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Characterization of receptors for platelet-activating
factor on platelets, polymorphonuclear leukocytes and
macrophages
A.G. Stewart & G.J. Dusting
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I We have compared the potency of the putative platelet-activating factor (Pao) receptor antago-
nists (WEB 2086, L-652,731 and BN 52021) against Paf-induced aggregation of rabbit and guinea-
pig platelets, aggregation of rabbit polymorphonuclear leukocytes (PMNLs) and prostacyclin
generation by guinea-pig resident peritoneal macrophages.
2 On rabbit washed platelets and PMNLs WEB 2086, L-652,731 and BN 52021 each antagonized
competitively Paf-induced aggregation. The rank order of potency was WEB 2086 n L-652,
731 > BN 52021 and was the same for the two cell types.
3 The pA2 values for each of the three antagonists were similar on rabbit washed platelets and
PMNLs. Moreover, the pA2 for WEB 2086 on rabbit platelets (7.58) did not differ significantly from
that on guinea-pig platelets (7.69).
4 On guinea-pig resident peritoneal macrophages WEB 2086 was 10 fold less potent for receptors
mediating increased generation of 6-oxo-prostaglandin Fl. (6-oxo-PGF1g) than for those mediating
platelet aggregation.
5 The potencies of L-652,731 and BN 52021 were also markedly less (2 log units) for the macro-
phage receptors than for platelet or PMNL receptors and BN 52021 was more potent than L-652,
731 in the macrophages.
6 WEB 2086 and L-652,731 significantly reduced basal 6-oxo-PGF1. produced by macrophages,
but none of the antagonists affected 6-oxo-PGF1, production during stimulation by A23187.
7 These data raise the possibility that there may be a Paf receptor-subtype mediating prostacyclin
generation in macrophages that is different from that on the platelet and PMNL. Hence, the
potency of Paf antagonists against platelet aggregation would not be a good predictor of antagonist
potency in disorders involving macrophages.

Introduction

Platelet-activating factor (Pao) is one of a family of
phospholipids unique in their ability to elicit bio-
logical effects at sub-nanomolar concentrations. Paf
is released from and activates platelets, polymor-
phonuclear leukocytes (PMNLs) and macrophages
in a concentration-dependent manner (Benveniste,
1985). These actions, together with marked effects on
the cardiovascular and respiratory systems have
raised considerable interest in its role in both ana-
phylaxis and inflammation (see Braquet et al., 1987
for a review).
The recent availability of a number of inhibitors of

Paf-induced effects has led to further investigation of
its proposed roles in models of anaphylaxis and
inflammation. Furthermore, on the basis of structur-

al requirements for agonist activity, it has been sug-
gested that Paf acts at specific receptor sites (Hwang
et al., 1983). Compounds such as BN 52021 (Braquet
et al., 1985; Nunez et al., 1986), L-652,731 (Hwang et
al., 1985) and WEB 2086 (Casals-Stenzel et al., 1987)
have been described as selective, competitive Paf
receptor antagonists for Paf-induced platelet aggre-
gation and have been used to implicate Paf in
cardiac anaphylaxis (Piper & Stewart, 1986a), endo-
toxin shock (Terashita et al., 1985; Adnot et al.,
1986; Wu et al., 1986; Casals-Stenzel, 1987a), pul-
monary anaphylaxis (Touvay et al., 1985; Vilain et
al., 1986) and allergic inflammation (Hellewell &
Williams, 1986).

Despite the large number of putative receptor
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antagonists and the growing evidence of the prob-
able importance of Paf in human disease, there have
been few rigorous studies directed towards classi-
fication of Paf receptors. In many such studies only
single concentrations of Paf have been used which
preclude a comparison of antagonist potencies in the
same system (usually aggregating platelets), and
these studies also preclude comparisons of potency
with other systems such as PMNL aggregation.
However, there is evidence based on estimates of
pA2 values for kadsurenone that the macrophage
possesses a receptor subtype for Paf not shared by
platelets Qr PMNLs (Lambrecht & Parnham, 1986).
Furthermore, the insensitivity of the PMNL receptor
mediating shape changes to L-652,731 (Voelkel et al.,
1986) suggests that these receptors may be distinct
from those mediating aggregation.
The present experiments were carried out to

examine systematically pA2 values for BN 52021,
L-652,731 and WEB 2086 in platelets, PMNLs and
guinea-pig resident peritoneal macrophages. We
suggest that the Paf receptor on the macrophage is a
distinct receptor subtype which shows lower affinity
for Paf receptor antagonists than do platelet or
PMNL receptors.

Methods

Isolation ofplatelets

Adult male rabbits (2-4 kg) were anaesthetized by
intravenous administration of propanidid. Blood
was collected via a cannula placed in the right
carotid artery and immediately mixed with trisodium
citrate (0.38% w/v, final concentration). Citrated
platelet-rich plasma (PRP) was obtained by centrifu-
gation (20 min at 150g) at ambient temperature.
Prostacyclin (PGI2) was added to a final concentra-
tion of 300ngml-' as an anticoagulant during the
washing procedure (Vargas et al., 1982) which
involved isolating platelets by centrifugation (10min
at 1000 g) and resuspending in HEPES-buffered
Tyrode solution (see below for composition). The
platelets were washed twice, counted using an
improved Neubauer chamber, resuspended in buffer
(containing 1.8mm Ca2+) at a concentration of
2 x 108mlP1 and kept at ambient temperature for
3 h during which time the effects of PGI2 subsided.
The HEPES-buffered Tyrode solution was of the fol-
lowing composition (mM): HEPES (N-2-hydroxy-
ethyl piperazine-N-2-ethane sulphonic acid) 10,
NaCl 137, NaHCO3 11.9, NaH2PO4 0.4, KCl 2.7,
MgCl2 0.26, D(+)glucose 11, bovine serum albumin
(BSA) 0.25% w/v, pH 7.4; solutions used for final
resuspension contained CaCl2 1.8 mM). Platelets

were isolated from male guinea-pigs (400-600g) by
the same method.

Isolation ofpolymorphonuclear leukocytes

Rabbit polymorphonuclear leukocytes (PMNLs)
were isolated from peripheral blood (Haslett et al.,
1985) which was obtained as described above. Fol-
lowing the aspiration of citrated PRP from 50ml
whole blood, the pellet was mixed with 5 ml 6%
(w/v) dextran (mol. wt., 5 x 105), the volume was
adjusted to 50 ml with isotonic saline and the
mixture was allowed to stand at ambient tem-
perature for approximately 1 h during which time the
red blood cells (RBCs) sedimented. The supernatant
was aspirated and cells were sedimented by centrifu-
gation (5 min at 750 g). The resulting pellet was
resuspended in 10 ml isotonic saline: platelet poor
plasma (4: 1), underlayered with 3 ml Ficoll-Paque
solution and subjected to centrifugation at lOOOg for
25 min. The pellet, containing PMNLs and RBCs
was resuspended in HEPES buffer containing iso-
tonic ammonium chloride (10 mm HEPES, 150 mM
NH4Cl, pH 7.4) and incubated at 37°C for 10min to
lyse contaminating RBCs. Following RBC lysis the
PMNLs were sedimented by centrifugation (1000g,
10min) and washed twice using HEPES-buffered
Tyrode (0.25% BSA, 0 Ca2 +). Cells were
resuspended in this buffer and the concentration was
adjusted to 5 x 106 mlP- after counting using a hae-
mocytometer. Cell viability, assessed by exclusion of
trypan blue, exceeded 90%. Calcium (1.8 mM) was
added and PMNLs were used for aggregation
studies (Cunningham et al., 1980) within 3 h.

Platelet and polymorphonuclear leukocyte aggregation

Aggregation studies were carried out at 37°C in a
Chronolog 540 aggregometer. The reference cells
contained a 1 in 10 dilution of platelets or cells and
the data are presented as percentage increases in
light transmission. Antagonists or the vehicle (1%
dimethylsulphoxide, DMSO) were added 1 min
before the addition of Paf. Aggregation responses
were allowed to develop until a maximum change in
light transmission occurred.

Guinea-pig peritoneal macrophages

Resident macrophages were obtained by peritoneal
lavage of male guinea-pigs (400-500 g). A 50 ml
volume of sterile, heparinized (50 u ml- 1), phosphate-
buffered saline was injected (i.p.) and the peritoneal
cavity was gently massaged for 1 min. The peritoneal
fluid was aspirated and the cells were isolated by
centrifugation (1000g, 10 min). Following
resuspension in RPMI 1640 (20% foetal calf serum,
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Table I The potency of Paf on rabbit platelet
and polymorphonuclear leukocyte (PMNL) aggre-
gation and guinea-pig macrophage prostacyclin (6-
oxo-prostaglandin F1.) production

Platelet
PMNL
Macrophage

n -log ECo

8 9.66+0.14
9 8.56* + 0.03
17 9.02* + 0.10

Max.

62.61 + 2.1
12.11 + 3.1
3.282 + 0.41

The data are presented as mean + s.e.mean.
* P < 0.01, unpaired Student's t test, compared
with -log EC50 on platelets.
l Maximum responses for aggregation are
expressed as percentage increase in light transmis-
sion.
2 Maximum response for macrophage 6-oxo-
PGF,, generation is expressed as pmol per 106
cells h-'. By comparison, A23187 (10pM) stimu-
lated 6-oxo-PGFia generation to 7.34 + 0.63 pmol
per 106 cells h'- .

FCS) the cell concentration was adjusted to
1 x 106 ml -". The resulting cell suspension was
added in 0.5ml aliquots per well to linbro 24 well
plastic culture plates and allowed to adhere for a 2h
period. The adherent cells were then washed once
with RPMI 1640 without FCS and incubations were
carried out in RPMI 1640 without FCS or BSA. The
Paf antagonists were added in a volume of 5 y1
dimethylsulphoxide (DMSO) and allowed to equili-
brate for 5min at 370C before the addition of Paf
(0. 1-100 nM, 5 rl in 0.25% BSA). The incubation con-
tinued for 60 min at which time an aliquot of the
supernatant was removed for radioimmunoassay
(RIA) of 6-oxo-prostaglandin Fla (6-oxo-PGF1.)
without prior extraction according to the method of
Salmon (1978). None of the agents used in this study
interfered with the RIA of 6-oxo-PGF,,. Ninety-
eight % of the adherent cells showed positive non-
specific esterase staining indicating a relatively pure
population of macrophages.

Analysis ofPafreceptors

Logarithmic concentration-response relationships
for Paf were established in platelets, PMNLs and
macrophages in the absence and presence of 3 con-
centrations of the Paf-receptor antagonists. The data
were first examined for differences in maximum
responses and departure from parallelism and linear-
ity by established methods (Diem, 1962). When
the antagonist had no effect on the maximum
response and the concentration-response lines did
not depart from parallelism or linearity, the log
concentration-response lines in individual experi-
ments were subjected to regression analysis and
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Figure 1 Antagonism of Paf-induced aggregation of
rabbit washed platelets by (a) WEB 2086 (x, 10-8; .,
10' and A, 10-6M), (b) BN 52021 (x, 10-7; El, 10-6
and A, 10-SM) and (c) L-652-731 (x, 10-8; E, 10-7
and A, 10-6 M). (0) Control responses to Paf. Ordinate
scales: peak increase in percentage light transmission.
Abscissa scales: logarithm of the molar concentration of
Paf. Data are presented as the means of 6-7 observa-
tions and vertical lines indicate s.e.mean.
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Table 2 Schild plot analysis for BN 52021, L-652,731 and WEB 2086 on rabbit washed platelets, polymor-
phonuclear leukocytes (PMNLs) and guinea-pig peritoneal macrophages

Antagonist pA2

WEB 2086
L-652,731
BN 52021

7.58 + 0.21
7.51 + 0.16
6.85 + 0.18

Platelet
Slope

1.02 + 0.06 (7)
0.91 + 0.08 (7)
0.90 + 0.06 (7)

(n) pA2

7.57 + 0.08
7.15 + 0.09
6.31* + 0.17

PMNL
Slope

0.96 0.04
0.98 0.05
1.01 + 0.08

Macrophages
(n) pA2 Slope

(7)
(7)
(7)

6.62** + 0.12
<5.001
ND2

0.96 + 0.12

0.68 + 0.11

The data are presented as mean + s.e.mean.
* P < 0.05, ** P < 0.01, unpaired Student's t test. Compared with pA2 value obtained on platelet.
pA2 value less than 5.00 since 10- M failed to cause a significant rightward shift.

2 pA2 value not determined since slope of Schild plot differed significantly from unity.

equi-effective concentration ratios for Paf were

obtained for the 3 antagonist concentrations. These
data were analysed by the method of Arunlakshana
& Schild (1959). The values of pA2 and slope of the
Schild plot are presented as the means and s.e.mean
obtained from at least 6 separate experiments.

Differences were examined by analysis of variance
and two-tailed unpaired Student's t test using correc-

tions for multiple comparisons.

Materials

All reagents and solvents used in this study were of
analytical or higher grade. RPMI 1640 and foetal
calf serum were obtained from CSL (Australia) and
Flow Laboratories, respectively. Chemicals were

obtained from the following sources: A23187; bovine
serum albumin (BSA), grade 5, essentially fatty acid
free; dextran, clinical grade C; indomethacin (Sigma
Chemical Co.); dextran T500; Ficoll-Paque
(Pharmacia); hexadecyl platelet-activating factor
(Paf, Bachem); prostacyclin (PGI2; Na salt,
Wellcome); 6-oxo-PGF1, antiserum (Dr J. Salmon,
Wellcome Research Laboratories); HEPES (N-2-
hydroxyethylpiperazine-N-2-ethane sulphonic acid;
BDH chemicals); WEB 2086 (3-(4-(2-chlorophenyl)-
9-methyl-6H-thieno (3,2-0 (1,2,4)-triazolo (4,3-G)
(1,4)-diazepine-2-yl)-1-(4-morpholinyl)-1-propanone;
Boehringer Ingelheim, FRG); L-652,731 (trans-2,5{3,
4,5-trimethoxyphenyl) tetrahydrofuran; Merck,
Sharp & Dohme, U.S.A.); BN 52021 (9H-1,7a-
(epoxymethano)-1H,6a-H-cyclopenta [c] furo [2,3-6]
furo [3',2':3,4] cyclopenta [1,2-a] furan -5,9,12-(4H)-
trione, 3-tert-butylhexahydro-4,7b,-1 1-hydroxy-8-
methyl; IHB Laboratories, France).

Results

Antagonism of platelet aggregation

Paf caused aggregation of washed rabbit platelets at
a threshold concentration of 0.03 nm and an ECjo of

0.22 nm (Table 1). BN 52021, L-652,731 and WEB
2086 each caused concentration-dependent and
parallel rightward shifts of Paf-induced aggregation
without altering the maximum responses (Figure 1).
Schild plots for each of the antagonists further sup-

ported competitive antagonism yielding slopes not
significantly different (P > 0.05, paired t test) from
unity (Table 2). WEB 2086 and L-652,731 were
approximately equipotent in rabbit platelets and
both compounds were significantly (P < 0.05,
Student's t test) more potent than BN 52021. WEB
2086 also caused a concentration-dependent, parallel
rightward shift of Paf-induced aggregation of guinea-
pig platelets giving a pA2 value of 7.69 + 0.14
(n = 3).

Antagonism ofpolymorphonuclear leukocyte
aggregation

Paf caused aggregation of washed rabbit PMNLs
with an EC50 value of 2.75 nm (Table 1) indicating
that Paf is approximately 10 fold less active than on
platelet aggregation. In addition, the maximum
increase in light transmission for platelets (60%) was

considerably greater than that for PMNLs (14%).
Each of the antagonists caused concentration-
dependent and rightward parallel shifts without
altering the maximum responses (Figure 2).

Furthermore, the slope of the Schild plots did not
differ significantly from unity (P > 0.05, paired t test)
suggesting competitive antagonism (Table 2). The
calculated pA2 values for WEB 2086 (7.57) and
L-652,731 (7.51) did not differ from those obtained
on the platelet (7.58 and 7.15, respectively). On the
other hand, the pA2 for BN 52021 on PMNL aggre-
gation was significantly less (P < 0.05, Student's t
test) than that on the platelet.

Antagonism ofguinea-pig macrophage prostacyclin
production

Guinea-pig resident peritoneal macrophages isolated
by lavage and short-term (2 h) culture showed
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Figure 2 Antagonism of Paf-induced aggregation of
rabbit washed polymorphonuclear leukocytes (PMNL)
by (a) WEB 2086(x, 10-7; El. 10-6 and A, 10-5M), (b)
BN 52021 (x, 10-6; E, 10-5 and O, 10-'M) and (c) L-
L-652,731 (x, 10-7; 0, 10-6 and A, 1O-5M). (-)
Control responses to Paf. Ordinate scales: peak
increase in percentage light transmission. Abscissa
scales: logarithm of the molar concentration of Paf.
Data are presented as the means of 6-7 observations
and vertical lines indicate s.e.mean.

increased generation of prostacyclin (measured as
6-oxo-PGF,.) in response to Paf during a 1 h incu-
bation (Figure 3). The potency of Paf in this system
is intermediate between the platelet and the PMNL
with an EC50 value of 1 nm (Table 1). The potencies
of the antagonists were markedly lower on the
macrophage than on the platelet or PMNL. The pA2
value for WEB 2086 on the macrophage was
approximately 1 log-unit less than that on either the
platelet or the PMNL (Table 2). WEB 2086 appears
to act as a competitive antagonist on the macro-
phage, since it produced parallel rightward shifts of
the Paf concentration-effect curve without a depres-
sion of the maximum response (Figure 3) and the
slope of the Schild plot did not differ significantly
(P > 0.05, paired t test) from unity (Table 2). A pA2
value for L-652,731 could not be obtained since only
the highest concentration (10-4M) produced a sig-
nificant rightward shift, and the pA2 value is there-
fore clearly less than 5.00. BN 52021 produced a
concentration-dependent rightward shift of macro-
phage 6-oxo-PGF1,. generation without depressing
the maximum response. However, a pA2 value could
not be calculated from these data because the slope
of the Schild plot differed significantly (P < 0.05,
paired t test) from unity (Table 2). The minimum
concentration of BN 52021 required to produce a
significant rightward shift in the concentration-
response curve (10 5m) was two orders and one
order of magnitude higher than that required in
either platelets (10- 7M) or PMNLs (10-6 M), respec-
tively. However, in contrast to relative potencies on
the platelet or the PMNL, BN 52021 was more
potent than L-652,731 on macrophages since a sig-
nificant rightward shift was obtained with 10pM BN
52021 but not with 1OpM L-652,731. Thus all three
antagonists were clearly less potent on the macro-
phage than on platelets or PMNLs, and their order
of potency was also different in the macrophage.
WEB 2086 and L-652,731 produced a

concentration-dependent reduction in the resting
generation of 6-oxo-PGF,. (Table 3). Basal 6-oxo-
PGF1, generation (1.28 ± 0.16 pmol per 106 cells
h-1) was increased by A23187 10pM (7.34 + 0.63
pmol per 106 cells h-1) and this A23187-stimulated
PGI2 generation was markedly inhibited by indo-
methacin 2.8 uM (1.01 ± 0.09 pmol per 106 cells h- ').
None of the Paf antagonists had any significant
effects (P > 0.05, Student's t test) on A23187-induced
generation of 6-oxo-PGFI. (Table 3).

Discussion

The results of this study strongly indicate the exis-
tence of a previously undescribed subclass of Paf
receptors on the guinea-pig peritoneal macrophage.
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Figure 3 Antagonism of Paf-induced prostacyclin pro-
duction (measured as 6-oxo- prostaglandinF1,;6-oxo-
PGF1G) by guinea-pig resident peritoneal macrophages
(MO) by (a) WEB 2086 (x, 10-6; l, 10-5 and A,
10'-M), (b) BN 52021 (x, 10-i ; O, 10-4 and A,

10-3M) and (c) L-652,731 (x, 10-6; LI, 10-5 and A,

10-M). (0) Control responses to Paf. Ordinate scales:
increase (over basal) in 6-oxo-PGF1<, production (pmol)
per 106 cells h-1. Abscissa scales: logarithm of the
molar concentration of Paf. Data are presented as the
means of 4-7 observations; vertical lines indicate
s.e.mean.

Furthermore, these results suggest that the potency
of Paf antagonists on aggregation of rabbit platelets
is not a reliable indicator of antagonist activity in
other in vitro systems or in pathology.
WEB 2086, L-652,731 and BN 52021 each

behaved as a competitive receptor antagonist on
both platelet and PMNL aggregation. The pA2
value for L-652,731 (7.51) is similar to the Kb value
(2 x 10-8M) determined by Hwang et al. (1985)
using either ligand-binding studies or inhibition of
rabbit platelet aggregation. In addition, these
authors established the selectivity of L-652,731 for
Paf versus collagen, arachidonic acid, adrenaline,
thrombin, A23187 and adenosine diphosphate
(ADP) at a concentration of 24pm. This latter con-
centration of L-652,731 also induced a substantial
rightward shift in the Paf concentration-response
curve for aggregation of human PMNLs, to an
extent consistent with that observed in the present
study. These observations indicate a similarity in Paf
receptors stimulating aggregation of platelets and
PMNLs. However, Voelkel et al. (1986) suggested
that the rabbit PMNL possesses a distinct Paf recep-
tor that mediates adherence and shape change, since
these effects were resistant to a number of putative
Paf antagonists including L-652,731 (Voelkel et al.,
1986).
WEB 2086 is a potent antagonist of Paf on both

human platelet and PMNL aggregation (Casals-
Stenzel et al., 1987) with little difference between
these systems. This observation is in agreement with
the pA2 values observed in the present study. The
selectivity of WEB 2086 for Paf on platelets has been
previously established using ADP, adrenaline, colla-
gen, 5-hydroxytriptamine and arachidonic acid. The
similarity between platelet and PMNL receptors is
further supported by the lack of difference in the
potencies of brotizolam and triazolam in inhibition
of aggregation in either system (Casals-Stenzel,
1987b) and by the similarity of pA2 values for kadsu-
renone on the PMNL (Lambrecht & Parnham,
1986) and the platelet (Shen et al., 1985).
Lambrecht & Parnham (1986) showed that the

macrophage Paf receptor has significantly higher
affinity for kadsurenone than do those on the plate-
let or PMNL. In our study, WEB 2086, L-652,731
and BN 52021 showed markedly lower affinities for
macrophage Paf receptors mediating an increase in
PGI2 generation- compared with those- associated-
with aggregation of platelets or PMNLs. The differ-
ence for WEB 2086 was about 10 fold, whereas those
for L-652,731 and BN 52021 were at least 100 fold,
strongly suggesting the existence of a different sub-
class of Paf receptors on macrophages. In addition,
BN 52021 had a significant inhibitory effect at 10yM
whereas L-652,731 did not, thus indicating a differ-
ence in the rank order of potency compared with
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Table 3 Effects of Paf receptor antagonists on basal and A23187 (10iM)-stimulated generation of 6-oxo-prosta-
glandin Fl (6-oxo-PGFlj by guinea-pig resident peritoneal macrophages (n = 3)

Antagonist

0

WEB 2086
L-652,731
BN 52021

WEB 2086
L-652,731
BN 52021

1.28 + 0.32
1.41 + 0.43
1.10 + 0.34

6.03 + 0.89
5.64 + 0.54
6.49 + 1.46

Antagonist concentration (M)

10-6 lo- 10-4
6-oxo-PGF1. (pmol per 106 cells h-1)

Basal
0.60 + 0.19 0.47 + 0.13 0.48 + 0.14
1.31 + 0.37 0.98 + 0.27 0.75 + 0.12
- 1.16 + 0.24 0.67 + 0.27

A23187-stimulated
5.78 + 0.73 5.43 + 0.96 6.65 + 0.81
7.35 + 1.66 4.72 + 0.88 4.48 + 1.39

9.55 + 2.64 8.27 + 1.50

1o-3

1.21 + 0.46

6.98 + 0.41

The data are presented as mean + s.e.mean.

that for platelet or PMNL aggregation. It seems
likely that this subclass differs from that previously
described on guinea-pig peritoneal macrophages
because kadsurenone shows higher affinity
(Lambrecht & Parnham, 1986), whereas the related
antagonist, L-652,731, shows lower affinity. The dif-
ference between this study and that on kadsurenone
may be explained by the difference in measured
responses (chemiluminescence versus PGI2
generation), indicating that different receptor sub-
types may mediate distinct functional responses of
the same cell type, as appears to be the case for
PMNL aggregation and adherence. In addition, the
present study used resident peritoneal macrophages
and that with kadsurenone used elicited macro-
phages, raising the possibility of differences in Paf
receptors on different subpopulations of macro-
phages. Inhibition of Paf-induced PGI2 generation
by BN 52021, WEB 2086 and L-652,731 appears to
be a result of blockade of specific receptors since the
same concentrations of these antagonists failed to
affect A23187-induced PGI2 generation. However,
WEB 2086 and L-652,731 did reduce the resting gen-
eration of PGI2 which could indicate that under
these conditions there is a basal generation of Paf.
There is evidence that Paf receptor antagonists are

bound by plasma proteins to a significant extent
(Nunez et al., 1986). Therefore, the possible effects of
BSA in the platelet and PMNL experiments must be
considered. The reduced apparent affinities of the
Paf antagonists for macrophages incubated in the
absence of BSA suggests that binding to BSA may
have reduced the differences in pA2 values between
macrophages and platelets.
The selectivity of the antagonists for PMNL

responses to Paf has not been studied. Such experi-
ments are complicated by the fact that other stimuli
for PMNL aggregation such as A23187 and C5a
(Camussi et al., 1981; Mueller et al., 1983) also

stimulate synthesis of Paf. Moreover, using cross-
desensitization to Paf (O'Flaherty, 1985) or Paf
antagonism (Bureau et al., 1987) it has been found
that A23187-induced activation of rabbit peritoneal
PMNLs and N-formyl methionyleucyl phenylalanine
and leukotriene B4 induced activation of rat pleural
PMNLs may be partly mediated by Paf. Therefore,
we have made no attempt in this study to establish
the selectivity of the Paf antagonists on the PMNL.
On guinea-pig washed platelets, WEB 2086 had a

similar pA2 value to that on rabbit platelets, arguing
against the possibility of species differences explain-
ing the relatively low affinities of the Paf antagonists
for the macrophage receptor. The agreement
between the pA2 values for kadsurenone on human
PMNLs (Shen et al., 1985) and those on pig PMNLs
(Lambrecht & Parnham, 1986) provides further evi-
dence against species differences in Paf receptors on
these cells or others. However, some effects of Paf
are species-dependent. For example, rat platelets are
insensitive to Paf (Terashita et al., 1983) and leuko-
trienes are involved to a major extent in the cardiac
and pulmonary actions of Paf in the rat (Piper &
Stewart, 1986b; Voelkel et al., 1986), to a lesser
extent in the guinea-pig (Piper & Stewart, 1987) and
not at all in the rabbit lung (Seale et al., 1986). It
would be of interest to identify whether Paf
responses linked to the generation of arachidonic
acid metabolites were mediated via receptors distinct
from those evoking a direct effect, as appears to be
the case for the responses investigated in this study.

It is apparent from a number of studies that
endogenously synthesized Paf remains largely cell-
associated (Camussi et al., 1983; Jouvin-Marche et
al., 1984; Prescott et al., 1984; Roubin et al., 1986),
stimulating speculation that intracellular Paf may
have a function within the cell of origin. Henson
(1987) has suggested that Paf may act independently
of receptors since the high concentrations achieved
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could have direct effects on membranes (Harris et al.,
1985). It also seems possible that intracellular Paf
could act via specific receptors located within the
cell, providing a potential explanation for decreased
antagonist affinities in the macrophage.
The importance of PMNLs and macrophages in

vascular injury, inflammation and atherosclerosis is
well recognized (Harlan, 1987; Seljelid, 1987). Thus,
the existence of Paf receptor subtypes on effector
cells of the immune system provides the potential for
the development of selective antagonists. Further-
more, the present findings predict that some actions
of Paf in vivo should be relatively resistant to inhibi-
tion by WEB 2086, L-652,731 and BN 52021. It is
therefore interesting that the anti-bronchoconstrictor
and the anti-hypotensive actions of BN 52021 are
dissociated in guinea-pigs (Desquand et al., 1986). In
addition, inhibition of Paf-induced rat paw oedema

appears to be less susceptible to inhibition by L-652,
731 (Hwang et al., 1986) than a number of other
actions such as hypotension and leukopenia (Wu et
al., 1986). Some in vivo actions of Paf that are rela-
tively resistant to the above antagonists may involve
macrophages.
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