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Summary

Blood platelets are small, anucleate cells which circulate
freely in the cardiovascular system. One of their major
physiological functions is concerned with haemostasis - the
cessation of bleeding. However, platelets are also involved
in the pathological counterpart of haemostasis - thrombosis.
Platelets are derived from megakaryocytes which are large
nucleated cells located in the bone marrow.

In view of the contribution of platelets towards thrombosis
(predominantly arterial thrombosis) for'many years the search
for novel antithrombotic agents has centred largely on drugs
that impair platelet function. However, evidence now exists
suggesting, that besides acting at the level of the platelet,
some potential antithrombotic drugs, such as aspirin, act
elsewhere in the body since the duration of action of aspirin
long outlasts the time after this drug would be removed from
the body. In addition the duration of aspirins inhibitory
effect on platelet icosanoid biosynthesis exceeds the platelet
lifespan. This further implies that aspirin can influence
platelet reactivity by effects other than on the platelet
per ses presumably by acting at the platelet progenitor cell,
the megakaryocyte.

In order to exert an effect, drugs, per se, must interact
with some receptor or influence the component processes
triggered by receptor occupancy which lead to cellular activation.
If antithrombotic drugs are in fact able to act at the level

of the megakaryocyte as well as the blood platelet, then
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similar receptors or component processes must exist in both
these cell types. This thesis attempted to address this
possibility by investigating the nature of the transduction
processes in both rat platelets and RPMy, a cell line resembiing
normal rat promegakaryoblasts.

Much evidence has accumulated in recent years suggesting
that the transduction process operating in a number of different
cell types, including human platelets, involves the agonist-
induced metabolism of inositol phospholipids - especially
PtdIns(h,5)P2 - with the consequent formation of 1,2-diacyl-
glycerol and Ins(l,h,S)PB. Both 1l,2-diacylglycerol and
Ins(l,h,S)P3 are believed to act as synergistic second
messengers - the former by activating protein kinase (resulting
in the phosphorylation of a 40K protein, the latter by mobilizing

Ca2+

from intracellular stores.

The transduction processes or receptor mechanisms existing
in both rat platelets and RPM were investigated using Thrombin
and a range of purines. Metabolism of inositol phospholipids
was assessed principally as [32f3 PtdA formation or dis-
appearance of [?2é] PtdIns(4,5)P2, in cells prelabelled with
[32é] Pi or as the accumulation of LBﬁ] inositol phosphates

in cells prelabelled with [BH] inositol. Agomist-induced
changes in cytosolic free calcium, [Cazf]i, were monitored
using Quin 2. Using this approach, the major findings and
conclusions reached were:-

(1) In rat platelets, Thrombin >>ADP elicited, in a concentration

dependent manner, the metabolism of inositol phospholipids,
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as monitored by [32£] PtdA formation and elevation inl:Cazi]i,

as monitored by Quin 2. As the extent of [3253 PtdA formation
and elevation of [Cazf]i induced by Thrombin exceeded that

evoked by ADP, it can be concluded that Thrombin was a more
potent and more efficacious agonist than ADP.

(2) In RPM, ADP > Thrombin elicited, in a concentration-dependent
manners the metabolism of inositol phospholipids as monitored

by [?ZP] PtdA and elevation of {Cazf]i, as monitored by Quin 2.
As the extent of [?29] PtdA formation and elevation of [Cazfli
induced by ADP exceeded that elicited by Thrombin, in this

system ADP is the more efficacious agonist.

(3) In rat platelets, but not RPM, both Thrombin and ADP
elicited the rapid disappearance of [325} PtdIns(4,5)P2. In

RPM, but not rat platelets, both Thrombin and ADP induced a
significant accumulation of inositol phosphates.

(4) While attempting to characterise the nature of the "purino-
receptor" on rat platelets and RPM it was found that the rank
order of potency (EC5O) of a range of purines at eliciting
inositol phospholipid metabolism and elevation in [Cazf]iy
in both rat platelets and RPM was ADP > AiP >> AMP > Adenosine

= O« In rat platelets ATP was a partial agonist when agonist-
induced (32P} PtdA formation or elevation of {Cazfji were
monitored, whereas both ADP and ATP are full agonists in RPM.
Consequently the possibility exists that a distinct and separate

receptor for purines exists on rat platelets and RPM.



- XX -

These results would indicate that receptors for both
Thrombin and ADP (ergo purines) are expressed on both rat
platelets and RPM. When occupied these receptors are coupled
to fhe metabolism of inositol phospholipids and elevation of

{?azi]i. The rank order of potency for purines acting on
the "purinoreceptor" appears toe be ADP > ATP >> AMP > Adenosine
= O, Since ATP is an antagonist at the ADP receptor on human
platelets, the possibility exists that the rat platelet and
RPM "puriﬁoreceptors" is distinct from the receptor on human

platelets.
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1. INTRODUCTION

l.1 Blood Platelets

Blood platelets are small, anucleate cells which circulate
freely within the cardiovascular system. Many scientists,
throughout the ages, were intrigued by blood coagulation and
thrombosis and the nature of cells purported to be involved
in such processes. However, it was not until 1881 that
Bizzozero demonstrated, that the corpuscular element involved
in thrombosis was related neither to the red cell nor the
white cell but was of independent origin. He designated
this cell a platelet. Almost a hundred years later Borm (1962)
described a turbidometric technique for measuring platelet
reactivity in the laboratory which heralded a flood of
investigation into platelet biochemistry, physiology and
pharmacologye.

Platelets from most species circulate in blood as biconvex
discs approximately 2-3 p in diameter. They are derived
from large, nucleated cells named megakaryocytes which are
located in bone marrow. Their derivation from megakaryocytes
was demonstrated by Wright in 1910 and is the topic of the
following section (Section 1.2). Platelet count, rate of
production and life span vary with animal species. For
exampley, the platelet count in human whole blood is 2-4 x 108/m1y
while in rat blood it is approximately 1-2 x 109/ml. The
normal turnover rate of human platelets is about 3.5 x 107/ml/
day (Harker and Finch, 1969). Smaller mammals such as mice

and rats usually have a faster turnover. Finally the life



span of platelets in man is about 10 daysy while in rats

it is approximately 4-5 days. Platelets are removed from

the circulation either by involvement in haemostatic plug
formation or when senescent by sequestration in the liver

or reticuloendothelial system in the spleen. The spleen also
contains a pool of viable platelets that can be released into

the circulation.

lel.1 Platelet Morphology

Although conventional optical microscopy revealed that
platelets underwent a morphological transformation in their
conversion from the quiescent to activated state, the advent
of electron microscopic techniques allowed the identification
of the "machinery" involved in the platelet activation process.
Figure 1 illustrates the major structural features of the
platelets The platelet plasma membrane is rich in glycoproteins,
which when stained with lanthanum, gives a characteristic
fuzzy appearance to the platelet surface coat or "glycocalyx".
The glycocalyx is associated with the outer surface of the
plasma membrane, the latter having a typical trilaminar lipid
structure.

Subjacent to the plasma membrane, in the equatorial plane
of the resting cell is a bundle of microtubules which forms
a peripheral ring round the platelete This microtubule band
appears to be a flexible cytoskeleton exerting tension outward,
producing the typical 'discoid' shape of the platelet (White

and Gerrard, 1979). Consistent with this, selective
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depolymerization of microtubules converts the cell to a more
spherical form. When platelets are activated, the peripheral
microtubule band becomes constricted, and microtubules can
also be visualized within pseudopodia (White and Gerrard,

1979) (vide infra). Other elements of the platelet structural

and contractile apparatus include actin and myosin (see
Crawford, 1985) which are important for pseudopod formation,
internal contraction, granule labilization and secretion, and
clot retraction (Cohen et al., 1979).

Within the cytoplasm of the platelet various granular
organelles exist. The main types include the'dense granules!
and the 'a-granules'!s Dense granules from human platelets
contain calcium, pyrophosphate, ADP, ATP, serotonin and possibly
antiplasmin (Holmsen, 1975; Joist et al., 1976). About 65%
of human platelet ADP and ATP is stored in dense granules.
This is known as the 'storage pool! of adenine nucleotides
and may be secreted during platelet activation, but does not
exchange readily with the remaining 35% of adenine nucleotides
which form the cytoplasmic "metabolic pool" (Holmsen and Weiss,
1979). Based on the observation that enzyme systems removing
ADP, such as pyruvate kinase/phosphoenolpyruvate can inhibit
aggregation induced by certain agents (Haslam, 1964) a role
for released ADP in mediating platelet activation induced by
other platelet agonists has been proposed. However, while
release of ADP clearly can be demonstrated during platelet
activation induced by Thrombin or Adrenaline (Mills et al.,

1968; Grette, 1962) the observation that ADP is not detected



during the first phase of aggregation induced by the same
agentsy, but is detected during the second phase (Mills et al.,
1968; Hardegby et al., 1970) is incompatible with a universal
rolé for ADP in platelet aggregation. Nevertheless, agonist-
induced release of ADP probably is important in recruiting
additional platelets to an aggregate thus perpetuating
platelet aggregation (See Holmsen, 1977). The other main
constituents of dense granules (Ca2+ and 5HT) probably
subserve a similar role in perpetuating platelet activation.
Secreted calciumy for instance, may provide a high local
concentration immediately extracellularly to facilitate
platelet-platelet cohesion (see Gerrard et al., 1981). Platelets
do not synthesise 5HT, but actively scavenge it from plasma.
Secreted 5HT could possibly recruit the activity of additional
platelets during haemostasis by acting on cell surface receptors.
The other main type of storage organelle whose constituents
are secreted when platelets are stimulated are known as the
a-granules. The contents of these granules are largely protein
in nature and it appears that they may be heterogenous with
respect to their capabilities to store different proteins
(Holmsen and Weiss, 1979). Two of the constituents of a-
granules, namely platelet factor four (PFM) and to a lesser
extent beta-thromboglobulin (ﬁTG) have antiheparin activity.
The role of these secretable proteins in hemostasis is largely
unknown, but Walsh et al. (197&) have suggested they might
promote plasmatic coagulation around platelet hemostatic plugs
by neutralising heparin locally. Platelet derived growth

factor (PDGF), another constituent of a-granules, is a low



molecular weight basic protein and has been implicated as
causative in promoting atherosclerosis (Packham and Mustard,
1986; see Section 1:1:5){ f0melal, A%

Other constituents of the a-granules include certain
coagulation factors including factor V and fibrinogen. (Pifer
et ales, 1977; James et al., 1977; Kaplan et al., 1979a).
Factor V is believed to be an essential cofactor in the
generation of thrombin from prothrombin in the presence of
.factor Xa (Nesheim et al., 1980) and thus plays an integral
role in blood coagulation. Besides generating fibrin strands,
which help consolidate haemostatic plug formation (see Section
l:l:h), fibrinogen is thought to play an important role in
blood coagulation by promoting platelet-platelet attachment
during platelet aggregation (Bennett and Vilaire, 1979;
Mustard et al.s 1978; Marguerie et al., 1985) an event crucial
to the development of haemostatic plug formatione. Addition of
platelet agonists is thought to induce a single class of
fibrinogen receptor on the surface of platelets (Marguerie
et al., 1985). Although direct evidence of the nature of the
fibrinogen receptor has yet to be demonstrated, there is reason
to believe that glycoproteins GP1lp and GPllla constitute the
binding site for fibrinogen (Marguerie et al., 1985). Thrombo-
spondin (TSP), a large glycoprotein, is also found in a-granules
(McLaren, 1983; Hagen, 1975). Much evidence exists suggesting
that this compound serves to stabilize fibrinogen binding to
the activated platelet surface and reinforces the strength
of interplatelet interactions (Leung, 1984; Silverstein et al.s

1986).



Other types of granules located in the cytoplasm are
lysosomes and glycogen granules. The former contain a number
of degradative enzymes including cathepsins and other proteases
and hydrolases (Ehrlich and Gordon, 1976). These degfédative
enzymes may be of importance in platelet phagocytic processes,
and perhaps also in platelet interactions with subendothelial
surfaces (Ehrlich and Gordony 1976). The smallest and most
numerous granules in platelets are the glycogen granules;
their abundance contrasts with the paucity of platelet
mitochondria, and this distribution is consistent with the
platelets! metabolic energy being derived mainly by glycolysis
rather than oxidative phosphorylation. However, platelet
mitochondria can help in providing synthesis of ATP which is
essential for most platelet functions (Holmsen, 1977a).

Two other important structures are the surface-connected
canalicular system (SCCS) and the network of dense tubules.
The SCCS is an invagation of the plasma membrane and in
transverse sections may give the appearance of vesicles rather
than invagations. It appears to serve as a conduit through
which secreted granule contents pass to the cell exterior
(White, 1974). The dense tubular systemy, a smooth endoplasmic
reticulum, is strongly implicated as a major site of sequestration
of calcium within platelets and may be analogous to the
sarcoplasmic reticulum of muscle (White, 19723 Dean and
Sullivan, 1982; Cutler et al., 1978; Menashi et al., 1982).
The dense tubular system is also the major site of platelet
prostaglandin and thromboxane synthesis (Gerrard et ale, 19763

Hammarstrom and Falareteau, 1977). Since the dense tubular
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system probably is the major source of intracellular calcium
used during platelet activation, it is conceivable that these
icosanoids could be involved in mobilizing this store of
calcium. Such a role was ascribed to thromboxane A2 by
Gerrard and coworkers (1978). However, this claim has been

disputed (see Menashi et al., 198L4).

l.1.2 Platelet energy metabolism

Platelets are anucleate cells that do mnot perform many
energy requiring anabolic processes, but utilize large amounts
of energy during execution of their agonist-induced responses
(Akkerman, 1979; Holmsen, 1982). These cells contain a well
developed glycolytic system for ATP production (Holmsen, 1972)
and although glucose is the preferred substratey other sugars
such as manose, fructose and galactose can be utilized, but
ten times less effectively than glucose. That ATP was mandatory
for platelet reactivity was elegantly demonstrated in studies
where platelets were starved of glucose (Akkermann et al.,
1983). These experiments revealed that starved platelets
have low levels of available ATP and do not respond to stimuli:
refeeding of the starved cells markedly elevates the ATP
availability with a concerted reappearance of responsiveness.
Platelets can not synthesize adenine nucleotides de novo, but
they can synthesize them from adenine, adenosine and hypoxanthine.
The store of metabolic adenine nucleotides used in platelet

activation is that located in the cytoplasm.



l.1.3 Platelet functional responses

In 1962 Born described an optical technique to monitor
platelet aggregation under experimental conditionse. Since then
numerous techniques have been developed to enable study of a
variety of platelet functional responses occurring after
exposure to stimuli. These responses extend to (i) shape
change; (ii) adhesion; (iii) aggregationg (iv) icosanoid
synthesis and (v) secretion. Regardless of the initiating
stimilus, platelet activation appears to follow a similar,
sequential pattern of response similar to that noted above.
However, this is not because each depends on the former one
but because of the order of their dependence on second messenger
concentration/ATP requirement. Such a pattern of response led
Holmsen (1974) to propose the hypothesis of "the basic platelet
reaction". Simply statedy depending on the initiating stimuli,
different amounts of second messenger will be formed which
will independently trigger the different platelet functional
responses; increasing amounts of ATP will be utilized as
platelet reactivity continues.

A brief account of the platelet functional responses is
given below. The nature of the second messenger involved in
platelet activation is discussed in Sections 1.3.1e3 = 1le3.1.8.

l.1.3.1 Shape change

Most stimuli, including Thrombin, ADP, calcium ionophore
A23187, cause a change in shape. This change involves first
the formation of very fine (O.l wm diameter) pseudopodia

(consisting mostly of actin) from the rim of the disc, followed
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by a general "rounding up" of the platelet so that it becomes
a spiny spherey often with much broader pseudopodia. In
human platelets adrenaline fails to initiate shape change
(Mills, 1973). Instead small protrusions qualitatively
dissimilar to those evoked by other platelet agonists is
observed. The second step in shape change, the change from a
disc into an irregular sphere, is correlated with the
phosphorylation of platelet myosin, specifically the 20K
light chain (Daniel et al., 1984). Shape change, with or
without secretionsy causes the microtubule bundle that lies
beneath the rim of the disk to become centralised and surround
the platelet granules, which consequently are concentrated
toward the center of the platelet (White, 1974). Unlike
aggregation, shape change can occur in the absence of Cag+
in the bathing medium (McLean and Veloso, 1967) suggesting that
the internal contractile proteins must utilize Ca2+ from
internal stores, such as the dense tubular system.
lele3.2 Adhesion

Under normal conditions the discoid platelets circulate
freely within the cardiovascular system and do not readily
adhere to any surface they may come in contact with such as
other platelets, other blood components (e.g. red blood cells
or leucocytes) or vascular endothelial cells. If however a
blood vessel wall is damaged exposing the subendothelium,
blood platelets will rapidly accumulate on this surface
forming a platelet aggregate and initiate the development of

a haemostatic plug. The component of the subendothelium which
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induces platelets to aggregate has been shown to be fibrillar
collagen (Zucker and Borelli, 1962; Hovig, 1963). At high
shear rates, von Willebrand factor - a high molecular weight
portion of coagulation factor VIII - is necessary for platelet
adhesion to subendothelium (Weiss et al., 1978).

lele3e3 Aggregation

The term 'platelet aggregation' describes the phenomenon
when platelets cohere to other platelets so that platelet
clumps are formed. Unlike shape change, aggregation has a
requirement for fluid phase calcium (or magnesium) (Zucker and
Grant, 1978) and fibrinogen (Bennett and Vilaire, 1979;
Mustard et al., 1978; Marguerie et al., 1985). Certain platelet
agonists, such as ADP or adrenaline, require the presence of
this protein in the suspension medium, whereas with Thrombin
or collagen, it is secreted from the a granules (Kaplan et al.,
1979a). It is believed that Ca®* ions and fibrinogen form
links between adjacent platelets thereby promoting platelet
clumping. The nature of these links was investigated by
Gerrard et al. (1981) (see also Marguerie et al., 1985). An
additional requirement for aggregation is that the platelets
are able to come into contact with each other; experimentally
this can be achieved by continuously stirring a sample of
platelets before and after agonist addition. Aggregation,
like shape change, ié usually measured using the turbidometric
method discovered by Born (1962). With this techniquey
aggregation is measured as the increase in the transmission
of light (as a result of platelet clumping) passed through

a suspension of platelets. 7Two types of aggregatory response
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can be observed: "primary" aggregation, where platelets stick
togethgr and then dissociatey or "secondary" aggregation
where platelets stick together irreversibly. The secondary
wave of platelet aggregation usually is associated with and
mediated by secretory products which further stimulate the
cell beyond primary aggregation. Such positive feedback
mediators may include released ADP, 5HT or metabolites of
arachidonic acid.

lele3.4 Icosanoid synthesis

Platelets are capable of synthesizing an array of compounds

collectively known as icosanoids (vide infra) which are of

great importance in platelet reactivity. These compounds,
which include thromboxanes e.g. thromboxane A, (TXA2);
prostaglandins e.ge PGG2 and PGH2 and hydroxy acids e.ge.
12-HPETE and 12 HETE, are synthesized from arachidonic acid.
The phospholipids of platelets can act as a repository for
arachidonic acid, in particular the Sn2-position of phospho-
inositides are especially rich in this fatty acid (Marcus
et al., 1969). As such these compounds may act as a potential
source of arachidonic acid for use in icosanoid synthesis.
There is evidence to suggest that in fact the phosphoinositide
species with the highest arachidonic acid content are selectively
hydrolysed during platelet activation (Mahadevappa and Holub,
1983).

Release of arachidonic acid from phospholipids, in

particular phosphoinositides, may occur by two separate routes.

Firstly agonist-induced activation of platelets may cause the
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formation of 1ly2-diacylglycerol, via the action of a specific
phospholipase‘type enzyme (see Section l.3¢1.5). This entity
constitutes the fatty acid-containing backbone of the_phospho-
lipids. Subsequent and sequential activation of di- and
monoglyceride lipases release the arachidonic acid (Mauco
et al., 1984; Bell et al.y 1979; Prescott and Majenis, 1983).
The second route by which arachidonic acid may be released
from phospholipids involves the action of a phospholipase HZ
enzyme (Bills et al.y 1977; Broekman et al., 19803 McKean et al.,
1981; Lapetina, 1982). In passing it is prudent to mention
that although phosphoinositides can provide a source of
arachidonié acid, it appears that this source represents but
‘a small fraction of released arachidonic acid; +the majority
being derived from phosphatidylcholine (Bills et al., 1977a).
Following the release of arachidonic acid it is converted
by a lipoxygenase enzyme to 12-HPETE and 12-HETE or by a
cyclo-oxygenase enzyme to two labile endoperoxides, PGG2
and PGH2 (Hamberg and Samuelsson, 1974). These compounds are
not stored in the platelet and are synthesized only after
platelet activation has been instigated. The physiological
role of the lipoxygenase products is not clear, although a
number of physiologic effects of these compounds have been
described. Both 12-HPETE and 12-HETE have been shown to inhibit
in vitro (human) platelet aggregation (Aharony et al., 1982),
and 12-HETE inhibits PGHZ-induced platelet aggregation

(Croset and Lagarde, 1983; Lagarde et al., 1985). However,

to datey no single clear-cut function for the l2-lipoxygenase
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products has been noted. The products of cyclo-oxygenase -

the endoperoxides PGG2 and PGH2— are converted primarily to
thromboxane A2 by a thromboxane synthetase (Hamberg et al.,
1975), or spontaneously to the degradation products 12L-
hydroxy-5,8,10-hepatadecatrienoic acid (HHT) and malondialdehyde
(MDA), with small amounts of PGD,s PGE, and PGF

2
by specific synthetases. Thromboxane A2, a very potent

2q being formed
aggregating agent, has a short half life and is degraded non-
enzymatically to thromboxane B2 (Hamberg et ale., 1975). However,
in plasma TxA2 is more stable and has alhalf-life of several
minutes (Smith et aley 1976). Addition of TxA2 to platelets
causes shape change, aggregation and secretion (Gerrard and
White, 1978). Receptors exist for TxA, on platelets (see

Jones et al., 1985 for a review) however Gerrard et al. (1978a)
proposed that TXA2 may act as a calcium jionophore in platelets
and hence may not act at specific receptors. When added to

platelets both PGG2 and PGH, are capable of evoking platelet

2

aggregation (Hamberg et al., 1974). However, controversy

exists as to whether PGG2 and PGH2 must be converted to TxA2

prior to activating platelets. Some researchers suggest that
conversion is mnecessary (Hamberg et al.y 1975; Gorman et al.,
1977) whereas others have stated facts to the contrary (Raz
et al.y 1977). The available evidence to date suggests that

conversion of endoperoxides to TxA_ is not a prerequisite for

2

platelet activation. Based on structure-~activity-relationship
studies, and the use of selective antagonists, current evidence

suggests that the endoperoxides and TxA, share a common type

2

of receptory namely a TP-receptor (MacIntyre, 19853 Coleman
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t ale.y 1984). In the absence of specific inhibitors, the

endoperoxides are rapidly metabolised to TXA2 so that in the
usual situation TxA2 is the major activating agent formed in
platelets.

Other tissues, besides platelets, are capable of synthesizing
icosanoids. Of particular importance is the production of
icosanoids by endothelial cells (Weksler, 1984). Unlike the
situation observed in platelets where TXA2 is the major active
agenty endothelial cells preferentially synthesize prostacyclin
(PGIZ). This compound is one of the most active agents at
inhibiting platelet reactivity by virtue of elevating levels
of cyclic AMP in platelets (Moncada et al., 1976; Tateson et al.,
19773 Moncada and Vane, 1979; Moncada and Whittle, 1985).

PGD2 acts similarly but is less potent and since only trace
amounts are produced it is probably less significant (Oelz
et al., 1977). The production of icosanoids with activating
and inhibitory actions has led to the concept that a balance
in production of these compounds may be critical in overall
hemostatic function (Bunting et al., 1983; Moncada and Vane,
l979a). Imbalances in the production of icosanoids -~ in
particular TXA2 and PG12 - could potentially lead to bleeding
or thrombotic tendencies. In this context, great use has
been made of such agents as aspirin and indomethacin. These
compounds are known as potent antiplatelet (antithrombotic)
agents by virtue of their ability to inhibit the activity of
cyclo-oxygenase by acetylating it - the former irreversibly
(Roth and Majerus, 1975). As a consequence the production of
TxA_ - and its consequent effects on platelet reactivity -

2

are terminated.
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Agonist-induced formation of TxA2 and its subsequent
release into the suspending medium (or plasma) may act to
perpetuate platelet aggregation by activating additional
platelets. (Holmsen, 1977). However release of icosanoids,
including TXA2’ are not a prerequisite for platelet activation
induced by all agonistse. Detwiler and Huang (1980) proposed
that two types of agonists exist, weak stimulators (ADP and
Adrenaline) and strong stimulators (Thrombin) based on their
susceptibility to inhibition by agents inhibiting cyclo-oxygenase.
Thus agonists such as Thrombin aré capable of eliciting full
platelet activation in the presence of these compounds, ergo

in the absence of endoperoxides and TxA whilst other agonists

2!
such as ADP and Adrenaline require their presence (Detwiler
and Huang, 1980). Nevertheless, by virtue of inhibiting the

generation of endoperoxides and TxA inhibitors of cyclo-

2,
oxygenase still remain an important group of drugs in anti-
platelet (antithrombatic) therapy (Packham, 1983; Weksler, 1984).
lele3.5 Secretion

Secretion of the constituents of dense granules, o granules
and lysosomes represents the last characteristic feature of
activated platelets to be discussed. There is extreme selectivity
in the secretion of constituents from different granules.
Holmsen and Day (1970) demonstrated thaty, in the secretory
response evoked by Thrombin release from dense granules preceded
release of o granule constituents. Consequently it was proposed
that two phases of degranulation exist, namely release I, which

involves release from dense granules and release II, which

involves release from a-granules (see also Holmsen, 1977).
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It can be demonstrated that weak agonists such as ADP and
Adrenaline or low concentrations of Thrombin do not induce
release of a granule contents whereas high concentrations of
Thrombin can release constituents of both granules (Day and
Holmsen, 1971). Release of lysosomal granule contents requires
powerful stimuli in that ADP, Adrenaline and TXA2 fail to

evoke release of lysosomal hydrolases, whereas Thrombin,
collagen and A23187 are effective secretagogues. During
platelet activation granule centralisation occurs (Section
1.1.3.1). However, when platelets aggregate, granules move

to the centre of the aggregate more often than to the centre

of individual cells (Gerrard et al., 1979). Actual secretion

of granule contents occurs at the SCCS which serves as a conduit
through which secreted granule contents pass to the cell
exterior (White, 1974). Secretion often accompanies aggregation,
however aggregation is not a prerequisite as strong stimuli,
such as Thrombin can induce platelet secretion in the absence

of aggregate formation (Detwiler and Huang, 1980).

l.1.4 Physiological Functions of Platelets

Blood platelets usually circulate freely within the
cardiovascular system as inert cells. However, in response to
tissue damage, or wounding, they become highly active and
participate in haemostasis. This process, of stemming the
flow of blood, is the major physiological role of blood platelets
(Gordon and Milner, 1976).

Platelets contribute to haemostasis in two major wayse.

Firstly they form haemostatic plugs at the site of wvascular
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injury and secondly they help promote coagulation which
consolidates the plug with fibrin strands.

Formation of the haemostatic plug incorporates the
previously mentioned platelet functions, namely adhesion,
aggregation and secretion. During damage to the blood vessel
wall the subendothelium is exposed and platelets rapidly form
an adherent layer over the exposed collagen. Such platelets
then undergo secretiony releasing ADP, Ca2+,5HT and icosanoids
which can then stimulate and recruit additional platelets
forming a haemostatic plug at the site of injury. Coincident
with the initiation of haemostasis is the initiation of
coagulation. Platelets help promote this process in three
main ways. Firstly, the procoagulant phospholipid complex
known as platelet factor 3 is exposed at the surface of activated
platelets, secondly, platelets secrete procoagulant proteins
(such as fibrinogen and platelet factor 4) from their a-granules
when activated, and finally, they carry coagulation Factor XTI
on their plasma membrane, and this factor is activated when
platelets come into contact with collagen. Factor V, released
from platelet a-granules, is an essential cofactor in the
generation of Thrombin from prothrombin during the coagulation
cascade. Besides being a powerful activator of platelets,
Thrombin is also able to catalyse the polymerization of
fibrinogen to fibrin thus helping to consolidate the haemostatic
plug with fibrin strands. After stemming the flow of blood,
the next process to occur is 'repair' of vascular damage.

Certain secreted products, such as PDGF, have mitogenic properties
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and can cause the proliferation of fibroblasts and arterial
smooth muscle cells maintained in culture (Kaplan et ale.y 1979aj;
Ross et al., 1974; see also Ross et al., 1984). This property
of PGDF, in addition to its ability to stimulate DNA synthesis
in a variety of confluent cells in culture (Heldin et al.,
19763 Antoniades et al., 1979) has led some researchers to
suggest that it may play an integral role in the development
of atherosclerosis (Packham and Mustard, 1986; Section 1.1.5).
Other important properties of platelets include maintaining
endothelial cell integrity (Johnson, 1971) and clearing
particles from the blood using pinocytotic and phagocytotic

mechanismse.

le1le5 Pathological functions of platelets

Besides playing an essentiai role in haemostasis, platelets
also have an integral role in its pathological perversion -
thrombosis. Other pathological processes in which platelets
play a fundamental role are atherosclerosis and inflammation.

Stemming the flow of blood after vascular damagey, by
forming a haemostatic plug, is a normal physiological function
of platelets. However, in certain conditions, haemostatic
plugs or thrombi can form inside blood vessels in the absence
of damage severe enough to cause blood loss. Thrombi can form
in veinsy, arteries or chambers of the heart. In venous
thrombosis, packets of platelets aggregate together and adhere
to the vessel wall, particularly in the neighbourhood of valves.
Localised coagulation follows and the intercalating strands

of fibrin so produced form a dense network - a so-called red
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thrombus. Arterial thrombi consist of a larger platelet mass
with fewer fibrin strands - a so-called white thrombus. The
difference between the two types of thrombi appears to arise
partly from the greater blood flow in arteries compared to
veins. Howevery common to both types is the possibility of

a part of the thrombus (embolus) breaking off and being swept
into the general circulation, later to lodge in the small
blood vessels of the lung or brain. Such occurrences represenf
perhaps one of the more serious medical complications. The
causative factor(s) in the development of thrombi are unknown,
but certain conditions such as immobilitys, or pregnancy and
certain social habits such as smoking may predispose an
individual to developing thrombosis.

Atherosclerosis is a process characterised by focal 1eéions
of the arterial intima that consist of plaques containing
varying amounts of fibrous tissue and lipide. The result of
the plaque formation is localised thickening of the arterial
wall with consequent narrowing of the vascular lumen.
Consequences of this narrowing include cardiac, cerebral or
peripheral ischemia which in advanced stagesy, can result in
death.s The aetiology of atherosclerosis is unknown, however
dietary factors, smoking, hypertension and diabetes have all
been implicated (Packham and Mustard, 1986). The exact role
of blood platelets in the genesis of atherosclerosis is
unknown. They may however participate in one of several wayse
Firstlyy, mural thrombi may become incorporated into the
endothelium and develop intimal thickenings similar to

atherosclerotic plaques. However, studies have shown that
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these plaques differ from atherosclerotic plaques which occur
spontaneously (Craig et al., 1973), hence the contribution,
made by platelets, to atherosclerosis, through this mechanism
is ill-defined. A second, more likely, contribution made by
platelets to the atherosclerotic process lies in their ability
to secrete products which may inflict changes on the endothelium.
Atherosclerotic plaques often occur around bifurcations in the
vasculature (Murphy et al., 1962). Such disturbances in blood
flow may result in small aggregates of platelets with
consequent release of their granule contents. Amongst the
constituents of a~granules are mitogens such as platelet
derived growth factor and P-transforming growth factor. These
compounds may be of importance in the development of athero-
sclerosis (Harker et al., 1978; Packham and Mustard, 1986).
For a recent review of the aetiology of atherosclerosis and
the possible role(s) of platelets in the development of the
disease; see Packham and Mustard (1986).

Inflammation has been defined as a local reaction to
injury of the microcirculation and its contents (Spector and
Willoughby, 1968). Acute inflammation is characterised by
warmth, redness, pain and swelling. Physiologically such
effects are mediated respectively by vasodilation and increased
blood flow, activation of sensory nerve endings and increased
vascular permeability. As already statedy activated platelets,
as a result of injury, are capable of forming icosanoids from
released arachidonic acid (Section 1.1.3.4). In addition to
the endoperoxides (PGG2 and PGHZ) prostaglandin E, is also

2

formed and this compound increases vascular permeability
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(Wallis et al., 1972; Silver et al., 1974). HETE, a substance
formed by platelet 1l2-lipooxygenase, has been demonstrated

to be chemotactic for polymorphonuclear leukocytes (Turner

et al., 1975) further emphasizing the importance of platelet
icosanoid formation in inflammation processes. Chronic
inflammation is associated with tissue degradation. Platelets
also contain protinases (Ehrlich and Gordomn, 1976) and the

possibility exists that platelet protinases may participate

in such pathological conditions.

1.2 Megakaryocvytes

Although the megakaryocyte was known to Bizzozero, it
was not identified as the cell of origin of platelets until
the studies of Wright at the beginning of the century. Using
histological techniques and observing megakaryocytes in vitro,
Wright (1910) established the megakaryocyte as the source of
blood platelets. Since then, wvarious more elaborate techniques
have been used in the study of these cells and in 1969 Behnke,
using electron micrographical techniques, confirmed and
extended the observations of Wright.

Megakaryocytes are large, nucleated cells that originate
in the bone marrow. However, the number of these cells in
human bone marrow is very lows about 0.037% of all cells.

This value is only 10% of that recorded in bone marrow from
the guinea pig or rat megakaryocyte (Levine, 1980). As
technology has advanced there has been a corresponding upsurge
of interest in these cells. Specific criteria now exist for

the identification of megakaryocytes (Levine, 1981). They can
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be identified on the basis of (1) size. Typically these large
cells range from between 10 pm to 50 um, (2) nuclear size or
ploidy level. Unlike most other cells in the body, megakaryocytes
are capable not only of cytoplasmic division but of - ;5,3 é¥i MR
- with a resultant increase in nuclear material.
Hence ploidy levels can range from 2N - 64N, where N is the
diploid number; (3) staining for acetylcholinesterase. Staining
fof this enzyme was once thought to be a specific marker for
megakaryocytes, especially of the rodent species (Jackson,
1973). However the discovery that other, non-megakaryocytic
cells could also stain positive for this enzyme lends the
fidelity of this as a marker for rodent megakaryocytes doubtful
(Lepore et al., 1984). Megakaryocytes have a distinctive
morphology and this can also be used in their identification
(Levine, 1981; Williams and Levine, 1982). The paucity of
this cell in bone marrow in no way reflects its biological
importance. As the precursor of platelets, its relevance to
haemostasis is fundamental. Besides elaborating blood platelets,
studies have also demonstrated their capacity to synthesize
coagulation proteins such as fibrinogen, factor VIII antigen,
platelet factor 4 and factor V. They can also take up serotonin
(SHT) from the blood and store it in granules and impart the

majority of functional properties to the platelet (vide infraj

see also Schick and Schick (1980) for review on megakaryocyte
biochemistry). Most studies on megakaryocytes have been

performed on animal tissue primarily due to the greater numbers



of cells obtainable from such sources (see Levine (1986) for
a comparison of cell harvest amongst different species).
However, there is no good evidence available from the present
literatures to suggest any major difference may exist when
using human tissue. In order to study these cells, isolation
from the bone marrow is required. Several techniques now
exist for isolating and enriching megakaryocytes obtainable
from both human and non-human sources. (Schick and Schick,

1986). Megakaryocytes also appear in blood (viée infra) and

Morgan and Brodsky (1985) recentiy demonstrated the ability
of a megakaryoblast-like cell, obtained from blood, to be
maintained in culture, although it did not differentiate

into a more mature megakaryocyte. Given the scarcity of
megakaryocytes in human bone marrow, the blood as a convenient

and ready source of megakaryocytes seems unlikely.

le.2.1 Megakaryocyvte Formation

Megakaryocytes are thought to be derived from pluripotential
stem cells (Ebbe, 1981). These stem cells do not seem to be
in a proliferative mode, nor does it appear that homeostatic
mechanisms regulating megakaryocytopoiesis act at this level
(Ebbe, 1981).

Thus, a more differentiatied cell must therefore respond
to changes in platelet demand. The earliest detectable
progeny of these pluripotential stem cells capable of elaborating
morphologically identifiable megakaryocytes appears to be
the colony-forming unit megakaryocyte (CFU—M) (Nakeff and

Daniels-McQueen, 1976). This cell is neither cytochemically
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nor morphologically recognizabley, however it is capable of
forming colonies of morphologically recognizable megakaryocytes.
When appropriately stimulated,  CFU-M begin to proliferate
(Hoffman et al., 1975). They give rise to progeny which have
less proliferative qualities but more characteristics of the
mature cell they will eventually becomey, commonly known as
transitional cells. Zajicek (1954) demonstrated these cells

to stain positive for acetylcholinesterase in murine tissue

and proposed that these cells were precursors for megakaryocytes.
These observations were confirmed by Jackson (1973) (but see
Lepore et al. (1984)). Definitive proof that these cells were
in fact immature megakaryocytes was provided by Long and
Williams (1981). They found that the small acetylcholinesterase-
positive cells did not give rise to colonies of megakaryocytes,
but rather matured into single megakaryocytes. The human
counterpart of these immature megakaryocytes have proved more
elusive to identify, however their existence is not disputed.
Tﬁese immature megakaryocytes eventually become recognizable

at the level of the light microscope by increasing their

ploidy level and state of cytoplasmic maturation (Long et al.y
1982). Such cells then routinely pass through various stages
of maturation distinguishable by difference in nuclear/
cytoplasmic ratio, nuclear configuration and size (Williams

and Levine, 1982) (vide infra).

Odell and Jackson (1968) using rat tissue, demonstrated
that only the most immature megakaryocytes can synthesize DNA
and that development of polyploidy occurs only in young

megakaryocytes. These young megakaryocytes were shown to
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exhibit the full range in ploidy levels namely 4N; 8N; 16N;

é4N. Odell and Jackson postulated that the development of
polyploidy occurs before cytoplasmic maturation begins and

that when cytoplasmic maturation commences no more DNA is
synthesizeds In a later studys Levine et al. (1982) demonstrated
that maturation and polyploidy appeared to be linked in that

low ploidy (4N - 8N) megakaryocytes were immature whereas
platelet-shedding megakaryocytes were (QN - 32N).

Regulation of megakaryocytopoiesis is believed to be under
the control of two humoral stimmli, namély, Thrombopoientin
and megakaryocytic colony stimulating factor. (Williams and
Levine, 1982; Gewirtz, 1986). Not much is known about the
exact mechanisms of action of these substances, however, with
respect to regulating platelet formation, it is clear that
a deficiency of circulating platelets is associated with
stimulation of megakaryocytopoiesis (Craddock et ale., 1955)

and an excess with its suppression (Cronkite, 1957).

l.2.2 Megakaryocyte Morphology

Megakaryocytes at all stages of their develapment have a
distinct morphology (Williams and Levine, 1982; Levine, 1981)
and depending upon the author and techniques used their
development has been postulated to cover 3 (Ebbe and Stohlman,
1965) to 4 (Levine et al., 1982; Williams and Levine, 1982)
separate stages (see also Breton-Gorius and Vainchenker, 1986).

According to Ebbe and Stohlman (1965) megakaryocytopoiesis
in the rat proceeds through three stages, Stage I or mega-
karyoblast; Stage II or basophilic and Stage III or granular

megakaryocyte.
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Stage I represents the earliest identifiable cell by
light microscope as belonging to the megakaryocyte series.
Salient features at this stage are a compact nucleus occupying
most of the cytoplasmj; +the cytoplasm has a clear, basophilic
appearance; mitochondria are also present at this stage. 1In
their study Rabellino et al. (1981) demonstrated the existence
of specific platelet glycoproteinsy platelet factor L and
factor VIII-antigen occurring in what they termed "early
megakaryocytes"., The appearance of specific organelles,
including granules have also been detected early in megakaryocyte
development (Paulus, 1970). Various studies have confirmed
both the synthesis and localisation of wvarious a-~granule
constituents, including platelet factor 4; factor VIII antigen;
factor V.and fibrinogen in megakaryocytes (Rabellino et al.,
1979; Ryo et al., 1983; Nachman et al., 1977; Chiu et al.,
1985). The formation of the dense membrane system (DMS)
was shown by MacPherson (1972) to be an event, occurring in
earliest recognizable megakaryocytes. This membraneous system
is thought to be derived from the megakaryocyte plasma membrane
and to form)at least in part, the surface coat of future
platelets (Behnke, 1968). However, elegant freeze-fracture
studies performed by Zucker-Franklin and Petursson (1984)
have shown differences in the plasma membrane constituents
of platelets and megakaryocytes, suggesting that the surface
membranes of these two cells differ in origin and structure.
The cells in this stage are present in a range of ploidy classes
(Odell and Jackson, 1968) suggesting that a number of successive
endomitosis must occur during the transit of cells through

this stage.
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Stage II cells have a characteristically different
morphology. These cells have a lower nuclear-cytoplasmic ratio;
the nucleus is usually lobulated and the cytoplasm has a
foamy basophilic appearance. The mitochondria are more numerous
than at the previous stage and scattered throughout the
cytoplasm. On electron microscopy they exhibit all the cell
specific organelles present in stage I, but in greater numbers..
The smooth endoplasmic-reticulum in these cells has been shown
by histochemical techniques to be identical with the dense
tubular systems of the circulating platelet (Breton—Gorious
and Reyes, 1976). Before this stage is completed, endomitosis
has ceased and nuclear segmentation increases (Ebbe and Stohlman,
1965); it is likely that the development of cytoplasmic
maturation is itself a potent inhibitor of further synthesis
of DNA, however the exact nature of this inhibitor is unknown.
At this stage of maturation, the full ploidy distribution has
been attained and cells belonging to each class of ploidy
mature in parallel (Odel and Jackson, 1968) (Contrast this
with Levine et al. (1982) where they state that a relationship
exists between ploidy level and state of maturation). It is
probable therefore that platelet production can take place
in megakaryocytes at several ploidy stages.

Stage IIT cells possess nuclei which héve become condensed
and centralised in the cell. The cells however continue to
grow in size. The penultimate phase of megakaryocyte maturation
(Stage IV by other authors) includes cells which are capable

of releasing platelets (vide infra). In rats, the distribution

between the various stages is 18% in Stage I; 25% in Stage II

and 56% in Stage III; the average total maturation time of
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rat megakaryocyteslwas estimated to be approximately L43-75
hours (Ebbe and Stohlman, 1965).

It is clear that throughout megakaryocyte maturation,
most of the platelet specific proteins and organelles are
synthesized within the megakaryocyte and it is likely that
subsequent to platelet release, granule contents are packaged

within the megakaryocyte.

le2¢3 Megakaryocyte functional responses

Megakaryocytes are thought to be designed specifically
for elaborating platelets and hence are indirectly involved in
haemostasis. Nevertheless, under certain conditions, mega-
karyocytes have been shown to exert platelet-like behaviour
often to a striking degree. These responses include cellular
shape change or cell spreading (Leven et al., 1983; Leven
and Nachmas, 19813 Fedorko, 1977; Leven and Nachmas, 1982);
metabolism of arachiddnic acid (Walenga et al.y 19843 Miller
et ales, 1982; Levine et al., 1985); uptake, storage and release
of serotonin (5HT) (Fedorko, 1977; Schick and Weinstein, 1981;
Tranzer et al., 1972) and release of ATP (Miller, 1983). These
responses in megakaryocytes can be elicited by a range of
platelet agonists including Thrombin; ADP; Adrenaline and
calcium ionophore A23187 (Leven and Nachmias, 1982; Walenga
et al., 1984; Fedorko, 1977; Miller, 1983; Leven et al., 1983;
Leven and Nachmias, 1981). Because of the difficulty in
obtaining human tissuey, most of the above studies were performed
using animal tissue. However there is no reason to expect
any major differences in response were human tissue to be

used. The significance of these responses to normal megakaryocyte
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function is unknown but serves to demonstrate the similarities
between them and their progeny.

In response to ADP (1-100 M) and Thrombin (1 t4/ml)
Levine and Nachmias (1982) demonstrated the spreading of
cultured guinea pig megakaryocytes. Such spreading was blocked
by dibutyryl cyclic AMP or isobutylmethylxanthine but not by
colchicine indicating the action of actomyosin system rather
than the microtubular system - similar to the situation observed
in platelet activation. Mechanistic studies suggested that
intracellular alkalinization accompanied by an increase in
intracellular free calcium was required for spreading induced
by ADP or Thrombin (Nachmias, 1983). Whe ther this holds true
for other agonists or represents only one mechanism for
megakaryocyte spreading is unknown. Fedorko (1977), also
using guineé pig megakaryocytes, could also observe marked
changes in megakaryocyte shape with ADP (10 M - 1 mM);
Thrombin (1 - 100 yfpi-); Adrenaline (10 pM - 1mM) and A23187
(l ~ 12 pM). The requirement for a high agonist concentration
to observe any spreading in the latter study may reflect species
variations of megakaryocytes and hence an ability to respond .
to stimuli; additionally during preparation necessary cofactors
may be washed from the megakaryocyte preparation. One major
difference between shape change in megakaryocytes and their
projenitors is, that in the former, shape change occurs over
a period of minutes rather than seconds as occurs in platelets.
Additionally, instead of producing filopodia, megakaryocytes

appear to form ruffles at the leading edge (Nachmias, 1983).
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Metabolism of arachidonic acid has been demonstrated
in megakaryocytes from a variety of species. 1In rat mega-
karyocytes Demers et al. (1980) demonstrated the synthesis
of significant amounts of prostaglandin E. Also in rat
megakaryocytes, Worthington and Nakeff (1981) demonstrated

the synthesis of thromboxane B Using guinea pig megakaryocytes

o
Miller et al. (1982) demonstrated the synthesis of thromboxane B2,
l12-hydroxyheptadecatrienac acid (HHT) and 1l2-hydroxy
elcosatetraenoic acid (12-HETE). These results suggested that
megakaryocytes possess the full complement of cyclo-oxygenase
and lipoxygenase activities found in circulating platelets.

The metabolism of arachidonic acid in platelets can be affected
by inhibitors of cyclo-oxygenase such as aspirine. Studies

have demonstrated that in addition to inhibiting platelet
cyclo-oxygenasesy aspirin may also inhibit cyclo-oxygenase in
megakaryocytes. Using rat megakaryocytes Demers et al. (1980)
demonstrated that aspirin could abolish the ability of the
megakaryocytes to synthesize prostaglandin E. Worthington

and Nakeff (1982) also demonstrated the ability of aspirin

to inhibit rat megakaryocyte thromboxane synthesise. The

latter authors demonstrated a lag period occurring between
aspirin addition and full recovery of cyclo-oxygenase activity
in platelets. This is thought to represent inhibition of
cyclooxygenase in megakaryocytes - normal cyclooxygenase
activity returning after synthesis of mnew cyclooxygenase in

the megakaryocyte. Some studies have reported a difference

in sensitivity of cyclooxygenase in platelets and megakaryocytes

in response to inhibition by aspirin. Worthington and Nakeff
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(1982) reported that platelets were approximately 25 times
more sensitive to the effects of aspirin on cyclooxygenase

as were megakaryocytes. Contrary findings were reported by
Walenga et al. (1984). The difference may be explained by
species differences in that rat tissue was used in the former
study and guinea pig tissue in the latter.

Like platelets, megakaryocytes have been demonstrated to
take up, store and then release 5HT (Fedorko, 1977). Uptake
was temperature dependent and thus in part energy dependent;
uptake was also inhibited by reserpine and imipramine - similar
to findings using platelets. Release of 5HT was induced by a
range of known platelet agonists such as ADP, Thrombin and
Adrenaline. Schick and Weinstein (1981) demonstrated by
autoradiographys, at the level of the light microscopes that
megakaryocytes appeared to be the only cells in marrow taking
up 5HT. However, regardless of stage of maturation, similar
amounts of labelled 5HT had been accumulated into the cells.
They proposed that 5HT accumulation may be a marker for the
immature megakaryocyte. B5HT cannot be synthesised in
megakaryocytes and like platelets these cells must accumlate
it from the blood. Uptake of 5HT into specific subcellular
organelles has been demonstrated (Tranzer et al., 1972), and
it is possible that these organelles may represent the
precursors of S5HT storage organelles in platelets.

In response to Thrombin and A23187, Miller (1983)
demonstrated the release of ATP from guinea pig megakaryocytes.
However, although one megakaryocyte contains about 200-300

times as much ATP as does one platelet, the extent of ATP
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release induced from each megakaryocyte is only about 34 times
as great as that per platelet when Thrombin is used, or about
63 times as great when using A23187. This discrepancy in
amount present in each cell and amount released may be resolved
by postulating either that the releasablg nucleotide pool
develops late in megakaryocyte life and due to heterogeneous
population of megakaryocytes, one may get less ATP released
ory equally likely, ATP may enter a storage pool compartment
relatively early in megakaryocyte development, but the ability
of the cell to undergo degraﬁulatioﬁ - and hence possess

the machinery to enable it to perform this function - may
occur late in maturation and hence are incapable of eliciting
a full response to platelet stimuli.

These studies serve to demonstrate that in addition to
imparting structural and functional aspects to platelets,
megakaryocytes are also capable of undergoing several "platelet-
like" responses subsequent to addition of platelet stimuli,
thus serving to strengthen further the teleological

relationship between these two cells.

l.2.4 Physiological Functions

The physiological function of megakaryocytes can be
seen as maintaining the status quo in terms of platelet
production. The manner in which the body regulates the
production of platelets has already been alluded to. This
section deals with the manner in which platelets are elaborated
from the mature megakaryocyte and the nature of the released

platelets.
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Platelet release from the mature megakaryocyte is poorly
understood and at least three mechanisms have been postulated.
(i) Megakaryocytes located in the bone marrow have been
demonstrated to extend pseudopodia from the cell, seeking out
the marrow sinusoids. These pseudopodia have been shown to
contain microtubules orientated along their axis thus affording
rigidity (see Penington, 1981). .Once they have passed through

(Wit Hio )
the walls of the marrow sinusoids the pseudopods fracture
thus releasing platelets. (ii) Some megakaryocytes may actually
pass through the sinusoids intact and be carried via the
venous circulation to the lunge. Once lodged in the micro-
circulation of the lung they could fracture and release
platelets (Kaufman et al., 1965; Trowbridge et al., 1982);
(iii) Recent studies of Zucker~Franklin and Petursson (1984)(5€€
a0 Pocdaes, 19 3 5)
have suggested that the entire megakaryocyte cytoplasm
disintegrates in situ and release platelets in this fashiomn.
It mist be emphasized that regardless of the method of release,
the "platelets" released from the megakaryocyte are not fully
developed.s The transition from these "platelets" to the
typical discoid platelet probably occurs in the general
circulation. Additionally, those "platelets" which may be
formed in the bone marrow are non-adhesive as they pass
through the marrow sinusoids. They probably develop their
adhesive capacity by "taking-up" plasma components on to
their surface (Behnke, 1969).

Platelets are known to be composed to a heterogenous

population with respect to their size. Paulus (1975) argued
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that as platelet formation is characterised by a random
fragmentation of megakaryocyte cytoplasmy each megakaryocyte
must therefore produce a log normal distribution of platelets,
inciuding large and small platelets. This postulate was later
confirmed, on purely mathematical grounds, by Trowbridge et al.
(1982). The number of platelets reportedly produced from

one megakaryocyte varies but based on ultrastructural studies,
it appears that perhaps as many as 3000 platelets may be

elaborated from each megakaryocyte (Chernoff et al., 1980).

l1.2.5 Pathological Functions

Megakaryocytes are the progenitor cells of platelets
and have been shown to contain most of the constituents found
in platelets. Any derangement in elaboration of platelets
from the megakaryocyte, or premature release of certain platelet
constituents from the magekaryocyte may result in the development
of pathological situations.

Trowbridge et al. (1982) have suggested that all platelets
are produced by physical fragmentation of megakaryocytes lodged
in the lung. The same authors (Martin et al., 1983a; 1983b)
have suggested that abnormal platelet production (due either
to abnormalities in the megakaryocyte itself or in the
pulmonary vasculature) may be involved in the pathogenesis
of vascular disease.. A correlation between abnormal platelet
size and reactivity previously has been made (Karpatkin,

1978; see Eldor et al., 1982).
During normal platelet production it is possible for

platelets to be derived from each of the principal ploidy
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classes (8N, 16N and 32N) of megakaryocytes (Odell and
Jackson, 1968). Pemiington et al. (1976) have suggested

that platelets produced from each individual class of ploidy
may elaborate platelets with differences in reactivity. It

is quite possible that a propensity of any one of these types
may result in initiation of pathological diseases. Such a
possibility awaits further investigation into the nature of
each type of platelet produced by the different megakaryocytes.

Studies have shown that human megakaryocytes contain
growth factor(s) with similar biological properties to
platelet derived growth factor (Castro—MalasPina et al.,s
1981).

It has been suggested that megakaryocytes may play a
role in the pathogenesis of the marrow fibrosis observed in
myeloproliferative disorders by stimulating fibroblast
proliferation and collagen secretion (Castro-MalaSPina et al.,
1981). In myelofibrosis, abnormalities in megakaryocyte
morphology and ineffective megakaryocftoPOiesis are common.
The above authors suggest that this combination may lead
to excessive concentrations of megakaryocyte derived growth
factor accumulating with the consequent initiation of

myeloproliferative disorders.
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1.3 Molecular Mechanisms of Cellular Reactivity

Receipt and transduction of external signals initially
depends upon surface phenomena and in particular upon-the
existence of membrane associated 'cognitive'! elements or
receptors. In many cases, these have been directly identified
and partially or completely purified; in other systems
their existence is entirely hypothetical. Receptor proteins,
which may be in the form of monomeric or oligomeric subunits
are assumed, per se, to span the phospholipid bilayer of the
plasma membrane and contain ligand binding sitessy recognizing
specific ligands, on the outer surface. The mechanism whereby
ligand-receptor interaction on the cell surface evokes an
intracellular response involves the action of a'transduction-
process', Activation of these transduction processes elaborate
intracellular effector molecules or second messengers which
can then elicit activation (or inhibition) of the cell
(Berridge, 1980). In a variety of different cell types,
including human platelets, the more common effector molecules
or second messengers are cyclic 3',5' adenosine monophosphate
(cyclic AMP) and calcium (Berridge, 1980, 1981). These second
messengers are the keys to controlling many of the enzymes
and protein complexes responsible for cellular activation.

The most mnotable exception to the second messenger theory
for controlling cellular reactivity is the cholinergic mnicotinic
receptor. This receptor is coupled to a sodium channel whose
opening leads to a rapid change in membrane potential, the
extracellular signal being transmitted intracellularly by an

electrical impulse rather than a chemical messenger.
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The transduction process controlling generation of
cyclic AMP has been well characterised in a number of different
cell types however, by comparison the mechanisms controlling
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