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ACTIVATION OF BLOOD PLATELETS
AND PROSTAGLANDIN BIDSYNTHESIS

This article summerizes recent findings concerning the
activation of wammalien platelets (adhesicn, aggrogatlon and
secretion). Special attention is given to the metabolism
of platelet asrachidonic acid and production of prostaglandin
and thromboxene A,, Recent views on the role of arachidonic
scid metabolites in the mechanisms of platelet aggregation,
especially platelet-vessel wall interections, are presented,

Introduction

" Msmmalian blood platelets are the fragments
bone marrow cells called megacaryocytes. They are nonnucleated
smallest blood cells, approximately 2-3 u in dismeter and shout
7 33 in volume,

Blood platelaet participete in heemostatis, arterial thrombo-
sie, activation of plasma coagulstion, maintenance of vascular
integrity eand may elso contribute to atherogenesis and inflsmma~
tory process. Their phyeiologicsl ond»p-thologicnl functions are
related to their ability tc adhere, aggregete and release  their
granule contents. 2y ) :

’ The blood platelet normally circulates as a disc and CONtam
ine a number of different granules, wmainly a-granules and
very densa bodies, ﬁhin'atinhlqtod,‘ it changes the shape, age
gregates and relesses the granule contents, This action is ini-
‘tisted by s variety of different agents including: adenosine di~
pho-phuto.; thrombin, collagen, ‘géroton;n.'adrinaltn and ghrb-
mboxane A,. R Al ' : 8

[133]
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Activation of blood platelets by different etimuli consists
of morphological and functional changes which follow a membrane
signal due to the interaction of surface receptore with speci-
fic substances what leads to s sequentisl display of certain me-
asursble recponses of these cells. The primary etimulus for pla~
telet aggregetion appoafs to involve nonbronn‘glycoprotoih ro=-
ceptors end the firet response is & change in cell shape, from
a discoidsl to a spherical form, Thies is followed by the second
response = aggregation, in which individusl platelets form  eg-
gregates, This phase can be reversible,

A number of experiments demonstrated that fibrinogen binding
to platelete 18 importent for platelet aggregetion (Be nne t ¢,
Vilatre [3); Greber, Haviger [13]; Ma r-
queri, Plow [23]: Merqueri, Plow, E~
dington [22]). Fibrinogen receptor exposure on the pla~
telet membrene and fibrinogen receptor interaction are the most
critical events in platelet aggregstion induced by many diffe-
rent stinuli such as ADP, thrombin, edrenalin, collagen, ara=
chidonic acid end prostaglandin endoperoxide enslogues. The in
vitro sggregetion of platelets is presumably o reflection of
their major functions, the formation of the primary haemostatic
plug., The photometric measurement of platelet aggregation
{Born [4]) 4ie by far most widely used perameter of in  vitro
platelet functicon,

Some e£¢imuli induce a slight aggregation, called primary sg=-
gregation, fcllowed in 1-2 minutes by a second wave of aggr.@a—
tion celled secondary sggregation, Parallely with the second
wave of platelet aggregation the platelet secretion, 1,e. plate-
let ralease reaction occurs. The next responses comprising cel-
lular synthesis of prostaglandins end secretion of substsnces
stored in the dense bodies and a-granules are not clesrly unders=
stood yet. s : . '

Thesa events represent sn ordered sequence of all  repponces
which are due to a common intracellulsr messenger, The  induced
pembrane alterations lesd to the same sequential biochemicsl rea-
ction and result in a rise of free Ca®* tons in the cytoplasm
(Detwiler etal, [9])The Caa'»playn "a central role in
platelet activation ond may be a eccond'ncsaengor'1nVo1vod in
the transmission of the eignal from the plasme membrane to ' the
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platelet. Ce®* mobilized from intrascellular stores, most pro-
bably from the dense tubular eystem end membrane-bound sites
(Broass, Shettil [5]), The incresse of the free ca?*
ion concentration gives the typical morphological changes asso-
ciated with the activation of contractile system; Caz’ the
comman messenger for the pletelet response, The inhibitory effect
of cyclic AMP on platelet sggregation can be explained pertly by
a decreese of Ca-concentrations in the platelet cytoplasm (G o=
rman ot al. [12]). On the other hand, cyclic AMP prevents ex=
posure of the fibrinogen receptors on platelet membrane (G r o=
ber, Hawigoer [137).

Arachidonic acid metabolism

Activation of blood platelets induced by several physical
and chemical stimuli is accompanied by the synthesis of proste-
glandins and prostaglendin-like compounds which play an  impor=-
tant role in platelet function (Al ly, Herrobin [1]:
Gorman (1171 -  Hs r )l a n, Harker Liel; Ma 1l m=
sten [19); Marcus [20]; Marcus [21]; Mo n=-
cads, A mezowuas [25%: Pike etal, [29))

Prostaglandine are not stored but rapidly synthstized and
released from cells following sppropiate stimulation. Twenty car=-
ben polyunsaturated fatty acids esterifisd to mombrane phospho-
1ipids sere their precursors, These fatty acids are either ob~
tained directly from the diet or from elongetion of the essen=
tiel fatty scid, linoleic ecid (6 s 11 4 et al, [101). In
platelets snd endothelial cell membranes the twenty corbon C :20:
1 4 fatty ecid with four double bonds, eicosotetraenolc acid
{ arachidonic acid) is the precursor of the prostaglandins contaie
ning two double bonds.

The developments in the prostaglandin field in the last few
years have substentially enlarged our knowledge of the platelet -
vessel wall interactions, heomogtgatsA‘and thrombosis, - Howover,
the expsnsion of the variety of products derived from the enzy-
matic oxygenation of erachidonic scid has becowme exchedihgly come
plex. ‘ >
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There sre two main oxygenstion pathways of arachidonic  acid
in platelet =« the first one, besed on the cyclooxygensse, which
leads via tho ¢yclic endoperoxides Pccz and PGH, to the prosta~
glandine and thromboxane A2 end ~ the second one the lipo~
oxygenass pathmay. which. leads vie the firet formed hydroperoxy
fatty acid such as 12-L~hydroperoxy, 5,8,10,14~eicosatetraencic
ecid (HPETE), to & number of futher transformation products in-
cluding hydroxy fatty scid 12-lL=hydroxy, 5,8,10,1i4«eicosatetrae~
noic acid (HETE) end to recently discovered series of compounds -
the leukotriens (Nugteren [28]), If the cyclooxygena=
se pathway is blocked, for instsnce by drugs (a-plrgn), platelet
arachidonic acid may be metabolized im the lipooxygenase pathway
and produce large quantities of HETE, :

Blood platelets contain very little free arochtdontc ecid and
thus regulation of prostaglandin :ynthooto in platelets must oc-
cur et the level of arachidonic acid supply. When pllinloto are

stimulated by sggregating agents, arachidonic acid 4s liberated.

Once liberated it is rapidly metabolized via one of two pathways.
Two phospholipases liberating arachidonic ecid from wembrene pho-
spholipids have been identified in platelet, Their activities
are stimulated by most aggregating sgents causing the incresse of
Ca®* ion concentration. Phospholipaee A2 is & nubrono-hound 1i=
 pase ‘which cleaves srachidonic acid from membrane phoophattdyl-

choline and phoeph-ttdylothanolnnino (Verestraete [34]»\

Bell etael, [2] provided evidence that the mechaniem  for
arachidonic acid release from stimulated platelets involves not
enly phospholipase A, but a phoaphattdyltnouitol opoctflc pho=
epholipase C liberating @ digliceride from which in turn ere-
chidonic acid ie relessed by @ membrene-bound diglicerids~lipase.

In the cycloongonoao pathwey arachidonic acid 4ie oxygensted

by cyclooxygoncao to labile cyclic prootoglnndtn sndoperoxide
PGG, with its subsequent reduction to PGH,. The cyclic endope-~
roxides are intermediates with o half«1ife of about 5 ' minutes
(Rez etal, (30] which may be spontaneously converted to @

‘17-cerbon compound 12-L~hydroxy, 5,8,10<heptadecstriencic scid
(HHT) with the releasse of mn!onyldllldohydo (Porter [31].
“The mejority of plarelet ondoporoxtdo. ie eonvortod by the anzywe
_thromboxane synthetase to the thronboaano Agi e hzghly unstable
compound (Hemmarstrom Falardesu  [16]F
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Hemberg etal, [15). It is rapidly converted to biolo~
gically insctive end product, thromboxana 82, formed nonenzymse-
ticaly by incorporation of & molecule of weter into TxAz. Throm=
boxane A has @ short half=life, approximately 30 seconds in a-
queous .olutuzn and about 5 unutu in plesma (Neeod1l e~
man et al. [ 27)).

The cyclic endoperoxides may aleo undergo nonenzymatic  cone
version to small emounte of the stable prostaglandins, PGE,, PGF,
but primarily PGD, (Hamberg etoal,[35];Malmsten
(18], Prostaglandin endoperoxides and thromboxane A, eare ex-
tremely potent platelet aggregating agents, The mechanism by
which prostsglandin endoperoxides. cause. plutelot aggregetion is
not yet well understood, These compounds boing unstable it is
difficult to evaluste their mechanism of sction, It wes found
that PGH, could directly causs aggregation of platelets and ex~
pose fibrinogen receptors on golfil:rated platelets; the occups-
tion of prostaglandin endoperoxide receptors on platolet surface
i3 required for the interaction of fibrinogen end platelets (M o=
rinelli etal, [26]). Although the mochanism of  TxA,
action in platelet aggregation has not baen full understood, te
sppears to be involved 4n tho'rogulation of 1htraplatelet cyc=
lic AMP level, TxAz does inhibit cyclic AMP accumulation
(Gormsan et al [12]), , '

Contrary to platclot. in veseel wall free arachidonic acid
is rapidly nofabolizod to cyclic prostaglandtn endoperoxides end
futher to prostocycltn which ‘is the major notabolito of boram
chidonic scid in the vessel wall cells such as andothaltal celle
(Gryglewsk: [14]). Some amounts of PGH, are converted
to the stable protaglendina, mainly PGE,, ay D P 08
. Prostacyclin (PGI,) is » labile compound, It has a half li-
- fe of sbout 3 utn«tcs in aqueous solution and oltghtly longer in
plasma, It is hydrolysed to the stable but insctive broakdawn‘
product 6-keto PGF, in vitro, In vivo significent smounts  of
other metabolites .ro also producod including dinor  4-keto-7,9,
13-tr1hydroxy-proetav11 12, enoic acid end dinor 4,13, diketo-7,9=
~dihydroxyprostan-1,18-dioic acid (P 1 k e ' et o), [29]). '

Prostecyclin stimulates adenylate cyclase to pletelets and
iz therefore & potent antiaggregatory sgent (G or man [21];
Gryglewskdi [14];: Moncade, Vane [24]; Ha~
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wiger etal [17]), PGI, 1s also an inhibitor of fibri=
nogen binding by platelete (Hewdiger etal, [17]). This
inhibitory effect seems to be due to enhanced CAMP level which
pravents exposure of fibrinogen receptor. The vessels produce
much more PGI, than other prostoglandis, Recently the produc-
tion of thromboxane A, by vessel wall was slso observed (A 11y,
Horobdin [1]). The emall amounts of TxA, produced by
vessel wall may be important for function regulstion end play
e critical role in veseel physiology end psthology.

The role of arachidonate metabolites
in platelet-vessel wall interection

. Prostacyclin produced by vessel wall is a vesodilator., It not
only prevents platelets from aggregation in platelet rich plesma

but also dissipates preformed platelet clots and circulating
platelet aggregates in vive, Que to its properties chz was used
in clinical trisls as an antithrombotic agent (Grygle w

BK ik e 6 ¥ 24

Arachidonate metabolites, especially the unstable metabolites
TxA, and PGI, modulate many of the complex platolot-voa,ol wal
reactions (Gorman [41], Herlam, Harker [18];
Moncads, Vene [24]; Monceda, Amezoue
[25]), Platelets are normally non~reactive to intect vascular e~
ndothelium. At a site of vessel injury platelets adhere to  su-
bendothelium, aggregete and develop & procosgulant  activity
which cetalyses the intrinsic blood coagulation pathway. Plate=-
lats are thought to accelerate coagulation by thrombin genera=-
tion, Vessel injury initiates platelet adherence with plasma
cofector (von Willebrands factoer), Activated platelets release
the sctive substancee including ADP, which together with pro=-
duced TxA2 and thrombin ceouse futher platelet aggregation and
release of agreanule contents, Upon stimulaetion blood  platelets
rot only releasas the vasoconstractile compounds « serotonin but
also synthetize the vasoconstractile PGG,, PGH,, TxAz and PGF,
through the arachidonic acid cascade, The relaxing ' prostaglan-
dins such as PGEz and PGD2 are also produced (Fig. 1),



Activation of platelets and prostaglandin bipsynthesis 139

MEMBRANE PHOSPHOLIPIDS
Pl PC PE
e |
phospholipase C phospholipase A
DGLYCZRIDI
diquc.o_ridolinu
ARACH! lONIC ACID
lipo-oxrgoncn eycl;}ouncmu
T enighgronoe
5-HPETE
prmudan
END! ROXIDE
: Py
peroxidase dehydrase m'ﬂn:yclm isomerase vdu'm” Qhromboum
HYDR 0SA LEUKOT]HENE A, sythetase + ¢ }ohu
TETRAENOK AGID (LTA, ) PGy PGDz  PGFaq
ks e | PGE,
hydrolysis %luhmm hydrolylu hydrolysis
Stransterase
Sxevo PGF 4y '
LTB, LTC,~LTD, luusl.oom | TXB,  MALONDIALOEWYOE
- HYD -
pha i e mmﬂ%?gﬁﬁmu
dexydrase tHFY
6,15-bikero
b ‘ PGFyq
e i \/ i L & ihi
IN LEUKOCYTES IN PLAT T
IN ENDOTHELIAL CELLS sl

Fig. 1. Archidonic acid metebolism
Metabolizm kwasu archidonowego -

Thrombin converts fibrinogen to fibrin to stabilize the pla-
telet mass, Prostscyclin synthetized by the vessel wall in re-
sponse to thrombin limits thrombus formation by inhibiting futher
platelet aggregation. ‘ "

It has been postulated thet normal haemostasis represents 2
balance between platelet TxA, formetion and vessel wall 9012 pro=
duction. The unbalance between the production of both the com=
pounds could lead to thro-boaio or blnoding (Pike et el,
[29]). - ;
PGI, and TxA, were at first onthuntactteally 1ntroduced . 4in
many aspects of heemostasis and thrombosie (Ma rcus  [20,
21]); Monceda, Vane [24]), It is apparent now that
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they play an importsnt but limited role in the phyaiclogical mo=~
dulation of pletelet~vessel wall interactions, If the platelet
function is inhibited hmemostasis is likely to be impaired. The
complete inhibition of pletelet prosteglandin production by cy-
clooxygenase inhibiters (espirin) produced only a mild heemoste~
tic defect what indicates thet platelet arechidonic acid metabo~
lism is not essentisl for platelet plug formation (Har 1l e m,
Harker [18]), The precise rale of these arachidonic oecid
metabolites in heemostasis and thrombosie remains to be fully de~
finad.,

Activation pathways in platelets

There are three different pathways of platelet activation
(vargeftig etal, [33]). ADP is considered to be o
firs t~pathway of eggregetion. Early studies suggested that ADP
relsoced from the stimulated platelets was responsible for the
futher formation of the aggregates, The role of ADP as a me~
diator of aggregation ceused by other agents such as collagen or
thrombin is supported by its dose-dependent release during pla-
telet etimulation and by reduction of platelet aggregation in the
presence of ADP scavenger, ' The presence of ADP is roquirid for
the exposure of platelet surface fibrinogen receptors (B » n=
net, VYilaire [3]). The stimulated plstelets release
ADP and fibrinogen, Subseguently ADF acte on platelet membrane
to expose fibrinogen receptors, Fibrinogen then binds to the
exposed receptors what in turn rotulto in platelet ngurogation
end futher activation,

The arachidonic acid cascade in proaontlv rogordod a8 & se-
cond pathway for aggregetion medieted by produced in ‘platelet
TxA, eV BT igemer theg etal, (331 Verstraeste
{34]. ‘ :
Since platelet activation by thronbﬁu or cellngon is notthor
suppressed by the exhaustion of ADP from the granules nor inhie
bited by aspirin snd other inhibitors of plaetelet prostaglandin
biosynthesis, the theory was put forward that inothor‘-odtagor'of
platelet activetion 1s formed in these eollo‘ (Cazenave
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et al, [6)). There may exist en alternstive pathway independent
of ADP release and prostaglendin formetion in platelat, Platelet
sctivating factor ( PAF=acether) can therefore account for  the

"2?‘ 0~ (CHz)"—Cﬂs

CHS—O—O—CH 0
1 ] I
(o} uzc-o'-l:*-o-cluz— CH
0®

0—
2 (eHy?s

PAF=acether

1-0=alkyl=2-0=acethyl=2 an =glyceryl=3~phoephorylcholine

third pathway of platelet sggregetion (Var goe f t & g et
al, [33])., PAF=acether is e low moleculsr lipid, namely 1~0-al-
kyl-2-O-acethyl,2 sn-glyceryl-3-phosphorylcholine (Cusak [7
Demopoulos et ol.[8): Snyder [32]. It is
the most potent platelet aggregating agsnt known to be alsc rele-
ased from various cells end participating in the inflammatory
procese (Vargeftig et o1, [33]). It is ona of the
most powerful aggregeting substances so far described, = however,
the mode of release of PAFwacether and the mechanism of its ace
tion is etill unknown, ' vy

In activetion of platelets, synergism batween the action of
different agents should also be taken into account, t

The work wee supported by a Project R.,III.is.
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B, Wachowicz, T. Krajewski
AKTYWACJA KRWINEK PLYTKOWYCH I SYNTEZA PROSTAGLANDYN

Przedstewiono aktualne pogledy dotyczace ektywacji krwinsk
piytkowych ssakdéw (adhezja, agregecja, sekrecja). Zwrdcono uwage
na metabolizm kwasu arachidonoweago w plytce i wytwaerzanie trombo-
ksanu A,. Przedstawiono role tromboksanu A, 1 prostacykliny w
mechanizmach procesu agregacji, & przeds wszystkim w interakcji
piytki 4 écieny naczynis krwionoénego. : :



