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ABSTRACT

AIM: To invegtigate the mechanism () involved in the synergidtic interaction of platel et activating factor (PAF) and
epinephrine. METHODS: Blood was obtained from healthy human subjectsreported to befree of medications for
at least two weeks before sampling. Aggregation was monitored at 37 °© C using Dual-channel L umi-aggregometer.
The resulting aggregation was recorded for 5 min by the measurement of light transmi ssion as afunction of time.
RESULTS: Platelet aggregation medi ated by subthreshol d concentrations of PAF (5-8 nmol/L) plus epinephrine
(0.5-2 nmol/L) wasinhibited by a ,-receptor blocker, yohimbine, and PAF receptor antagonist WEB 2086. This
synergism wasinhibited by calcium channel blockers, vergpamil and diltiazem. In addition, plaelet aggregation by
co-addition of PAF and epinephrine was also inhibited by very low concentrations of phospholipase C (PLC)
inhibitor (U73122; 1C.,=0.2 mmol/L), the MAP kinase inhibitor, PD 98059 (IC,,=3 nmol/L), and cyclooxygenase
(COX-1) inhibitorsincluding indomethacin (1C,,=0.25 nmol/L), flurbiprofen (1C,,=0.7 mmol/L), and piroxicam
(I1C5,=7 nmol/L). However, COX-2 inhibitors, nmesulide (I C;,=26 mmol/L), NS-398(1C,,=7 mmol/L), and etoddac
(1C,,=15 nmol/L) were a2 effective ininhibiting the aggregation. Theinhibitorsof proteinkinase C(chelerythrine)
and tyrosine kinase (genigtien), and phosphatidylinositol 3-kinase inhibitor (wortmannin) had no sgnificant effect
on platel et aggregation induced by PAF and epinephrine. CONCLUSION: The synergigic effect of PAF and
epinephrine on human platelet aggregation isreceptor-mediated and involves the activation of PLC/Ca*, COX and
MAP kinase sgnalling pathways.

INTRODUCTION . _ _
gimulation of G-protein coupled receptors (GPCR).

Platel et activating factor (PAF), aphospholipid mediator,
isastrong platelet activator and human platelets show
high affinity binding stesfor this agonist. It aso en-
hances adhesion of plateletsto the endothelium in the
presence of activated leukocytes?. Itisal so known as

In platelets, ca cium serves as a second messen-
ger and plays a pivotd rolein platel et aggregati on!.
Mog of the aggregating agents act largely through
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apotent simulator of thromboxane A2 (TXAZ2) pro-
duction in human platelets. PAF, which isknown to
increase Ca* influx via receptor-operated Ca* chan-
nelswith such an effect being independent of PLC ac-
tivation'®. PAF isknown to act through stimulation of
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pertussis toxi ninsengitive G-proteins (Gg/11) to simu-
late phospholipase C (PL C), with aresultant gimulation
of protein kinase C (PKC) by diagylglycerol (DAG) and
mobilization of intracellular calcium by inositol 1,4,5-
triphosphate (IP,). Both Ca" and PKC stimulate plate-
let aggregation and also dicit synergism in platelets®,
Epinephrine interactswith a,-receptorson platel etsand
activation of these receptors regul ates the adenylyl cy-
clase pathway'®. Epinephrine-mediated increasein plae-
let aggregation correl ates well with an increasein cyto-
solic free Ca?* and the processis known to be sensitive
to Na" concentration'”. The level of cytosolic Ca*-
influx from outside the cell is animportant determinant
in the dgnalling cascade mediating platelet aggrega
tiont?.

Most of the studies show that platelet aggregation
can be mediated by synergismof platele agonists added
together at a subthreshold concentration”’. Low con-
centrations of platelet agonist such as 5-hydrox-
ytryptamine® potentiate the aggregating response of
epi nephrine. Such a synergism between platelet ago-
nistswas found to be mediated through activation of
multipl e sgnalling pathways. Moreover, platel et ago-
nists are also known to regulate the arachidonic acid
(AA) metabolism by cyclooxygenase (COX) path-
way®®. The AA metabolites parti cularly TXA2, play
an importart role in platelet aggregation™'4. Here we
studied the signalling pathways and the role of COX in
the synergisticinteraction of PAF and epinephrine dur-
ing human platel et aggregation.

MATERIALSAND METHODS

Materials PAF, epinephrine, yohimbine, vera
pamil, diltiazem, flurbiprof en, indomethacin, and eodd ac
were purchased from the SigmaChemica Co (St Louis,
Mo, USA). U73122 was purchased from Alexis LC
Labs (UK). Nimesulide and NS-398 were purchased
from Cayman Chemical Company (Ann Arbor, M1,
USA). WEB 2086 was a kind gift from Boehringer-
Ingleheim, Germany. All other chemicas were of the
highest purity grade available.

Preparation of human platelets Blood was
taken by veinpuncture from norma human volunteers
reported to be free of medications for one week. Blood
samples were mixed with 3.8 % (w/v) sodium citrate
solution (9:1) and centrifuged at 260 xg, 20°C for 15 min
to obtain platelet rich plasma (PRP). Plaelet count was
determined by phase contrast microscopy and al ag-

gregation studies were carried out at 37 °C with PRP
having platelet counts between 2.5 and 3.0x10"/L of
plasmd®. All experiments were performed within 2 h
of PRP preparation.

Measurement of platelet aggregation Aggre-
gation was monitored usng a Dual-channel L umi-
aggregometer (Model 400 Chronolog Corporétion,
Chicago, USA) using 0.45 mL aiquotsof PRP™. The
fina volumewas madeup to 0.5 mL with thetest drug
dissolved either in normal saline or appropriate vehicle
known to bedevoid of any effect on aggregation. Ag-
gregation wasinduced with PAF and epinephrine and
their subthreshold concentration were determined. To
obtain the synergigtic effect of PAF and epinephrine we
added low concentrations of these agonigts. The anti-
aggregatory effects were studied by pretreatment of
PRP with variousinhibitorsfor 1 minfollowed by addi-
tion of the subthreshold concentrations of PAF and
epinephrine. The resulting aggregation was recorded
for 5 min after chalenge by the changein light trans-
misson asafunction of time®. Once the anti-platelet
activity of variousinhibitors against agoniss was
edtablished, dose-response curves were constructed to
calculate the IC,, values of inhibitors. Statistical analy-
sswas done using Student’ s ¢-tegt.

Thromboxane formation in platelets Arachi-
donic acid metabolism and TXA2 formation were sud-
ied usng aBerthold TLC linear analyzer and chroma
tography data sysem (Moddel LKB 511, Berthold W,
Germany) as described previously* . Protein con-
centration was determined by the method of Lowry et al™,
using human serum albumin as sandard.

RESULTS

Both PAF (5-800 nmol/L) and epinephrine (EPI,
0.1-20 nmol/L) showed concentration-dependent in-
cresein platelet aggregation. However, when low doses
of PAF (5-8 nmol/L) and epinephrine (0.5-2 nmol/L)
wer e added together, their effect was potentiated and
marked aggregation was observed (Fig 1A&B). This
synergigic effect of PAF and epinephrine was blocked
by a ,-receptor bl ocker, yohimbine, and PAF-receptor
antagonis, WEB 2086, with 1C,, vaues of 0.16 and
0.7 mmol/L , respectively (Fig 2A&B). To investigate
the possble mechanismsinvolved in this synergism,
selective inhibitorsof various sgnaing pathways were
used. Recent studies show that bg-subunits of acti-
vated Gi protein can also activate PLC™*.  Since PAF
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Fig 1. (A) Tracings from representative experiments show-
ing synergism of PAF (5 nmol/L) and epinephrine (EPI,
1 mmol/L) and on human platelet aggregation. PRP was
treated with agonists (PAF and epinep hrine) and platelet
aggregation was recorded for 5 min. (B) Quantitation of
the data obtained from synergistic interaction of PAF (5
nmol/L) and EPI (1 mmol/L).

and epinephrine were reported to activate Gi protein
and Gg/PL C pathway, we used PLC inhibitor U73122
to examineif PAF and epinephrine mediated effect in-
volved activation of PLC. Pretrestment of PRP with
U73122 completely inhibited synergigtic effect of PAF
and epinephrine with an IC,, vaue of 0.2 mmol/L
(Fig 3A). Since activationof PLCled to anincreasein
cytosolic Caf* dueto its release frominternal stores by
inositol triphosphate (1P,) or through store-depleted Cat*
influx™, Theeffect of Ca?* channel blockers (vergpamil
and diltiazem) on platelet aggregati on was exami ned.
The synergidtic effect of PAF and epinephrine wasin-
hibited by both vergpamil anddiltiazem(1C,;=2.5 nmal/L)
andverapamil (1CG,=04 nmol/L) (Fig3B). Thisindicated
the possibleinvolvement of Ca* influx in this process.

As gimulation of the G protein/Ca** cascade led
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Fig 2. (A) Concentration-dependent effects of a ,-receptor
antagonist, yohimbine and (B) PAF receptor blocker,
WEB2086 on PAF and epinephrine-mediated platelet
aggregation. Control means platelet aggregation induced
by PAF (5 nmol/L) and epinephrine (1 mmoVL). n=5.

to activation of mitogen-activated protein MAP kinase
sgnaling'™”, the sdlective MEK inhibitor PD98059 was
used to examine the role of MAP kinase in PAF and
epinephrine synergism. Pretreatment of PRP with
PD98059 (1C,,=3 nmol/L) showed a strong inhi bitory
effect on platelet aggregation induced by co-addition of
subthreshold concentration of PAF and epinephrine
(Tab 1). Theinhibitors of other sgnaling pathways
such asgenigtein (TLCK inhibitor) and chel erythrine
kinase (PKC inhibitor) had no effect on platelet
aggregation.

To determine the role of cyclooxygenase, a key
enzyme involved in the biosynthesisof prostaglandins,
various COX-1 and COX-2 inhibitors were used. COX
inhibitors(indomethacin: | C,,=0.25 nmal/L ; flurbi prof en:
I C,,=0.7 mmol/L; piroxicam: 1C,,=25 nmol/L) blocked
the effect of co-addition of PAF and epinephrine
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Fig 3. Effects of PLC inhibitor, U73122 (A) and (B) calcium-
channel blocker, verapamil, on the synergistic interaction
of PAF (5 nmol/L) and epinephrine (1 mmol/L). n=7.

(Tab 1). However, interestingly COX-2 inhibitors,
nimesulide (1C,,=26 mmol/L), NS-398 (I C,,=7 nmol/L)
and etodolac (1C,,=15 nmol/L), also inhibited the ag-
gregation suggesting the possible involvement of
COX-2 pathway in human platelets(Fig 4). Theere-
aults suggested that the synergism between PAF and
epinephrine involved the ectivation of COX pathway in
human pl atel ets.

DISCUSSION

The mechanism of synergism among variousplate-
let agonigtsis reported to occur due to the activation of
Ca* dgnding cascade. Theresultsof the present in-
vestigation show that the subthreshold concentrati ons
of PAF and epinephrine show synergism during human
platel et aggregation and this synergism isinhibited by
PLC/C&a* and COX inhibitors. It has been proposed
that the activation of Ca?* signalling cascade witharise
in Ca®* induced by first agonist primes platelets for an

Tab 1. Effects of various inhibitors on platelet aggregation
mediated by synergistic interaction of PAF (5 nmol/L) and
epinephrine (1 mmol/L). n=5-7. Mean+SD. "P<0.05 vs

control.

Inhibitors |Cso/mmol- L™ 95% Cl
WEB2086 0.7+0.04° 0.66-0.73
Yohimbine 0.16x0.15" 0.09-0.24
uU73122 0.2+0.10° 0.15-0.29
Vergpamil 0.4+0.05° 0.38-0.43
Diltiazem 2.5+0.63° 2.21-2.86
Indomethacin 0.25+0.02" 0.23-0.27
Flurbiprofen 0.7+0.22° 0.58-0.81
Piroxicam 25+12° 19.55-32.36
Nimesulide 26+23° 14.53-37.86
NS-398 7+1.7° 6.16-7.97
Etodol ac 15+0.6° 15.29-15.90
PD98059 3+2.0° 1.05-4.98
Wortmannin NE -
Genistein NE -
Chelerythrine NE -

Daawereindicated as half maxima inhibitory effect (1Cs,) of
various agents. | Cso=concentration (nmmol/L) producing 50 %
inhibiti on of aggregation. 1C5, was caculated using tests done by
5-7 determinati ons of the inhibitors. NE=no effect.
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Fig 4. Cyclooxygenase (COX) inhibitor flurbiprofen and
NS-398 inhibits platelet aggregation induced by co-addi-
tion of subthreshold concentrations of PAF and epinephrine.
n=9. Mean+SD.

enhanced functional response to second agoni ">,

Inter ruption in the process of PL C/Ca* activation can
interfere with the aggregation of platelets™®. Further
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support in favour of Gg/PLC pathway is provided by
the recent studiesin transgenic mice where it is shown
that Gg-pratein deficient micelacked the ability of plate-
let aggr egation®.

Stimulation of Gi protein in platd etsthrough gimu-
lation of a ,-adrenoceptors by epinephrine causes de-
creaxein intracdlular cAMP leves, increase in C&* -
influx and stimulation of phospholipase A,/%9. Further,
thereisa cross regulation between Gi and Gq protein
linked pathways in platelets. Thus, sgnasoriginating
from a ,-adrenergic receptor stimulation seem to con-
verge with those of PAF a the level of PLC/Ca*1"*,
Therefore, inhibition of PL C/Ca* pathway by PLC
inhikitor, U73122, and Ca**-channel blockers, diltiazem,
and verapamil resulted in the inhibition of platelet ag-
gregation induced by co-activation by epinephrine and
PAF. A smilar mechanism has a so been reported for
other platel et agonists*®*.

The increase in cytosolic Ca* causes acti vation
of PLA, and simulation of COX activity, thus TXA2
formation™. COX catalyzesthe stepwise conversion
of AA into reactive intermediates PGG2 and PGH2,
which are theprecursors of prostaglanding prostacyclin
and thromboxanes (prostanoids). COX-1 is mainly
present in platelets and other tissues whereas COX-2
can beinduced in other tissues™. Numerous studies
have shown that inhibitors of COX mainly belonging to
the group of non-geroidal anti-inflammatory drugs
(NSAID) asoinhibit platelet aggregation by inhibiting
TXAZ2 biosynthesis*!. Our results showed that COX-
linhibitors, indomethacin, flurbiprofen, and piroxicam
blocked the effect of synergigtic interaction of epineph-
rine and PAF. It appearsthat GPCR-gimulation under
our experimental conditions causes activation of COX
and theinhibition of latter by selective inhibitors leads
toinhibition of aggregation.

It wasfound that platele aggregation mediated by
co-addition of PAF and epi nephrine was inhibited by
nimesulide, NS-398, and etodolac, compounds known
to inhibit COX-2 activity. Nimesulideinhibits platelet
aggregation induced by epinephrine and aso inhibits
TXA2 formation in platelets®. Infact, recent sudies
have suggested that COX-1 inhibitory effects can be
detected for al sdlective COX-2inhibitorsby asens-
tive assay at low substrate concentrations. Nimesulide
isreported to be more selective inhibitor for mi croso-
mal COX-2, but it is equipotent on both COX-1 and
COX-2 in whol e cell assay sysems®?1, Moreover,
nimesulide is aso known to cause elevation of cytoso-

liccAMPIlevds, decreasein Ca* influx and PKC adtivity,
andinhibition of TXA2 and PAF formation®!. All these
mechanisms are reported to decrease platelet aggrega
tion™. Therefore, the possibility that the inhibitory
effects of nimesulide on the synergistic interaction of
PAF and epinephrine are mediated through a COX-
independent mechanism can not be ignored.

MAP kinase is one of the downstream signaling
moleculesinvolved in platelet aggregation™®, that can
be activated by both Gq and Gi-proteinlinked path Bl
We found that selective MEK inhibitor; PD98059 abol-
ished the synergigtic effect of PAF and epinephrine sug-
gesting the involvement of MAP kinase, which is con-
sidered to lie digta to PLC/PKC!®®! However,
PD98059 isalso avery potent inhibitor of COX-1 ac-
tivity in platelets®. Recent studies show that G pro-
tein bg-subunits mediated a ,-receptor- and Gg/11-me-
diated a ,b-adrenoceptor-coupled activation of MAP
kinase, converge at the level of PLC™%3 |n fact the
bg-subunit of Gi and Gq proteins havethe smilar effi-
cacy in theregulation of PLC in human platdets®. Our
results suggest that convergence of PAF and epineph-
rine mediated receptor activation leads to activation of
multiple sitessuch asPLC, MAP kinase, and COX dur-
ing platelet aggregation. Subthreshold concentrations
of PAF and epinephrine show synergistic effect through
activation of PLC/Ca?* and COX pathways as the
effect was blocked by selective inhibitors.
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