
Br. J. Pharmac. (1987), 92, 803-808

The involvement of platelet activating factor in
endotoxin-induced pulmonary platelet recruitment in
the guinea-pig
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Dept. of Environmental Hygiene, University of Gothenburg, Sweden and * Dept. of Pharmacology, King's
College, London University, Chelsea Campus, Manresa Road, London, SW3

1 Exposure of conscious guinea-pigs to an aerosol of endotoxin (25-100ug ml-') resulted in a dose-
related, progressive accumulation of platelets in the thoracic region. Accumulation of" 'indium oxine
labelled erythrocytes was not observed following exposure to an aerosol of endotoxin (50 fig ml-').
2 Pretreatment of guinea-pigs with the selective platelet activating factor (Paf)-antagonists. CV-3988
or brotizolam resulted in a dose-related inhibition of endotoxin-induced pulmonary platelet
recruitment. Pretreatment of guinea-pigs with the selective Paf-antagonist BN 52021 resulted in
significant inhibition of endotoxin-induced pulmonary platelet recruitment, although the effects of
BN 52021 were not dose-related.
3 Pretreatment of guinea-pigs with indomethacin at doses known to inhibit cyclo-oxygenase did not
inhibit endotoxin-induced pulmonary platelet recruitment, whereas higher doses of indomethacin
produced a reduction in platelet recruitment in the lung.
4 Pretreatment of guinea-pigs with the anticoagulant heparin and the prostacyclin analogue
ZK 36374 inhibited endotoxin-induced platelet recruitment.
5 These observations suggest that endotoxin-induced pulmonary platelet recruitment in the guinea-
pig is secondary to the release of platelet activating factor, but not to cyclo-oxygenase products of
arachidonic acid and may also involve activation of the coagulation cascade.

Introduction

The exposure of experimental animals and man to
aerosols of bacterial endotoxins (lipopolysaccharide,
LPS) or dusts contamined with LPS (such as cotton
dust) elicits bronchoconstriction. A prolonged
exposure may cause subjective symptoms of chest
'tightness' (byssinosis). Furthermore, increased bron-
chial reactivity to spasmogens such as methacholine
has been demonstrated in one study (Haglind et al.,
1983). Such respiratory changes are associated with
inflammatory events including the appearance of
neutrophils on the surface of the respiratory epith-
elium (Merchant et al., 1973), a decrease in the number
of circulating platelets (Bomski et al., 1971) and a
subsequent accumulation of platelets in the pulmon-
ary capillaries (Lantz et al., 1985).

In experimental animals, inhalation of LPS is
followed by the activation of alveolar macrophages
with consequent release of chemotactic factors and
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recruitment of platelets and neutrophils into the
airways (Rylander & Snella, 1983). In particular,
inhalation of LPS has been shown to initiate the
production of the ether-linked phospholipid platelet
activating factor (l-o-alkyl-2-acetyl-sn-glyceryl-3-
phosphorylcholine) (Paf) (Rylander & Beijer, 1987), a
substance known to activate a variety ofcells including
platelets and neutrophils (Morley et al., 1984).
Additionally, Paf has potent effects on the respiratory
system including the induction of acute bronchocon-
striction (Vargaftig et al., 1982) and a non-selective
increase in airway reactivity in both experimental
animals (Mazzoni et al., 1985; Chung et al., 1986;
Barnes et al., 1987) and man (Cuss et al., 1986).
Exposure of the lungs to Paf also results in a long
lasting inflammatory response (Camussi et al., 1983)
and a pulmonary recruitment of platelets (Robertson
& Page, 1987).

Since Paf has been shown to contribute to
endotoxin-induced pathology in other circumstances
(Terashita et al., 1985; Handley et al., 1986; Lagente et
al., 1987) we have investigated the contribution ofPaf
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to endotoxin-induced pulmonary platelet recruitment.
Pulmonary recruitment of "'indium oxine labelled
platelets into the thoracic area was monitored with
external scintillation detectors after inhalation of LPS
and the effect of various Paf antagonists and anti-
platelet drugs investigated for their ability to influence
this phenomenon. Some of these results have been
presented to the British Pharmacological Society
(Beijer et al., 1987).

Methods

Dunkin-Hartley guinea-pigs of either sex (300- 500 g
body weight) were used throughout these experiments.

Exposure to endotoxin (LPS)

LPS was dissolved in distilled water and the solution
placed in a Collison atomizer. The resulting aerosol
contained no particles detectable with a Royco optical
particle size analyser (cut off size 0.5 pm), indicating
that all particles were in the respirable size range.
Conscious guinea-pigs were exposed for 40 min in a
continuous flow exposure chamber to aerosols derived
from solutions containing 25, 50 and 100 pg LPS.
Control animals were exposed to an aerosol ofdistilled
water for 40 min. For drug studies, guinea-pigs were
exposed to 50 pg LPS following prior treatment with
either drug or solvent. All drugs were administered i.v.
Omin before aerosol challenge except BN 52021
which was administered i.p. 1 h before to minimize the
effects of the solvent, dimethyl sulphoxide (DMSO).

Measurement ofpulmonary platelet and erythrocyte
recruitment

Platelet and erythrocyte accumulation was measured
in the thoracic region by a slight modification of the
technique previously described (Page et al., 1982).
Guinea-pig platelets or erythrocytes were isolated
from citrated (3.8%) arterial blood by cardiac punc-
ture. Platelets or erythrocytes were washed with
modified Tyrode solution containing prostaglandin E,
(PGE,; 300 ng ml-') and radiolabelled with 25- 50 pCi
"'indium oxine. Radiolabelled platelets or eryth-
rocytes were administered i.v. via a foot vein into non-
heparinized recipients and the animals, when cons-
cious exposed to the aerosol 1 h later.

Immediately after aerosol exposure, animals were
anaesthetized with urethane (7 ml kg-' of a 25% w/v
solution i.p.). Radioactivity was monitored contin-
uously in the thoracic region of the animal with an
external collimated 1" crystal scintillation detector
(GP6, Nuclear Enterprises Ltd., Edinburgh), linked to
an automated isotope monitoring system comprising a
multi-channel spectrometer (Nuclear Enterprises Ltd)

interfaced to a microcomputer (IBM PC, AIMS 8000;
Mumed Ltd). The detector was located as close to the
animal as possible without restricting respiration.
The number of radioactive counts was registered in

the thoracic area every 10min for up to 2.5 h following
cessation of the aerosol exposure. Platelet or eryth-
rocyte accumulation into the thoracic region was
expressed as a percentage difference between the initial
measurement and all subsequent measurements. The
effect of treatments was compared by calculating the
mean area under the curve values for the entire time
course using computer assisted planimetry.

Statistical analysis

Data are presented as mean ± s.e.mean of n observa-
tions. Significance was assessed by Student's t test and
a P value of less than 0.05 was considered significant.

Drugs

LPS from Escherichia coli 026: B6 was obtained
from Difco laboratories, urethane, indomethacin and
prostaglandin E, (PGE,) from Sigma, BN 52021 ([3-
(1, 1-dimethylethyl) hexahydro-1,4,4 7B-trihydroxy-8-
methyl-9H-1,7(epoxymethanol)-14, 6ct H2- cyclopenta
(c)furo[2,3b] furo [3',2'3,41 cyclopenta [1 ,2-d] furah-5,-
9,12(4H)-trione) was a gift from Dr P. Braquet, Insti-
tute Henri Beaufort, Le Plessis Robinson, France, CV-
3988 ((RS)-2-methoxy-3-(octadecylcarbamoyloxy)
propyl 2-(3-thiazolio) ethyl phosphate) was a gift from
Takeda Chemicals, Japan and brotizolam a gift from
Boehringer Ingelheim KG. ZK 36374 (5-[(E)-
(15,55,6R, 7R)-7-hydroxy-6-/(E)-(35,4RS)-3-hydroxy-
4-methyl-oct-1-en-6-yn-yl-bicyclo -(3,3,d)-octane-3-
yldenepentanoic acid) was a gift from Schering
Laboratories. In addition heparin (Paines and Byrne)
and "'indium oxine from Amersham International plc
were used. Drugs were prepared as follows: indometh-
acin (0.5% Na2CO3), BN 52021 (2% DMSO),
brotizolam (20% 2-propylene glycol), CV-3988 (dis-
tilled water), ZK 36374 and heparin (Saline).

Results

Effect ofendotoxin

When animals receiving "'indium oxine labelled
platelets were exposed to an aerosol of distilled water
the thoracic counts remained constant over the period
of experimentation (Figure 1). Exposure of guinea-
pigs to an aerosol of LPS (25-100 pig) induced a dose-
related accumulation of radiolabelled platelets into
the thoracic area evident as a progressive increase in
the counts recorded per Omin period over the
experimental period (Figure 1 and Table 1). In con-



Paf IN ENDOTOXIN-INDUCED PLATELET RECRUITMENT 805

0

Co
Control

C 0
.C
-c

-8 A

A.IRBC
-12

30 60 90 120 150

Time (min)
Figure 1 Time course of thoracic accumulation of
''indium oxine labelled platelets following prior exposure
to an aerosol of endotoxin (25-I00 Lg ml'; (0, 0, *)
or distilled water (0). Time course of "'indium oxine
labelled erythrocyte accumulation following exposure to
an aerosol of endotoxin (50 pgmlL', A) is shown for
comparison. Results are expressed as mean percentage
increase in thoracic counts for groups of n = 6-11
animals. Vertical lines represent s.e.mean.

Table 1 Effect ofendotoxin on pulmonary platelet
recruitment

4.

' 10

° 8 X

Co4

-O0

30 60 90
Time (min)

120 150

Figure 2 Time course of thoracic accumulation of
"'indium oxine labelled platelets following prior exposure
to an aerosol of endotoxin (50 pg ml-') in the presence of
dimethyl sulphoxide (0, n = 5) or BN 52021 (2 mg kg-',
i.p. n =7, A) or (5mgkg-' i.p. n =90). Results are
expressed as mean percentage increase in thoracic counts.
Vertical lines represent s.e.mean.
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trast, in animals receiving "'indium oxine labelled
erythrocytes, no significant accumulation of radioac-
tivity was detected in the thoracic area following
exposure to an aerosol of 50 pg ml -' LPS (Figure 1).

Effect ofPafantagonists

In animals pretreated with the Paf antagonist
BN 52021 (2 and 5mg kg', i.p.) a significant inhibi-
tion of LPS-induced pulmonary platelet recruitment
was observed with both doses although the inhibition
was not dose-related (Figure 2 and Table 2). In
animals pretreated with the Paf antagonists CV-3988
(0.1 and 1.Omgkg-', i.v.) (Figure 3 and Table 2) or
brotizolam (0.5 and 1.0mg kg-', i.v.) (Figure 4 and
Table 2), there was a dose-related inhibition of
endotoxin-induced pulmonary platelet recruitment.
The respective solvents produced no significant effect,

Figure 3 Time course of thoracic accumulation of
"'indium oxine labelled platelets following prior exposure
to an aerosol of endotoxin (50 pg ml-') in the presence of
saline(n = 15, U) orCV-3988 (0.1 mgkg-',i.v.n = 5, 0)
and (l.Omgkg-', n = 12, A). Results are expressed as
mean percentage increase in thoracic counts. Vertical
lines represent s.e.mean.

+. 1c

o 1

QuC"
Co

cmL-
c

30 60 90 120 150

Time (min)

Figure 4 Time course of thoracic accumulation of
"..'indium oxine labelled platelets following prior exposure
to an aerosol of endotoxin (50 pg ml1') in the presence of
2-propylene glycol (n = 15, *) or brotizolam
(0.5 mgkg-', i.v. n = 5, 0) and (1.0 mg kg-', i.v. n = 5,
A). Results are expressed as mean percentage increase in
thoracic counts; Vertical lines represent s.e.mean.
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Table 2 Effect of Paf antagonists and anti-platelet drugs on endotoxin-induced pulmonary platelet recruitment

Endotoxin (50 gg ml ')
plus treatment

CV-3988
CV-3988

Brotizolam
Brotizolam
DMSO
BN 52021
BN 52021

Indomethacin
Indomethacin

Heparin
ZK 36374

0.1 mgkg-'
l.Omgkg-'
0.5 mgkg'
I.0mg kg-'
2%
2.0mgkg-'
5.0mgkg'
l.Omgkg-
5.Omgkg'
l00ukg-'
25;pgkg-'

Area under
curve (cm2)

20.9 ± 4.5
12.4 ± 5.0
2.5 ± 3.5

19.7 ± 3.4
1.9 ± 3.2

11.1 ± 7.0
0.8 ± 3.5
0.7 ± 2.5

22.4 ± 4.7
3.4 ± 4.0
1.0 ± 6.8
3.3 ± 4.0

Statistical
n p level

11
S

12
S
5
5
7
9
S
7
S
7

0.114
0.002
0.465
0.002
0.136
0.002
0.001
0.444
0.005
0.020
0.005

NS
S
NS
S
NS
S
S
NS
S
S
S

Results are presented as mean ± s.e.mean; NS = not significant; S = Significant.

except wih DMSO where the inhibition obtained was
not as marked as with BN 52021 (Table 2). 12
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In animals pretreated with indomethacin (5 mg kg- ' -
i.v.), there was significant inhibition of pulmonary
platelet recruitment induced by LPS (50 jig) (Figure 5 C 2
and Table 2). In contrast, animals pretreated with 8 C
indomethacin (1 mg kg-') or the diluent produced no
significant inhibition of LPS-induced pulmonary 30
platelet recruitment (Figure 5 and Table 2).
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Figure 5 Time course of thoracic accumulation of
"'indium oxine labelled platelets following prior exposure
to an aerosol of endotoxin (50 Mg ml-') in the presence of
Na2HCO3 (n = 15, U); indomethacin (I mg kg i.v., n = 5,
A) or indomethacin (5 mg kg i.v., n = 7, 0). Results are

expressed as mean percentage increase in thoracic counts.
Vertical lines represent s.e.mean.

Effect ofheparin and ZK36374

In animals pretreated with heparin (100 units kg-',
i.v.) or ZK36374 (25pggkg-', i.v.) there was a sig-
nificant inhibition of pulmonary platelet recruitment
induced by LPS (50 pig) (Figure 6 and Table 2).
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Figure 6 Time course of thoracic accumulation of
"'indium oxine labelled platelets following prior exposure
to an aerosol of endotoxin (50 fig ml-', n = 15, U) in the
presence of ZK 36374 (25 jig kg-', n = 7, 0) or heparin
(l00pikg-', n = 5, A). Results are expressed as mean
percentage increase in thoracic counts. Vertical lines
represent s.e.mean.

Discussion

These experiments demonstrate that exposure of
guinea-pigs to an aerosol of LPS leads to a progressive
accumulation of platelets into the thoracic region.
These data are complementary to the observations
that have identified platelets in the pulmonary circula-
tion (Lantz et al., 1985) and bronchoalveolar lavage
fluid of guinea-pigs exposed to LPS aerosols (Beijer &
Rylander, unpublished data). This LPS-induced pul-
monary platelet recruitment would appear to be
secondary to the generation of Paf since the platelet
accumulation can be abrogated by three different
classes of selective Paf antagonists; the Paf analogue,
CV-3988 (Terashita et al., 1983), the gingkolide
BN 52021 (Nunez et al., 1986) and the triazoloben-
zodiazepine, brotizolam (Casals-Stenzel & Weber,
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1987). These observations also complement previous
experiments demonstrating that i.v. Paf will induce an
accumulation of platelets into the lungs ofguinea-pigs
(Robertson & Page, 1987) and that platelets
accumulate in the lungs ofprimates following intratra-
cheal administration of Paf into the lungs (Arnoux et
al., 1985). The pulmonary source of Paf following
exposure to LPS is unknown but it could be the
alveolar macrophages since LPS exposure in the
guinea-pig induced Paf formation in these cells
(Rylander & Beijer, 1987).
LPS is able to activate a number of biological

systems including the coagulation system and the
complement cascade (Brown & Lachman, 1973).
Thus, the ability of heparin to inhibit LPS-induced
platelet accumulation may relate to an inhibitory
effect on the coagulation system rather than a direct
effect of platelet activation. However, LPS will con-
tinue to induce inflammatory changes in animals
depleted of complement (Rylander & Snella, 1983;
Flick et al., 1986). Alternatively, the mechanism of
action of heparin in inhibiting LPS-induced platelet
recruitment may be due to other effects of this
molecule, for example, on the vascular endothelium
(Paul et al., 1984), or as a free radical scavenger
(McClain & Brestel, 1982). The prostacyclin analogue,
ZK 36374, is known to inhibit platelet activation in
vivo in other circumstances (Van der Giessen et al.,
1984) and its action in these experiments suggests that
our observations are consistent with the concept that
the increase in thoracic platelet numbers reflects
platelet activation rather than changes in pulmonary
blood flow, a conclusion confirmed by the failure of
LPS to induce significant accumulation of
radiolabelled erythrocytes.

Indomethacin at a dose shown to inhibit cyclo-
oxygenase completely and the subsequent generation
of thromboxane A2 in the guinea-pig (Mallarkey &
Smith, 1985) did not significantly inhibit LPS-induced
platelet recruitment, suggesting that cyclo-oxygenase
metabolites of arachidonic acid are unlikely to play a
role in this phenomenon. The ability of indomethacin
to inhibit LPS-induced pulmonary platelet recruit-

ment at five fold higher concentrations is therefore
unlikely to reflect the contribution of cyclo-oxygenase
derived metabolites of arachidonic acid but could be
secondary to other properties of this molecule such as
inhibition of phospholipase A2 (Blackwell & Flower,
1983), a necessary enzyme in the biosynthesis of Paf in
inflammatory cells (Jouvain-Marche et al., 1984) or to
inhibition of the formation of oxygen free radicals.
The latter property of indomethacin is certainly a
possible explanation for the inhibitory effect of
indomethacin at higher concentrations since DMSO
was also observed to have a significant effect on
endotoxin-induced platelet recruitment, a drug well
known for its ability to act as a free radical scavenger
(Ganote et al., 1982).
The significance of platelet recruitment to the lungs

following exposure to LPS is unknown but it is of
interest that platelet recruitment following i.v. Paf is
associated with an increased reactivity of the airways
(Robertson & Page, 1987). Bronchial hyperreactivity
is known to follow exposure ofanimals (Pauwels et al.,
1986; Hutchinson et al., 1983) or man (Haglind et al.,
1983) to LPS and it is therefore plausible that the
platelets accumulating in the lung contribute to the
induction of airway hyperreactivity. Additionally,
activated platelets are known to release a number of
chemotactic factors for other inflammatory cell types
such as neutrophils and mononuclear cells (Duel et al.,
1982), both shown to be found in the lung 24 h after
exposure to endotoxin (Rylander & Snella, 1983). It is
possible therefore that the platelet recruitment
observed is the forerunner of more sustained inflam-
matory changes in the lung.
As platelet activation in man is known to accom-

pany exposure to cotton dusts (Bomski et al., 1971),
the present observations suggest that the role of the
platelet and Paf in the aetiology of byssinosis should
be further investigated.

This study was supported by the Wellcome Trust (C.P.P.).
Swedish Medical Research Council (grant Bx87-19x-
07949-OIA), Cotton INC (agreement 342/77) and the
Institute Henri-Beaufort.
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