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ABSTRACT

A study of platelec aggregation and MDA production
after an oral dose of 300mg asgpirin indicated that
partial recovery of platelet function occurred when
approximately cone third of the c¢irculating platelets
had been replaced by new (uninhibited) platelets.

I? vitro studies on mixtures of normal and aspirin
inhibited platelets indicated partial restoration of

platelet aggregation and thromboxane B_ production

2
with as little as 10% of normal platglets in some
subjects. Restoration of full function required a
higher proportion of normal platelets. There was
considerable variation between subijects. These data
suggest that complete suppression of platelet functions

in all normal subijects requires daily administration of

the drug.

Despite the hyperaggregability of platelets in Familial
Hypercholesterolaemia, 150 mg aspirin was shown to
inhibit platelet aggregation to the same extent as

occurs in normals.

Theoretical considerations suqggest that an ideal dose
of aspirin would be one that inhibits platelet
aggregation without affecting prostacyclin production

by vascular endothelium and thus causing a shift in the
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TXAZ:PGI2 balance. A dose of 40mg may be too high
since daily doses may be cumu’ “ive and suppress both
PGIZ and TXAZ. Although daily doses of 20mg

aspirin inhibits thromboxane production with no effect
on vascular prostacyeclin this dose does not adeqguately
inﬁibit platelet aggregation. Therefore when

monitoring threshold doses for low dose aspirin,

platelet aggregation tests seem to be mandatory.

The concept of a low duse of aspirin._.that would
discriminate between the inhibitory effects on
platelets and on the endothelium, although attractive,

may well be illusory.

Dievary manipulation of platelet fatty acids, which is
an attractive alternative to pharmacological
suppression of platelet function, revealed the
following: aAfter daily ingestion of 300~400g sardines,
pilchards, herring and/or kabeljou which supplied l-4g
EPA and elimination of AA containing foods -~ the ratio
of eicosapentaenoic EPA to arvachidonic acid (AA) in

the platelet increased. This was accompanied by a
decreasge in platelet aggregation to ADP, epinephrine,
collagen and a dscrease in thromboxane Bz
production. Serum and HDL cholesterol levels fell
significantly but LDL and triglyceride values did not

change., Elimination of dietary AA without addition of
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EPA did not inhibit platelet agqregation or thromboxane
production., Changes in platelet function were

therefore atrributed to the increase in dietary EPA.

Dietary supplementation with 1,8g MaxEPA showed no
raduction in platelet aygregation responses despite an
increase in placelet EPA. Bleeding times wvere
prolonged In the absence of any change in platelet
function, Ssrum HDL cholesterol was increansed and
triglycerides reduced. These findings suggest that the
machanisw by which EPA~rich fish oil donfluences primary
hasmostasia requires re-~evaluation. This atudy remains
compatible with the propoaition that dietary fish or
Ciabh ofl delays prisacy haemoscasiy ﬁna influences
gerum lipids, and way decrease the lncidence of
&rn&fﬁal throsbosis in the human population. The

mgchanige of this effect has not yet deen determined,
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EPA did not inhibit platelet aggreqgation or thromboxane
production. Changesa in platelet functlion were

therefore attributed to the incvrease in dietary EPA.
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1. GENERAL INTRODUCTION

1.1. The role of platelets in haemostasis and thrombosis

Under normal circumstances, the platelet circulates in the
blood for approximately 10 days as a disc shaped cell that
is non-adherent to other platelets, cellular elements, or
the vascular endothelium (Triplett, 1978; White, 1983).
Johnson et al.,(1967), defined haemocstasis as the arrest
of bleeding from a breach in the wall cf a blood vessel,
and it required simultaneously the presence of adcjuate
numbers of normal, circulating platelets and a normally
functioniny coagulation system. The reaction of the
platelet to a damaged vessel wall is similar whether the
damage is traumatic or a result of the atherosclerotic
prcceﬁé {(Philp, 198l1). When there is endothelial damage,
platelets rapidly adhere to the exposed subendothelial
surface (Preston and Greaves, 1985). In most of the
studies in normal animals, there has been little evidence
of thrombus formation on the subendothelium of larye
arteries in areas of undisturbed flow (Mustavrd et al..
1985). 1Instead, the subendothelium becomes covered with a
carpet of platelets with some platelet agyregates in a few
areas guch as at vessel orifices and branches (Groves

et al., 1979). Adherion of platelets to the
subendothelium appears to be largely independent of blood
coagulation since the formation of the platelet carpet is

not significantly inhibited by heparin at concentrations
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that inhibit the coagulation process (Groves et al.,1982).

When the endothelium is removed from areas where blood
flow is disturbed platelet aggregates and platelet-fibrin
thrombi form on the subendothelium of apparently normal
blood vessels (Mustard et al., 1985). The extent of
thrombus formation is probably the result of a balance
between the factors causing thrombus formation and those
causing dissolution. The patterns of blood flow obviously
affect platelet accumulation: for example, platelets
,accumulate in vortices. The force of bleood flow may also
disrupt thrombi (Mustard et al., 1985). There have been
very few detailed studies of the interaction of the
various factors that lead to the formation of thrombi.
Occlusive thrombi ravely form unless blood flow is
considerably disturbed and the vessel is narrowed, as at a

stenosis (Polts et al., 19582).

The roles of plasma proteins in platelet adherence to the
subendothelium are of considerable interest. The
observations c¢ancerning fibronectin are confusing. From
some studles it has been suggested to be the receptor for
collagen on platelets (Bensusan et al., 1978) or to
promote platelet interaction with collagen (Grinell

et al., 1979). 1In other studies, fibronectin has not been
found necessary (Sochynsky et al.,, 1980) and in some
experiments, preincubtion of fibronectin with collagen has

been reported to inhibit platelet interaction with
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collagen (Bensusan et al., 1978). Following adhesion, the
platelets undergo a secretory process, during which
substances found in the alpha granules and dense bodies
(ADP, serotonin, beta-thromboglobulin, platelet factor 4)
are secreted from the cell. 'his is known as the release
reaction (Grette, 1962). Thus, exposure of
sub-endothelial structures results in adhesion of
platelets,;, release of their granular constituents,
aggregation, and the interweaving of the platelet
haemostatic plug with fibrin filaments and the arrest of

bleeding (Philp, 1981)

1.1.1. Pplatelet adhesion and shape change

Upon adherence to the sub-endothelium;,; dramatic
morphological changes occur in platelets, and these are
similar to platelet responges which can be induced in
vitro by connective tissue particles, tumor cells,
bacteria, or purified collagen. Dendritic pseudopodia are
thrown out by the adhering platelets, multivesicular
membranous sacs appeu~ in the terminal bulb of the
pgseudopodia, and these become swollen, eventually
rupturing and releasing their contents to the surrounding
madium It has been postulated that this represents the
physical manifestation of the release reaction (Warren and
Vales; 1972). The initial adhesion is followed quickly
by a change from the circulating, discoid shape of the

platelet to a spiny spherical configuration and the
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centralization of granular «onstituents (Scarborough

l.1.2. Pplatelet aggregation

Platelet to platelet aggregation follows platelet
adhesion. Platelet aggregation can be measured
turbidometrically with a platelet aggregometer (Born,
1962). The aggregometer is basically a photo optical
instrument that is connected to a strip recording chart.
A cuvette of platelet rich plasma is placed in the path of
a beam of light and is stirred, so that the diffuse cloud
of tiny platelets gcatters the light and prevents much of
it from reaching a photocell on the other side of the
transparent tube. The transmittance of light relative to
a platelet poor blank, is recorded. When an aggregating
agent is added, the piatelets clump together, allowing
more light to pass through the suspension. A tracing of
the amount of light reaching the photocell provides a
continuous record of the course of platelet aggregation.
Aggregation agents such as ADP, thrombin, collagen,
epinephrine and arachidonic acid induce platelet

aggregation.

1.1.2.1. ADP induced aggregati.on

ADP may be derived from endothelial cells (Born, 19&5)
erythrocytes (Gaarder et al., 1961) or platelets (Harms,

1978). In 1962, Born reported that of 22 nucleotides
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tested, only ADP and deoxyadenosine diphosphate induced
the aggregation of platelets, and that adenosine

monophosphate (AMP), ATP and adenosine were capable of
inhibiting ADP~induced aggregacion. The aggregation of

platelets by ADP was; moreover, concentration dependent.

A biphasgic aggregation response, that is, a primary aad
secondary wave of aggregation, is induced by low
concentrations of ADP. At very low levels only a }rimary
wave will be observed, followed by disaggregation. At
high concentrations a single broad wave will occur (Born,
1962). 1In 1964, Cross et al., suggested that ADP might be
involved in platelet aggregation induced by a variety of
stimuli. They showed that adenosine inhibited platelet
aggregation induced not only by ADP but also by
adrenaline, noradrenaline, serotonin, and thrombin,
Gaarder and Laland (1964), demonstrated that ADP was not
taken up inte cell cytoplasm but appeared rather to be
asgociated loosely with the platelet rambrane, and
suggested the existence of a membrane receptor for ADP.
Hampton and Mitchell (1966) using ADP induced changes in
the electrophcoretic mobility of platelets, estimated
binding sites at ©,85 x l05 per platelet. Lips and

Sixma /1977) studied the uptake of 14

C ADP by isolated
human platelet membranes and found both high and low
affinity binding sites. The former was calcium dependeat

but not temperature dependent, and had an optimum pH of
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tegted, only ADP and deoxyadenosine diphosphate induced
the aggregation of platelets, and that adenosine

monophosphate (AMP), ATP and adenosine were capable of
inhibiting ADP~induced ayggregation. The aggregation of

platelets by ADP was, moreover, concentration dependent.

A biphasic aggregation response, that is, a primary and
secondary wave of aggregation, is induced by low
concentrations of ADP. At very low levels only a primary
wave will be observed, followed by diasggreqation. At
high concentrations & single broad wave will ocetur (Born,
1962). Ir 1964, Cross gt al., suggambtoed that ADP might be
involved in platelet aggregation indused by a variety of
stimuli. They showed that adenosine innibitnd platelet
aggregation induced not only by aDP but alzy by
adrenaline, noradrenaline, serotonin, and Zhrombin,
Gaarder and Laland (1964), demonstrated that ADE was uot
taken up into cell cytoplasm but appeared rather to be
agsociated loosely with the platelet membrane, and
suggested the existence of a membrane redeptor for ADP.
Hampton and Mitchell (1966) using ADP induced changes in
the electrophoretic mobility of platelets, estimated
binding sites at 0,85 x 105 per platelet. Lips and

Sixma (1977) studied the uptake of 14

C ADP by isolated
human platelet membranes and found both high and low
affinity binding sitea. 7The former was caleium dependent

but not temperature depr .dent, and had an optimum pH of
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7.3. Born and Cross (1964) have reported a requirement

oo Mg”"+ and the presence of

for extra-cellular Ca
guch divalent cations has been claimed as an essential
requirement for human platelet aggregation

(riuscher ;1985) .

1.1.2.2 Thrombin induced aggreqation

Thrombin~induced platelet aggregation and sec¢retion
involves the participation of specific binding sites on
the platelet wembrane, (Phillips and Agin, 1974). The
process appears to be pH dependent but energy independsnt
(Hattey and Binger, 1979) and inducers a permanent
alteration in membrane configuration (Subbarao and Kakkar,
1979). ©%he arachldonic acid metabolic pathway does not
appear to play an essential role (Leband and Simons,
1979). Kinlough-Rathbone et al., (1977) suggested that
thrombin was capable of inducing aggregation by different
mechanismse, with low concentrations lnvolving ADP release
and the participation of the arachidonic acid pathway and
highet concentrations utilizing another system, possibly
involving internal shifts of ionic calecium., Fujimura

et al., (1980) specuinted that thrombin binds to the
platelet surface membrane glycoprotein (GP)1l and
hydrolyzes GPV specifically, and that the hydrolyzed GPV
might act as a signal to induce the platelet release

reaction.
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1.1.2.3. Collagen induced aggregation

Platelet activation and release induced by collagen is a
complex process which appears to involve more than one
mechaniam. It has been suggested by Huzoor-Akbar and
ardlie (l1976) that one mechanism involves a direct effect
on platelets and the other is mediated via thrombin.
Kinlough~Rathbone et al., (1977), showed that collagen
could aggregate platelets which had been previously
degranulated by thrombin, and in a medium which contained
creatine phosphate/creatine phosphokinase which converts
available ADP to ATP. This aggregation was inhibited by
aspirin and indomethacin, indicating that in the absence
of extracellu..r AULP, collagen aggregation can be mediated
through thn arschideric acid pathway. Recently using
suspendec nhiatelats pretreated with pyridoxal 5'~phosphate
(bioleglica. i =«ilve coenzyme form of pyridoxine or

vita dp ”6 wilvh rewets with free amino groups) and

Naﬁﬂﬂ; ¥righoowurthi and Kakkar (1985), have suggested
that gollagen induced aggregation may also be via the same
mechanism/receptor as that used by ADP, but platelet
adhesion seems to involve a diatinct '..chanism/receptor
that is not affected by Pyridoxal 5'-phosphate. Thug,
“ree amino groups on the platelet membrane may be involved
in the induction of platelet aggregation by collagen, but
not platelet adhesion to collagen. Collagen induces only
a single wave of aggregation; which corresponds to the

release reaction of platelets. This is characterized by a
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lag period before aggregation begins (Wilner et al.,1968).

l1.1.2.4. Epinephrine induced aggregation

Epinephrine produces a biphasic pattern of aggregation
(MacMillan, 1966: O'Brien, 1966); with the release of
granular constituents. Epinephrine has been reported by
some investigators to induce the uptake of calcium by
platelets (Owen et al,, 1980; Owen and LeBreton 1980).
In contrast, others have been unable to demonstrate an

effect of epinephrine on calcium uptake {Brass and

Shattil, 1982: Clare and Scrutton, 1984; Lalau Keraly et

al., 1985) except in circumstances in which the release
reaction cccurs (Clare and Scrutton, 1984). The uptake of
epinephrine by the platelet appears to involve an
adrenerglc receptor since the effect on platelets can be
blocked by o -adrenerglic blocking drugs such as
phentolamine (Oppenhaim and Youdin 1979; Lalau Keraly
et al., 1985). However inhibition of the B-receptor
potentiates the action of epinephrine in inducing
aggregation of platelets that are refractory to ADP (Kerry
and Serutton, 1983; Lalau Keraly et al ., 1985) and
supports the view that the effect of ephinephrine is
probably dependent upon the balance of & and p receptor
stimulation {Kerry and Scrutton 1983). 1In view of the
actions of epinephrine on the adenylate cyclase gystem (X
receptor agonist inhibit adenylate cyclase; B receptor

agonists stimulate it, Scrutton and Wallis, 198Ll) it may
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be that at least part of the action of epinephrine is
mediated through adenylate cyclase, The report by Figures
et al., (1984) that epinephrine increases the binding of
ADP to platelets, indicates that this has to be considered
as another pathway by which epinephrine may exert its

effect on platelets.

1.1.2.5. Arachidonic acid induced aggregation

Arachidonic acid (AA) is a free farry acid that induces
both platelet aggregation and prostaglandin synthesis. AA
is one of the major fatty acids in human platelets. It is
present in both intracellular granules anrd in membrane
compartments, mainly esterified to the phospholipid
fraction; and is the precursor of thromboxanes and hydroxy
fatty aclds (Marcus, 1982). Arachidonate cannot be
transformed unless it is hydrolyzed from phospholipid and
made avallaole in free form (Marcus, 1978). Recent
evidence indicates that AA is liberated from platelet
phospholiplds by a dual mechanism. The first involves the
combined action of a phosphatidyl inositol-specific
phospholipase ¢ (Rittenhouse-Simmons; 1979), followed by a
diglyceride lipase (Bell et al., 1979), thereby yielding
free AA. In addition there appears to be a phogpholipase
A2 type of activity liberating AA from phosphatidyl
ethanolamine (Broekman et al., 1980). Recent evidence
indicates that phosphatidyl inositol may be the major

source of AA in the platelet (Rittenhouse-Simmons, 1939;
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Guichardant and Lagarde, 1980; Broekman et al., 1980).
When arachidonic acid is added to platelet rich plasma the
phospholipase step is by passed and cyclooxygenase is
activated directly. A normal shape change and full
aggregation response ensue., The arachidonate is
transformed to Thromboxane Ay (TXAZ), which may

directly mobilize calcium which then inhibits adenylate
cyclase and platelet cyclic AMP levels fall. 1In addition
ADP and serotonin are released from platelet dense
granules. TXAa is also released and together with ADP
serves to 'recruit' other platelets, ie. the released

ADP and TXA aggregate other platelets in the

zi
surrounding medium (Silver et al., 1973: Marcus 1979).

1.1.3. pPlatelet secretion or release

The sucretory process or release reaction was first
described by Grette (1962) and is the selective extrusion
of stored platelet constituenta. It is essentially a
process of exocytosis and resembles the secretory
mechanisms of endocrine cells {Hovig, 1962). Day and
Holmsen (1971) termed the release of the constituents of
dense granules Release I, and that of both dense and «
granules Release II  The release of ~granules does not

occur in the absence of dense body release.

Dense granules or dense bodies have been shown to contain

adenine nucleotides (ADP, ATP and GTP) (Day and Holmsen,
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1971), serotonin and calcium (Salganiceff et al., 1975).
Dense granule release (Release 1) is induced by high
concentrations of ADP and epinephrine and low
concentrations of thrombin and collagen, and leaves o -
granules intact {(Day and Holmsen, 1971). It proceeds
quicker than «(~granule secretion. Platelet factor 4 has
been reported to be located in dense granules (Yousgsef and
Barkhan, 1968). The release of A-granule contents
(Release I1) is induced by thrombin and c¢ollagen (Holmsen

et i’é_}_. t 1977) *

pPackbam et al., (1977) classified a large number of
aggregating agents according to their mechanism of action;
their ability to induce release, and their dependence upon

released ADP and prostaglandin endoperoxide formation.

Actording to their scheme, group I agents aggregate
platelets without inducing the releass reaction or
endoparoxide formation, even when present in high
concentrations. These would include serotonin in platelet
rich plasma (PRP), sodium periodate in a medium without
"glucosge, and ADP in a medium containing physiological
concentrations of calcium ions and protein. Under these
clircumstances only the initial wave of aggregation would

be observed,

s A Ko NI A’,.mevwﬁw i
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Group 2A agents cauge the initial wave of aggregation,
which is independent of released ADP or endoperoxide
formation but, in sufficient concentration and in a
suitable medium, will induce a second wave of aggregation
with endoperoxide formation and the release of ADP. These

would include ADP in citrated PRP or in a low Ca++

medium: adrenaline and noradrenaline in PRP and
vagopressin in heparinized PRP or in an artificial medium
with calcium and fibrinogen, free radicals of 02 and OH
in an artificial medium. Group 2B agents are
agglutinating substances. The term agglutination as
distinct from aggregation,; is reserved for those agents
which form bridging complexes between platelets. This
gronup includes ristocetin, bhovine factor VIII and
polylysine in citrated PRP, lectins and concanavalin A in
an artificial medium. A second wave »f aggregation with
release of ADP and endoperoxide formation occurs which is

blocked by EDTA.

Group 3 agents do not induce primary aggregation but
wnduce release, with secondary aggregation oc¢curing as a
consequence of the release of ADP and encoperoxide
formation. The aggregation -+« inhibited by EDTA. This
group includes collagen, arachidonic acid, antigen-
antibody complexes, and foreign .urfaces such as latex
particles., Group 4 agents are similar except that they
involve further mechanisms which can cause aggregation and

release jindependent of the release of ADP and endoperoxide

PR S N S S Y.
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Eormation. These include proteolytic enzymes such as
thrombin and trypsin, calcium ionophore A23,187, and

Newcagstle Disease Virus.

1.1.4, Platelets and Prostaglandins

The demonstration that intact platelets or platelet
homogenates were capable of synthesizing PGHZ + PGG,

from exogenous arachirdonic acid (Glenn et al., 1972) and
that arachidonic acid induced platelet aggregation when
added either to washed platelets or platelets in plasma
(silver et _al., 1973; Marcus 1979), whereas other
unsaturated fatty acids did not, provided evidsace for an
important role for the arachidonic acid pathway in the

regulation of platelet function.

In 1974, Hamberg and Samuelsson cemonstrated that two
endoperoxide intermediates, PGG2 and PGH,, were

produced during prostaglandin synthesls in platelets and
were potent iniciators of platelet aggregation, In 1975,
Hamberg,; Svensson and Samuelsson; identified a substance,
thromboxane AZ (wXAZ), which was an intermediate

between PG92 and the inactive end product thromboxane

BZ and which wag even more potent than the endoperoxides :

g

b i

n inducing platelet aggregation,

The biochemical pathways involved in the formation of

prostaglandins and thromboxanes have been thoroughly

A 5.
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reviewed by numerous authors (Needleman et al., 19763
Moncada and Vane, 1978; Marcus 1978; Philp, 1981;
Holmsen and Karpatkin, 1983). Characteristically, in
platelets as in other cells, prostaglandins are not stored
but are synthesized rapidly in response to an appropriate
stimulus. Initially, the enzymes phospholipasw C and
phospholipase A release arachidonic acid from membrane
phospholipids (principally phosphatidylinositol and
phosphatidylethanolamine respectively),
(Rittenhouse-Simmons, 1979; Broekman et al., 1980).
Thrombin, platelet activating factor, collagen and
arachidonic acid induce the activation of phospholipase C
during shape change of human platelets (Siess et al.,
1983a; &iesy et al., 1983b; Lapetina and Siegel 1983;
Siess et al., 1984). Phospholipase C activation generates
1,2 diacylglyerol, which stimulates protein kinase C, and
leads to formation of phosphatidic acid myo-inositol
l1,4,5,~triphosphate, which has been implicated in
intracellular ca'™ mobilization (streb at al., 1983).

The arachidonic acid made available by the phospholipase
may enter wither the lipoxygenase pathway or the

cyclooxygenase pathway.

Lipoxygenase pathway: undar the action of the
lipoxygenase enzyme, arachidonic acid may be cohverted to
the non prostanoic structures l2L-~hydroperoxy-5,8,10,14~

eicosatetraenoic acid (HRETE) and thence by a peroxidase,

7
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reduced to l2L-hydroxy-5,8,10,l4-ei¢xatetraenocic acid
(HETE). HPETE can also be transforwmed into the

leuvkotrienes.

Cyclooxygenase pathway: the enzyme cyclooxygenase
converts arachidonic acid to the endoperoxides PGG2
which; by peroxidase converts to PGHZ. The
endoperoxides may either be converted by thromboxane
synthetase to thromboxane Az which, being unstable, is
hydrolyzed to thromboxane 52, converted to the stable

prostaglandins PGE,: PGD, (either enzymatically by an

2 2
isomerase or nonwenzymatically) and PGFz (enzymatically
by a reductase),; or converted te 12L,5,8,10~hepta-
decatrienoic acid (HHT) and malondialdehyde (MDA), A
summary of the biochemistry of the AA metabolic system is
shown schematically in fig (1.1).

In the vascular endothelium, PGH, is converted to
prostacyelin (FGIZ) an antlaggregatory agent and
vagsodilator (Moncada et al., 1976). PGI, was shown to
ba many times more potent at inhibiting agyregation than

aleher PGEl or PGD,. PGI is thought to cause the

2
general inhibition of platelet aggregation, adhesion
(Fri- * and Barton, 1977) and the release reaction (Gorman
et al., 1977) by activating platelet membrane adenylate
cyclase (Gorman et al., 1977; Tateson et al., 1977) and

thus causing an increase in the intracellvlar level of

cyclic AMP (Best et al., 1977).
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1.1.5. The regulation of Platelst Function

A nunmber of schemes for the regulation of platelet
function with minor variations have been formulated
(Gerrard and White, 1978; Gorman et al., 1979: Philp
1981: Luscher 1985; Siess et al., 1985). One such scheme
is shown in f£ig 1.2. According to current concepts;
proaggregatory agents such as thyrombin, collagen, ADP,
epinephrine ete. interact at the surface of the plateleg
membrane with a receptor, which is probably a
phosphorylated protein in mest instances and which may or
may not be a calcium binding pretein. Stimulus receptor
interaction dephosphorylates the protein and releases
bound caleium, which stimulates the formation of
diacyldlycerol and phosphatidic acid, indicating the
activation of phopholipase C. Thisg sets in motion the
arachidonic acie (AA) cascade. The formation of TXA,
provides the physiological walcium ionophore to mobilize

acditional cat?

from various atoraxge sites {(pPhilp,
1o8l}). Txaz then releases G&**, gither through

conversion to TXB, or by exchange with Mg++; and

2
ca®™ innibivs adenylate cyclage (AQ) (Luscher, 1985),
lowering cyelic adenosine monophosphate (cAMP) levels and
removing any inhibitory effect of caAMP on phogpholipase C
and cyclooxygenase, Thusg a positive feedback mechanism is
set in motion to accelerate the AA cascade. The free

caleium alae activates excitation ~ contraction -

secretion coupling, resulting in centralization and the

A
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Subgequent extrusion of dense granules. An
-~ antiaggregatory stimulug (8-) such as PGI,, PGD, ov
adenosineg, aacring upon specific receptors on the membrane
surface, activates adenylate cyclase (AC) which forms cAMP
from ATP. cAMP activates a protein kinase which
phosphorylates a protein believed to promote ca™
rg~uptake and hence maintain s low level of free Ca+*“
GAMP also ihiblcs phospholipases and cyelo-~oxygenase, thus
inhibiting TXAE formation. The »stlon of various
inhibitors of platelet aggregation cvan now be viewed in
the light of their ability to prevent the wmpbilization of
intragellular Ca++. Thus inhibitnrs of cyclooxygenzse or
thromboxane synthesis would limit the ability of the
caleium ionophore TXAQ, Stimula ora of AQ or inhibitors
of phosphodiesterase promote the coumulacion »f caby
whiah inhibits phospholipase Az ynd eycluoaygenase and

which may promote the compartmentalization of Cad+,
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1.1.6., Platelets, the vessel wall and thrombogis

Bxperimental studies suggest that it is likely that
platelets are important in the initiation and progressinuy
of arterial thromboembolic disgsease (Lowe, 198l; Preston
and Greaves, 1985), Activation of platelets is associated
with physico~chemical changes which, under sonme
gonditions, encouray stelet-platelet and platelet-
vessel) wall interactauds., Thaese changes may be asgociated
with activation of other haemostatic mechanisms which may
ultimately yive rise to platelet-fibrin thrombl (Preston

and Greavaes, 1985).

Within the circulation, the association between platelets
and arteriey is encouraged by the rheuiogical properties
of arterial blood, the f£low of which tends te direct the
platelets rowards the vessel wall, particularly at
arterial bifurcations and rvight angled junctions (Murphy
et al,, 1962}, #ndothelial cell damage at these sites,
occasioned by hasmodynamic stredses, causes the
subendotnelial elements to be exposed. Local arterial
thrombus formation is thus encourayed, since platelets
avidly adhere to these elements (Preston and Greaves,

19857,

In addition, platelets wmay make an important contribution
to the development of atherosclerosis, as first proposed

in 1842 by Rokitansky (cited by RBorn, 1985). There are &t
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least three mechanisms by which platelets may participate
in atherogenesis., First, through damaging arterial
endothelial cells by releasing injurious agents,
presumably where circulating platelets adhere (Mustard

et al., 1977). Secondly through the release in such
situations of a factor responslible for smooth muscls
proliferation in the arterial wall (Ross and Glomset,
1973). Thirdly, through the formation of persistent
mural thrombi, which are organised into intimal
thickenings (Walton, 1975). Underlying all three clainms
iz the assumption vthat some normal circulating platelets
sottle on arterial walls for“iong eanough to release some
of their contents (Born, 1985). These considerations have
led to attempts to influence the course of thrombotic and
atherosclerotic disease by the use of drugs which reduce
platelet reactivity. Arguably, the most important of

these is aupirin (Preston and Greaves, 1985).

In racen. ycars the effects of prostaglandin endoperoxides
on the interaction between platelets and the vessel wall
have received wmuch attention (Moncada and Vane; 1978;
Bunting et al.,l983; Moncada, 1985). Prostaglandin
andoperoxildes are at the cross roads of AA metabolism, fowr
they are ths precursors of substances with opposging
biologi¢al activitiea. On the one hand, TXAZ produced

by the platelets is a strong vasoconstyictor, induces the

release of ADP from dense yranules and decreases cyclic

G me

o B m&i@; —an b £ et w1 ’ﬁﬁi o s M




i
k3
e

23

adenosine monophosphate (c¢AMP) and hence stimulates
platelet aggregation. Qn the other hand, prostacyclin
produced by the vessel wall is & strong vasodilator and
increagss ¢AMF levels and hence inhibits platelet
aggregation. A bal - ‘ne between pro~aggregatory TXAZ and
anti-aggregatory .3”; has been proposed by Moncada and
vane (1978) and Moncada, (1985), This balance coulid
determine the intensity of local thrombosis and vascular
tonne. Upset in this balance favouring platelet

aggregation is postulated as predisposing to thrombosis

{Moncada and vane 1978: Moncada, 1985)

Several diseases have now been related to an imbalance in

the TXA, - ?GIE system. Platelets from patients with

2
arterial rhrombosis, deep vein thrombosis; or recurrent
venous thrombosis produce more PG endoperoxides and TXA,
than normal and have a ghortened survival time (Lagarde
and pechavanne, 1977). Platelets from rabbits made
athercsecleroric by dietary manipulation (Shimamoto et al.,
1978) and from patients who have survived myocardial
infarction (Szeczeklik et al., 1978) arxe abnormally
sengitive to aygregation agents and produce more TxAz
than controls. Blevated wxmz levels have been
demonstrated in the blood of patiehts with Prinzmetals -
angina (Lewy et al., 1979). Hirsch et al., (1981) also
reported increased TXB, levels in coronary sinus blood

of patients with unstable angina. Platelets from rats
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made diabetic display an increased release of TXAZ,
whereas theit blood-vessels show a reduced production of
prostacyclin (Harrison et al., 1978). Platelets from
diabetic patients are known to be mére shnsitive to
several aggregating agenta (Mustard aad Packham, 1977;
Colwell et al.- 1979) and to produce more TXA2 than
normals (Halushka et al., 198l; DiMinno, 1985).
Prostacyclin production by blood-vessels from patients
with diabetes are lower than normals (Johnson et al.,
1979), and circulating levels of 6~keto-PGF, are
reduced in diabetic patients with proliferative

retinopathy (Doliery et al,, 1979).

Thrombotic thrombocytopenic surpura (TTP), Tike diabetes, is
associated with formation of microvascular thrombo-emboli,
and a deficiency in prostacyelin production may contribute
to the increased platelet consumption that occurs in TTP
(Remuzzi et al,, 1978; Cocchetto et al., 1981). This
deficiency is postulated to pe sgecondary to a lack of a
"plaspa factor" which normally stimulates prostacyclin
production (MacIntyre et al., 1978). An increased
prostacyclin production, vesulting from an accumulation of

the "plasma factor" that stimulates prostacyclin

synthesis, has been suggested to explain the haemostatic

defect in uraemic patients (Remuzzi et al., 1977). i

Patients with Bartter's syndrome excrete about four times

as muczh 6~Kketo~PGF, 4s controls in the urine
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(Gullnexr et al., 1979). This has led to the suggestion that
increased. producticn »f prostacyclin mediates both the
hyperreninaemia and the hyporesp ..iveness to pressor

agents observed in these patients (Gullner et al., 1979).

In general, it seems that, in diseases where there is a
tendency for thrombosis to develop, TXAZ production is

increased; or prostacyclin production reduced, or both;,
whilst the opposite is found in some diseases associated

with an increased bleeding tendency.

1.1.7. Strategies for the manipulation of the TXA,
?GI% ratio
TX&? and PGIz represant: in biologigal terms; the

opposite poles of the same general homeostatic mechanism
for regulation of platelet aggregability in vivo.
Manipulation of this control mechanism will affect
thrombus and haemostatic plug formation (Moncada, 1985).
Several pharmacological gstrategies have been advocated to
manipulate the ratio of thease two substances. One such
druy, aspirin, wa used as an analgesic, an
anti~inflammatory agent, and an antipyretic agent f£or many
years before its effect on haemostasis was recognised.
Frick (1956) reported that aspirin prolonged the bleeding
time in patients with haemorrhaglc disorders. Within the
past decade, several investigators have demonstrated that

aspirin influences prostaglandin synthesis by inhibiting

e 1
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the initial enzyme of the biosynthetic pathway (FPerreira
et al.. 1971; Swmith and Lands, 1971; Swith and willis,
1971s Hamberg and Samuelsson, 1974; Roth et al., 1975;

Roth and Majerus; 1l975).

The therapeutic use of aspirin with regard to its plateliet
anti~aggregatory activity has been based on the hypothesis
that increased platelet-veasel and platelet-platelet
interactions are causative factors in the development of
arterial and venous thrombi, as well as thromboembolic
phenomena {Marcus, 1983). Aspirin may serve t¢ prevent
these thromboembolic events, since it induces a functional
defect in platelets, demonstrable clinically as a

prolongation of the bleedina time.

Biochemically this is thought to be dune to inactivation
through acetylation of the enzyme cyciooxygenase (Roth and
Majerus, 1975) thereby eliminating the synthesis of

thromboxane A Aspirin also affects the synthesis of

2'

PGXZ, within the blood vessel wall (Villa and de

Gaetano, 1977; Moncada, 19858). when it was shown that

aspirin prevented the formation of aggregatory TXA, in

2
platelets and the anti-aggregatory prostacyclin I, in
vascular cells - the "aspirin dilemma" emerged {Marcus
1977; de Gaetano et al., 1982). TInhibition of vascular
prostacyclin production by aspirin was seen as potentially

undesirable. Platelet cyclooxygenase was found to be
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extremely sensitive to aspirin inhibition (Baenziger et
al., 1977) and the endothelial cell enzyme was found to bé
considerably less sensitive to aspirin inhibkition than the
platelet enzyme (Baenziger gt al.. 1977; Masotti et al.,
1979; Jaffe and Weksler, 1979). 7This is presumably
because the cyclooxygenase enwnyme can be resynthesized by
endothelium but not by pletelets, which cannot synthesize
protein (Patrono and Patrignani, 1984). Because
endothelial cell prostacyclin production can be resumed
between doses of aspirin (de Gaetano et al., 1982; Marcus,
1983), the aspirin dilemma could have been masily resolved
by administering low dosges of the drug. This would tilt
the balance in favour of prostacyclin by inhibiting
platelet thromboxane synthesis and sparing vascular
prostacyclin production. Different aspirin trials to test

thia hypothesis are discussed in chapter 4.

Th@orexically; the most logical way to manipulate the
TXA2:9612 ratio; would seem to be the induction of a
selective pharmacological blockade of platelet thromboxane
synthetase. These inhibitors are either derivatives of
pyridine or imidazole. Perhaps the most studied is
dazoxiben, an imidazole derivative which contains a
carboxyalkyl substituent at the l-position (Smith; 1985).
Some investigators have observed that dazoxiben inhibits
arachidonic acid or collagen induced platelet aggregation

in in vitro tests with platelet rich plasma from some
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donors (responders) but not from others (non-responders)
(Heptinstall et al., 1980; Bertele et al., 198l; Dpale
et al., 1983; Bertele et al., 1984), 1In a study by Smith
(1982) all volunteers on dazoxiben were found to be non

responders.

Originally it was thought that these would be ideal

antithrombotic drugs sparing PGYL., production while ,

2
bloeking synthesis of TXRz. However, this is not

without consequence since’a complex rearrangement of
arachidonic acid metabolism occurs within the cell
(Bertele et al., 198l; Tyler et al., 198l; Vermylen

et al., 198l; sSmith, 1985), Thromboxane synthetase {TS)
inhibitors allow accumulation of cyclic endoperoxides in
platelets: The endoperoxides are potent platelet
aggregating agents (Majerus, 1983) and this limits the
effectiveness of TS inhibitors as platelet suppressive agents (Presion and
Greaves, 1985). In fact, these drugs may act primarily by
stimulating production of platelef inhibiting eicosanoids
(Gorman, 1983). Prostacyclin production is increased by

endoperoxide steal and conversion of PGH. to v

2
prostaglandin Dz (PﬁDz) gecurs in plasma (Fitzgerald

et al., 1983). Both prostacyclin ard 9802 stimulate

CAMP production in platelets and thereby inhibit platelet
funection. However,; the elevations of PGI,

2
are relatively modest as judged from the level of

and PGD2

*

metabolites, and the drugs currently known have a very

short duration of action (Fitzgerald et al., 1983). While

oy
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the final answer will come from clinical trials, if seems
unlikely that a drug of this class will surpass adgpirin as
an antithrombotic agent (Majerus, :983). The sulphonamide
derivative BM 13,177 blocks the thromboxane receptor on
which endopercxices act, and thus may overcome the
limitations of thromboxane aynthethase inhibitors

{Gresele gt al., 1984). Clinical trials of these drugs

have not yet been completed (Smith, 1985).

The search for new and more effective approaches to .
platelet suppressive therapy thus goes on. The use of
infusions of prostaglandin 12 \proatacyelin) has

recently received considerable attention. Some success
has been claimed in Raynaud's syndrome and in severe
peripheral arterial disease (Belch et al., 1983a.b;
Prentice et al,., 1983) and some patients with variant
angina may also respond (Chierchia et al., 1982). Also,
prostacyclin infusion appears to diminish platelet loss
during haemodialysis (Turney et al., 1980) and
extracorporeal circulaktion procedures (Radegran et al.,
1982: Aren et al., 1983). Howevex, further controlled
clinical trials are indicated in the broader area of
vagcular disease in order to identify the type of patient
who may resgpond to such therapy and the optimal dosage

which should be used. Stable analogues of prostaglandin

I, have also been developed and are currently under

trial., 1In addition, the gesarch goes on for agents capable
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of the stimulation of endogenous prostacyclin synthesis

Vermylen, 1979).

A possible beneficial changs in the balance between
platelet and vascular synthesis of the oxygenation
products of arachidonic acid can apparently be achieved by
augmentation of the dietary iutake of the polyunsaturated
fatty acid eicosapentaenoic acid, an attractive approach
to platelet suppressive therapy (Dverberg and Bang,

1979a).

The therapeutic potential of EPA was suggested by the
findings of Dyerberg et al., 1978), who found a
funcstional substitution of EPA for AA in the diet of
Greenland Eskimos. These Eskimos consume a diet largely
composed of cold water fish, which are rich in EPA. It
has also been reported that Greenland Eskimos have a low
incidence of cardicvascular disease and myocardial
infarction (Bditorial, Lancet, 1983, Bang and Dyerberqg,
1972: Dyerpverg and Bang 1982; Sinclair, 1984). (Kromhout
et al., 1985) reported an inverse relation between fish
consumption and a 20 year mortality from coronary heart

disease,

Needleman et al.,(1979) demonstrated that BPA, the fatty
acid precursor of the 3 geries prostaglandin (PG) family,

was enzymatically converted by human platelets inte
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thromboxane AB ot by blood vessel microsomes into

L7-prostacyelin (PGL The 3 series =2ndoperoxide and

3)-
thromboxane were less potent than PGI2 (Needleman

et _al., 1977). Comparative studier of the actions of
metabolites of AA and BEPA on platelets i platelet rich
plasma produced unexpected results. Arachidonate, FGHZ
and thromboxane A, were potent aggregators of human
platelets but, in sharp contrast, the EPA, PGH3 and

TXA, did not cause platelet aggregation (Raz et al.,
1977) (The actions of the end products of AA and EPA
netapolism is summarized in Table 1.1.). This latter
observation was given potential physiological perspective
by the finding that Eskimos who have a bleeding tendency
have elevated EPA and depressed AA in platelets (Dyerberg
et _al., 1978). It was sugyested that endogenous PGIB
synthesis from EPA by the vasculature contributed to the
bleeding tendency (Dyerbery et al., 1978; Fisher and
Weber, 1984). However, it was shown that exogenous AA
could aggregate Rakimo platelets (Dyerberg and Bang,
1979b). Although this demonstrates that cyclooxygenase
and thromboxane synthetase are stil)l funetional, it dues
not necegsarily refute their assumption that elevated

PGL, levels are rasponsinle for the lack of

3

aggregation. Increased PGI, levels would increase

3
platelet cAMP levels, which would prevent aggregation
regardless of the atimulus i.e. AA as well as ADP.

Whitaker et al.,{1979) and Needleman et al., (1982)

. . Con e B

o el S M &




)
N

observed that BPA inhibits platelet agyregation even when
simultaneously added with the agonist (eg. arachidonate;,
ADP or collagen) or whon sdded bhefore stimulation of
platelets (Gryglewski et al., 1979). Needleman

14,

et al.,(1979) have also demonstrated that
EpA-labelled platelets stimulated with thrombin and
intact, prelabelled, perfused kidneys stimulated with
bradykinin will readily deacylate the prelabelled lipid
and release EPA. Thus, no apparaent distinction between
EPA or AA release from tissue lipilds exists. Previous
experiments in platelets (Bills et al., 1976) have
demonstrated that agonist stimulation is selective in its
release of fatty acids (including oleate,; linoleate and
palmitate)., Since EPA acts as a competitive antagonist
for AA, the wimultaneous release of these fatty acids
should affectively suppress AA conversion to its
agyregatory metabolites. The lowering of endogenous AA
and increase in EPA which must result from a diet of the
type that the Greenland Eskimos ingest would be
anticipated to markedly reduce the generation of PGHZ
and thromboxane AZ which cause aggragation. (Needleman
et al., 1982). Dietary trials to test the above

hypothesis are discuseed in Chapter 6,

AR i - noo e - i B,
T T = B e TR SR SV S, T A



o
138}

Ok

S2E

rHazibbe oza

¢ PIOY c
S3A 194 o1ouseluadesoODTA ¥XL
295 C1na pIDY OIUOPIYDERIY e
x
Bbutaebaabbe 13uU¥ T1em T38S3A sgaosanoaad sasTaleTd HuTar
»II=M TosSssa

sya pue sadTeleyd UO §3IDBIFS ATIYI pue ploe sTouseiusdesooId
puz pIo® DIUCpPIYOEx® Jo sionpoad pus DTTOQGRISW BY3l IO Axeuwmng

"IT1I STaeL

FRE'T wipery

PR e s PR

A .




34

CHAPTER 2

b

e -




35

2. Aims of .he present stndy

Wyndham (1978) found South African whites to have the
highest death rate from coronary heart disease in the
Western World. fThe reasons for this high death rate are
not clear. One important factor could bz an upset in the

TXA, - FGI, palance favouring platelet aggregation and

2
thus predisposing to thrombus formation.

In general the aim of this study was to explore selective
manipulation of prostaglandin metabolism with a view to
reducing the synthesis and/or formation of thromboxane
Az with minimal effect on prostacyclin synthesis. To
this end the following specific studies were undertaken:
a) Pharmacological
i} 1The effects of normal platelets on aspirin
inhibited plateletvs in human subjects and to assess
the relevance of this eﬁﬁecﬁ to dosage frequency.
ii) The effect of 20mg aspirin daily on platelet
function and TXAZ production.
iii) 7The effect ovf low dose aspirin on platelet
function in Familial Hypercholesterolaemia
b) Dietary
i) 'The effects of a wmixture of fish rich in BPA other
than mackerel or salmon, on platelet function,

platelet fatty acid composition and serum lipids.
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The effects of a vegetarian diet on platelet
funetion and platelet fatty acid composition.
The effects of a dietary supplementation with an
extract of ftish oil (MaxBPA) on platelet function

platelet fatty acid composition and serum lipids.
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MATERIALS AND METHODS

3.1 Materials

3.1.1, Chemicals and Resagents

The source of chemicals and reagents employed in this
study is listed in Table 3.1. All chemicals were of

analytical reagent guality unless stated.

Table 3.1 Sources of Chemicals and reagents used

Chemicals and reagents Sourne

Acetone Merck

ADP British Drug House {BDH)
Chlorofora Merck

Epinephrine Mavbaker (SA)
Arachidonic Acid Sigma Chemical Company
Benzene ; Merck
Beta~thromboglobulin Kit Amersham International
Boron triflucride-methancl Supelco Inc.

Calcium chloride BDH

Carbon tetrachloride Merck

Collagen Hormon-Chemie Munchen
Dextrose Merck

Disodium hydrogen

orthophosphate Mecck
EDTA BDH
Ethanol SAAR Chemicals

- 3 P
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Chemicals and reaygents

Source
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Fatty acid methyl esters
(standards)

Formalin

Hezane

HCL

Indomethacin

Malondialdehyde tetraethyl-
acetal

Magnesium chloride

Max EPA

Methanol

Monosodium Phosphate

Nitrogen

Perchloric acid

Potassium chloride

Potassium dihydrogen
Orthophosphate

Potasasium hydroxide

Repelcote

Silar 10c (10%) on chromosorh
WD McC (60~80) Mesh

Sodium bicarbonate

Sodium carbonate

Sodium chloride

i, o

Supelo Inc

SAIMR (Commercial grade)
Merck
SAAR Chemicals

MSD Pharmaceuticals

Merck

GD Searle (SA)

British cod liver oils
Merck

BDH

Afrox

Merck

BDH

BDH
BDH
SMM Chemicals

Applied Science Labs

GD Searle Ltd

SAAR Chemicals

SMM Chemical

1%& LN oAl




40

Table 3.1 continued
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Chemicals and reagents Source

5P222~PS on 100/12Q0 support Supelco Inc.
Thiobarbituric ac 4 Merck

Thromboxane B, RIA kic New England Nuclear
Trichloroacetic acid Merck

Trisodium citrate SMM Chemicals
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3.2 Metnods

3.2.1 sample Collection and processing

venous blood was collected into polyethylene tubes
containing 1 ml 3.8% sodium citrate per 9 ml blood for
platelet function studies and into plain glass tubes for
the lipid estimations. Platelet rich plasma (PRP) for
aggregation atudies, was prepared by centrifuging the
blood at 180¢g for 10 minutes(MSE Mistral 6L). Platelet
poor plasma (PPP) was prepared by centrifuging the
remaining red cell fraction and small amount of plasma
(after the PRP had been ramoved) at 1800g for 15
minutes. Platelet counts were peérformed using a
Thrombocounter ¢ (Coulter Rlectronics). The platelet
counts were adjusted with autologous PPP to 250 + 10 x

10° per itre. Serum lipids measured included high
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density lipoprotein (HDL) cholesterol,total cholesterol
(7¢), low density lipoprotein (LDL) cholesterol and

total triglyceride (TRG)

3.3 Platelet Aggregation

Platelet aggregation was measured by the method of

Born and Cross (1963) using a Payton Dual Channel
aggregation module attached to an SP~[5V recorder and a
Chronoloy Dual Channel aggregometer attached to a
Qoulter Electronics omniscribe recorder. Aggregations
were carried out within 2 hours of collection. Cuvettes
were stirsd at 1000 rpm, and a constant temperature of
37 degrees C was maintained., During aggregations,
platelet rich plasmas were Rept in polyethylene tubes
(15 mm diameter) that were capped at all times when not
in use. The aggregating agents used were
adenosine~-5-diphosphoric acid trilithium salt (ADP)
(0.5-10,0uM), epinephrine (EPX) (0.l4~55uM), collagen
(1-4 ug/ml) and arachidonic acid (AA) (0.2~-1lmM).
Concentrations in parentheses refer to the final
concentration in the cuvette. The lowest concentration
of agonist required to produce maximum aggregation was
determined for each agonist on each occasion that the
patients were tested. All studies were carried out in
glass cuvettes that were siliconized for 20 mirutes in a
golution of 10% Repelcote water repellant in 90% carbon

tetrachloride.
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3.3.1 The variability of platelet aggregation

Experience has ghown that, as with any technical
prouvadure, a certain amount of variability is inherent
in the procedures associlated with aggregatioan studies
using the turbidometric method (Newhouse and Clark,
1978). The recognition of specific variables, their

significance, and the means of eliminating or
controlling them are vital if meaningful comparative

dates are to be obtalined. In this section, an attempt
was made to evaluate the known factors influencing
platelet agyregation and the steps taken to eliminate or

control them are discussod,

3.3.1.1 *he effect of anticcagulants and sodium citrate

concentrations

Anticeagulants most freguently utilized in coagulation
studies incluwde sodium ¢itrate, heparin,
ethylenediaminetetracatic acid (EDTA), and sodium
oralate {(Newhouse and Clavk,1978) Sodium oxalate and
EDTA ecan initially be omitted from wze in aggregation
studies because sodium oxalate has previously been shown
to increase the lability of the procoagulants present in
the blood (Davidson and Henry, 1969),thus making it
unguitable for sampleg prepared for aggregation, and
EDTA has been shown to have adverse aeffects upon

platelets (Newhouse & Clark, 1978).
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Anticoagulant activity is generally mediated through the
interaction of free calcium ions in the blood, and
caleiuvm must be present in PRP for platelet aggregatiun
to ocaur. Aggregation is enhanced as the congentration
of catt present in the plasma increases. Thexrefore
anticoayulant solutions that bind calcium ions
excessively must be avoided, Both EDTA and high
concentrations of sodium citrate have been shown to
inhibit aggregation by excessive binding of Cat+
(Newhouse and Clark, 1978). When heparin is utilized in
the preparation of PRP, swmull platelet aggregates are
often found unless gpecial care is taken in mixing and

handling the sample (Zucker, 1974).
In the present study, sodium citrate was used as the
anticcagulant and the concentration of 3.8% was kept

gonstant at all times.

3.3.1.2. Centrifugation and cellular contamination

Centrifugation should easure that in PRP the maximum
number of platelets is retained without any red or white
cell contamination and that in PPP the plasma iz as
platelet free as possible. Obviously the speed and time
of entrifugation from one sample to the next must be

kept constant if reproducibility is to be maintained.
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In the present study PRP was obtailned by centrifuging
the blond sample at 180y for 10 mir and PPP was obtained

by centrifuging at 1800g for 15 minutes.

3.3.1.3. Plavelet concentration

The initial optical density of the PRP is directly
dependent upon the platelet concentration (Cronberg.
1970).  As this concentration increases; the platelets
in the cuvetts bacome more closely pascked together,
inereasing the possivility of collision and thus the
rate of aggregation {(sSixma,l972). Cronbery (1970)
reported that although the increase in platelet
concentration may produce gualitative differences,the
antual stickiness oi the platelets was not changed with
variable concentrations, Nifrerences in the appearance
of the secwndary phase of ADP induced aggregation,
howaver, were noted in astuwdies by Danta (1970). At low
platelet counts the gecondary phase, because of its
diminished slope, tends to be obscured by the pfimary'
wave of aggregation and thus appears to be absent.
Therefore, standardization of the platelet count by
dilutivn of the PRP with autologous PpPP is often

parformed.

In the present study all platelet counts were adjusted

using autologous PPP to 250 + 10 x 109 per litre.
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3.3.1.4 Effect of time

The stability of PRP in relation to storage time after
collection was found to vary from patient to patient,
and from day to day in the same patient (Harrison

et al,,1967).They reported that aggregation responses of
some platelet rich plasmas tend to remain stable up to 3
hours after collection, while others become
progressively less responsive as time progresses.

Warlow et al., (1974}, suggested that the interval
betwaen venepuncture and measurement of platelet
aggregation should be fixed and should be stated with

all data obtained.
In the present study, aggregations were commenced
immediately after preparation of the PRP and PPP and

completed within two hours of collection.

4.3.1.5. Effect of pH change

Changes in the pH sre known to have profound effects
upon the aggregating properties of the platelets,
Generally, aggregation is not ohserved below a pH of 6.4
or abeve a pH of 10. Maximal aggregation is considered
to ocecur at or near pH 8 (Skoza et al., 1967). Changes
in the plasma pH are brought about as a result of
preparation for aggregation studles, time being a vital
factor, After centrifugation to separate PRP the

resulting pH of the plaswma is about 7.5. Longer
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centrifugation to obtain PP¥ and the addition of this
PPP to PRP to standardize the count yields a pH of about
7.6 for t » beginning of aggregation studies providing
that the plasma preparations have taken place within
oy (Coller et al., 1976). Continued changes in pH
with time are mediated by the rate at which CO

2
diffuses out of the plasma system into the ambient

atmosphere. Factors affecting this rate of diffusion
and subseguent rise in pH include: (1) the surface area
to volume ratio of the plasma (2) whether the plasma is
gapped or uncapped while standing, and (3) how

frequently the plasma is mixed {Kerby & Taylor, 1971).

In the present stady the PRP and P8P were preparved
immediately after blood collection and axbred in
polyethylene tubes (1l5mm diameter). The t.»am were
capped at all times when pot in use and in dhwdtween
aggregations. The tubes were mixed by genria inversion
once eévery 15 minutes to prevent plateletn f£ron

settling.

3.3.1.6, Effects of temperature

The temperature at which PRP is stored prior to
aggregation studies and the temperature at which the
actual aggregation ls performed hag a significant

influshce upon the rate and extent of aggregation
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achieved by the plasma preparation. Platelets stored at
room temperature may be relatively stable for the first
two hours. However, platelets stored at 37 degrees C
will, in this time, have lost th.:ir responsiveness
(0'Brien,; 1964). Lower temperatures, 0~4 degrees C,
maintain aggregation ability for even longer periods of
time. However, the major problem associated with the
storage of plasma zaeples at progressively lower
temperatures is the increased tendency towards

spontaneous aggregation (Anstall and Hawkey, 1962).

In the present study, PRP was stored at room temperature
prior to commencement of aggregation studies. All

aggregation studies were performed at 37 degrees C.

3.3.1.7. Effects of stirring and stir bar size
Stirring thé PRP with the selected aggregation agent is
necesgsary for the subsequent aggregation td oscur.

This stirring process potentiates platelet collisions

and thus aggregate formation (Born and Cross, 1963).

The rate at which aggregation proceeds could be within a
gpecific range of rpm, directly related to the rate of
stirring, with the rate and extent of aggregation
increasing as the stirring increases (Mustard and
Packam, 1970). Significant changes in aggregation do
not ovccur when stir speed is varied from 600 -~ 1200

rmp. When stir speed is reduced below 600 rpm,
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a reduction 1s noted in the rate and extent of
aggregation. When the stir speed is increased above
1200 vpm, increased disaggregation is evident (Sixma,
1872). Maximum aggregation is prdduced at an optimal
stir speed of 1 000 rpwm (O'Brien, 1962). Coller and
Gralnick (1976) have shown that the width, length and
roughness of the stir bars are associated with the
ability of the stir bar to mix the PRP and the

aggregating agent completely and efficiently.

In the present study; aggregations were performed with
constant stivring at 1 000 rpm. Stir bars used for the
agoregation studies were teflon coated and uniform in

size.

3.3.2 The quantitation of platelet aggregation

Tn the present study,; drug and dietary effects on
platelet function were studied and major aggregatice
changes were sought. The clinical significancekof
slight changes is questionable. | The parameters used to
evaluate aggregation were: a) the lowest concentration of
agonist required to produce a maximum aggregation response,

b) the height of the aggregation curve, meusured in centimeters.

]

Maximum aggregaticn response was defined as the maximal
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change in light transmihtance at an interval 5 minutes
after the onset of aggregation. This method of
assessing platelet aggregation was also used by Carvalho

3.4. Malondialdehyde (MDA) Estimations

MDA production in platelets after aggregation was
aetermined by a modification of the methods of Stuart
et al., (1975) and McMillan et al.1977. Sodium
arachidonate was used as the agonist to induce platelet

aggregation.

Sodium arachidonate was prepared as described by
Kinlough Rathborie et al. (1976).Arachidonic acid (Aa) 50
mg was dissolved in 3.2 ml benzene to yield a 50 mM
solution. fThe mixture was aliquotted into 0.3 ml
quantities and stored at -20 degrees C. Betore use the
benzene was evaporated under nitrogen gas and replaced

with 0.3 ml of 0.1 M Naccg.

MDA standards using malondialdehyde tetraethylacetal

were prepared in the following way: a 0.0l molar
solution was made (0.22¢g MDA~tetraethylacetal dissolved
in 200 ml distilled water) and labelled as MDA stock
golution. The stock solutien was then diluted to yield
standard concentrates of 2.0, 2.5, 5,8 and 10 nmoles/20

ul. A 0.53 % solution of 2~thiobarbituric acid waz
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prepared in 2.3% perchloric acid and stored at 4 degrees
C. The sclution was prepared by dissolving 800 mg of
2-thiobarbituric acid in 20 ml concentrated NaQH to
which 50 ml of distilled water was then added. The pH
of the solution was adjusted by the addition of
concentrated perchloric acid and the velume then brought
to 100 ml with distilled water. Fifty ml 7% perchloric
acid was added to this 100 ml sclution (Stuart et al.,
1975). The MDA standards were then used to construct a
standard curve in the following way: 20 ul of MDA
standards(2, 2.5, 5, 8 and 10 nmoles/20 ul) were added
to 200 ul PRP (PRP adjusted to 250 + 10 x 10/° per
litre with autologous PPP (see section 4.2.2) Blanks
without added MDA were also prepared usging 200 ul PRP
and 20 ul saline., Proteins were precipitated by adding
an egual volume of 100 % trichloroacetic acid, and after
centrifugation (1 200g for 5 minutes at room

temperature ) 200 ul volumes of the protein free

- supernatants were mixed with equal volumes 0,53%
thiobarbituric acid. Samples were incubated for 30
minutes at 70 degrees C with a marble condenser on each
tube, allowed to cool at room temperature, and mixed
with 0.6 ml glass~distilled water. MDA was measured by
recording absorbance at 532 nm in a Pye~Unicam S$P2800

spectrophotometer., Cells of ) ¢m path length were used.
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