Inhibition of receptor-mediated platelet
activation by nedocromil sodium
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Background: Platelet activation by platelet activating factor (PAF) seems to be involved in the
inflammatory process in asthma and may serve as a possible target for the antiinflammatory
drug nedocromil sodium, which is known to inhibit cell activation by different stimuli.
Methods: We investigated the effect and the mode of action of nedocromil sodium on platelet
activation by PAF. In a set of healthy volunteers (n = 45) we investigated seven different
parameters of platelet activation by PAF, thrombin, and Ca** -ionophore.

Results: Nedocromil sodium inhibited: (1) PAF-induced “shape change” reaction up to 78%
(50% inhibitory concentration [IC,]: 3 X 10~° mol/L), thrombin-mediated “shape change”
up to 80% (ICsy 2 X 107 mol/L), but not the Ca**-ionophore-dependent reaction, (2)
Dlatelet aggregation by PAF up to 85% (ICsy 2 x 107° mol/L); (3) release of thromboxane B,
up to 82% (ICsy 5 X 107° mol/L); (4) formation of inositol 1,4,5-triphosphate by PAF (IC;,
3 x 1077 mol/L), by thrombin (ICs, 1 X 1077 mol/L), but not by Ca** ionophore; (5)
increase of intracellular free calcium (ICs, 4 X 1077 mol/L); (6) formation of diacyiglycerol
(ICsp 9 x 107° mol/L), and (7) translocation of protein kinase C (ICs, 1 X 1077 mol/L).
Conclusions: In the concentration range of the IC, values found in these experiments,
nedocromil sodium reduced PAF binding to platelets by only 10% to 20%, such that this
interference cannot explain the observed effects of the compound. Inhibition of
receptor-mediated platelet activation at an early stage in the signal transduction pathway, and
without effect on Ca*” -ionophore-induced platelet activation, suggests an action of nedocromil
sodium at the level of the cell membrane. (J ALLercy CLIN Immunor 1993;91:1217-25.)
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Recent reports have suggested that platelets
play an important role in the inflammatory pro-
cess in human asthma.'” Stimulation of platelets
results in the release of various mediators that
may lead to an extension of the inflammation and
intensify the immune response.®** Platelet activat-
ing factor (PAF) is one of the stimuli potentially
involved in platelet activation in asthma. This
mediator is of special interest, because it can elicit
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Abbreviations used:
PAF: Platelet activating factor
IP;: Inositol 1,4,5,-triphosphate

[CA’*];: Concentration of intracellular free
calcium

Protein kinase C
Phosphate-buffered saline supple-
mented with 0.36% sodium citrate

PKC:
PBS,.:

responses that mimic some aspects of bronchial
asthma in human beings and animals (i.e., bron-
choconstriction, bronchial hyperresponsiveness,
increased vascular permeability, and mucosal
edema).” '*'° We have previously shown that in-
halation of PAF, which induces a transient bron-
choconstriction but no significant increase in air-
way responsiveness, leads to activation of circu-
lating platelets and to their refractoriness against
an additional ex vivo stimulation by PAF. In

1217



1218 Roth et al.

addition, a similar state of platelet preactivation,
that is increased levels of inositol 1,4,5-triphos-
phate (IP;) and intracellular free calcium in cir-
culating platelets, was found in patients with
asthma as compared with normal control sub-
jects.®

It has been shown that binding of PAF to its
membrane receptor activates a G protein (Gp),
which leads to activation of phospholipase C,
followed by hydrolysis of phosphatidylinositol
4,5-bisphosphate and formation of diacylglycerol
as well as IP;. Inositol triphosphate increases
the concentration of intracellular free Ca®*
([Ca**],)"" whereas diacylglycerol activates pro-
tein kinase C (PKC)."” '® The activation of this
second messenger system leads to (1) cell activa-
tion,” (2) release of a variety of inflammatory
mediators, and (3) cell proliferation.'” **

Nedocromil sodium is used therapeutically as an
antiinflammatory drug in the treatment of asth-
ma.'” * In vivo studies have demonstrated an in-
hibitory effect of nedocromil sodium against a
range of bronchoconstrictor stimuli.*" ** The ef-
fects of nedocromil sodium on physiologic cell re-
sponses have also been studied in a variety of cell
types.”*’” Thus nedocromil sodium has been shown
to reduce the chemotactic effects of PAF on gran-
ulocytes.”*! Mogbel et al.**> demonstrated an inhi-
bition of eosinophil activation by formyl-methio-
nyl-leucyl-phenylalanine or calcium ionophore
A23187. Additionally, nedocromil sodium reduces
the release of leukotriene C, from eosinophils,
stimulated by calcium ionophore A23187°* **; and
the release of leukotriene B, and 5-hydroxy-
eicosatetraenoic acid in lung macrophages of
aspirin-sensitive patients with asthma.*>

So far, relatively few studies have investigated
the effects of nedocromil sodium in platelets.
Thorel et al.” reported that nedocromil sodium
affects the IgE-dependent antiparasite functions
of rat macrophages and platelets; additionally, an
inhibitory effect of nedocromil sodium on IgE-
mediated activation of human mononuclear
phagocytes and platelets was shown.** Marquette
et al.” showed a preventive effect of nedocromil
sodium on the abnormal response to aspirin of
platelets from aspirin-sensitive patients with
asthma.

In the present study we determined the effect
of nedocromil sodium on PAF-induced platelet
activation by assessing the shape change reaction,
platelet aggregation, and thromboxane A, gener-
ation. Shape change and aggregation are final
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responses of platelets that follow activation by
different stimuli, and both reactions can be in-
duced by PAF.*> * Because nedocromil sodium
was reported to block the arachidonic acid path-
way,> we also assessed the PAF-induced release
of thromboxane A,. To further investigate the
mechanism of interaction of nedocromil sodium
with platelet activation, we studied its effect on
the intracellular signal transduction pathway by
measuring the formation of IP,, changes in the
[Ca**];, the formation of diacylglycerol, and the
translocation of PKC. We attempted to further
investigate the mechanism of inhibition of platelet
activation by nedocromil sodium by using the
nonspecific agent, Ca** ionophore A23187 and a
second receptor-mediated agonist, thrombin. For
these experiments an effector response (aggrega-
tion) and a second messenger response (IP; for-
mation) were assessed. Finally, we attempted to
exclude an effect of nedocromil sodium on the
specific binding of PAF to its membrane receptor,
as a possible mechanism of action of the com-
pound.

METHODS
Chemical agents

Nedocromil sodium was supplied by Fisons (Pharma-
ceutical Division, Loughborough, Leicestershire,
England). For each experiment, a fresh stock solution
(1 x 107> mol/L) of nedocromil sodium was prepared
in various assay buffers. PAF and lyso-PAF were pur-
chased from Nova Biochem (Luzern, Switzerland) and
prepared as described by Block et al.* For each exper-
iment fresh stock solutions (1 x 10~ mol/L) of both
drugs were prepared daily. Tritium-labeled PAF was
purchased from Amersham International Ltd. (Little
Chalfont, Bucks, England); thrombin and Ca®*-iono-
phore-A23187 were purchased from Sigma (Sigma-
Chemie, Buchs, Switzerland).

Isolation of platelets

Venous blood (30 ml; anticoagulant: 0.36% sodium
citrate) was collected from healthy volunteers. The
platelets were isolated by centrifugation at 350 g for 20
minutes at room temperature. The supernatant (plate-
let rich plasma) was transferred to another tube and
centrifuged a second time at 750 g (5 minutes at room
temperature). The pelleted platelets were resuspended
in 10 ml of phosphate-buffered saline supplemented
with 0.36% sodium citrate (PBS,.) followed by a third
centrifugation. Then the pellet was resuspended in 1 ml
of one of the appropriate assay buffers (see below).
The platelets were counted with the aid of a thrombo-
cytometer, and their number was adjusted to the re-
quired density.
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FIG. 1. Functional responses of platelets to various concentrations of PAF. a, Shape change
reaction; b, platelet aggregation; ¢, generation of thromboxane B,; d, formation of IP;; e, increase
in intracellular free Ca®*; and f, formation of diacylglycerol in human platelets. Each data point
represents the mean = SD. Arrows indicate the concentration of PAF used for the stimulation
experiments in the presence of nedocromil sodium.

Platelet stimulation by PAF

For all parameters of platelet activation a dose-
response curve of different concentrations of PAF
(107" mol/L. to 10~° mol/L) was established, and an
optimal concentration of the stimulus for the respective
parameter of activation was selected (Fig. 1).

Preincubation of platelets with
nedocromil sodium
Before challenge, platelets were incubated for 30

minutes (37° C) with various concentrations of
nedocromil sodium (10~° to 10~ mol/L) and dissolved

in the appropriate assay buffer or the solvent buffer
alone (positive control). Platelets were then challenged
with PAF (1 x 10™® mol/L. or 5 x 107* mol/L) as
described in detail for the different measurements.
Platelets challenged with lyso-PAF (1 x 107® mol/L)
and nonstimulated platelets were used as negative
controls. All experiments were done in triplicate.

Platelet “shape change”

Platelets from 15 healthy blood donors were used to
study the “shape change” reaction induced by PAF
(final concentration: 5 X 10* mol/L), thrombin
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(1 x 107® mol/L), or Ca** jonophore (1 x 10~* mol/L).
In brief, platelets (1 X 10° ml) were resuspended in
Tyrode’s buffer (10 mmol/L Hepes, 145 mmol/L NaCl,
5 mmol/L KCl, 5 mmol/L MgSO,, 500 pmol/L
NaH,PO,, 6 mmol/L glucose at pH 7.4), and shape
change was monitored by absorbance with an aggre-
gometer connected to an analog chart recorder. The
percentage of shape change and its inhibition by
nedocromil sodium was calculated as follows™:

AI — Anon

ax on

Activation% = x 100

where A, is the obtained absorbance value obtained
after stimulation with PAF (1 x 10~® mol/L) in the
presence of nedocromil sodium, A ., represents the
background value (obtained absorbance) in unstimu-
lated platelets, and A_,,, is the obtained absorbance
value obtained after stimulation with PAF (1 x 107®
mol/L) alone.

Platelet aggregation

Platelet aggregation was studied in 12 subjects.
Platelet rich plasma was prepared as previously de-
scribed.”® Platelets (1 x 10°/ml) were challenged with
5 x 107® mol/L. PAF, and the aggregatory response of
the platelets was monitored by absorbance with an
aggregometer connected to an analog chart recorder.
The percentage of aggregation and its inhibition by
nedocromil sodium was calculated in a manner similar
to that for “shape change.””

Release of thromboxane A,

The release of thromboxane A, from platelets after
PAF stimulation was evaluated in 10 subjects by mea-
suring thromboxane B,, a stable metabolite of throm-
boxane A,. Platelets (1 x 10°) were stimulated by PAF
(5 X 107* mol/L), and centrifuged after 10 minutes
(1000 g for 10 seconds). The amount of released throm-
boxane B, was quantified in the supernatant by a
specific radioimmunoassay system (Amersham) accord-
ing to the instructions of the distributor.

IP,

Platelets from 10 healthy blood donors were used
to study the formation of IP;. Platelets (1 x 10%ml)
were preincubated for 1 hour with [*H]-myo-inositol
and nedocromil sodium (30 minutes) at 37° C, followed
by challenge with PAF (1 x 107* mol/L), throm-
bin (1 x 107®* mol/L), or Ca’*-ionophore (1 x 107°
mol/L). In a prestudy the formation of mono-, di-, and
triphosphates was determined by stepwise elution
from a Dowex column (Bio-Rad Laboratories, Chem-
ical Div., Richmond, Calif.), which was followed
by liquid scintillation counting.®® Later on, IP; was
determined by a specific radioimmunoassay system
(Amersham).

Intracellular free calcium concentration

The [Ca’*]; was assessed in platelets from 15 healthy
subjects. Platelets (1 X 10°/ml) were incubated with

J ALLERGY CUIN IMMUNOL
JUNE 1993

one of two different calcium labels (fura 2-acetoxy-
methyl ester or Quin-2 [Sigma-Chemie]) for 30 minutes
(37° C), preincubated with nedocromil sodium, and
then challenged with PAF (1 x 10°® mol/L). The
changes of the intracellular calcium concentrations
were determined as described by Erne et al.** and the
ratio of the emitted light signal was assessed with a
fluorescence photospectrometer (340 nm/380 nm).

Diacylglycerol

The formation of diacylglycerol was determined in
platelets obtained from 10 healthy volunteers with a
competitive radioimmunoassay (Amersham). Platelets
(1 x 10%ml) were challenged with PAF (1 x 10°¢
mol/L) for 1 minute; then the reaction was stopped by
addition of 1 ml 10% trichloroacetic acid, and diacyl-
glycerol was measured as described in the distributor’s
manual (Amersham).

PKC

The translocation of PKC was assessed in platelets
(1 x 10°/ml) from three healthy volunteers challenged
with PAF (1 x 107® mol/L). In brief, platelets were
pelletted by centrifugation and resuspended in an in-
cubation buffer (20 mmol/L. TRIS base, 1 mmol/L
CaCl, x 2 H,0, 0.1 mmol/L magnesium acetate) and
sonicated. Membraneous and cytosolic fractions were
separated by ultracentrifugation (34.000 g, 1 hour, at
4° C) and supplemented with polymethylsulfonyl fluo-
ride (final concentration = 1 mmol/L), Nonidet P40
(1%) (Sigma-Chemie). Samples were incubated on ice
(30 minutes) followed by purification over a DE-52
column (Bio-Rad Laboratories, Chemical Div.) and
eluted in 1.2 ml of 80 mmol/L NaCl + 1 mmol/L
polymethylsulfoxyl fluoride. The eluate (50 pl) was
mixed with 75 ul incubation buffer (supplemented with
0.5% bovine serum albumin, 100 pmol/L dithiothreitol,
15 ug phosphatidylserine, 5 ng diolein, 50 pCi phos-
phorous-32-labeled adenosine triphosphate. The phos-
phorylation of histone was determined after trichloro-
acetic acid precipitation on a nitrocellulose filter fol-
lowed by liquid scintillation counting.”®

Inhibition of *H-PAF binding to platelets by
nedocromil sodium

Platelets (1 x 10°) from 10 healthy subjects were
isolated and preincubated with various concentrations
of nedocromil sodium (1 x 107 to 1 x 10> mol/L in
PBS,.) for 30 minutes. After washing with PBS, plate-
lets were resuspended in 1 ml of PBS,,, and *H-PAF
(1 x 107® mol/L) was added for 60 minutes (37° C).
Platelets were washed once with PBS,. and resus-
pended in 10 ml of liquid scintillation buffer. The
amount of bound *H-PAF was determined as counts
per minute.*

To determine the specificity of the binding of *H-
PAF to its receptor, we additionally tested the replace-
ment of tritium-labeled PAF (1 x 1078 mol/L) by var-
ious concentrations of unlabeled PAF according to the
method of Kloprogge and Akkerman.*
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Statistical analysis

Statistical analysis was performed with a personal
computer program (Stateview, Apple MaclIntosh, Apple
Computer Inc., Cupertino, Calif.), according to the
instructions by Sachs.”’ Analysis of variance was per-
formed by the Mann-Whitney U test and Student’s
t test. Values were given as means = SD.

RESULTS

Stimulation of platelets with the concentrations
of PAF used in these experiments has previously
been demonstrated to provide reproducible, max-
imal responses (Fig. 1). All experiments were
done in triplicate. When comparing different
methods of isolation of platelets (e.g., in the
presence of ethylenediaminetetraacetic acid or by
gel filtration™), we observed no significant differ-
ences related to the method used in this series of
experiments (data not shown).

The shape change reaction in response to PAF
was inhibited by nedocromil sodium with a maxi-
mal effect of 78% inhibition at a concentration of
5+6x1077 mol/L. In comparison, shape
change induced by thrombin was inhibited by 80%
(1 £5 x 10° mol/L), whereas Ca*>*-ionophore-
induced “shape change” was not significantly in-
hibited by nedocromil sodium at any concentra-
tion. No “shape change” reaction was induced
when lyso-PAF was used as a stimulus (Fig. 2, a).
The 50% inhibitory concentration (ICsy) values
are given in Table I.

Nedocromil sodium inhibited PAF-induced
platelet aggregation by up to 85% at a concentra-
tion of 1 = 0.3 x 1077 mol/L and PAF-mediated
generation of thromboxane B, up to 82% at a
concentration of 5 + 0.4 x 10~° mol/L. No plate-
let aggregation or release of thromboxane B, was
induced by lyso-PAF (Fig. 2, b and c).

Nedocromil sodium completely inhibited the
formation of IP; in response to PAF at a con-
centration of 6 = 3 x 1077. Thrombin-induced
IP, formation was completely blocked at a con-
centration of 5 = 0.3 x 10~° mol/L. However, the
drug did not significantly influence IP; formation
after Ca’*-ionophore A23187 stimulation (Fig.
3, a); 1Cs, values are shown in Table I. In addi-
tion, the inhibition of IP; formation was not
accompanied by an increase of mono- or diphos-
phates.

The changes in [Ca®*]; after PAF stimulation
were completely inhibited by nedocromil sodium
at 9 = 3 x 1077 mol/L. As with IP; formation,
the effect of nedocromil sodium occurred within a
very small concentration range. No differences in
[Ca®"); levels were observed, when nonstimulated
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FIG. 2. Functional responses of platelets in the presence
of nedocromil sodium. a, Inhibition of shape change re-
action of human platelets in response to PAF (5 x 10~®
mol/L), thrombin (1 x 10-% mol/L), and Ca?*-ionophore
A-23187 (1 x 107® mol/L} after preincubation with differ-
ent concentrations of nedocromil sodium. b, Inhibition of
PAF-induced (5 x 107® mol/L) platelet aggregation by
nedocromil sodium. Lyso-PAF {5 x 108 mol/L) was used
as negative control. ¢, Dose-dependent inhibition of
thromboxane B, generation by preincubation with
nedocromil sodium in PAF-stimuiated (5 x 107% mol/L)
platelets. Lyso-PAF (5 x 10°® mol/L) was used as negative
control. Each data point represents the mean + SD.

platelets and lyso-PAF—challenged platelets were
compared (Fig. 3, b).

The formation of diacylglycerol was completely
inhibited by nedocromil sodium at concentrations
greater than 4 + 0.3 x 107° mol/L (Fig. 3, c).
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TABLE I. The 50% inhibitory concentrations {ICs,), the maximal inhibitory concentrations (IC,,..,),
and the maximal inhibitory effect of nedocromil sodium in human platelets challenged with
PAF, thrombin, and CA?*-ionophore A23187
Maximal
Maximal inhibitory achievable
Parameters of 50% inhibitory concentration inhibition
platelet activation Stimulus n concentration (ICg,) (IC max) (%)
Shape change PAF 15 3£50x10"°mol/. 5 £ 6.0 x 10" mol/L 78
Thrombin 5 2x20x10"*mol/L 1=50x 10~ °mol/L 80
Ca**-ionophore -5 No inhibition No inhibition -
Aggregation PAF 12 2+05x10"°mol/L 1 +*3.0x 107 mol/L 85
Thromboxane B, PAF 10 504 x10"°mol/L 5 =04 x 10~ °mol/L 82
P, PAF 10 3£20x10""mol/L 6 = 3.0 x 107 mol/L 100
Thrombin 5 1+08x10""mol/L 1= 3.0x 10~ °mol/L 100
Ca**-ionophore 5 No inhibition No inhibition -
[Ca?*]; PAF 15 4205 x 10" "mo/L 9 =3.0x 10~ 7 mol/L 100
Diacylglycerol PAF 10 9+30x10"°mol/L 4 =+ 3.0 x 10~ ° mol/L 100
PKC PAF 3 1260x10""mol/L 180 x10-°mol/L -

Lyso-PAF—challenged platelets did not reveal any
significant stimulatory response.

PKC activation, which is dependent on a trans-
location of PKC from the cytosol to the mem-
brane, was determined in only three experiments.
The results indicate a blocking effect of nedocro-
mil sodium on PAF-mediated activation of PKC
(Fig. 3, d). No translocation was observed when
platelets were challenged with lyso-PAF.

As shown in Fig. 4, nedocromil sodium reduced
the binding of *H-PAF to platelets up to 35%, at
a concentration of 1 X 107° mol/L. In the con-
centration range of the ICs, values used in the
experiments described above (1 X 1077 to
1 x 10~° mol/L), nedocromil sodium reduced
PAF binding to platelets by only 10% to 20%
(Fig. 4). This degree of interference with PAF
binding to its receptor would still lead to maximal
platelet activation, as can be derived from the
concentration response curves in Fig. 1. Interfer-
ence with PAF binding therefore is not responsi-
ble for the blocking effect of nedocromil sodium
on platelet activation by PAF.

DISCUSSION

We have demonstrated an effect of nedocromil
sodium on PAF-induced platelet activation result-
ing in inhibition of shape change, aggregation,
thromboxane A, generation, as well as inhibition
of second messenger signals (IP; formation
[Ca®*];, diacylglycerol synthesis, and translocation
of PKC). The drug also interfered with platelet
activation by thrombin, a specific receptor-medi-
ated stimulus, whereas it had no effect on
Ca’*-ionophore A23187-induced shape change

response and IP; formation. In addition, we have
shown that nedocromil sodium, at the concentra-
tions that were effective in these experiments,
only slightly interferes with the binding of PAF to
platelets, in the range of 10% binding reduction.
Therefore this finding cannot explain the effects
of the drug on the investigated parameters for
signal transduction. The results of these experi-
ments indicate that nedocromil sodium may act at
the cell membrane to inhibit receptor-mediated
platelet activation by preventing subsequent intra-
cellular events. B
Nedocromil sodium has been shown to inter-
fere with different types of cell activation, such
as neutrophil and eosinophil chemotaxis® ** *'
and mediator secretion in response to PAF,
formyl-methionyl-leucyl-phenylalanine, or Ca**
ionophore A23187.%>%¢ These effects can be com-
pared with the functional responses of platelets
such as aggregation, shape change, and thrombox-
ane A, secretion. In our experiments, ICs, values
and maximal inhibitory concentrations were 10 to
100 times lower than those in the above men-
tioned studies. This may be due to several factors:
differences in concentrations of the activating
stimulus or in the sensitivities of the physiologic
response systems under the given experimental
conditions may be involved. In our system, differ-
ent concentrations of PAF were necessary to
induce reproducible maximal responses, depend-
ing on the concentration of platelets in the assay.
Complex biologic responses, such as chemotaxis,
may depend on specific experimental conditions,
such as serum content of the medium; the latter
may influence the activity of nedocromil sodium.
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FIG. 3. Second messenger signals in platelets. a, Effect of nedocromil sodium on IP; in platelets
in response to PAF (1 x 10~® mol/L), thrombin {1 x 10~% mol/L), and Ca®*-ionophore A-23187
(1 x 10~® mol/L). Lyso-PAF {1 x 107 mol/L) was used as negative control. b, The effect of
nedocromil sodium on PAF-induced (1 x 10~® mol/L} increase in intracelfular free Ca**. Lyso-PAF
(1 x 1078 mol/L) was used as negative control. ¢, Effect of nedocromil sodium on PAF-induced
{1 x 10~% mol/L) diacylglycerol formation in human platelets. Lyso-PAF (1 x 10~% mol/L) was
used as negative control. d, Effect of nedocromil sodium on PAF-induced {1 x 10°® mol/L)
translocation of PKC in human platelets. Lyso-PAF (1 x 10~% mol/L) was used as negative control.

Each data point represents the mean = SD.

In our experiments we repeatedly found that the
addition of serum enhanced the blocking effect of
nedocromil sodium (results not shown).

An important difference may also be due to the
“all or nothing” reaction of platelets in response
to different stimuli and the short response times
of several minutes, as opposed to cells with a
complete genome and enzymatic apparatus, which
can vary their complex reactions, taking more
time to occur. It is important therefore to empha-
size that our results correspond quite well with
other experiments in platelets, such as the sup-
pression of IgE-dependent platelet activation
with an ICs; of 2 X 10~° mol/L for nedocromil
sodium.”

The maximal inhibitory concentrations of
nedocromil sodium were in a similar range for the
functional responses as for the second messenger
signals. However, the maximal inhibitory effect
was in the range of 80% for functional changes,

105
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101 10 0% 107 108 107
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FIG. 4. Inhibition of *H-PAF binding to isolated human
platelets (1 x 10°) in the presence of various concentra-
tions of nedocromil sodium.

whereas the second messenger signals were com-
pletely suppressed. This may be due to different
concentrations of PAF, in relation to various
platelet concentrations, in the different assay sys-
tems to achieve reproducible maximal responses.
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Furthermore, there may be additional second
messenger pathways involved, which were not
investigated in our experiments. These, however,
would seem to be of minor physiologic impor-
tance. Only a small number of studies have inves-
tigated the"’éffect§\ of nedocromil sodium on sec-
ond messengers; but in contrast to our findings,
no inhibitory effect on receptor-mediated in-
crease of intracellular [Ca®*]; was observed.” **
Bruijnzeel et al.** explained their findings with a
possible inhibition of PKC by nedocromil sodium,
as postulated by others.” Our demonstration of
an inhibitory effect of nedocromil sodium on PKC
activation by PAF is in accordance with these
findings. However, our data suggest an inhibition
at an earlier stage of the intracellular signal trans-
duction pathway, since the formation of IP;,
diacylglycerol, and [Ca’*]; by PAF, as well as
IP; formation, in response to thrombin were in-
hibited.

Because nedocromil sodium blocked thrombin-
and PAF-mediated but not Ca®*-ionophore—in-
duced platelet activation, we hypothesize an in-
teraction of the compound at the level of the cell
membrane, thereby blocking the intracellular sig-
nal transmission after activation of different re-
ceptors. An extracellular action of nedocromil
sodium, a highly polarized molecular unlikely to
enter the cell, is also compatible with the obser-
vation that the effect of the compound can be
reduced by repeatedly washing the cells.”” We
observed a similar effect in all test systems when
pretreated platelets were washed more than twice
with buffer (data not shown).

The possibility of an interference of nedocromil
sodium with PAF binding to its membrane recep-
tor was excluded in a separate set of experiments.
At concentrations that wcre effective in the acti-
vation studies, the drug showed only minor inter-
ference with PAF binding to platelets. A 10% to
20% decrease in PAF binding would result in a
minor shift of the concentration-activation rela-
tionship (Fig. 1) but would not explain the inhi-
bition of up to 80% of the platelet response to
PAF. '

Histologic and bronchoalveolar lavage stud-
ies** have repeatedly indicated the involvement of
platelet activation in bronchial asthma. Platelets
have a well-recognized potential to release proin-
flammatory mediators®'" *¢ and may therefore
enhance the inflammatory process in asthma. In-
haled nedocromil sodium has been demonstrated
to interfere with functional responses of circulat-
ing platelets.”® The inhibition of platelet activa-
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tion demonstrated in this study may therefore
contribute to the antiinflammatory effects of
nedocromil sodium in asthma.

REFERENCES

1. Lellouch-Tubiana A, Lefoit J, Pirotzky E, Vargrafting BB,
Pfister A. Ultrastructural evidence for extravascular plate-
let recruitment in the lung upon intravenous injection of
platelet-activating factor (PAF-aether) to guinea pigs. BrJ
Exp Pathol 1985;66:345-55.

2. Knauer KA, Lichtenstein LM, Adkinson NF, JIr, Fish JE.
Platelet activation during antigen-induced airway reaction
in asthmatic subjects. N Engl J Med 1981;304:1404-7.

3. Durham SR, Dawes J, Kay AB. Platelets in asthma
[Letter]. Lancet 1985;2:36.

4. Abraham WM, Sielczak MW, Wanner A, et al. Cellular
markers of inflammation in the airways of allergic sheep
with and without allergen-induced late responses. Am Rev
Respir Dis 1988;138:1565-71.

5. Kelly C, Ward C, Stenton CS. Number and activity of
inflammatory cells in bronchoalveolar lavage fluid in
asthma and their relation to airway responsiveness. Tho-
rax 1988;43:684-92.

6. Gibson PG, Girgis-Gabardo A, Morris MM. Cellular char-
acteristics of sputum from patients with asthma and
chronic bronchitis. Thorax 1989;44.:693-9.

7. Kay AB. Inflammatory cells in bronchial asthma. J Asthma
1989;23:335-44.

8. Block LH, Imhof E, Emmons LR, Roth M, Perruchoud
AP. PAF-dependent phosphatidylinositol turnover in
platelets: differences between asthmatics and normal in-
dividuals. Respiration 1990;1:372-8.

9. Barnes PJ. Mediators and asthma. Br J Hosp Med 1985;
34:339-44.

10. Wardlaw AJ, Hay H, Cromwell O, Collins JV, Kay AB.
Leukotrienes, LTC, and LTB, in bronchoalveolar lavage
fluid in bronchial asthma and other respiratory diseases.
J ALLERGY CLIN IMMUNOL 1989;94:19-26.

11. Fuller RW, Dixon CS, Cuss FMC, Barnes PJ. Bradykinin-
induced bronchoconstriction in humans: mode of action.
Am Rev Respir Dis 1987;135:176-80.

12. Braquet P, Etienne A, Touvay C. Involvement of platelet-
activating factor in respiratory anaphylaxis, demon-
strated by PAF-ether inhibitor BN 52021. Lancet 1985;1:
1501-2.

13. Smith LJ. The role of platelet-activating factor in asthma.
Am Rev Respir Dis 1991;5S100-S102.

14. Braquet P, Toupui L, Shen TY, Vargaftig BB. Perspectives
in platelet-activating factor research. Pharmacol Rev 1987;
39:97-145.

15. Barnes PJ, Chung KF. PAF closely mimics pathology of
asthma. Trends Biol Sci 1987;8:285-7.

16. Cuss FM, Dixon CH, Barnes PJ. Effects of inhaled plate-
let-activating factor on pulmonary function and bronchial
responsiveness in man. Lancet 1986;2:189-92.

17. Catt KJ, Hunyady L, Balla T. Mini-Review: second mes-
sengers derived from inositol lipids. J Bioenerg Biomembr
1991;23:7-27.

18. Nelsestuen GL, Bazzi MD. Mini-Review: activation and
regulation of protein kinase C enzymes. J Bioenerg
Biomembr 1991;23:43-61.

19. Ruggieri F, Patalano F. Nedocromil sodium: a review of
clinical studies. Eur Respir J 1989;2 (suppl. 6):568s-71s.



J ALLERGY CLIN IMMUNOL
VOLUME 91, NUMBER 6

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32,

Greif J, Fink G, Smorzik Y, Topilsky M, Bruderman I,
Spitzer SA. Nedocromil sodium and placebo in the treat-
ment of bronchial asthma. Chest 1989;96:583-8.

Aalberts R, Kauffman HF, Groen H, Koeter GH, de
Monchy JGR. The effect of nedocromil sodium on the
carly and late reaction and allergy-induced bronchial hy-
perresponsiveness. J ALLErcy CLIN IMmunoL 1991;87:993-
1001.

Holgate ST. Clinical evaluation of nedocromil sodium in
asthma. Eur J Respir Dis 1986;69 (suppl 147):149-59.
Thorel T, Joseph M, Vorng H, Capron A. Regulation of
IgE-dependent antiparasite functions of rat macrophages
and platelets by nedocromil sodium. Int Arch Allergy
Appl Immunol 1988;85:227-31.

Thorel T, Joseph M, Tsicopoulos A, Tonnel AB, Capron
A. Inhibition by nedocromil sodium of IgE-mediated ac-
tivation of human mononuclear phagocytes and platelets
in allergy. Int Arch Allergy Appl Immunol 1988;85:232-70.
Marquette CH, Joseph M, Tonnel AB, et al. The abnor-
mal in vitro responses to aspirin of platelets from aspirin-
sensitive asthmatics is inhibited after inhalation of
nedocromil sodium but not of sodium cromoglycate. Br J
Clin Pharmacol 1990;29:525-31.

Braquet P, Etienne A, Touvay C. Involvement of platelet-
activating factor in respiratory anaphylaxis, demonstrated
by PAF-ether inhibitor BN 52021. Lancet 1985;1:1501-2.
Orefice U. Changes in bronchial reactivity to metacholine
induced by nedocromil sodium. In: Stam J, ed. Abstracts
of the Sixth Congress of the European Society of Pneu-
mology (SEP): the lung and the environment. The Hague:
CIP-Gegevens Kninklijke Biliotheek, 1987:49.

Bruijnzee! PLB, Warringa RAJ, Kok PTM. Inhibition of
platelet-activating factor- and zymosan-activated serum-
induced chemotaxis of human neutrophils by nedocromil
sodium, BN 52021 and sodium cromoglycate. Br J Phar-
macol 1989:97:1251-7.

Bruijnzeel PLB, Warringa RAJ, Kok PTM, Hamelink ML,
Kreukniet J. Inhibitory effects of nedocromil sodium on
the in vitro induced migration and leukotriene formation
of human granulocytes. Drugs 1989;37 (suppl. 1):9-18.
Bruijnzeel PLB, Griffioen M, Bartels AFM. Inhibition of
the platelet activating factor (PAF) induced chemotaxis of
polymorphonuclear granulocytes (PMN) by nedocromil
sodium. In: Stam J, ed. Abstracts of the Sixth Congress of
the European Society of Pneumology (SEP): the lung and
the environment. The Hague: CIP-Gegevens Kninklijke
Biliotheek, 1987:22.

Mogbel R, Walsh G, Kay AB. Inhibition of human gran-
ulocyte activation by nedocromil sodium. Eur J Respir Dis
1986;1457 (suppl. 69):227-9.

Moqgbel R, Cromwell O, Walsh GM, Wardlaw Al, Kurlar
L, Kay AB. Effects of nedocromil sodium (TILADE) on
the activation of human eosinophils and neutrophils and

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Roth et al. 1225

the release of histamine from mast cells. Allergy 1988;43:
268-76.

Spry CJF, Kumaraswami V, Tai PC. The effect of nedocro-
mil sodium on secretion from human eosinophils. Eur J
Respir Dis 1986;1457 (suppl. 69):241-3.

Bruijnzeel PLB, Hamelink ML, Kok PTM. Nedocromil
sodium inhibits the A23287 and opsonized zymosan (OZ)
induced leucotriene formation by human eosinophils but
not by human neutrophils. In: Stam J, ed. Abstracts of the
Sixth Congress of the European Society of Pneumology
(SEP): the lung and the environment. The Hague: CIP-
Gegevens Koninklijke Bibliotheek, 1987:23.

Damon M, Chavis C, Duares JP, Crastes de Paulet A,
Michel FB, Godard PH. Increased generation of the
arachidonic metabolites LTB4 and 5-HETE by human
alveolar macrophages in patients with asthma, effect in
vitro of nedocromil sodium. Eur J Respir Dis 1989;2:202-9.
Leung KBP, Flint KC, Brostoff J, et al. Effects of sodium
cromoglycate and nedocromil sodium on histamine secre-
tion from human lung mast cells. Thorax 1988;43:756-61.
Block LH, Abraham WM, Groscurth P, Qiao BY, Perru-
choud AP. Platelet-activating factor (PAF)-dependent
biochemical, morphologic and physiologic responses of
human platelets: demonstration of translocation of protein
kinase C associated with protein phosphorylation. Am J
Respir Cell Mol Biol 1989;1:277-88.

Feinberg H, Sarin MM, Batka CH, Porter CR, Miripol JE,
Stewart M. Platelet storage: changes in cytosolic Ca’*
actin polymerization and shape. Blood 1988;72:766-9.
Erne P, Mittelholzer E, Biirgisser E, Fliickiger R, Biihler
FR. Measurement of receptor induced changes in intra-
cellular free calcium in human platelets. J Recept Res
1987;4:587-604.

Kloprogge H, Akkerman JWN. Binding kinetics of PAF-
acether (1-O-alkyl-2-acetyl-sn-giycerol-3-phosphocholine)
in intact human platelets. Biochem J 1984;223:901-9.
Sachs L. Statistische Auswertungsmethoden. Heidelberg:
Springer Verlag, 1969.

Lucas AM, Shuster S. Cromolyn inhibition of protein
kinase C activity. Biochem Pharmacol 1987;36:562-5.
Beasley R, Roche WR, Roberts JA, Holgate ST. Cellular
events in the bronchi in mild asthma and after bronchial
provocation. Am Rev Respir Dis 1989;139:806-17.
Jeffrey PK, Wardlaw AlJ, Nelson FC, Collins JV, Kay AB.
Bronchial biopsies in asthma. Am Rev Respir Dis 1989;
140:1745-53.

Averill FJ, Hubbard WC, Proud D, Gleich GJ, Liu MC.
Platelet activation in the lung after antigen challenge in a
model of allergic asthma. Am Rev Respir Dis 1992;145:
571-6.

Knauer KA, Lichtenstein LM, Adkinson EN, Fish JE.
Platelet activation during antigen induced airway reactions
in asthmatic subjects. New Engl J Med 1981;204:1404-6.



