phosphocholine, phos-
phatidylcholine and lysolecithins, via the Kennedy pathway (Pratt, 1980). Embryo extracts showed
considerable phospholipase A activity, resulting in the deacylation of exogenous phospholipids
(Pratt, 1980). Whether preimplantation embryos also contain an acetyl transferase capable of con¬

verting the lyso-phosphocholines into active PAF-acether is still to be determined. Preimplantation
embryos, prelabelled with [3H]choline, lost 10—40% of labelled phospholipids during a 24-h culture
period and it was suggested that this was due to turnover of membrane phospholipids (Pratt, 1980).
In view of the present findings, it will be necessary to perform pulse-chase studies to determine
whether some of this label is released as embryo-derived PAF.
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