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Potentiating effects of clofibrate on prostaglandin-dependent and -independent
pathways of human platelet activation: evidence for involvement of cyclic AMP
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Plasma lipids and blood platelets both play major roles in
atherogenesis. A relationship between elevated plasma lip-
ids and an increased platelet sensitivity to aggregatory
agents in hyperlipidemic patients has been reported [1]. It
has been shown that clofibrate, which lowers plasma lipids,
also decreases the sensitivity of platelets to ADP, collagen
and epinephrine in Type Il hyperlipoproteinemic patients
[1]. These dual hypolipidemic and antithrombotic actions
make clofibrate a potentially effective and unique drug for
use in the treatment of thromboembolic and coronary artery
diseases.

Biochemical mechanisms of the hypolipidemic action of
clofibrate have been linked to an inhibition of adenylate
cyclase activity and a lowering of cAMP levels in various
tissues {2, 3]. However, the antiaggregatory action of clo-
fibrate appears to be unrelated to this biochemical effect
since cAMP lowering in platelets is associated with an
induction of aggregation, and not with an inhibition of
platelet function [4, 5]. In earlier reports, we have examined
the antiaggregatory effects of clofibrate on human platelets
and have shown that this drug inhibits aggregation, secre-
tion of serotonin and S-glucuronidase, platelet factor 3
activity, incorporation of [“Clacetate into platelet
phospholipids, release of arachidonic acid from platelet
phospholipids, and prostaglandin biosynthesis [6-8]. Our
recent findings suggest that clofibrate inhibits platelet
activation by blocking prostaglandin biosynthesis in plate-
lets [8].

By contrast, we have observed that the aggregation
response to arachidonic acid in human platelets is poten-
tiated in the presence of clofibrate [6, 8]. In another report,
we have shown that phospholipase C (PLC) causes platelet
aggregation and secretion of serotonin by a mechanism
independent of prostaglandin biosynthesis and that clofi-
brate also enhances platelet activation by PLC [9]. These
studies show that clofibrate exhibits divergent antiaggre-
gatory and proaggregatory effects on human platelet func-
tion. Whereas the antiaggregatory action of clofibrate may
be related to the inhibition of prostaglandin biosynthesis
[8], the stimulatory effect of this drug remains to be
explained. An elucidation of the mechanism of proaggre-
gatory action by clofibrate may be helpful in assessing the
overall effect of this drug on platelet function, in vive.

These studies were initiated to better understand the
mechanism of this proaggregatory action of clofibrate on
arachidonic acid- and PLC-induced pathways of platelet

activation. The latter pathway, using low concentrations
of PLC as an inducer of platelet aggregation and serotonin
secretion, is independent of prostaglandin biosynthesis
[10, 11]. The concentration-dependent actions of clofibrate
were examined on (a) arachidonic acid-induced aggregation
and oxygen consumption in washed platelets, (b) platelet
aggregation and secretion of [“Clserotonin ([*C}-5HT) by
PLC, and (c) PGE;-elevated cAMP levels in platelets. The
data in this report suggest that clofibrate achieves its stimu-
latory effect on platelet function by lowering cAMP levels.

Methods and reagents used for collection of human
blood, preparation of platelet-rich plasma, washed plate-
lets, and platelet aggregation and secretion of serotonin
{[**C]-5HT) are identical to those published recently in this
journal [8]. The sodium salt of clofibrate [2-(4'-
chlorophenoxy)-2-methylpropionic acid] was provided by
Avyerst Laboratories, Inc., New York, NY. Phospholipase
C from Clostridium perfringens and arachidonic acid were
obtained from the Sigma Chemical Co. (St. Louis, MQ).

Oxygen consumption by platelets was measured by the
method of Pickett and Cohen [12]). Incubations were done
in a reaction vessel fitted with a Clark oxygen electrode
{Yellow Springs Instrument Co., Yellow Springs, OH). in
a total volume of 3 ml. The platelet count was adjusted to
5 X 10%ml. Arachidonic acid (final concentration, 200 uM)
was added in a volume of 20 ul,

Platelet cyclic AMP levels were estimated by the radio-
immunoassay of Brooker er al. [13]. At the end of the
incubation of platelets with various agonists and antag-
onists, 1/10 volume of trichloroacetic acid (100%) was
added to lyse platelets [14], and samples were centrifuged
at 12,000 g for 1 min. Supernatant fractions (1 ml) were
extracted three times with 3 ml of water-saturated diethyl
ether. After evaporation of the ether phase, 100 41 of 1 M
acetate buffer was added to bring the pH to 6.2, Aliquots
(100 ut) of samples and standard solutions of cAMP (0.312
to 10,000 fmoles) were acetylated by mixing with 10 pl of
triethylamine-acetic anhydride (5:2, v/v). All samples were
incubated for 16 hr at 4° after addition of antiserum for
cAMP and of ["¥IjcAMP-tyrosine methyl ester containing
bovine y-globulin. After 16hr, 2 ml of 60% ammonium
sulfate was added to each sample, which was then centri-
fuged at 1500 g for 15 min at 4°. The supernatant fractions
from sample tubes were discarded, and the tubes were
counted in a Beckman model 8000 gamma scintillation
counter (Irvine, CA).
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Fig. 1. Effects of clofibrate (CPIB) on platelet aggregation, measured as an incrcase in light trans-

mittance (A), and on the rate of oxygen consumption (B) by human platelets. Diluent (0.0) or CPIB

(concentration shown beside each tracing) was added to platelet-rich plasma for aggregation studies

and to washed platelets for oxygen consumption studies 1 min before addition of arachidonic acid

(200 uM). The tracings for aggregation (A} and oxygen consumption (B) are representative of at least
four experiments.

The effects of clofibrate on arachidonic acid-induced
platelet aggregation and on the rate of oxygen consumption
by human platelets are shown in Fig. 1. Arachidonic acid
in concentrations up to 200 uM did not cause platelet
aggregation. However, addition of 1.25mM and 2.5mM
clofibrate prior to the addition of arachidonic acid (200 uM)
resulted in a maximum aggregation of platelets, as indicated
by the maximum increase in light transmittance (Fig. 1A).
Although the extent of change in light transmittance was
maximum in the presence of either 1.25 or 2.5 mM clofi-
brate, it can be seen that an increase in the concentration
of clofibrate reduced the time required for the onset of
aggregation (Fig. 1A). Whereas clofibrate inhibits platelet
aggregation induced by thrombin by blocking the release
of arachidonic acid from platetet phospholipids {8]. these
experiments show that clofibrate enhanced arachidonic
acid-induced aggregation. It is possible that this drug
increases the enzymatic conversion of arachidonic acid into
prostaglandin endoperoxides (PGG, and PGH;) and
thromboxane A; (TXA;). A number of reports have shown
that addition of arachidonic acid to platelets results in an
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increase in oxygen consumption which reflects an increased
production of prostaglandin metabolites [12, 15]. Willem
et al. [15} showed that 55 and 23% of the total increase in
platelet oxygen consumption after arachidonic acid addition
were due to increased production of prostaglandin metab-
olites as catalyzed by cyclooxygenase and lipoxygenase
respectively. Therefore, we measured the effect of clofi-
brate on the arachidonic acid-induced burst in oxygen con-
sumption in platelets as an index of rate of prostaglandin
synthesis. Preincubation of platelets with clofibrate almost
doubled the amount of oxygen that was consumed after
arachidonic acid addition and. more importantly. the rate
of oxygen consumption increased within a {ew seconds
(Fig. 1B}. A comparison of aggregation tracings (Fig. A}
with those of oxygen consumption (Fig. 1B) shows that the
clofibrate-induced increase in aggregation is related to an
increase in oxygen consumption by platelets. These data
suggest that clofibrate may enhance platelet aggregation
induced by arachidonic acid by increasing the rate of oxygen
consumption and, therefore. the rate of prostaglandin
biosynthesis.
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Fig. 2. Effects of clofibrate (CPIB) on PLC-induced platelet aggregation (A) and secretion of ["C]-
SHT (B) from washed human platelets. Diluent (0.0) or various concentrations of CPIB were added
to platelets 1 min before addition of PLC (0.03 units/ml). Superimposed tracings of aggregation are
representative of four experiments. Data on the secretion of [“C}-SHT are expressed as percent and

are the mean = S.E.M.

of four experiments.
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The increase of arachidonic acid-dependent oxygen con-
sumption by platelets may reflect an enhancement in the
formation of prostaglandin metabolites by cyclooxygenase
and lipoxygenase enzyme systems, as shown prev10usly by
Willem et al. [15]. Our studies do not indicate the relative
role of the stimulation of the lipoxygenase enzyme system
by clofibrate on platelet oxygen consumption. However,
prostaglandin metabolites formed by the lipoxygenase sys-
tem do not modify platelet function, whereas those of the
cyclooxygenase pathway are known to be proaggregatory
(e.g. PGGy/PGHYTXA,) [16]. Since clofibrate increases

platelet aggregation in the presence of arachidonic acid,
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should, in part, be related to a stimulation of platelet
cyclooxygenase activity.

PLC has been shown recently to mediate platelet aggre-
gation by a mechanism which is independent of prosta-
glandins [10, 11]. To further evaluate the proaggregatory
action of clofibrate, the effects of various concentrations
of this drug on PLC-induced aggregation and {'*C]-5SHT
secretion were examined. Prior addition of clofibrate to
aspirin-treated (200 uM) platelets not only increased the
extent of piateiet aggregation, measured as an increase in
light transmittance, by PLC but also shortened the time
required for the onset of aggregation in a concentration-

dependent manner (Fig. 2A). In a similar fashion, increas-

ing concentrations of clofibrate increased the secretion of
[“C]-5HT from platelet dense granules (Fig. 2B).

These studies with arachidonic acid and PLC show that
clofibrate is capable of potentiating platelet aggregation
that is mediated by both prostaglandin-dependent and
-independent mechanisms. Thus, clofibrate may affect a
modulator of platelet function which is common to both
the prostaglandin-dependent and -independent pathways
of platelet activation. Cyclic AMP is a well-known mod-
ulator of platEléi function. Agents which elevate platelet
cAMP, e.g. PGE,; and PGI,, inhibit platelet aggrepation
whereas agents which induce aggregation lower cAMP in
platelets [4, 5, 16]. Since clofibrate has been shown to lower
cAMPina number of tissues by inhibiting adenylate cyclase
[2,3], we examined the effect of clofibrate on PGE,-
mediated ¢cAMP elevation in platelets. In preliminary
experiments, clofibrate lowered PGE; (1 uM)-induced
elevations in cCAMP by 46 and 85% at 1.2 and 2.5 mM
respectively (N = 3). As shown in Fig. 3, the 1nh1b1t0ry
effects of PGE; on PLC-induced [“C]-5HT secretion and
cAMP levels were examined simultaneously in the presence
or absence of clofibrate. PGE, increased platelet cAMP

llllll &_fald
levels by 5-fold and consequently completely inhibited

PLC-mediated secretion of ["C]-5HT. In addition, pre-
incubation of various concentrations of clofibrate with
platelets before PGE. addition lowered the PGE;-
induced elevation of cAMP and also reversed the inhibitory
effect of PGE, on [¥C]-SHT secretion by PLC in a
concentration-dependent manner (Fig. 3). Lapetina and
Cuatrecasas [17] have shown that PGE; inhibits the
PLC-like activity in platelets, which may be a result of its
ability to elevate cAMP in platelets These findings are in
agreement with our observation that PGE, elevated cAMP
concentrations and blocked secretion of [*C]-SHT by PLC
(Fig. 3). Since clofibrate reversed the effects of PGE,; on

hoth cAMP concentration and the PLC-induced secretion

of [*C]-SHT, we suggest that clofibrate achieves its stimu-
lating effects on PLC-induced secretion and aggregation
by lowering cAMP concentration in platelets. The same
mechanism that lowers cAMP may also be responsible for
the converse ability of clofibrate to potentiate arachidonic
acid-induced aggregation, that is, an increase in CAMP has
been shown to inhibit cyclooxygenase, the enzyme respon-
sible for oxygenation of arachidonic acid to PGG; and
PGHZ [16].

In summary, although clofibrate has

h,
inhibit platelet aggregation that is caused by thrombin,
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Fig. 3. Effects of clofibrate (CPIB) on PGE;-elevated levels
of cAMP (O——Q) and on the inhibitory effect of PGE,
on PLC-induced secretion of [*C]-SHT (O- - - -O) from
washed human platelets. Diluent or CPIB was added to
platelets 1 min before addition of PGE, (1uM). PLC
(0.03 units/ml) was added to platelets 1 min after addition
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O1 Guuent or r'so. The Samplca for cAMP and percent

secretion of [*C]-5HT were collected after 3-min incuba-
tions. The data are expressed as the mean = S.E.M. of
duplicate observations from three experiments.

ADP and epinephrine, by blocking the release of arachi-
donic acid from platelet phospholipids [8]. here we have
demonstrated that clofibrate enhanced platelet aggregation
by arachidonic acid and PLC and reversed the effects of
PGE; on platelet cAMP concentration and on PLC-induced
secretion of [“C]-SHT in similar, concentration-dependent
manners. Taken together, these findings strongly suggest
that the proaggregatory effect of clofibrate is mediated by
a lowering of cAMP in plateiets.
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