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I-.Im thias thesis the problem of haemostatic disorders with

PE_N}W]\&!‘ ref€rénce to platelet dysfunction in experimental malaria

models has been examined. In the Swiss albino mouse model infected

with Plasmodium berghel {P. berghei}, regular thrambocytopaenia was

associated with the parasitaemia. Mild leucocytosis due to the

presence of red cells in the peritoneal space and partly due to the

infaction was also observed. It was found that treatnent of the

infection with standard dose of chloroquine sulphate [or the standard
4 days was not adequate to eradicate the parasites campletely, and

the platelet count did not returm to preinfection levels in up to

27 days. On the otheE‘ .);apch ‘p‘eqtg?t.". of the infection with the same
dose of chloroquine for 7 days completely cleared the parasitaemia by

the end of the treatment period and platelet counts returmed to baseline

values by the 27th pest-infection day. Coagulation parameters, such as

PT and APTT were simnilicantly prolonged in the infected animals while
clottable fibrincgen was reduced when compared to control animlis.
A negative correlation eitdsted between clottable fibrinogen and

percentage parasitaemia. It was concluded that dissemsinated intravascular

coaguiation {DIC) complicated acute malaria in Swiss albino mice.
Platelet hypersensitivity to only low conzentrations of ADP

{0.5ut) but not collagen, was manifested i1 the infected mice PRP,

although this was not accompanied by any dense granule secretory defect

when stimulated with either agonist,

In the suckling rat model infected with P. berghel, platelet
survival studies using ° 'Gr.labelled homologous platelets revealed

a 527%reduction in mean survival time. There was also a significant
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‘total platelet sialic acid content in the infected animals

in platelet survival in the infected rat was attributed
. to a drop in total platelet sialic acid content. The latter was shawn

to have a negative correlation with rise in parasitaemia. It was

concluded from this study that the drop in total platelet sialic acid

content was probably as a result of 1033 of membrane rather than

granule sialic acid.

In the in vitro system designed in this study, washed human

platelet suspension was alloied to interact with wazied cultured

o o t‘alcimu infected human rbcs, and ttlie post-iiniteraction platelet
rich suspensions {PRSi) tested for changes i{n platelet function. The
control system compr.sed simi{larly treated sham cultured erythrocytes
(PRSc). Platelet hypersensitivity to low ADP concentrations (G.25uM)
was observed only in the PRSi samples. This result was attrituted to
synergism between ADP, TxAZ and serotonin secreted from the stimilated
platelet as well as an unidentified protein "factor" demonstrat-d in
significant agount on SDS-PAGE gel. The latter factor was heat stabie
at 56°€ for 1 nour and was still present after thrombin inactivation.
It was concluded that the in vitro model is a suitable system
to uspin investigatine different asocects of platelet/malaria interactionas
1t was also concluded from these studies that platelet dystunction is
common in acute malaria infections. Some of the mechanisms involved

have been identified and the direction of further investigations
identified.
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HISTORICAL REVIEW

Platelets are non-nucleated blood cells of 1.5 - 3.0uM

in diameter. The circulating platelet is discoid in shape and
was thought to de a simple cell basically comprising the

granulomere {(granule concentrated area) and the hyalcmere

{a slightly basophilic area enclosed by the plasma membrane
(Xubisz 1975, Ulutin 1976). It is now known to be a very

camplex structure like other blood cells.

Bistorically, platelets were the last of the cellular

elements in the blood to be discovered. Its discovery,

development of knowledge about it,and its role in haemostasis

and thrombosis were closely linked with the development of the

optical microscope by Van ieuwenhc-i!{ (Robb=Smith 1967, Spaet 1980)

and subsequently the compoutid microscope (Spaet 1980). This made

it possible to resolve objects at 1.0u diameter and platelets
have a dlameter of 1.5 - 3u¥. Alfred Donne (1842), 2 French

clinical pathiologlist, rirst decribed the platelets which he called

“glolins of chyle*. Other contributors to this early discovery

Megical
of the platelet include two English/Practitioners, Gecrge Gulliver
{1642} and William Addison (1842) who working independently made
the first drawings of the platelet, Franz Simon (1842) Friedrich
Amold {1845) Gustav Zimmermen (1846) William Osler (1874} George

Hayem (1878). The latter believed that they were red cell

precursors.

The culmination of these early studies was in 1882 when
Julius Bizzo2ero, a noted Italian Haematologist distinguisied the
platelets €roo erythrocytes and leucocytes, taking pains to pofnt

out the specialized role of platelets in haemostasis and clot
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formation. It was Biz2ozero who gave the name "Platchen" {platelets)

to these new cells (Spaet 1980). Eberth and Schimmelbusch (1885)

ter pointed out the relationship of blood platelets to blood
cloiting and described morphological changes that occur when

platelets cooe in contact with a foreign surface or damaged vessels,

@efntioning that such changes enhanced their stickiness. Wright

(1906) using his famous stains for blood cells, demonstrated that
the platelets were produced (rum megalkalryocyte fragmentation.

This settled the issue of the platelet being different fron the
erytrxxytes.

AIDoug the role of the blood platelets in haemostasis and

Urombasis, had been suggested by these early workers, detailed

ultrastectural stixiSes were init *.?:ed only recently by Wolpers and
Rusika (1939) as this hag 10 aweit the development of the more

soghisticated electron &lcroscope. With the irproved cesolution

pover ©F the micawope, better fixation techniques and 3 oore

sophisticaled 1sglstion procedure, the picture of the platelet 1

ultrastructure offers & befitting explanation for its role in 1

eoca=ic and coegulation,

PLATELET STRETUPE

The circulating platelet 1s a lentiform shaped cell shoving
s villous projectiions like the leucocytes tut having a sxioth

sarface contour. It has reandon indentitions on its surface which

sake up thi opan canslicular system (OCS, also called the sursce
carpiecting canaliculsr system SCCS) & caemunication system linking
the exterior of Uw call with the interior. The detailed platslet

ulUastruitune is Gescritad in relation o 1ts function and includes
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the peripheral zone, the sol-gel zone, the organelle zone and the

membrane systens. (See Fig. 1 and 2).

THE PERIPHERAL ZONE:

This is basically involved with adhesion and consists rainly

of the exterior coat, the unit membrane which is the cell wall, and

the SCCS which are continuous with the cell wall.

Exterior Coat:

The exterior coat or glycocalyx iWhite and Krivit

1865) is rich in protein antigens, enzymes and glycoproteins, the

latter being considered ac a component of piatelet receptors. Such
receptors, when triggered by stimuli, initiate platelet activation

which release substrates for adhesion-aggregation reactions (Nurden

and Caen 1974, 1975 and 197€). The glycocalyx is forwed (rom a

m=terial rich in acid mtcopolysacc’arides and glycoproteins capable

of adsorbing plasmatic proteins and cations. Recent biochemical

resoclution of the platelet glycocalyx, by polyacrylamide gel

electrophoresis has revealed a minimum of three major glycoproteins

{Glycoprotein I, Glycoprotein II and Glycoprotein III:

each having subunits a and b Philiip and Poh Agin 1977,

ilurden and Caen 1978). Same of these are extremely important for

platelet adhesion and aggregation {Nurden and Caen 1975). The
chemical composition of this cost, is responsaible for the negative
charge on the plateleL surface, with sialic acid and phosphates

contributing a greater percentage of this negative charge.

Platelet. Unit Membrane:

The platelet mepbrane like any other unit

membrane comprises  a lipid bilayer rich in assymetrically

“distributed phogpholipids and tranamembrane proteins. It forms a

physicochemical &ERMIAEL66HETWER "It acellular and extracellular
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constituents, and is believed to provide the essential surface

for interaction with coagulant proteins such as Factor Va and Xa

(Walsh 1974). The platelet plasma membrane is composed of 35-40%

protein, SO% 1ipid and about 10% carbohydrates which are in the

form of glycolipids or glycoproteins (Phillips 1983). The main

platelet membrane 1lipids include phospholipids, glycolipids and

cholesterol. The phospholipids (phosphatidylcholine (PC),

phosphatidylethanolamine (PE), phosphatidylinositoi (PI) are
particularly important, being the source of platelet arachidonic

acid (AA) the fatty acid precursor of praataglandins (Marcus 1978).

Hematoside, a platelet glycosphingolipid contains &% of the total

platelet sialic acid. Most platelet proteins are in the form of

glycoproteins except for the ':cnt?actile proteins actin and myosin.
The glycoproteins exist as peripheral proteins {(which are easily

isolated} or integral proteins (which camnot be easily remcved)

with the latter predaminating and forming the transmembrasne protein.
The platelst plasta membrane is studied with a variety of receptors
which aid in its response to physiological stimuli by such agents

as prostaglandins, thrambin, collagen, arachidonic acid and

adrenaline. This membrane i1s particularly jimportant during

haerostasis as it releases arachidonic acid (Bell et 21 1979),
Platelet - activating ractor (vargaftig et al 1981) and platelet -
factor 3, the latter being an essential membrane activity that

accelerates aggregation and coagulation {Marcus and Zucker-fFranklin
1964, Hardisty and Button 1966).

‘The Submembrane Region: This is the ares which lies Just inside

the unit membrane and is closely linked to the latter, translating
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signals received on the outside surface into chemical messages

and physical alterations required for platelet activation (White

1983). The sutmembrane region is distinct frao the sol-gel zone

but contains f{ilamentous elements in a relatively regular

arrangement (White 1968). The submedbrane filamentsaid in pseudopod

formation: the maintenance of platelet shape through thel
interaction with circumferential microtubules (see below) and other

elements of the platelet contractile system. These interact to

induce clot retractia: and platelet aggregaticn.

SOL~CEL ZONE:

The platelet interior presents a structureless appearance

except for a few granules hence the name hyaloplasm given to this

zone. Electron microscopy has revkaled this zone to be bas:ically

cooposed of the fibrews systems . including microtubules, micro-

filaments (and the sutxesbiane filaments), the most praminent

structure being the circumferential microtubules {Betuike 1970).

The plateciet cytosveletal system 1s linked with the proteine of the

contractile system, 7The microfilaments (or actin—caitalning

f1laments) and the microtubules (the tubulin containing filaments)

form the platelet cytoskeleton (Hachmias 1983). The location of

the circumferential band of microtubules in the equatorial plane
Just under the cell wall in discofd platelets suggests their

participation in cytoskeletal suppoert. This view is supported by

the fact that the circumferential band of microtubules disappears
wvhen the platelet is exposed to brief chill periods (an effect that

canverts the platelet to an irregular shape) and reappenrs when the
platelets are warmed to 37°C (White and Krivit 1967).
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Platelet microtubules are not involved in delivering the
contractile force during platelet contraction or clot retraction as

their depolarization with colchicine or vinca alkaloids does hot

affect these activities {White 1963, 1969). Platelets have about

SC% of their protein content as contractile proteins, actin and

myosin forming the main blocks of the contractile appsiatus. 7These

are surrounded by "satelite" proteins which are necessary for the

efficiency of the contractile process involved in the diversified

function of the platelets. Platelet actin (or thrombosthenin) is

the most abundant protein in the cell, accamting for 15-20% of the

total platelet protein (Bettex-Calland and laischer 1961), and exists

in a molar ratio of 100 : 1 with respect to myosin (Pollard 1975).
It exists in a state of dynamic efuilibrnnn between its two fonass,

the monomeric G - (Clotular) actin and the polymerized form the

F ~ (Fibrillar) actin (Korn 1978). These states are regulated by

proteins such as profilin (which stabilizes G-actin and is attached
to this {oim in the resting state and dissociates on activation,
Markey et al 1981) and the alpha-actin and actin-binding proteins

{which enhances polymerization by detaching the profilin from the

G=actin}. (Schollmeyer, Rao and White 1976; Markey and Lindberg

1978) .

Platelet myosin represents only 2-5% of cell protein and nas

a similar structure as skeletal muscle myosin. Platelet myosin

contains six polypeptides, two My = 200,000 heavy chains, two with
Mr = 20,000 1ight cheins and another two with Mp = 16,000 light
chains (Fox and Phillips 1983).
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the polypeptide of
Phosphorylation of/M. = 20,000 during pletelet activation produces

substantial activation of the actirn-stimulated -~ATPase.activity of
the myosin heavy-chain head, which is necessary to drive the

coatractile process (Adelstein and Conti 1975). Phosophorylation

of the myosin light chain is catalysed by the @yosin-light-—chain

Kinase (MLCK) which contains calmodulin as part of its stmicture,
amounts of
It is activated by micromolar/Ca’”.

Two other proteins, Tropomyosin and Tropomin have been

identified in the platelets. As in skeletal muscle, tropanyosin

t=cks the reactive site on the myosin head in the resting cell but

during activation, this is uncovered by a configuration change by
the tropauin/Ca*’ complex leadirng to actin binding.

Platelet activation recsults ?\ an increase of cytoplas=ic

Ca“-levels, polyrerization of actin frum G-actin to F-actin,
structural recrg2niestion of actin filaments mediated by actin-
binding proteins, Ca®* mediated phosphorylation of myosin chain by

MO X, Niiher reorganisation of filaments following the gelsolin

inducad severing action an fllaaents and the deliverance of a

contractile force (Fox and Phillips 1983).

Platelet actin filaments, as in the red blood cells, where they
are bound t¢ the cytoplamic fece of the membrene Wuough an actin-
spectrin - ankyrin band 3 linkage {lux 1979), demonatretes & similar
interaction with the membrane (Zucker-Franklin and Grusky 1972).
However the prasence of several other proteins that may be involved

the
in linking filaments to/pembrane such as ankyrin (Bennett 1979},

vinculin and alpha-actin {(formerly thoughi to be glycoprotein 1ila,
Connells and Nachmiaa 1984}, nus been demonstiated {(langer et al 1982),
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Alpha-actinin has been identified in platelet plasma membrane and

immnofluorescence studies suggest that it i1s concentrated here.
A further point for actin attactment to the membrane has been
suggested. This is the glycoprotein IXa-IIIb camplex which serves
as a binding site for fibrinogen and also to connect fibrin clots
on the extemal surface of the platelets to actin §lasents in the

cytoplasm. The attaclment of actin fillaments to this glycopretein

corplex would result in the retraction of fibrin clotsy a recent

study has provided morphological evidence that pseudopodial
retraction ocans during clot retracticn making the latter process

dependent on platelet contractile proteins (Cohen, Cerrard and White
1982} .

The relationship between platelet cytoskeleton and the platelet

contractile @échanisr is observed during platelet stimulaticn.

While the centralizatian of organelles results Nom a constrictiom
of the ciromrerential microtubules (White and Cerrard 1978), the
final comtractile wave results from the specialized orientation of
interdigitating network of actin and myosin filaments, to produce
the apmopriste squeezing motion which pushes the g@ranules to the
sonter of the platelet, thus giving an sppropriate organelle
ordentation for platelet secretion (White 1968} .

The relative plasticiiy of the hyaloplaan in the unaltered
discoid platelet and thwe repidity with which the matrix - majnly
foreed Uy microtutules and microfilaments with their assaclated
cantrsctile proteins - can flow in posudoris effecting platglet
phble chanow, BUFEnsla 8 highly ofTicient and dynamic oYstem capable

of reSLading inotantanecuily to stimulation end ensuring s retwm
w mr_l‘y .MFRICA DIiITAL HEALTH REPOSITORY PROJECT




=l ne

‘The Lmportsnce of this component of the cell atructure has been

appropriately summarized by wWhite and Gerrard 1982,

.2.3.  ORGANELLE ZONE:

Electron microscopy and cytochemical techniques have shown
that several organelles like mitochondria, alpha-granules, dense

granules, peroxisomes, liposomal granules and Golgi body-like

gramules are embedded in this zone. In addition, glycogen granules

not bxxvd by any oenbranhe, are scattered throughout the matrix.

Expericents using biochemical, ultrastructural and cytochexical
tectniques have cnfirmead the heterogencicity of the alpha-granules

{Bretan-Corins et al 1975, Bentf¢eld and Bainton 1975). While

peruxidzse activity has been detected only on the membrane of saze

of these pramules, others contain !cid phosphatase and arylsulphatase.

The sjarity of Lthe denge granules do not however canifest these
activities,

Experireante using glatelets {1'azs Cray platelet oyndrcme

petiecit= nave pervitted characterization of specific chemicsl

subatencrs AS30Cinted vith alpha ganvles (Gervard et al 1980,

FoCieas ANI Mustard 1984). The chemical constituents of tha aslpha-

dense and lyscs@mal grwnules are shown in Table 1. The other major

ganls cantent of e plateiets are the dense genlles. These

glectearn Gense grarules wvhich are relativily fewer in mmber, form
the sost resdily relecasadle asource of platelet secretable sulatances

and thus are regarded as the primiry secretory crganelies of the

plavilet. N:’h el E-z' are pecrelod uring plstelet secretion

(Molmaer: ot 21 39891, 1t leis baen suggeated thit at U high divalent

cation and nuclectide caremtrationd witnin the gramilss, the mstala

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



Platelet granule types and their contents.

CHEMICAL CONSTITUENTS -F

Platelet derived g@rovth {actor
(PDGF), Platelet Factor & (PF4),
Beta-thramboglobulin (BTC),
Factor V, Factor ViII-related

antigen, albkmin, thraobospodin,

fSorinogen, fibronectin
antipléﬂn. alpha - antitrypsin,|
@& - macroglotulin, permeability
factor, and glycosaminoglycans.

Acid liydrolases, acid phosphatés:q,

and cathepain.

DENSE-GRANILES Serotonin, pyrcphosphate,

E'o >4
catecholaxines, Mg~ , Ca ,

non-setatolic ADP-ATP onal

SRBN0sine @) - &nd Lri-phosphates.
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and nucleotides are present in one compartment as high-molecular

weight metal - nucleotide camplexes {Holmsen 1982). Hermansky -

Pudlak syndrame, a storage-pool disease, is mariked by the absence

of dense granules in the platelet of these patients (White and

Gerrard 1976} and associated with defective agsregation in vitro and
haemorrhagic symptams in vivo.

Platelet mitochondria, as in other cells are erergy centres

of the cell, where oxidative phosphorylation proceeds to support

cell processes by contributing the platelet AT? pool. The observation

that the number of mitochondria is relatively low when compared with

ATP content in platelets led to the discovery that the metabolic

ATP pool including that of the mitochondria and the cytosol are in
dynamic equilibrium. Being a nigr}y active cell, the platelet energy
metabolic pathway is nighly efficient with glucose and glycogen
being the ma‘n energy sources (Akkerman 1979).

This explains the
presence ol glycogen granules in the platelets.

1.2.4.  MO@RANT SYSTEMS:

fhese consist of the dense tubular system (DTS) and the open

canalicular systes (OCS). The OCS,as revealed by improved fixation

techniques, consists of tortuocus invaginationa of the cell wall
tumeling throughout the cytoplasm in a serpentine fashion.

White (1971) has demonsirated that the open canalicular aystem
rez-ins patent in the activated platelets sugadesting that besidea
serving as an increased surface area [or membrane dependent reactions,

0CS might also act as conduit for extruded substances during platelet

release reactions.
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and
The dense tubular system {DTS) /the OCS are randoely dispersed

3dn the platelet cytoplaam in close association with the circum-

ferential band of microtudules. It has been suggested that the DTS

represents the smooth endoplasmic reticulum of the precursor cell
and plays a role in the stabilizatian of the circumferential band

of microtubnles which supports and maintains the norme! resting

platelet discoid shape. The two membrane systems: the OCS and the

DIS are in very close apposition although no consecting ducts link

the= up (White 1983). The DTS is the site for Calcium sequestration.

The igortance of the oembrane systems in platelet fumction

hacanes clearer when see in relation to platelet contractile

systez. Tnhe OCS and the DTS play the role similar to that of the

skeletal miscle's transverse \Jbul?r gystem and the sarcotulular

systemxs respectively in cuscles. For instance the OCS 1n platelet

cxducts eignals frar the platelet exterior to the interior. This

tigZZers the release ¢f calcium frap Wthe DTS to the cytoplase, and

the subsequent, sctivation of the platelet contractile systen.

Platelet Ca*" - fluxes are regulated by Ca“n‘g“

in the DTS (Cutler el al 1978).

ATPase localized
The activiry of thia calciwn pep
iz essential in =mintaining a low cytoplaz=ic calclum level in order
o keed the microtwdtules polymerized such that cell ahape is Cus

mintained. Moot iohibitors of platelet Mncrion aat by raising
ader<o e

fngrg-riatelpt Yoll- / mnophoopate (CAAP) levels whiich

ir turn induces the peguestration of cytosolir Ca”° {n the DTS,

thnis causing 8 reductio of platelet Ca®' level.

The platelet sastrww oiolens provide an internal bass

for sestrant-located engywes such aa percaldases (Breton-Jorius s
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shown that enzymes for prostaglandin synthesis reside in both

plasma membrane and the dense tubular systems (Cerrard et al 1976,
Gerrard and White 1978).

in sumuary, although apparently simpiistic in its appearance,
the blood platelet has been stnictured to aid its essential roles

in haemostasis, coagvlation, and clot retractioni. The vresence of

Storage granules with various proaggregatory, procoaguiant or
bioactive agents (or factors), a ccmplicated memtrane network that

peroeates the whole cell, providing enzyme centres, receptors,

egress routes for secreted substances and surfaces for pesbrane

requiring activities, a readily activated contractile system, makes

the platelet a highly efficient first line of response to vascular

injury.
!

Sare other functions of the blood platelets not directly

Snvolved with haemmtasis includes growth prapoting activities,

its role as a scayvenger, and its contribution to fighting bacterial

jinfection. Friatelet gowth pramoting activities involves the
particination of the platelet derived growth factor (POGF) which

is released oo the alphe-pranules during clotting. PDGF may

Scrve to pramote wound hesling since it s the @oat potent mitogen

in senm for cells of the mesenchymal origin including fitzvblast,

glial cells and anooth muacle (Deuel and Huang 1084). Platelets

Bct A% pcave@gors in vivo,g/Nagocytosing several kinda of perticlea
thue recoving theo frap the blood otrean (Uordont and Milner 19761).
Platelets frum oa® animal opoclea seciote subatancea with soce

high berteriocidil activily from their lysceam] gramuley enousing

tie concentration of this activity at siles of Lissua dacygy
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| PLATELET PRODUCTION

Platelets are formed when mature megalaryocytes shed their

cytoplasm {Wright 1906). The mature megakaryocytes are formed in

the done marrow from megakaryoblasts which undergo maturation

stages fram the basophilic, granular to the thrombocytic stages

{Bermmard et al 1972). This process is mediated by the {formation

of microvesicles which coalesce to form platelet demarcation

mesbrane system (DMS) (Behnke 1968). Within each DMS, a prospective

platelet area, contains mitochondria and cytoplasmic granules.
During shedding mesakaryocytes align near a macrosinus, sending out
cytoplasmic processses which carry the DS, The latter g.dergoes
attenuation and develops constirictions to release platelets into

the marrow fran where it gets .mto!the blood circulation (Radley &t al
1080) .

Unlike in rats and radbbits where complete sequence of

megakaryocyte maturation takes only abovt 3 days, {t takes 4.5 days

in man.

A nuzber of factors regulate piatelet production. For

instance, platelet production is increased by thrombocytopaenia and

reduced in thrambocytosis. These changes are regulated by

theambopoietin, a twmorel substance that regulates platelet production

by mega)aryocytes (Levin and Evatt 1979) through a mechanisp that is

vet uimown. {The levels of thrombopoetin increases in rabbits and

man 2 hours after induction of acute thrambocytopaenie, [evin 1082).
Platelet productien has been determined using 51chrmmm label or
32?-dusoprophy1fluomphoaphate (DFBEPI . Fram auch experiments,

platelet proouction has besn glven as 20-40x10°/mm>/day {Ebbe 1968).

Each aegakaryocyte produces about 4000 piatelets (Williams et al
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PLATELET SURVIVAL

Studies on the distribution, lifespan and fate of tuman and

animal platelets have been done using radioactive labels. Platelets

are known to be pooled in the spleen leaving only two-thirds in

general circulation (Aster, 1966). This suggests that the spleen

plays a regulatory rcle in platelet count in peripherali blood.

Platelet survival studies have been carried out with various

[ &
radioactive labels such as radiocactive chranium ‘”Cr—chhanate),

P-Diisopropylfluorophosphate (DF32P). radioactive carbon label of

serotoiin (MC‘-S hydroxytryptamine) and “11n-indium oxime. Besides

the radicactive method, Stuart et al (197S) introduced a method that
uses the degree of inhibition of malondialdehyde (MDA)

formation by aspirin-treated plate}ets to measure the proportion of
circulating platelets.

These studies have given 2 mean value of B-12 days as the

1ife span of tamun platelet (Aster and Jandl 1954, Bittel et at 1967,

tarker 1578, lieyns et al 1980). Corresponding values include

3-5 days in rats (Ginsburg and Aster 1966, Aster 1967, Winocour et al

1982, 1983) and 3-4 days in rabbits (Ebbe et al 1967, Winocour et al
1982, 1983).

Mustard {1978} recasmended the use of S’Cr - for platelet

survival studies as it has a longer half-life {28 days) and therefore

e more practicable use in studies although '''In - provides a cuch

higher platelet epecific radioactivity. However Questions raised

cancerning the use of 5‘l‘:r include, cohort labelling, elutiom of

label in vivo, red cell labelling and pH of labelling which might
affect platelet activity.
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 Mustard (1978) ahowed that four major factors affect platelet

survival. hese include :-

{a) Vessel injury in which Ross and Harker {1976) showed
that rencval of endothelium and its regeneration correlated
closely with platelet survival changes although it had

earlier been, shown that balloon catheter injury to rabbit
result in

aorta did not / any reduction in platelet survival.
Platelet survival is reduced in patients wilh artificial

heart valves awd prosthetic arterial gralts.

(b} Alteratian of platelet surfzces such as partial

reacval of sialic aczid (Grgenters et al 197S) by proteolytic
enzyres pla==in, chy=otrypsin and trypsin (Packhao et al

1977 a, b) or by viruses such as influenza (Terada et al 1966,

f
Scoit et al 1978). These agents shorten platelet survival

Urnis sugEesting a8 1ife-span determining role for sialic acid.

(c) Piatelet age, size and density have been associated

with (i= aimlic acio cantent, Platelet factor 4 (PF4) levels

an? pliatelet life-span. It has been ehoun that young

piatelets with higher survival are usually larger and more
thas: old aes

demse/and these findingd were atiriluted to the higher sialic

acid eontent and Frs level of yoamng plateleta (Greenberg st al
the
1977). Tids suteequently led to/hypothesia that los: of

gislic scid could e & factor in Dlatelet aging and eventusl

resc /il froe circulstion, However, some workers sugpest

thut platelet censity and pize have no relatlun Lo its ags
(Paulug 1979). Differences in results could arise fram the

upe of different redicisciopes or method analysis of the
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PUATELET SURVIVAL IN PATHOLOGICAL STUDIES:

Platelet survival deteruminations in & number of pathological
conditions have yielded useful inforwation on platelet activities
and life span in such states. In thoobommbolic and vascular

dissases for instace, there is a significantly shortened platelet

survival time which is indicative of increased platelet activation

and platelet consumption in vivo (Harker and Slitcher 1972, Ritchie

and Harter 1977, Fuster et al 1983). Shortened platelet survival

s also been repted in petients following insertion of artificial
bheart vaives (Weiley et al 1974}, In same cangerdtal Alsorders such
as Wiscott-ildrich syndrome, Bermard-Soulier syndrome and in
thramoestolic caxplications of sickle cell crisis and hepatic

cirrocsin (Mistarg 1978). In the )atter cedi tion, reduced platelet

1life.spmn LS been Attributed to degradatian of mexbrane glycoproteins

(Adrahamsen 1960, Ordéinas et al 1978). In immome throebocytopasmic

PIPRIE, 1m=re proceases =urh as oinding of antiplatelet antidbodies,

03 camparcy of caFlement, tc platelets may be involved in peduclig

clatelet survival in Wese canditions (Myers et ul 1982)., Sxoking

e futty cists predisposes o reduced platelet survival (Mustard
9.

DEUGE A PLATELEY SURVIVAL :

Extenaive studies have ahawn Lhit some drugs pielong ahdrtensd

platelet survival in eome Cases, particularly thoas aisocistod with

vascular injury and thromtcslia. Thase drugs ioclude dipyTidascle,

sulphinpyrasene, the comtinstion of dipyridemocle wrd asplrin
{rot pspirin alone) clofibrate, Viclopddine ancl beparin, Lhe Litter twing

Magtard 1980, 1584).



E-aminocaproic acid (E-ACA) has been shown to prolong platelet
survival in experimental animals fitted with indwelling aortic

catheters presumably because it inhibits the generation of plasmin

and hence prevents its effects on platelets (Mistard et al 1982).

PLATELET FUNCTION

Haemostasis, the process that leads to the cessation of
bleeding after injury to blood vessel is a basic platelet functicn.
Besides this, the blood platelet plays an active irole in the

provision of coagulant activity for blood coagulation. It also

participates in the meintenance of vastular endothelial cell
integsrity and plays a role in infNammation and immunological

respanses and the response of tissues to injury (CGordan and Milner

1976). Despite its widespread invdlivement in these other biological

responses, the ability o the platelet to respond to vascular injury

13 supported by it= ability to adhere to damaged endothelium, change

its shape, acyregite, retract clot and secrete stored biogenic

caterials thetl will support haewostasis and coagulation.

Hence, platelet function can dbe conveniently reviewed in terms
of the following processes :

(a) adhesion (the interaction of platelets with blood

vepgel ‘wall or other foreign surfaces)

(b) aggregation (the interaction of activated platelets

with one another) and

(c) the release reaction (a platelet Becretory process

that mobilizea more platelets into Lhe formed aggregate)
(d) coagulation,
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PLATELET SHAPE CHRIGE:

Morthologically, the first response of the platelet to an
agsregating agent sich as ADP or collagen s shape change. This
involves the loss of the discoid shape followed by extriusion of
numerous pseudopods and centralization of granule contents. The

platelet now assumes a spherical shape with multiple spiky and

bulky shaped pseudopods extrudiing out fram the cell. The long thin

pseudopods cantain parallel arraysof microfilaments which arise
fron the rapid polymerization of F-actin by actin-binding proteins.
The pioofilaments are attached to the memdrane at the barbed end

attacrent sites formed by alpha-actinin or vinculdn (Fox and

Phillips 1983). The pointed ends of the nicrofilaments are attached

to cyo=iiz, tine the actin-gyosin jf\teractions would pull these
filameits into the central region of the platelet, contriduting
eventiuzlly to clot retraction. This highly regulated

and specific response (s eszsential to

phygiologic expression of platelet Nmction in haemostaais {(Mnste
end Gerraid 1978).

Platelet alape change occurs rapidly - withtin 2 secands - after
stisulation and involvea, besides an increase in plateler aurface

AreA &n increase in e amber of exposad alnlic &cid restaes

(Motmewed ot &l 1576). This phenaomenon of shape change 1s indepencent

of fibrinogen and external Ca*’, but may require intracellular Ca™
shifis (Michi) and Ban 1971) end activation of contcactile groteins
Wit rearranpement of clrcumferential tand of microtutsdes (Shati)

and Coopar, 17161. Flatelst staje changs can be Inhibited by cyelie-
sdencaine pnophosphate (¢-NF}. The lncreess 10 platalet surfess
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shrene {rom intracellular sources such as the surface connected

mw::r system (SCCS) and partial evagination of the canaliculi
(Cohen 1982).

S5.2.1. PLATELET ADHESION:

In blood circulation, the intact endothelium 18 tasically

*inert™ to circulating platelets. Platelet contact witlh denuded

endothelial surface (expased subendothelial collagen, tasement
mEntrane, other constituents of subendotheliur o~ damaged endothelial
cell), results in its activation and this iz a mjor trigger for

in vivo platele! agsregation (Bairgartner snd Mugall 1976, Packham
and Mustard 1984). The eechanisms respansible for the fact that

normml platelets do not interart with healthy vasaular endothelium,
ace not ccEPletely understood. Amonz Che mechanisms suggesetad are

the cayacity of endot/weiin)l cells to synthesize proatacyclin (fr<m

arachidanic acid (dA) throydh proataglandin endoperoxide PGH2),

a poltent iahibitor of platelet adhesion and agZregaticey (Moricaca et al
1976} . (\:‘:w.'s {1976) also demanstrated that cul tured andothelial
aen:g‘i:‘;;iun-nkc mucopolysaccraride vhich Damectioned like an
wticmgilaat. Hasever, erythirocytes because of their rotational ang
trunsletional movement in the blood stream (Goldsmith 1972,

Goldsmith and Karino 1977) and their non \niform distritution neer
that vesse)l toudary, entwnce Uw diffusion of tw smiller plateleta
vosmrds tha wnll, & process that may te influenced by KEC alze amd
delformabdlity, leading to an incressed platelet concantretion in the
baundary layer (platelet alffuitivity). This in Gun sy Increase
the Jikelibood of platelet-surfece/vessel wall intersction sod

conceivably me-ﬂllulﬂt Uteraction. Bt In cxmal Blocy
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by the presence of 1’012 and {ts heparin-like activity previously
. mentioned.

These mechanisns may account for the inertness of the vascular

endothelium to blood cells. Platelet adhesion to subendothelial

striuctures such as elastin is alpost negligible

except to collagen fibrils where it is most marked.

Platelet contact with collagen, basewent membra2ne and
microfibrils of exposed subendothelium induces morphological changes

such as a change from its normal lentiform shape to a Spherical shape

and centralization of platelet organelies. The shape change is

rapidly followed by protrusion of pseudopodia which makes the

platelet spread in a bid to cover a wider surface area. This is

associated with secretion of its qanule contents into the micro-

enviromment. In vivo, piatelet adhesion is rapidly accompanied by

ageregation of other platelets in the microenvirorment of the

adherent platelcts with the formation of a haemostatic plug. Only
ausco-iated

platelets/with the subendothelium release their alpha-granule
contents (Baumgartner and Muggli 1976).

Until recently, in vitro platelet adhesion test were based

on its ability to adhere t© non-physiological surfaces such as glass

beads in packed columns or polymer surfaces.

While the results may have some relationship to
thrombosis in vivo on biomaterial surfaces, the 1ink between such

experiments and platelet adhesion to damaged vascular surfaces was

uncertain. This led to the construction of an annular perfusion

chamber containing blood vessel surfaces denuded of endothelial

ceils and perfused at a constant, though variable flow rate, for
AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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Platelet adhesion is influenced by physical and biochemical
factors. These include blood and fluid conpositian, tre
hasmodynanics of blood circulation such as blood flov and shear
rete (Baumgartner and Mugzli 1576), Turitto and Beumgartner 1582).

1L ras been demomstrated that pletelet adhesior. increazos with shear

rates (0 puresatar of blood flow ratel. ThRis i» typicaily so A

the large vein and arteries, although at higher flow retes A4S exist

in the capillaries and artericle:, adhesice dbecOmes independant of

shear rateds (Turitto and Beungartner 1572). Also platelel diffusiarn,

another phyaical factor that inflwincea platelet collision vith

vassel wall, i3 dependent on hairatocrit and shaar retsts, The

influence of higher hawmatocrit mf account for the higheér aghrsion

observed in whole blocd than platelet-rich plamma on sibendotheli ™

or glass beas colums (Hellam 1960}. This effect, previasly

accamted for ae due Lo the releases of ADP by red blood cells, has

since been recognised as a physical, as red cell ghcats added to PRP

gAave n=imilar results as whole blood (Zucker et al 1972). However

ot higher sheor rates (above 6(:-%'11 and haerstocrit (above 40R},

& blochamical influence decam:s invaived {(Turitto, Mugrll and
Baumgartner 1977).

Urlike platclet eggregation, adhesion to vascular endothelium
s independen!. of metabolic energy as incubatiom of platelets with

antipotabolite (2-deoxygiucose or antimycin) did not reduce platelet
binding to collogen (Lyman et al 1371).

Several biochamical factors influtnce platolet adhesion. The

observation that there is reduced platelet adhesion in Bermard Soulier

sytdrome patient 810a° Tod" (6 the “T1dTHg of a deficient glycoprotein 1b
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2.2. FACTORS AFFECTING ADHESION:

Platelet adhesion is influenced by physical and biochemical

factors. These include blood and fluid camposition, the

haemodynafdcs of blood circulation such as blood flow and shear

rate (Baumgartner and Muggli 1976}, Turitto and Baumgartner 1982).

It has been demonstrated that platelet adhesicei increases with shear

rates {a parameter of blood rlow rate). This is typically so in

the large vein and arteries, although at higher {l0w rates as exist

in the capillaries and arterioles, adhesia becomes independent of

shear rates (Thritto and Baurrgartner 1982:. Also platelet diffusion,

another physical factor that influences platelet collision with

vessel wall, is dependent o haematocrit and shear rates. The

influence of higher haematocrit caf account. for the higher adhesion

odserved in whole bloed than platelet-rich plasma on subendotheliuwn

or glass bead colums (Hellem 1960)}. This effect, previcusly

accaamnted for as due Lo the release cf ADP by red blood cells, has

since been recognised as a physical, as red cell ghosts added to PRP

gave spmilar results as whole blood {Zucker et al 1972). However

st higher snear rates (above 8'305'11 and haematocrit {above 40X},
& biochemical influence becomes involved (Turitto, Miggli and
Bausgartner 1977).

Unlike platelet aggregation, adhesion to vascular endothelium
1s independent of metabolic energy as incubation of platelets with

antimetabolite (2-deoxyglucosc or antimycin} did not reduce platelet
binding to collagen (Lyman et al 1973},

Several biochamical factors influence platelet adhesion. Tnas

observation that there is reduced platelet adhesion in Bermard Soulier
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and accounts for the resultant bleeding tendency (Hurden, Dupuls,

Kunicki and Caen 1981). Also in von Willebrand disease {(vWd), the

poor platelet adhesion to subendothelium observed has been attributed

to a reduced level of the plasma factor VIII: von Willebrand factor

(WF) (Tachopp, Weiss and Baumgartner 1974). However, this is only

observed under conditions of high shear rates as such as occur in

the microcirculation (Baumgnrtner, Tschopp and Meyer 1963}, Jaffe

et al's (1974) demonstration that Factor VIII: wr activity 1s
produced in the endothelium, explains the oboervation that adhesion

to the subendothelium is dependent upon the cuncentration of this

factor bound to the subendothelial surface (Sakariassen et al 1979).

Calcium is involved in platelet adhesion to collagen or the
subendothelitm as platelet edhesion in the presence of calcium

e.g.

chelators,/ethylene diamine tetraa!et.ic acid, is greatly reduced

although not cowpletely prevented (Kinlough-Rathbone et al 1980).
It is also worth noting that aspirin and other non-steroidal anti-
inflaratory drugs (NSAID) did not interfere with platelet adhesion
to collagen, neither do they inhibit platelet release reaction frao
those platelets directly attached to collagen fibrils (Kinlough-
Rathbone et al 1980).

VECHARISIS OF PLATELET ADHESION:

The curtent concept of the mechaniam of platelat sdhesion is
that fibronectin, a high molecular weight glycoptrotein fourd in the

plaama and elpha-granulea of platelets (Benausan ot al 1978, Zucker

et al 1979) ias involved in the process. Two forms of fibronectin

have been identified

4) the cold-insoluble glotuilin (C.1.G.} of ploama; and

13) the lergeoestemadrisonsiordtion asnaitive (LETI)
type, which is membrans bound,
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The CIG fibronectin has been implicated in the adherence of
platelets to collagen (Bensusan et al 1978) as it was found to be

the most abundant protein attached to the collagen fibrils after

disruption, by sonification, of the adherent platelets. The binding

of fibronectin to the cell surface may occur through gangliosides
on the cell surface.

PLATELET ACGREGATION:

Aggregation is one of the principal responses of platelets to

vascular injury. The haemostatic role of the blood platelet is

largely dependent on its ability to adhere to exposed subendothelium

and to one another (i.,e. aggregate’ in the event of vessel yzll

darmge. Platelets alsc respond to specific in vivo aggregation-

inducing stimnli such as adencsine Piphosphate, thrombin, prostaglandin

endoperoxides (PCC2 and FGH2), thramboxane Az {'I‘xaz). platelet

activating factor (PAF), and adrenaline. These substances act at

defined receptor sites on platelet membrane (Mills and MacFarlane,

1976). Platelet aggregation is greatly enhanced by the release of

Proaggregatory substances stored in its dense - and alpha-granules.
Plaotelet surface is studded with a number of glycoproteins that

form receptors for these aggregatory agents. The platelet membrane

therefore plays an important role in the reception cof these extermal

stim:li, the transmission of the impulses generated into the cell
interior and in th® executior of the platelet response which involves
shape change, adhesian and aggregation.

Primry platelet aggdegation follows within seconds of the

shape change. It involves the respanse to stimulus through a cascaede

of events that requires metabolic energy, platelet pembrane changes

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

that lead to exposure of fibrinogen receptors, calcium fluxes and




‘blochemical synthesis, mll of which lead to increased platelet

stickiness. Platelet aggregation, differs from agglutination -

a physical process - as the laetter does not require metabolic
energy or divalent cations (Kinlough-Rathbtone et a1 1983).

Ristocetin, an antibiotic, agglutinates platelets provided w* is

present and this may be through the formatiom of electrostatic

bridges between platelets (Howard 1975). Histocetin induced

agglutination may be followed by secondary agaezation due to ADP,

POG2 a!nd/!"(;}i2 and thramboxane A2 synthesis and release.

MEASURDENT OF AGGREGATION:

Borm (1962) designed an optical method for the measurement
agZiegation

of /platelet-rich plasma (PRP) or suspensions of isolated platelets

in artificial media (0C'Brien 1962 f Mastard snd Packham 1970). This

is a technigque that measures changes in light tcansaission (optical

density) of PRP or washed platelet suspensions (WPS} on sddition of

an appropriate sitaulus, The equipment, the aggregumeter has a

recorder thal gives a typical platelet aggregation curve as shown

in Fig. 3. The platelets are stirred rapidly and maintained at

37°C (for human platelets) for optimsl agsregation. Following

addition of an aggregation agent, aggregation atarts, resulting in
a decrease in the number of free platelets, hence an increase in

light trananisaion occurs and i3 reconded. Depending on the atrength

of th2 atisulua, aggrogation may rcach maximum a3 indicated by no

further incresse in light tranamission and remains in this posftion

for an indefinite period. If a weak agonist is added Lo (w suspension

or PRP, acggregation will bo followed by a decrease in light

transnission as plstelot ag@ragates break up (Fig. 3, 1) Uma
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increasing the number of free platelets in suspension. The first

wave 13 called the primary aggregation wave.
Agsregation can be followed by a second wave (Fig. 3,2)

indicated by a further increase in light transmission which reaches
a second plateau {Packham, Kinlough-Rathbone and Mistard 1976).
This often results (ran release of platelet dense granule

proaggregatory substances such as ADP and 5 - HT (Mustard and

Packham 1970). This is the “"second phase' or secondary wave of

platelet aggregation (Borm 1962)}. It is normally irreversible.

Other methods have been described by Wu and Hoak (1974) in

which aggregation in whole blood is determined. In one of these,

blood {0.Swl) is collected directly into a syringe containing 2ml
of EDTA + Formaldehyde soluticn {O0.77MEDTA + 4% Formalin) which

fixes any circulating platelet aggregate immediately and another
equal volume of blood into syringe cantaining EDTA solution only
(0.077TM £EDTA made ap in phogphate triffered saline) This method

assumes that piatelet aggregates in vivo breakup on standing or as

a result of manipulation, In a formalin/EDTA solution the aggregate

gare ired immediately. B8lood smear made from both samples are used

in counting aggregates microacopically. Platelets may also be

counted by a Coulter or other electronic counter. The platelet

aggregate ratio is estimsted ttus:

Platelet ageregata ratio = Platelet caunt in EDTA-Formmlin-FRP

¥here this ratio is less thas urity it is implied that platelet

sggregates were¢ present in vivo.
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- Recently,; Velaskar and Chitre (1982) described a method of

measuring platelet aggregation in whole blood using the 1ight

microscope without ignoring the hyperactive platelets which ag®egate

either in vivo or during blood collection. The new test takes into

accoaunt circulating platelet aggregates and measures the respanse of
total platelet population to an aggmregatiig agent at a specific time
interval determined after fixing the whole blood and calculating the
ratio of aggregates to free platelets fram a thin zxzear made from it.
Anotlier relatively recent method 'mzestm whole blood ageregation

odule that measures platelet agmegation in whole blood (Cardinal

and Flower 1980). The aagregation pattema of this method correlates

with that of PRAP. The principle of %hole blood aggregation is based
o the Lpedance apgmaach which depends upon changes in electrical

caductivity once a eenciayer of platelets coats the electrode.

These changss in conductivity 1s recorded on a paper. 1Ihis method

nas the added sivaniage of qulck testing as preparation of PRP is
eliminated Uzss allaring a total platelet population agsregsticon
activity tC 5e obeerved in {ta natural enviroment. However, the

ispedaiics Cracing gives no information on "shape change".

ANALYSIS OF ALGREGATION CURVE:

Fig. 3 ahows typical platelet aggregation curves obtained frm

e agEregooeter that aloys the changes in optical density

peinciple. OQurve 1 illustretes a typical Qzgregptian curve obdtained

vhen a3 lov cneentration of ADP (0,5uM) is used as Lhe agonist.
Randan ocecillations are recotded prior to platelet stismulstion and

are atti'ituted to normal disceid plateletmovamnnl wWhén stirred.
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Immediately after the addition of aggregating agent, there is a
fall in light transmission {see section (a} of Curve 3) and a
decrease in amplitude of ostillations. This fall in light
transmission is due to platelet snape change fram discoid to a

spherical form with pseudopod formation (Adrenaline causes a less

extensive shape change; Packham and Mustard 1984). This causes a

decrease in the transmission of incident light.

Primayy aggregation normally observed with low ADP concentra-

tion is accompanied by deaggregation {(see sectiun b of Curve 1} and

iS represented on the tracing as a fall in transmission. This is

due to the dissociation of fibrinogen Sram the binding sites which

were wmasked by the aggregating agent (Kinlough-Rathbone et al 1983).

With slightly higher or mcderate concentration of ADP {e.g.

1-224) type 2 curve is obtained. Here the primary aggregation wave

plateaus at (c) and is fcllowed by asecondary wave (d} which has a

higher arplitude ¢f oscillation and proceeds to aaximm. The
continued increase in light transmission and amplitude of oscillation

recorded i{s due not only to large aggmregates forwed but also to

contiaction of these aggregates through clot retraction. Type 2 curve

i{s associated with close contact. activation observed in PRP prepared

frop citrated-blood (Packham and Mustard 1984).

The typi: 3 curve (see Fig. 3) is obtained when higher

concentration of ADP{5-10ul{), thrombin 4U/ml or collagen (S ug) is

used as the agonist. The inflexion at point ¢ on curve 2, disappears

as the pricory and secondary curvea blend to give a single curve.

This portion of the curve ia associated with a sharp riae in oxygen

uptake fram the surrounding medium. 7This “oxygen burst® is utilized

for the sywthesis of prostaglandin endoperoxides and thrrsboxane A>

(TxA2) all ofi.shich.cnbance.plateler egeregation (Mamberg et al
1974, Marcus 1978, 1983},
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. MECHANISM OF PLATELET AGGREGATION:

Platelet aggregation appears to occur through three

mechanisms that are basically interrelated. These are the ADP

mechanism, thromboxane trechanism, and a third as yet undefined

mechanisn (Vargaftig et al 1981, Kinlough-Rathbone et al 1977,

Packham and Mustard 1984). Detwiler, Charo and Feinman (1978)

suggested that all aganists seem to act via a common pathway of

talcium-mobilization from dense tubuilar system to the cytoplasm

(see Fig. 4 a,b)., Calcium mobilization from intraceliular stores

are enhanced by products of prostaglandin endoperaxides and

thromboxane A2 which act as calci:m ionophores {Gerrard and White
1981).

Benveniste
Vargaftig, Chignard and Y {1981) have sumperized that

platelet aggregation occurs throgsh three major pathways named above
The strength of an aggregating agent reflects on which pathway it is
Weak

capeble of stimulating. / stimulj such as adrenaline, serotonin

and low ADP levels { 0.5uM ADP) norwmally cause only the primary

wave ol aggregation through the ADP pathway. Collagen (¢.Sug or

Sug/i)) and low concentration of thrombin (1.2U/ml} can induce

release of ADP and syntheais of prostaglandin endoperoxides/

thraoboxane A2. High concentration of thrombin (4-8Y/ml) and

A23187 stimulate all three pathway.

(a) ADP - Patimay:

Since the discovery of ADP a3 a factor
present in erythrocytes that can cause platelot

aggregaticn by Caarder et al 1961, this substance has
been implicated in the masn platelet aggregatory patimway.

The sousrce of platelet ADP used in ageregaticn has been

shown by Day and Holmsen (1971) to be released Moo
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platelet dense granules together with ATP and 5-HT.

The role of ADP as a mediator of aggregation due to other
agents such as collagen and thrambin is supported by its
(ADP) dose dependent release during platelet stimulation
(Grette 1962, Hovig 1963). Scavengers of ADP such as
creatine phosphate/creatine phosphokinase (CP/CFx) and
Phosphoenulpyruvate/pyruvate kinase (PEP/PK) reduce
platelet aggregation due to ADP (Haslam 1964, Packham et al
1977). Other workers have shcwn that throgbin and

vasopressin platelet stimulation also produce a secondary

wave of aggregation with ADP 3ecretion (Mills of 3l 1968,

Kaslam and Rosson 1972). fowever, evidence for other

ageregatory pathways stemped, Mham observations that

!

nonsteroidal antiinflammatory agents (KSATA) such as
aspirin could ianibit the secondary wave of ADP-induced

ageregation, the accagpanying release reaction and

agEregation due to low collagen and low thrombin

conmcentration (Packham et al 1977, Kinlough-Rathbone et al
1977). Several lines of evidence support this view.
Platelets that lack releasable ADP (either those that
have been depleted of their dense granule content by prior
treatnent with throabin or Lhese that lack dense granules)
agg'egate in response to collagen, thrambin, arachidonate,

and the ionophore A23187 (Reirmers et al 1976, Kinlough-

Rathbone et al 1977). Also Macfarlene and Milis (1975) have

shown that adrendline -, vasopressin - or aerotonin-
induced primary wave of aggregation was not inhidbited by AIP,
Bn sgent that inhibits ADP-induced - aggregation.
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The observed effects of ADP on platelats are mediated
through ADP receptora{Haalas end Qusack 1981).

Craracterizitfon of ADP receptors medisting platelet

activation have been studied by Colman and Figures (1684).

Haslam and Cuseck 1981) had earlier abca that the AD?

receptor that mediates aggregation 1s differen! from that

which inhibits rajses CAMP levels produces by

prostaglandin 21. 02 and 12. However & cCmaelative

evidence suggest that the same receptor which mediates
agzregation initistes the metabolime of phasphatidylinositol
and Cae’ moblization an stirmulation (Haslam and Qussack 1981).

Coleman and Figures {31084) suggest a structural and

functional coupling of the »}OP-receptcr to the contractile
process. They also implicated a single protein with
M = 10,000 as the ADP receptor.

have

The Arachidonate Pathway: Several observations’ / led to

the implicetion of prostaglandin endoperoxides {(PGGp and
PGH;) and thramboxane Ay (TxAp) as medlators of platelet
agsregation. Thepe include the finding by Smith and Willis
{1972) that proataglandins (PGs) are generated durinz
platelet eggregation. In platelets that adhere to collagen
or interact with thrambin (or other release inducing agent)
phocspholipase A> and C are octivated. While phospholipase
Ap releases arachidondic acid from platelet membrane
phospholipids (Phosplatidylinositol (PI) phosphatidylcholine
(PC} and phoaphatidylethanolamine (PE): Blackwell et al 1977,
Marals 1978, Brockman, Kard and Marcus 1980), the combined

activity ofcgncapholdpasecfydbgivceride- and monoglyceride
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lipase cleaves arachidonete mainly fram PI (Bell, Kennerly,

Standford and Majerus 1979, Lapetina and Cuatrecases 1979).

The freed arachidonate is converted by cycloxygenase to
and

PGG2 / FGHa which are then converted to thromboxane A> by

throoboxane synthetase (see Fig. 4a and 4b).

Lipoxygenase could alsa convert the arachidonate to

HPETE and KEIE (Nugteren 1975: see Fig. 5). f1he PGGy,

PGH; and TxA2 are the agents responsible for platelet
agsrezatian vhen this pathway is stimileted {(Hamberg et al

1974, 1975) and their synthesis can be inhibited by agents
that inhibits platelet synthesia such as NSAIA.

Cther products formed in platelets fram proestaglandin

endoperaxides are PCD2, FCEp, PGPz, Malondialdehyde {MDA)

and 12-L.-hydroxy-5,8, 10-heptadecatrienoic acid {(HHT)

{see Fig. S). PGD, in same specles are strong inhibitors

of platelet agegation and release reactions as they

atimplate edenylate cyclase ttus elevating CAMP levels

\Saiih, Silver, Ingercan and Kocals 1974).

The activation of PG synthezis by high streri§th
agzregating agents such as collagen, thraadbin, or A23187
suggested 3 role for these substances (PG} in platelet

eggregstion. However, odeervation that eggrejmtion inhibition

uUsing cycloxygmase inhibitors such as aspirin, can be
overcw by increasing the dise of (heasbdin or AN3I4T,
suggaet), tho involvamant of yel! another pathway in platglet
azmreition (Killough-Kathtane et al 1977, Packham et al 1§77).

Pacidwe, (Uccione, Creenderg, Linlaygh.-Rathdon and Rwtard

(1977) ommcsuitreted Lhat the camdilnstion Of enaymatic systsss
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2

which destroy ADP and aspirin or indawethacin also failed

to inhibit ageregation to high concentration of thrambin.

This suggested that besides the ADP- and TxA2 pathways,
a third cuie still existed.

Platelet-Activating Factor Pathway: This phospholipid

(1-0-alkyl-2-0 acetyl -2sn - glyceryl - 3 phosphorylcholine,
platelet activating factor (PAF) i{s a component of the

platelet membrane (Vargaftig et al 1981). It is known to de

released from neutrophils and bascphils following iomune
challenge, Pinckard and his cc-workers (1982} elucidated

its biology and chemistry and showed that it is a highly

stadble substaice. Several workers have demonstrated that

PAF - acether is releaaed during platelet aggregation by

throobin or 423187 {Chignaid et al 1979, Namn and High 1980,

Benveniste et al 1982). It induces platelet aggregation

by mobilizatica of Ca*’ Cr«m its stores. It has been

implicated as being the third pathway for platelet activaticn
by strong stimuli (Vargaftig et al 1981).

1.5.2.6. POLES OF CALLCIUM, FIBRINOGEN MEMBRANE GLYOQOPROTEINS
D PHOSPHOLIPID CHANGES IN AGCREGATION:

(a)

Role of Calcium in Platelet Agzregation: Both extermal
(plasm} and intemal (platelet cytosol) changes in Calcium

levels slter platelet respitise to atimuli (Packhao and

Mustard 1984). In the plasma, where the concentration of

calciun s 14 ond that of freex ionized calcium 13 about
a4, calcium chielators such a3 EDTA or ECTA in high enough

concentration to remove all divalent cstiona, inhibits
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platelet aggregation although platelet shape change and

release reactions could still be induced with agents such

as A23187 (Charo, Feinman and Detwiler 1977). Mastard and

his group (1978) observed that {ibrinogen receptors are not

unzasked when external calcium has been chelated. However

it remains unknown whether calcium is directly Snvoived
in the binding of filrinocgen to platelets, although it is
involved in the formation of the glycoprotein IIib-IIla

complex that forms the fibrinogen recepior on platelet

stimitation. Calcium is also invoived in the binding of

thrambospondin, a8 platelet endogencus lectin involved in

platelet surface (Phillips, Jenning and Prasana 1980; Jaffe

et al 1982). Lowered nlasm calcium levels result in

elhadnced plateletl response to stimuli and the consegquent
stimilation of the arachidanate pathway that follows close

cantact activation (Mustard, Perry, Kinlough-Rathbone and
Packban 1975).

he cancept that calcium acts as an intracellular
obsermvaticn that
sdecond messenger is supported by the/platelet responses of
shape change, aggregption and release of granule contents
are a8l]l dependent upon mobiiization of calcium (ram their

sequestration sites into the cytosol. This nomally produces

o hundrod-fold incrcase in cytasolar calcium ion concentra-
tion (Holmsen 1974; Gerrard and White 1978 Rink, Sualth and
Tajen 1982). 7The linding that calcium ionophores causc
plntelot ehape change, aggregatiaon and release of granvle

content provides strong oupport for this view.
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Further support is thet most enzymes such as phospholipase
A> and C, glycogen phosphorylase b, and myosin light chain
kinase {which phosphorylates the 20,000 dalton light chain
myosin) are all activated by micromolar calciuz. Platelet

contractile functions are also known to be regulated dy calcium
fluxes {Packham and Mustaro 1984).

Various workers have demonstrated that agents which
inhibit calcium mobilizaticy either by affecting calcium
binding activity of calmodulin {such as trifluperazine,

a 1ocal snaesthetic) or those that ¢levate intracellular
cyclic AP levels (such as prostaglangins Iz, Dp or Eg
Fig. 4b) are all strong inhibitors of platelet agregation.

Howvever, platelet dense a'ar?ule calciun are released to the

extesacellular oodium during platelet secretion.

(b} Role of Fibrinosen in Platelet Aggregation: Current evidence

suggests that ageregating agents such as adcenaline, cellagen,
aracnidonate or thrombin (Plow and Margueriel980; Harfenist

¢t 81 1982} dut not ADP may induce fibrinogen binding

independently of released ADP. Tiiy suggeats & broader role

such as foruing the link between adiacent platelots for
fibrinogen during aggregation. The inidbition of thrombin
induced agsregation by Fab (ragments of an antibody to
fibrinogen supports this view {Tollefsen and Majerus 1975).

However, anly the rolc of fibeinogen in ADP- induced

eggregation has been extensively atudied. It has been well

establinhed that prior to atimulation, the platelets do not

bing fibricogen, but heve (leir fibeinogen receptors wmasked
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after ADF atimulstion (Mustard et al 1978). Platelet bound

fibrinogsn dissociates during deagigregation (Tunlough-

fathbae ot a) 168)). HNacheman ana Laung (1580) have shown

thet a complex of glycoproteiny IIb and I1ls and calitum
formd the fibrinogen receptors on platelel aexbrane wnich

can be inhibdited by amino sugars such as glucosieina and

gnlactode (Xinloug)-Rathbone et al 1984). The poor agpreption

or fidrinogen-dbinding observed in thrambesidamic fatients
results from the markedly reduced or ftotally absent
glycoprotein IIb and I1la in plstelecs of ach patient.

A similar effect is observed in afidrimgmaszia i3 a

reflection of the reducad ievels of fitrinogEn ir. such instacces
{Packhas and Mustard 1984], althagh other views have bean
eXpreased (Caen, J.P. Peraor‘i Cammnication).

(¢} Role of Platelet ilecbrane Clycoproteins in Agcreagation:

Platelet o==brane glycoproteins play an essential :¢le in
platelet surface interaction such 83 ocours in hasmostasia
or! bluod coagulation. They are involved in adhesion,
egiegption, binding of agonist to receptors on platelets
and recently hova been irplicatod as serving as anchor for

fivrin - microfilament attaclment during clot retraction

{Fox and Pnillipa 1983). Their importance has been flirther

atrengthened by the characterizatiaon of cortain diseases

such as dlanzmann'a thrordesthenin and Bemard Soulier syidromn

whore defective comdrane glycoprotein {a the underlying
digsordar (Phillips 1980).

Goorge and Lewin {1976}, using SDS~ gel electrophorvwsla,
charncterized platclois oemdrane glycoproteina into three

mJjor classesacrihcew raper@ipcopiotein I (with sumita Ia, 1Ib,
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after ADP stimulation (Mustard et 2l 1978). Platelet bound

rfidbrinogen dissociates during deaggsgregation (Kinlough-

Rathbtone et al 1983). Nachman and Leung (1980) have shown

that a cowplex of glycoproteins IIb and I1IJa and calciuw
forms the fibrinogen receptors on platelet mexzbrane which

¢an be inhibited by amino sugars such a2s glucosamine and

galactose {Kiniough-Rathbone et al 1994). The poor agregation

or fibrincgen-binding observed in thrambasthenic patients
results (roc the markedly reduced or totally absent

glycoprotein IIb and IIIa Iin platelieis of such patient.

A similar effect is observed in afibrinogenaemia is a

reflection of the reduced levels of fibrinogen in such instances

(Packhas and Mustard 1984), althaugh other views have been
expressed (Caen, J.P. Persm!il Cammmnicatianl}.

(c)

Role of Platelet Membrane Glycoproteins in Aggregation:

Platelet membrane glycoproteins play an essential role in

platelet surface interaction such as occurs in haewmostasis

and blood cocagulation. They are involved in adhesion,

asgregation, hinding of agonist to receptors on platelets
and recently have been implicated as serving as anchor for

fivrin - micrefilasent attachment during clot retraction

(Fox and Phillips 1983}). Thelr impoOrtance has been further

strengthened by the characterization ¢of certain diseases
such as Glanzann's thvyondasthenigand Bemard Souvlier syndrame

where defective membrane glycoprotein is the underlying
disorder (Phillips 1980).

Ceorae and Lewis {1976), using SDS- gel electiopiworesis,
characterized platelets membrane glycoproteins into three

cajor classsiocThesearesglyeuproteitn T (with sutmits Ia, Ib,




(d)

)=

Ic), glycoprotesn 11 {with subunits Ila and 1Ib) and

glycoprotein III (with subunits IIIa and IIIb). Glycoprotein

1Ib and IIIa are transmembrane proteins and have been
implicated by Mustard and his group {1978) as forwing the
receptor for fibrinogen when they form a complex with calciut.
GlanZmnn's thrombasthenia involves the absence or atxiormalities
of glycoprotein IIb and IlIa and such throambasticeriic platelets

do not aggegate nor bind fibrinogen when stimulated with an

aBgregating agents. Deficiency of glycoprotein Ib is associated

with Bemnard Soulier {or giant platelet) syndrame (Nurden and

Caen 1981). The bleeding abnormality that accompanies this

defect has been attrituted to impaired adherence of the

platelets to subendothe=iial ?onstit.uents.

Phospholipd Change that Accompany Platelet Activation:

Platelet respomse to stimulation involves chianges in

its phosphclipid camposition. This response can be summrized

as:

1) breakdown of Pl (PE or PC} with accampanying increase
in phosphatic acid (PA}

{11) the release of arachidonic acid which can enter the
cycloxygenase or lipoxygease pathways and

{111)

the canveraion of phosphatidynositoel - 4, 5, S-,

biptiosgRiate (FIP2) to phwsphatidylinositol-4 phosphate
(PIP).

The breakdown of PI follows calcium mobilization and has
been showsy to result in PA and AA liberaticn fi'am platelet
phospholipids (lapetina, Billah and Cuatrecasas 1981).
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The first enzyme in the PI- response induced by
thrombin is phospholipase C and the response leads to

accumlation of 1, 2, - diacylglycerol (DAG) and PA

(Lapentina and Cuatrecasas 1979). With A23187 as the

stimilating agent, the fall in PI level 1is primarily due

to its hydrolysis by phospholipase Az. The fate of DAGC thus

formed remains controversial. While some workers believe

that it is acted upon by diglyceride and monogiyceride lipases

to yield glycerol and free fatty acid including AA (Rittenhouse-

Simmons 1979, 1981, and Bell, et al 1979) others have presented

evidence that the DAG 1s phosphorylated to PA by 1,2, diglycerol

kinase and subseguent resynthesis of PI (Lapetina et al 1981).
The possible role ol elevated intracellular PA as

f
calcium icnophore in the inftiation of agsregation and platelet

gremule content release has been sugzested (Lapetinma 1982).

The relcsase of arachidonate {ram platelet. phospholipids
following stisulation, resuvlts from the actions of phospholi-
paces € and Ap on PI and PC, PE and PI respectively. The
{orzation of PA, frum phospholipase C action on PI, in the

presence calcium stimilates phospholipase Ao.

PLATELET SECRETION

Platelet secretion is closcly linked with platelet aggregation

and other platelet responses to appropriate stimuli. This is an

agnist-induced response whiich enhaunces platelet activation. Most
of the secreted substances have a direct action on platelets

thenselves or are converted to physiologically active substances

in the plasma or an the cell surface.

Platelet granule contents
have bem nated A&QCA%%PA%EAETH REPOSITORY PROJECT
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The physiologically active substances such as ADP snd S-HT

secreted by the dense granules act as part of the positive feedback

1o0p to enhance platelet stimilation (Fig. 4a). Stimilaticn of the

platelet is accompanied by PCG> and mngrwz synthesis; these

substances are potent stimulating agents for platelet aggregation

and secretion (Fig. 4) (Rolmsen 1982). The released substances
the

are respomsible for/second wave of aggregation.

Platelet secretion was first suggested by Rizzozero (1882} and
observed for the first time by Grette (1962), who terped it

“platelet release reaction" to describe the release of fibrinogen,

adenine nucleotides and serotonin fiow plg platelets following

throgbin stimilation. Platelet secretion occurs by exocytesis and

this accounts for selective Nl’.‘a?e of only granular contents and

not cytoplasmic substances (MacIntyre 1976). Holmsen et al {1968)

demonstrated that anly the grenule RDP content is released as the

cytoplasmic poal which is readily labelled by radicactive adenosine
i3 not releascd.

Ultrastructural studies associated with platelet granule
secretion have shown that with centralization of granules and
orzanelles by contraction of the circumferential band of microtuhales

on platelet stimulatian, there is gramular fission with the surface

connected canalicular systems {(SCCS) shortly before secreticn

{White 1974). Als0 intermal contraction initiated by the platelet

contractile systems are essential to drive the extruded substances

into the channels of the SCCS then out of the platelet into the
surromding medium.
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Platelet secretion requires metabolic energy and intermal

calcium mobilization (Fig. 4). Holmsan and assoclates (1974)

demanstrated that when ATP synthesis is blocked by the simultaneocus

addition of the metabolic inhibitors 2 - deoxyglucose and antimycin

A to platelets, there is a progressive loss in the ability to

undergo release reaction. Platelet secretion can be induced by

A23187 in the presence of calcium-chelator EGTA or EDTA indicating

that it is independent of external calcium although Ca'' is necessary

for the secretion that accompanies agsregation (White, Rao and

Cerrard 1974). It has been sugg@ested that energy from ATP petadolism

along with intracellular Ca~*-mobilization initiates the contraction

of thrambasthenin bringing abt<ut the centralization of organelles

and brings them into close cmtact!with the open canalicular system.
Most agents that induce aggregation are capable of causing

platelet secretion. Hoixsen (1982) has identified three types of

platelet secretions based on the compartment involved. These are:

(a) dense granule secretion

() alpha-granule secretion

(ci acid hydrolase secretion.

He postulated that the strength of each agonist depended on how much

ca’ wvas mobilized. Trus, very strong stimuli such as high

concentrations of thrambin, collagen, PAF- acether and A23)B7 are
capable of initieting secretions from ell three carfarteoents while
ADP, adrenaline and serotonin can only initiate dense granule
secretion. Thranboxane A> is of intertsediate strength and can
stimulate both alpha- and dense @anule secretions. Paeicham and
assocciates {1977) showed that for same egents such as collagen and

A23187 tut not low concentration of thrambin, platelet secretion

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




SRR

- 46 _

starts as early as during the shape change phase. It has been

observed that acid hydrolase secretion requires higher concentration
of agonist such as A23187, throebin or PAF-acether and was more
suceptible to metabolic inhibition than dense granule secretion.
Close cell contact activation such as occurs during centrifugation,

can induce platelet secretian which can be stopped by {crnsldehyde
(Costa et al 1976).

Methods of Studying Platelet Secretion: In some disease conditions

such as diabetes mellitus and atherosclerosis, measurenments of

platelet secretion have served as markers of extent of platelet

activation in vivo. Determination of scme constituents of dense

granule and acid hydrolases have been used as diaghostic tests of

platelet disorders such as storage$épool deficiency in which contents

of the dense granules are markedly reduced (Weiss 1976). Mowever,

since sore of these platelet constituents (e.g. dense- and lysosome

granule contents8) are not as specific as the alpha-granule contents
(BTG and Pr4), their Plasm concentration as indices of platelet
consunption or activation in vivo should be interpreted with caution.
PF4 vhich wa9 initially thought to be a platelet specific proteln
nas been reported in the mast cell (Mclaren et al 1977).

Aong platelet secreted substances the most widely studied are
serotonin (Holmsen et al 1969, 1972, Packham et al 1977) adenine

rmucleotides (Holmsen et al 1969, Felrmran et al 1977) BIG and PF4

(Moore et 8) 1975, Niewlarowaki et al 1976). 7The latter (BIG and

PFL) are measured by radioimmmoanssay (Bolton et al 1976 a,b} while
determination of platelet S5.HT uptake and release are carried out

by measwring the release (ram stimulated platelets of prelabelled
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platelet S-HT (Holmsen et al 1972) Platelet adenine nucleotides

are estimated by the fire-fly luminescence method and the kinetics
of secretion monitored directly with the lumniagoregumeter
(Feinman et al 1977). Dangelmaier and Holmsen (1983) have reviewed

methods for measuring platelet calcium and acid hydrolases.

PLATELET COACULANT ACTIVITY

Early morphological studies indicated that [ibrin formmtion

occurred in close apposition to platelet aggregates (Addison 1842,

Gulliver 1842). Bi220zerc {1882) sugzested that platelets

released a procoagulant substance into the plasma. Schimmelbusch

and Eberth {1885) pointed out the relationship between platelets

and blood clotting. Observations made by Woolridge (1883) indicated

that lipids were important for bldd clotting and could be a

possible source of procoagi:lant activity. Chargaff et al (1933),

van Creveld and Paulssen (1952) isolated some platelet 1ipid with

procoagulant activity which were desigiated platelet factor 3.

All attempts at identifying a single phospholipid active in blood
coamlation failed (Biges and Bidwell 1957) and so Marcus {1966}

sulicitted the concept that platelet factor 3 is a fuaction of

platelet membrane phospholipoprotein complex rather than a single
phospholipid.

Thus platelets particigate in blood coagulation by pramting
a phospholipoprotein surface upon which coagulant proteins are

brought into contact with one another. Walsh {1974) propased that

platelets play a cmscial role in all phases of blood coagulation

reactions by providing activated platelet mewbranes for both

and
specific and non-specific adsorption/receptora for coagulation
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'ﬁc';tone. Platelets thus concentrate and protect these factors firom

plasma inhibitors. In addition, throuobin formed by the coagulation

cascade also activates platelets and thus serves as a positive

feedback mechanism which promotes effective haemostasis (see Fig.
631 b).

To aid platelet procoagulant {unction, fibrinogen (.iames,
Gan@aly and Jackson 1977), factor V (Kane et al 198Q) Factor XIIX
(Schwartz et al 1973) and Factor VIII-related antigen (Slot et al
1978) are either famnd in platelet alpha-granule or cytoplasm.
The alpha-granule coagulation factors are released during aggregation.
Factor XI-like activity has been repirted to be firmly bound to
platelet mexzbrane (Schiffman et al 1977).

It 18 clear [rom available data that platelets play a
significsnt role in promtling blood coagulation. For instance,
existence of binding sites for Factor Va and Factor Xa defines a
role for platelets in the terminal stages of blood caagulatiom.
Similarly the occurrence of receptors for Factor XIa an the surface

of stimlated platelets suggests platelet involvement in contact

activatiem.

PLATELET FUNCTION IMIBITORS

These agents fall into 3 major subgroups ;-

(a) Those that jncreasSe cyclic AMP levels in platelet
oytosol ttus 1zpeding Ca’™ mobilizatior.

(bl Thosc thet inhibit arachidonate pathway.

(c) Those that inliibit specific agonist and neceptasa.

These antagmists of platslet function affect mainly platelet

adhesion, eggegation and release reaction aliyough pamo OF tipsse
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may inhibit platelet procoagulant activity.

{a}

Agents that Increase CAMP Levels:

These are the most

powerful antiplatelet agents as they affect the basic
mechanism of platelet activation, that is mobilization of
CaH-ions fram its storage sites to the platelet cytosol.
The role of CAMP is closely linked to the concentraticn of
cytosolic Ca'’ in platelets {Fig. 6b}. Increased levels of
CAMP results in Ca' -ion sequestration into dense tubular
systen with subsequent inhibition of all platelet responses
to stimilation. This has been suggested as the main
mechanisw of platelet function inhibition {Mistard and

Packham 1978, Veragylen, Pefreyn and Deckmyn 1982, Packham
1983). f

Platelet CAT is elevated by agents that stimlate
adenylate cyclase and to a2 lesser extent by those th=t

inhibit phoseohollesterase {an enzyme that breaks down CAMP:

Mustar and Packham 1978).

PCI,, PGDR, £GEq, and adenosine through the stémulation

of their specific receptors activate adenylate cyclase

(Packham 1983). Forskolin, a diterpene fr<o the roots of

Coleus Forskohlii, increases CAMP in platelets by direct
stimilation of adenylate cyclase and appears to act In a
synergistic fashion with the PCE;, POD2, and PGIy and the

phosphvdiesterase inhibitors. Prostacyclin is the most

potent platelet inhibitor and is formed mainly by the

endothelial cells of the blood vessel wall. Agents like

Dipyridamole, Ro 15-2041, papaverine and Cilostmmide inhibit

platelet PHARRRGAESIGERASEmorIMAYRIdaDole has galned clinical
epplication in thraabotic therapy.




- L

Same agents interefere directly with Ca'' mobilization.

These include Ca' @ -blockers such as Verapamil (Mehta et al

1983}, local anaesthetics such as tetracaine and antidepressants

such as chlorpramazine,

{Bolmsen 197B).

imipranine and amitryptyline

(b) Agents that inhibit. Arachidcnate Pathway: These agents

inhibit the arachidonate patimay by blocking the enzymes

involved in AA oetabolism such as phospholipase, cycloxygenase

and tizsxiboxaie synthetase. Drugs thot inhibit the

phospholipese include the ster 13l antiinflammtory agents

such as hydrocostisae 21-sediurm succinate, methylprednisolane,
sodiirz arinate, the antimalarial agent pepacrine, triflupera-
zine and truphenacyl br YA?. Others are propancipl

indamethacin and caizmodulin<antagmist, phenothiazine (EKiackwell
=nd Flower 15531,

Ageits timt inhibit platelet cycloxypenase also cause
2 exEtion {0 vastulzr wall synthesis of prostacyclin and sO
gz ciinically lesz effective than initjally anticipated.
Suxcth agents will resuit in the blodade of PCGp, PCHp, PGIZ
and Txbo symihesis. Thay include the MSAIAS such a3 aspirin,
{nemenths<in, tbrugrofen & diflunisa) {Peckhas and Mustard
1980, Mitchell 1583]. Sorw of the cycloxygenase inhibitors
such 88 as7irin rrveveraibly acetylates the snzyme rondering

it inactive (Both &nd Majerwi 1575), Bochanan and his grewp

(19EZ) have sugiested Liwt Beplrin ey Inkimit plutelet faction
Ly & mecharigm indepandent of cycloxygenase scetylstion,
protatly by Lddbiting 12-40TE symtheals (17.HETE preventa
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Qurrently, interest is centered around beneficial

effects of thromboxane synthetase inhibitors, as they do not

interfere with prostacyclin formation. Dazoxiben {(UK37248)

is the most useful of all thramboxane synthetase inhibitors.
Verziylen, Defreyn and Declguyn {1982) have tested the drug

clinically and shown it to be superior to aspirin a2s an

antithroobotic agent since it does not only inhibit TxA2 but

also erhances prostacyclin formation. Howeve:r, "responders™

and "not-regponders! have been identified (Pertele et al 1981)
2nd this has been related to the individual ability to fore

either PGE, or PGDy from accumulated PGG) during thromboxane

synthet2se inhibition {Bertele et al 1984b). However, the

mechaniso of action of Daz2oxiben is related te stimilation

of CAMP 2s S022536, an adenyl’ate cyclase inhibitor, prevents
its antiplztelet effect (Bertele et al 1984a}.

Drugs Umt Inhibit Specific Agomists and Recepteors:

Tansbin receptors are blocked by acme peptides such

as D-Foe-Pro- Arg-H.HoS0, and D- Phe-Pro-Arg-CH3 C) (Packhax
1992 ). Adrenaline and serotonin induced aggregatian can be
bleciked by alpiia blockers (phentolaxine, phenoxybenzamine or
dibenEzing) and ketanserine (or cycloheptadine) reapactively

({Packnhms and Mustard 1971; Bevan and Heptinstall 1683).
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8. MALARIA

8.1, General Introduction:

Malaria, a highly prevalent disease of man and other

vertebrates, ctaused by a blood inhabiting protozoan parasite

of the genus Plasmodium, is transmitted by the bite of infected
female mosquitoes, a comnon one being the female anopheies species.
Not only is it a severe health problem in the tropics and a major
impediment to economic development, it is also respaisible for

the annual death of more than one million children and infants in
tropical Africa (Trigg, 1978, Wermsdorfer 1680).

Of the four species which infect man (Plasmodius falciparunm,

F. ovale, P. vivax and P. malasise) P. falcipanm has received most

attention as a result of its of fen hyperacute and fatal clinical

course. Besides theze, a range of Plasnodium species which infect

rodents {P. berghei, P. yoelil, P. chabaudl and P. vinckei),

non-human primates (P. imowlesi, P. simiuw, P. cocatneyl, and

R. cynamolgil, birds (P. gallinaceum and_P. lophurae) and reptiles

(P. agazae) are aiso knoun (Wernsdorfer 1980). These non-tnrmn

r=lariges have lent themselves to complex experimental manipulations
and studies which hitherto would have been impossible with the

hunan Plasmodia.

1.8.2. LIFE CYCLE:
As camplex as 1ts life cycle seemsa, the malaria parasite

spends most of the time intracellularly. In thie vertebrate host,
most of its develuvpment takes place within the red cells,

establishing a two way relaetionship in which the paraaite modifies

the antigenicity and composition of the erythrocyte, at the same
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time equally depending on the host cell metabolism and constituents

for its development and growth. (Fig. 7).

(a)

EXOERYTHROCYTIC STAGE: Normelly, the vertebrate stage

begins with the transfer of sporozite from the salivary gland

of an infected mesquito into the blood stream of the

vertebrate host. They are cleared rapidly, usually within

one hour, and effectively by the circulatory system to the

tissues, leaving only a few spOrozoites which find their

way into the lymphatic tissues. Inwmammals the sporozoites

jnvade the parenchymal cells of the liver, either through
the kpaffer cells then to the hepatocytes {(Saith et al 1981)

or directly into the hepatocytes shunting the kpiiffer cells

{snortt 1948). Invasion through the endothelium has also

been coensidered (Bray and Carvtham 1982). Within 40 to 48

hours (for P. falciparum), these sporozoites, M in

diameter, wanonucleated havirg only little cytoplasm, have
almost campletely invaded the hepatocytes (Krotoski et al
1931). Recent studiea= suggest that, the sporozoites attach

to the free end of sugars like D-mannose and D~{ructose

molecules. The hepatocytes, having receptors for these

sygals, recoghise them and take them in together with the

attached Sporozoite. This is similar to the system described

by Baenziger and Fiete (1980).

The intrahepatocytic forms develop into schizants

within 20 to 30 hours of invading the liver cells. During

this phase which is \mown as the primary excerythrocytic

schizogmny, each sporozoite develops into one schizont

within each host tissue cell, and inside the cell are formed
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mmerous daughter cells (Cryptozoites or merozoites).
Hypnozoites are the latent tissue foras which when released

after clearance of parasites frar the blood stream cause

a tnie relapse. In ?. falciparum unlike P. vivax or

P. ovale, all sporvzoites differentiate into merozoites,

a fora casisting of a single nucleus and cytoplasm and Uwus

shows no t1ue relapse. Unlike the avian plaswadia where

a secand rard of exo-erythrocytic schizogony exists

(metacryptozoic schizmmts), the erytluocytic forms in the

maxnls arise directly froo the cryptozoic schizonts

(pri=—ry schizogxy}). In rodents, the excecythrocytic

for—=s mature mich earlier than the hkrm=n forms.

ERYTHROCYTIC STAGE: ':nJ merozoites are released into

the hlood strez=z when the host cell ruptures snd releases
the experyulrocytic scliizonta, now called merozoites. The

ovoid mervoite, =uTacsHed by 2 g¢llicular camplex of two

pooarenss NES an 3pical end tiat contains the paireo

crganelles (the rhopteries) and 8 few micronaces. Althouzh

it OB9 3 lifezpan of about 30 minutes extyacellularly, the

gervzoite invasies & ned cdill within 20 secaxis cf releasa,

in # mi)tistep fiashlon (Pasvwo]l 1982). These ateps involwe

al recogniticn, b} atlacimenl and orientation, and

¢) sndocytosis. Herczolte resognition of o suceptibls
erythrocyto tovelwes &nitinl recugnition of specific
recepiora On Lotk persaitle and red Call surface. Some
protelns (or Uwtr fragaents) present on Uw sseptible

srytieccyte surfece, & LAt Lo W) Ue reeptins

{gar MA*'&H;\LT[ ol e ilic mrvnud tea .



]

Sawe examples of such protein receptors include:
(1) Duffy antigen (Duffy determinants Fy® and FY°) as

a receptor for P. Knowlesi and P. vivax {Miller et al (1975},

Miller et al (1976), Miller et al 1977, Miller et al (1978).

These studies were performed with Duffy nezative erythrocytes.

{ii} GClycophorins (A, B and C). This is a sialic acid-rich

glycoprotein with the & and C types providing 7S% of the
erythrocyte surface sialic acid, which acts as receptor for

P. Falciparmm (Miller et al 1977, Perkins 1981, Pasvol et al
1982) .

Ecythrocyte Entry:  Interference microscopy has revealed

that merozoite attactment (o the erythrocyte induces rapid,

transient and amarked defor“xat.ion of the red cell pesmbhrane

cytoskeleton (Ailcawva et al 1978, Gannister et 21 197S). This
atltactment {ollo<ing orientation of the apical regton of the
mervzoite to make contact with red cell membrane, is aided

by the histidine-rich protein (Kilejian 1976) of the

rhoptries (Ailemva et &1 1978). 1Thim camplicated proceasa

alen involves the formation of a parasitophorcus vacuole dy
the erythrocyte in wtiich the parasite eventually lies and
ooverent. Of the junction (between erythrocyte and merozoite)
aropX the oervzoite to aid endocytosia through tranaient
renrragZaznt of erythrocyte cytaskeletin E:a:priaing of
glYcophorin, band 3 protein (anion channel) ankyrin end
spectrin. See Fig. 8] (Dvarak et al 1975, Alkava et sl 1978).
Eventually the erythrocyte is resealed after conplete

endacytosis.
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FiG. B A echarmalic diagram of the Interaction between (he surface membrene of the humen
e1ythrocyle and the malerial paraaite 7. feiciperem

PARASITE . m

RED CELL

Ankyrin (2.1)

Spectrin (14 2)

2 re 5 awrlace cost Interagt wilh clhgosstchaide moselien on the esposed N-1erminal region of the e sl
Briavke bhe” stiuctuwresy ﬂ"‘:""' F't'"" vin G1 This protein i deplcted in close susaciation with the other main animemissne ghycoprotein
bang 11;: l{':-ﬁf:fwm:::m n't'r'-mi_ consiiting ol spectrin, band 4.1 snd actin, s linked 10 Banrd J by snkyrin

MM{After Pasvol, G. and Wilson, R.J.M. 1982).
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the parasitophirous vacuolar metrane ingesls, & to T

hesmcglotin whille groving from the ring fors W the scidsont,
Coertaln eryllrocyte mestrane alleratiore such as SchufTher's
Gota and Maurer's cleft develop oo Uw parssitized red cell

surface (Al ot &l 197%). P, falcipsran indving foresiion
of "inobby™ structures (as peen with the eleciro microscoge)

an ved cell Surface (Langreith et ol 1572, These structures

are invelvid in the sequestration of the jaresitized
eTytivocyles to caplliary endoinsllum in deep tissues where

piranite miltiplication ocours in vive. However, P, malsrise

vhicli also induces the formation of mobs o0 red cell

mEmO TN G0eY MO bind to ".:»;'.'rri:n: cells (Udeinya et 2l
196111,  Madification in erythrocyte surface cartoipdrate
(sialic acid content and reduced lectin dindings) therefore
remult: fron infection with seversl species of plassodius

organiams. There are in addition, alterations in erythrocyte

msbrane fluldity, oxxtic Creglility and PaAssive permeability.
(orman 1979, Pasvol and Wilson 1982).

As the Eovth of the paraaite progreases, he aeroeolts
cytoplasm gradually ditiplaces the vacuole, and has:ozoin
(a salaria pignent), is formed as a digeation product of
hasmaglobin, The trophozoite, as the parusite iz called
al this stage, dividea asexually to form e il erythrocytic
schizonts which occupy the whole cell. The maturatian of
th, schizonto and 1w release of maroz0lten occupy an
intgrval of time chargcteriatic of the parsaite and these
sre gerelly in multiples of 24 hours. P. gallingcem has
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a 36 hour asexual cycle, P. berghei has a 24 ha cycle,
while P. falciparum matures in 48 hours. Finally the

mature schizont ruptures the red cell, liberating the

individual merozoites which in mamzalian species can only

invade other erythrocytes although avian or reptilian

plaspodia can also invade tissue cells. The geriadic fever

chills which characterise malarial infections are eased

by synehranous asexval development and rupturing of
erythrocytes.,

(c) SEXUAL PHAE:

Upon invading a new erythrocyte, the

perozolite can either initiate renewed blood schizogmy, or

develop into 2 femle {racrogametocyte) or a male (microgameto.
cyte). The stimilvs for t!{is transformatian is yet uniaqiown.

The mture macrogawetocyte has a carpact nucleus

juxtaposed with an accumulation of pigpents. The microgze-

Tocyte has a larger nucleus tut showS a SpPOnSY appeararnce.
Both ga=etes are still surrounded by the host erythrocyte

oebrane. YWhen taken up by a suitable arthropod, the

gEme tocytes transfors into gametes. The microgamete (fewer

than the macrogaméte) undergoes thiee extraordinary, rapid

divisions (Sinden 1981) to form rilamentous cells each having
a MNagrllup with which on erythrocyte rupture, it goes in

search of a mature caclogaceta cutalde the red ¢cell. The

exflagelluted RiCruganetes move actively towards the

@acrogazste lnvading and fertilizing ft. ‘Mo fertilised

gocrogamete (zygote) now called the obkinglo i3 clongaled

into an petively ootile form. T ocokinote penetrates the

At opod " R Lddal iR rePd o PoedE Lo lle on Lhe Bldg of
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coelanic cavity. There the ookinete is encysted to form

the ococyst within which intensive nuclear divisim(i.e.

cellular division) occurs. The duration of this sporogonic

like division depends on envirormental tesperature. The

sporozoites thus forwed emerge (rom the ocyst into the
hemolyuph through small individual holes or throush large
operdng, where the ocyst wall has been torm. (Sinden 1975).

- The sporczoites migrate by chemotaxis to the acinal cells

of the salivary glands. Here, they mture, penetrate and

lodge in the salivary ducts where they are able to infect

the next vertebrate when the mosquito bites, by flowing with
the saliva into the wound.

EXPERTMENTAL MODELS: ¢

Unti} recently the study of malaria parasites in the
laboratory was masnly restricted to the use of animal models such
as rodent sSpecies, primates and birds with their correspanding
m=laria parmsites. However the successful in vitro cultivation

of the eryttoocytic stages of P. falcipansm and P. coatneyl by

Tragzr and Jensen {1976) has added another dimension to in vitro

erperipentation. This system, beaides being a wmethod which

inevitably supplies information about the developmental coquirements

of the parasite, open up channels for difficult atudies which

hitherto could have anly been speculnted. In the studies reported

here we have used both the rodent podel (P, berghe’l in mice and

rata) and in vitro P. falcipane &ythiocyle cultures.
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. PLASMODIWR4 BERGHEI:

This species belongs to the subgenus

_J_‘P. Vinc'keia_ which is characterized by small erythrocytic schizonts

and cound gasetocytes. Vinke and Lips (1948) described the first

species of murine rodent malaria parasite P. berghei in its natural

host Thamomvs Surdaster (tree rats).

The P. berghel has proved easily adaptable to laboratory

rodents like rats, hamsters and mice, which are infected hy blood

passage and sporuzoite infections. However a warked difference

in suceptibility and course of infection has becnn obaerved in mice

infected by blood passage (ros an infected one with P. berghei,

This difference depends on the volume of 1inrioculuwm and strain of

P. berghel. The ease of cyclic transission through blood passage

and the rapidity with which high levels of parasitaerfa are attained,

tave rade P. beryhwel a widely u;ec’ tool ror biological, chemothera-
peutic and iemmamologlc research.

The grepatent period which parallels the development Of ths
excerytracytic schizonts §s quite rapid, lasting anly about 245 hours

and is used 1o identify this subgenus (F. berghefi) except in

P, gdverel which infects the lower prirste lemur with a prepatent
period of 72 haurs,

Pathiologically, the mouse model has a 25-100% mortality rate

with 8 timodz]l mortalitly curve. Thrashocytopecnia, hexg)obinuria

and snaemia wnich leads Lo zhock presents In Lhe (lrot week. 1If the
anignl survivea tids there is a high recticulocyte caunt,

reviculocyles veing preferentially attacked leading to Nurther

anasxie. T, snisul (1nally dies of ancxia if witreated. Keelgn

ard Leste (1968) suggested trat the ansemia Was Aue to Lhe action
of both auto-antibodies and the destruclion of parasitized erythrooytea.

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




¥.8.3.2

During infection, at terminal stages, the animal is extremely

pale, with brown skin pignentation in the skin ducts due to

henczoin deposites. Hypothermia has also been recorded during

P. berghei infectlons in mice (Kretschmar 1961},

Synchronicity is not shown and response to infecticn has

been associated with sex, age and weight (Creenderg, Nadel and

Coatneyi 1983). Spleenomegsly is not as pronounced in rodents

as in mrmans (Servent and Poncet 1955).

M2 ARRYA CULTVURES:

The earliest attempt, by Bass and Johns {1912),
at in vitro short terwc cultivation of the erythrocytic stage of

ralaria parasite using whole defibrinated dlood (rom m2laria

patients and which was supplemented with glucose, could sustain

P. falcipamm and P. vivax for ml&- 2 cycles.

later short-tero
cultures were attempted using avian (P. lophurae) and primate

(P. Knowlesi) (Trager 1947, McChee and Trager 1950, Ballet et al

1945) using the "rocker” techmigque. While Trager (1943) noticed

the presence of viable male gametocytes of P. lophurae up to 16 days

of incubation with a 3 fold increase in parasitaemia, Cliezan and

coarxers (1946) could sustain P. lowowlesi for cnly & days despite

it< Shorter cycle. Trigg and Shakespear (1974) explained the latter

rexalt 3n termd of its progressively fewer multiplication with each

successive cycle,

These early experiments, revealed specific nutritional and
avirapental requirenants which ¢really halped in the firal

beeakthrough in perasite in vitro cultivation. Trager {1943}

daxonotratcd a Calciun pantothenate rreQuirement for P. logt_gme.

while Bull (1946) ehowed that pars.Aminc bengoic acid (PABA) was

a peguiranent for P. Knowlesi and P. lopluras (Maler and Rilgy 1942).
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Other factors such as biotin, methionine, purines, stearate, and

other essential nutritional requirements for parasite growth were
also identified.

The first successful experiment of continuous parasite

cultivation was by Anderson (1953) who used a medium contalning

chicken erythrocyte extract prepared in chicken sernum. In this

medium, he maintained P. gallinaceum for 10 days at the same level

parasitaemia with twice dally dilutions with fresh dlocd samples.
In 1971, Trager sugzested that a settled layer of rad cells with

a Slow flow of medium over them would mimic the deep organ

endothelium sequestration of parasitized red cells of the P.coatneyi

and P. falciparum. This led to the development of the flow-vial
tecimique for malaria parasite culture.

Trager and Jensen (1976, 1978) later showed in an experiment

using P. coatneyl and P. faiciparum infected-red cells, kept in the
leucocyte culture mediun RPMI-1640 {Moore et al 1967), that the
floz-vial teclmique caidd sustain Parasite growth for up to 2 weeks.
Other requir=ienis for the successfiil cultivation were that the
medium anould be charged with 258 HEPES buffer (N-2-hydroxy-
ethyipiperzine-H-2-ethanesulfoiic acid), 15% rhesus oonkey senmz

in {2-5%) C0, and {5-18%) 02. This later led to the development of

two parasito cultivation methods: the very simple petri-dish candle

Jor method and the improved continuous flow mothod.
Cther improvexents on the pothod showed that human erythrocytes
of ABO blcod @oNpa, with 10-.15% compatible aerum, even after

preservetion ot 4°C in either ACD or CPD, could mstain growth for

up 0 4 woeks. Such seram has to bo ”mtﬁd fran fmhly COll“t,Qd

blesd mnd stored at -20°C or lyophillized. Tie gas mixture of S%
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d)a aixed with air, which is slso required, helps to maintain the
pﬁ of the bicarbonate containing meditm. The modified Ball and

Cieman's medium and Dulbecco's-high glucose pedium which were also
tried were not as suitable as RPMI-1640.

1.8.3.3., CHANGES IN CULTURE:

Antigenic changes that accampany long term
in vitro cultivation of bacteria and viruses have been repcrted

for P. faciparuwp cultures,

This consists of the losz of

erythrocytes surface protrnigsions - "Knocbs" (Rudzinska and Trager

1968} which help the parasitized erythrocyte attach to the capillary

esdotheliunm (iuse et al 1971}. These knobs contain parasite-

derived antigenic materials {(Kilejian et al 1977) and its loss
might have serious immnologic or pathological implications.

present , the infectivity of thp knobless variant (K™) 1s
more

sighiTicantly reduced/than the "knobby" (K”) red blood cells
(Irager 1982).

At

Heuyen-Dinh and Trager {1580) have also reperted

that there was reduced chloroquine sensitivity in same of the (K')

clones swdied, an observation that might be useful in studies

dealing with plasmodium resistance to antimalarial agents.

1.8.4. PATHNOGY OF HALARIA:

BecKel (1847) reported that there was brownish piguantation

which could be re@oved Mroa blocd duping sare febrile states.

This observation was made before the diacovery of the malaria

pwrasite in blood in 1884. It was subsequently shown that changes

observed in Patlents primarily accompany the presence of the

arytvocyte as well as changes in the hoat {sxmme respanscs.

These changes (besically blochamical and histological) can de aeen

as sffecting mainly the following syatems or organs:
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{a) the Haematologic system
(b} the Spleen
{c) the Liver

{d) the Circulatory system,

{e) the Nervous end other systems.

(a)

Hematopathology:  Since the red blood cell which provides

a rich source of nutrients in an abundant, rapidly renewable
tissue, 1s easily accessidble to mosquitoes, and offers an
intracellular environment that may help the parasite evade
the host immme response, the erythrocyte rexains the o3in
target cell of the malarial parasite, although the parasite
spends only a short part of i{tslifespan in the red blood
cell. This parasite Cher(’!‘om remains a major hematotiropic

pathogen of m2n, birds,primates and rodents.

Besides, morphological changes such as crenation, as is

observed in P. falciparum, enlargement of parasitized cells

in F. vivax, these parasites shos a preference for certain

types of red cells. TFor instance P. berghel is reticulotropic,
P. falcipenmo invade both old and young cells altugh recent

evidence suggest that it prefers rectics, while P. mlariae

only old red cells {Seed and Kreier 1972).
The annexmin observed 13 induced by several mechanisss
such as - erythrocyte rupture to relcase mature merozoites,
splenic pooling of oltercd red cells and direct hemolysis
resulting fram hoat ismmune reaponse (Keatherall and Abdalla

19821. There i8 2la0 sane degree of bone mariow failure.
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Leucocytosis has been observed in P. berghei infected

rice {Singer (1954), Wellde et al (1972). This was

attributed mainly to a rise in peripheral monocytes (Singer
1954) wno reported that the monocytosis correlated well with
stimilation of recticuloendothelial system by the malaria

pighents and accelerated destruction of infected and nan

infected red cells. Malaria parasite induced lcucocytosis

. has also been linked with .Bakitt'slysohan
1979).

Qe et al

To date there are few studies on platelet changes

d¢uring ==laria infection. Thraabocytopaenia which increases

With parasiteia (Voller et ai 1969) has been recorded in

rodents infected with P. Dgrehe!, Aotus wonkey infected with
P. Falcipare (Oertiis et al 1966, 1967).

Depletian in
coagulation factors siuch as fibrinogen, factor VIII, {ncrease

in fibeinaoge degzadation products and protiventdn ti=e hsve
been opacrved {Denis et al 1967, Abllgrasd et al 197S).
These findings have been interpreted as being conafstent
vith disserinates intrsvascular coagulation (Borochowit:z

et al 1970}).

(b)) The Spleen:

Spleenanegaly 15 a frequent finding in human,
norteman primate and rodents (Jervis et al 1972, Singer 1954).

This occurs &s 8 reault of splenic congestion by red blood

c4lls and proliferstion of the white pulp was due to

hyparplanis of thy ercothelial cells, macrophages and

lympiiolo elaaents. 1hare 18 8180 actimulation of gglaria

plgnents.
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The Liver:

. rmsses of erglutinated infecteéd erytlnmocytes.

Hepatomegaly 1s a common finding in human
malaria infections and results frap blockage of sinusoidal

spaces by paraaitized red cells. This gives rise to

sluggish circulatic with resultant congestion and central
nécrosis due to portal hypertension (Jervis et al 1972).

ihe liver changes colaur progresaively fram pink (o black

due to deposition of hexo20in and hemasiderin. Tissue anoxia

reqults frao inadequate oxygen supply or by the inability of

the tissue cells to utilize oxygen, a coudition that leads
to shack and subsequent death.

Tr* Clreulatory Systen: The vascular pathology associated

with s=alama conatsts ainly of capillary occlusion due to

In P. Falcimpano
this cames EoerThage and necrosis in perdvascular areas

of the traln, oyxrardlum and sldn (Spitz 1946). The
exytirocytes develop excredences or "ionobsa" {(asen undesr the
Electran gicraxomm) wvith vhich they anchor unto the capillary

ansoiheliun QIring schizangany which occurs in deep blood

veasels (AUan@ 1971). P. Falcipand jnfected animls say
also O6evelop D.J.C. (¥ellde et al 1972).

The gdtacovery of inflasvation escisting suhe®ances
1ize teaayidinin {Gaxdwin and Richards 1960} and giaran;Be
Dsagraltn end Graceniu 15T0) catatle ¢f causing increased

yapcular permeablility b circulation weiuld alio s<comt o

circaletury Fathclogy olservec.
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(e) Other Changes: Renal pathology observed during malaria

has been attributed to depdosition of immine cosplexes 1n

the kidney. This induces renal malfunction as observed in

P. malariae, P. falciparum and experimental malaria models

such as in P, ber@ei and P. brasilianium infections
(Aikawa, Suzuki and Gutierrez 1980).

Cerebral malaria - the condition where cany parasitized
red blocod cells are deposited in the microzirculation of
the brain - is veriked with central nervous system chaiiges.,
The cerebral capillaries are found occluded by erythrocyte

mass and the presence of chronic inflamuatery cells are also

observed eapecially arcund the vessels. These latter changes

often result in punctuatce (xaemorrhages and thronobosis.
Examinaticx: of the placenta has revealed abumdeant
parasite deposition in the metermal circulation and in the

intervillous spaces of the placenta. Tnis serves as a focus

fer feual infection leading to cases of intrauterine-acquired
va)aria Wnich may be associated with premature birth and

increased foetal death {Acchibald 1956).

MALARIA CHEMDTHERAPY :

The main drugs cauapmly used in the treatment of walaris
are chloroquine, dihydrofoleate reductase inhibitors such as

pyrimethamine, chlorcoguanide primaguine and quinine,

Sulphonanides,
sulphanes and tetracyclines have also sanetiges been used.

These
treatment agents can be classiffed into: Casusl prephylaxis, agents

for suppressive treatment or cure, Clinical cure, radical cure

and othera for gametocidal therapy (Rollo et 21 1975).
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Same agents such as progusnil, Chlorogiusnide and pyrimethamine
prevent deadstrable infections by exerting a lethal effect on the

miarial parasite during the exoerythrocytic stage. No true causal

prophylactic agent has been found. Others such as chloroquine,

qainine arodiaquine and mepacine used for suppressive treatmest

inhibit the erythrocytic stages of the parasite such that there

is no clinical manifestatian of the disease. The latter drugs are

The 4-acincguinolines
interfere with intraerythrocytic schizogony and thus terminate

mast widely used in malaria treatment.

cliniczl attacks. Primmquine, an 8-aminoquinocline derivative,
exerts 3 radical cue by eradicating both the excerytrocytic and
erytlrocytic stagea of infection (See Fig. 7).

This sectian of the report will focus attention minly on
chlaoquirs as a drug of choice in mlaria treatment and only
briefly nention others vhere it {s cansidered necessa)y.

hiagousre is one of the most widely used and highly

effective of the schizantocidal agents avallable in aalaria

treatrent. It 18 very potent against asexual forms of P. berghed ,
P, vivax, &d P. falcigerun and has scme gaeetocidal actions an

F. vivax g=metocyles,

1t cantrols paranitaemia in acute attacks

axd within 48-72 bows after administration can glve negative
blood films in man infected with P. falciparum,

Ohlarouine, 8 s—ealnapipoline durivative (s readily

soluble 3n Water at acidic g, 1o giwvi a stable eolution. Beaides
ste mntimussrial properties, It oxhidits antiinflaseatory

m.ﬂ“'" as well. Thio 42 the banis of ita us in e treatasnt

of riwusaioid arthritie and other inflassatory atates, Ita

sechaniss of Sction && &a antlLwlarisl agent le mainly by
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interference with parasite replication by blocking nuclei acid

synthesiy’ 83 it forms & molecular complex with DHA (Hahn et al

1966). This is achieved probably by intercalating between baue

pairs of the doudle helix, with resuitant miltiple oisreading

of the genetic code [Ollowed by abortive protein synthaais,
In addition to its effect on the DA, Chloroquine exhibits
enzymatic inhibitien of glycolytic enzymes and axtno acid

synthesizing enzymes {Ting et al 1966, Siu et al 1967); Polet and
Barr (1968) have deomstrated that the therapeutic value of
chloroquine is dependent on the ability of the parasite to

concentrate the drug and the derranguient of this selective

toxity has been suggested as a bhasis for resistance.

Chloroquine is rapiily qb:frbed after oral acministration

reaching aaximun plasma concentratian in about 1-2 haurs after

ingestion. It also can be adninistered intramuscularly and

intravenoisly although the latter route is rarely used. 1t is

rapidly cleared (rad the plasma and is concentrated 4 tissves

where active protein symthesis and cell multiplication are highest.

Ten to twenty-five per cent of adalnistered chloroquine is excreted

wnchanged in the urine. It i1s ometabolized in the body into

desethylchloroquine and bisdesethylchloroquine. In tissues where

it 1s deposited suth as the liver, kidney, lungs erythrocytes,

platelets and leucocytes, its presence can still be detected for
up to 5 years after admintstration.

Chloroquine is also used in the treatment Of amoebiasis,

bronchial asthod, cardiac arrythzias, epilepsy and it has a loceal

angesthetic effect at high concentratians. Its pmain side effects

include itching, visval diatusrbances, neuwramuscular effects and
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Other antimalarial agents such as pyrimethamine,

chloroguanide (both inhibitors of dihydrofoleate reductase)
sulphonamides and sulphones (inhibitors of folic acid synthesis)

act by interfering with parasites biochemical pathway of synthesis

of folinic acid.froo paraamino benzoic acid (PABA). Thus they

affect basically the pzrasites biosynthesis of purines, pyrimedines

and certain aaino aclds.

PLATELET REACTIORS DURDX ACUTE MALARIA IMFECTIONS

There are few studies on changes in platelet function during

malaria infections. Acute malarta infectiot causes hemostatic

abnormalities in their hos!.; these range from assymptomatic

thrambocytopaenia to fulminant disseminated intravascular

coagulation (DIC) (Devakul et af 1966, Dennis et al 1966 =,b; 1967

Voller et al 1969). Wwhile early investigators sugzsested that the

major coagulation atnormality was DiIiC, recent findings reported
that thrambocytopaenia wae &n early sign of acute malaria infecticus
whereas DIC is rare (Bearle et al 1972).

This obgervation h> been confirued {in animals and man aldke.

Abilgoard et al {1975) reported a slowly developing fall in

platelet count with a late <xiset in simian mcnkeys infected with
| P. xnowlesi.

Voller and his group in 1969 observed that in all
Aotus monkeys infected with P. falciparttd, thrumbocytopaenia

increased witi: the degree of parasitaenia. ESsien et al ({1979)

reported 8 mlld depression of platelet counts in Nigerian children
. with acute fslciganer malaria. In golden hamsters it was ohserved

that P. berghel parasictemia was asgociated with progreaalye

thrasbocytopaenia and mild leucocytosis (Essien et sl 1984).
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In most of these instances, hematological studies indicated

enhanced coasumption of coagulation factors (Dennis et al 1967,

Abildgraad et al 1970, Borochowitz et al 1970}. However, Voller

and coworkers (1969) explained that the normal fibrinogen values

in P. falciparnm-infected Aotus monkey was due to the unusually

high levels of antithrombin present in the 2nimal. Taesze findings

of depleticn of coagulation factor and circulating ievels of
platelets are indicative of a hyper«oagulabiijty state.

Other workers who have examined the nechanisms of thrambocy-

topaenia with acute infection failed to demonstrate any evidence
of PIC in plasmodiim induced throwbocitopaenias (Sikudowitz et al

- 1973, Beale et al 1972, Srichaikul et al 1975, Horstman et al 1982,

RKelton et al 1983). They interpreted decreased life-span of

platelets as being antibody-mediated sy showing that there was a

rise in platelet related Irmmoglubulins A, G and ¥ (IghA, J&C and

Jg4) during early infection periods. Bearle et al {1972) sugsested

that immmolc@ically altered platelets during ealeria were removed
froo the blood stream at an enhanced rate by the recticulcendo-
thelisl system. JIn the study conducted by Skudowitz and tds group

1S73) S‘Cr.labelled platelets showed a decreased half.life
{ >

and excess sSpleenic pooling but evidence of decreased platelet

production was however not documented. The clearance of

1251-f1bpinogm fran pPlasma of P3tients was faster twan in controls
bul was not repid enough to irplicate pIC.

As occurs in erythrocytes, the presence of plasmodium in the

pPlatelets (FarJardo 1973)probably induced membrane fimctional and

biachruical alteration:. Platelet hypersensitivity to ADP and

sdrenal ine during ascute plasmodium infections in man has been
reported by EseiEH ™58 EBIEE T TITI
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They later demmistrated increased platelet secretory activities

* in acute luman P. faleiparum infections by showing a higher
plasm beta thvumboglotulin (BTG) and Platelet Factor &4 (PF4)

levels as well as Lactic dehydrogenase {LPH) loss than in healthy

control perscans (Essien and Ebhota 1983). 7They concluded that

the latter changes suggested in vivo platelet activation during
plasnodiire infectian, at least in man and that tfie enhanced
platelet lysis which the LDH loss sugrRested was probably an

iogortant wechanisn of the reduced circulating platelet numbers

rexated in pAatients with the acute discase. The recent

observatian of enlEnted throadboxane 32 ('D(Bal , a disintegratian
product of m2 and 6 keto=prostagiandin FyA (6 keto P(K‘IO( Y,

a quaatitative hrexgovn protuct of prastacyclin (Fclzl. levels

in P. berghesS infected 20lden hamsters have bdeen taken to indicate

that hamaostasis was tilted towards hyperctaagvlability state

during acute mmlaris infections (Essien et al 1984].

This brief review of changes in platelet functions during
acute &laris infections in r=n and in ea™ rodents has revealed
the need for OUrther ntudy of the problam which mpy lead to
ixseovaminy Of Patlen: aazrmmnt straledy as well as help clerify

saome Of the Pasic Questions Of ©iology of platelets wvhich earlier
chaervations raised.
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RESEARCH OBJECTIVE

The general objective of the present study was to
re<xanine same aspects of platelet functional changes reported
in acute malaria infections in both man and animais and to devise Gn

in vitro model to aid investigations into the mechanismis)
involved in the disorders reported.

The study has the following specific obJectives:

(i) To monitor thrurbocytopaenia in F. berghel infected
mice and to examine changes in hemostatic parameters
and platelet Nimction. Alz3o to study the effect of
chloroquine therapy cn platelet levels in infected
mice.

(%)

To study platelet survival parameters in the rat

calaria oodel.

($23) 7O devise an in vitro systan that reproduces the
platelet functional changes described in vivo as
an eild to exazina the mechani=m(s) involved in such
It is hoped that this study will add to the scanty dody of
ncdledge an platelet-plasmodium interactions and contribute g
better understanding of the mechani=m({s) involved in such
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MATERIALS a)ND METHODS
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ANIMALS
EEE e————

Mice: Adult male and female inbred Swiss albino mice aged 7-10

weeks, each weighing between 22-30g1s, and maintained at the

Central Anim=l House, University College Hospital, Ibadan were used
in these experiments.

Rats: Adult Wistar rats weighing 200-310gm were used in platelet

survival studies and sialic acid determinations.

All animals were fed ad libidum with standard pellet diet and

unrestricted weter,

INFECTION:

Each adult mouse 1as infected intraperitoneally with ¢.1S:l

of Plasnodium berghel berghel [vw infected mouse blood diluted

1 ia 3 {v/v) with sterile saline {Essien et al 1984).

The strain
of P.ber

el has been maintained for several years by blocd passage

in albino mice at thec Central Animal House U.C.H., Ibadan. The

were
mice erythrucytes / collected during acute rise in the infection

to avoid possible antibdody effect occuring during the experimental

interval {(2ucker and Yoell 1954). It was calculated that an

innoculumn size within the range of 1-5:106’8 parasitized red cells

pecr ml of blood was adwinistered €0 each oouse.

The sucklirnig Wistar rats were infected for platelet survival

studies and sialic acid estimation., 7The suckling rats were

frmoculated intraperitoneally es descrited for the mice and with the

same dose of innoculum. This age of suckling rats wea chosen &s

Zuckerman and Yoell (1954) had earlier demonstrated that

{iammity increased with age a3 progressively wilder and lower

mortality rates were recorded with advancing age. 1t was neceasary
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ANIMALS
e —

Mice: Adult m3le and female inbred Swiss albino mice aged 7-10

veeks, each weighing beiween 22-30gms, and maintained at the

Central Animal House, University College Hospital, Ibadan were used

in these experiments.

Rats: Adult Wistar rats weighing 20G-310=n were used in platelet

survival studies and sialic acid deterwinations.

All animais were fed ad libidum with standard pellet diet and

unrestricted water.

REECTION:

£ach adult wouse was infected intraperitoneally with 0. 15m1
of Plasmodium berghei berghei {coo

infected oouse blood diluted

T dn 3 (v/v) with sterile saline (Essien et al 1984). The strain

of P.berghel has been msintained for several years by blood passage

in albino mice at the Central Anim3) House U.C.H., Ibtadan. The
were
mice erytnrocittes / collected during acute rise in the infection

to avold pnasible antibody effect occuring during the experimental

intesrval (Zucker and Yoeli 1054). It was calculated that an

innoculur: size within the range of 1-5):106-8 parasitized red cells

der ml of blood was administered to each mouse.

The suckling Wistar rats were infected for platelet survival

atudies and sialic acid estimption. The suddling rats were

innoculated intraperitoneally as described for the mice and with the

sare dose of innoculus. This age of suckling rats was chosen as

Zuckerman and Yoell {1954} had earlier demmstrated that

jmmmnity increased with age as progressively wilder and lower

sortality rates were recomded with advancing age. 1t was necessary
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tc separate the suckling rats fram their mother as indirect evidence

had suggested that there was increased suppression of P.berghei

infections in lactatingmothers {Maegraith et al 1952) and this

Jommity could be transferred to the rats if leflt to breast-feed.

DETERMINATION OF PARASITE LEVELS

Leishrann Stains (Searle Diagnostics, Bucks, England) were
prepared as described in Dacle and Lewis (31975) 1.0z of powdered

dye was dissolved in 11 of methanol in a conicel flask. The solution

wes warwed up to 50°C for 20 minutes with occasional shaldng. The
dye was allowed to stand for 2 days before it was filtered and used.

Buffered Water:

One tablet of phosphate buffered (Oxoid, hemical,

England)} was dissolved in water an? made up to 11 to give a solution
with pH 6.8.

Parasite Levels:

In each blood film, parasite levels were

determined by examination under light microscope (Leitz Wetzler,

Gerc=ny)} at %0 fold. Parasitaemia was expressed as

percentage of the aumder of parasitized red blcod cells including
miltipiy parasitized cells, seen per 1000 red cells.

After the desired parasitacmia level had been estabdlished,
usually in about the 3rd or 4th past-infection day, chloroquine
sulphate (Quinnogal, Galenika, Cermany} 0.4mg/20gm body weight

(Obih, 1582) was administered intraperitoneally dafily for & days in

one group and 7 days in another goup. Only the mice were treated.
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ANTICOAGULATED BLOOD SRMPLES

Anticocagulants: The anticoagulants used in these studies were

trisodium citrate (Sigm2), heparin (Pularin Heparin Injection B-P,

Evans Medical Ltd., Speke, Liverpool, U.K.}, Ethylenediamine

tetracetic acid (EDTR, BD#H, Poole, £ngland) or acid citrate dextrose

(ACD) where appropriate. These antitoagulants were prepared as

describzad below.

Trisodium Citrate:

A 3.8% solution of triscdiiz citrate dihydrate
(Sigma Chemicals Co. St. Louis, U.S.A.) was prepered in distilled

water. for blocd collection, 4 part citrate was reqQuired for 9 parts

of blood.

Heparin: Blood samples for maouse, platelet aggregation were

!

collected into heparin (Pularin, Heparin Injectien B, Evans Medical

Ltd., Speke Liverpool, U.K.). Froo a 50000/ml stock, a 1:i0 dilution

was rde with sterilized normal saline to get a S0Du/ml solutiogn.

ACD: This ‘¥as used to collect rat blood for platelet survival

studies and incmmn blood for platelet-plasmodium interaction studies.,

It was prepared by the Aster and Jandl method {1964) and contained

Trisodivm citrate 2.H20 12.5¢
Citric acid 7.58
Dextrose 10.0g

dissolved in S00mls of distilied sterilized water. The pH was

adjusted to 4.5 and 1 part ACD was used for 6 parts of btlood.

BLOOD COLLECTION

were
H - All hman blood snmplesz/aseptically collected at U.C.H.

Blood Bank through antecubital venous pmcture. Sasplea for sashced
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human platelets were collected intoc ACD frov healthy volunteers who
had not ingested aspirin or other diugs known to interfere with

pi'atelet. function for at least 7 days. Disposable polyethylene

tubes were used for blood collection. Platelets were pooled for

platelet washing.

Mice: After 1ightly anaesthetizing each animal with diethylether,

blood was collected by ¢lean caidiac puncture through expoSed heart

and was dispensed into either trisodium citrate (9:1, v/v, blood :

citrate) for coagidation studies or into heparin {15-20u/ml of
blood, Rosenblum et al 1983) for agRegatiai and release studies.

Rats: Blood was obtained fram adult Wistar rats by the same method

as is described above for mice (Winocour et al 1983). The samples

were mixed with ACD in a ratic of {:B (ACD : blood).

£.00D CZL). COUNIS

These were performed by standard visual methods using the

improved Neubauer counting chamber and counted under a light- or

phase contrast-gicroscope. All dilutien Muids were stored at «°c.

White Bléod Cell (WBC) Count: 20ul of blood was mixed with 380ul

of diluting Muid (2~ oxalic acid solution coloured pale violet with

gentian violet) to glve a 1:20 dilution in a glass tube. Arter

oixing, the counting cha=mber with a cover glerss wos charged with

the dilute WBC, using a clean Pasteur pipette. 7This was left in a

eooist chzmber (or 3 nminutes for the cella to seltle. The areas

dessgnated for %8C were counted and expressed to 109/117.& after
taking the dilution factor into account.
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| | 11s (RBC) Counts: These were counted by making a

1:200 dilution of blood {20ul of blood into 4mls of counting fluid)
in a glass or polyethylene tube. The dilution fluid was a solution
of 0% formalin in a 31.3g/litre solution of triscdium citrate.

The diluted blood was mixed thoroughly before it was charged into

the counting chamber and left for 3 minutes in a moist chamoer for

the cells to settle. RBC'S were counted and the results expressed

to 10/ 11tre.

7.3 Platelet Counts:

Platelet dilution fluid was prepared 3s a 1%

anioniun oxalate solution in distilled weter, coloured blue with a
few cystzls of copper sulphate. 7This was fiitered, sterilized and
stored at 4°C. 20ul of bleood wes diluted in 380ul of diluting f2uid
to sive a 1:20 dilution. Platelet kounts were done by the method of

8retcher and Crankite (1950} using a phase contrast microscope.

BLOM® Czli. CHANGES AND COAGULATIOR STUDIES IN ACUIE
P, BERGHE 2oL1a08 IN MICE

Platelet and ¥hLite Cell (WBC) Counts:
studied.

A total of 46 animals were
They were divided into 4 groups for this study.

Groap A
camprised of 16 anirmls infected with P. berghei berghel as described

above and was treated with chloroquine for 7 days fram the 4th
post-infection day to the 10th.

Group B ccmprised also cof 16 animls
infected a2s rthose in goup A it received chloroquine treatoent for

4 days only from the 4th to the 7th post-infection days. T7The

rexining two groups scrved 83 cantrols.

Group C, with 7 animmls,
received blood similarly treated as for infected mice fraw uninfected

mice and served as the placebo control graup, Group D, also with

7 anigpals, was plain control mice which were not treated in any way.
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Soth control groups C and D were not treated with chloroquine.

Sample Preparation for Coagulation Studies:

Blood was usually
collected from 4-S mice and pooled before platelet rich-plasma {PRP)
and platelet poor plasma (PPP) samples were prepared as deucribed
below. Blood samples were obtained fraw animals 3-4 days (for
fibrinogen determination some of the animals were bled 43 haus
after infection) after infection, when parasjtaemia ha2gd usually
attained levels of 20-30%. Tne blood from each mouse was collected
and mixed in a polypropylene tube contalning trisodius citrate

{31.8%) in a ratio of 9:1 (v/v, blood : citrate, Dacie and Lewis 1975).
The pooled blood sample from the aninals was centrifuged at 2600g

in a Sarvall RC3B centrifuge for ¢0 minutes at roam temperature.

The PPP thus prepéred was tsed f.:rj coagulation studies usually

within 2 hox's of collecticn, the samples having been kept at romm
terPerature meanwhile.
The coagulation tests were carried out in duplicate and
included prothronbin time (PT)}, activated partial thramboplastin
determined
time (APIT) and clottable fibrinozen/ty the clot weight pethed of

Rerdigty and Ingram (1975).

Prothrambin Time: 0.1ml of couse PPP was dispensed into washed

glass tubes 75x2. Sms and aixed with 0.1m2 of hamn brain thrapbo-

nnd placed
plastin (Hommmde after Ingrao et al 1975)/in a 37°C water bath and

left for 1 minute. 0.im) of Q.02 calcium chloride maintained at

the same temperature was then added and simsltariecusly a stomwatzh

was etarted. The tube was gintly ahaken periodicelly and immediately

the (irst sign of clot formation was noticed, the stopwatch was

stopped and the time recorded in seconds. Duplicate testa were

performed for each test and the mean time taken,
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fActivated Partial Prothrombin Time (APTT):

This was carried out

as described by the manufactuwrer > the reagent. To 0.1ml of mouse

PPP in an acid washed glass tube (75x2.5mm), waes added C.1ml of
prewarmed (370(3} Ortho activated PIT reagent {(Activated thrombofax
Reagent Optimized, Ortho Diagnostic System Inc. Raritan, N.J., [BA}

and lef't standing in a 37°C vaterbath for &4 minutes. {.024 Calcium

c¢hloride was then added and the stopwatch was starte The time

at end point when clot first appeared g2ve the APIT in seconds.

Fibrinogen Concentration by Clot Keight Method:

To 0.im1 of PPP
placed in a 10m)l acid cleaned glass tube was added an equal volume

of 25aM calcium chloride solution and mixed by inversion. An

applicator Stick was placed in the tube and left in a 37°C waterbath

for 10 minutes for clot to form. At the end of this interval, the

clot formed was harvested by gently winding it unto the stick and

pressing cat the fluid agz2inst the side of the tube. The clot

covered stick was brought qut of the tube, rinsed in distilled water

once and the clot was then peeled off the stick and then placed in

acetone for 5 minutes before drying in an oven maintained at 100°C.

The clot was then placed in 8 desaicator to cecl.

The fibrinogen
otained was velmed in a sensitive chemical balance (Ultramatic

Yodel 3, Stanton Instnuments, Ltd. England). Tie fibrinogen formed

was expressed in og/dl:

Clo it (m8) s
Fibrinogen = voi—r‘%*o Dlo=ma (m) * % cesda.
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MOUSE PLATELET FUNCTION STUDIES

Preparation of PRP and PPP: Blood samples were collected as

described previously. tiormally, samples from 5-7 animals

{infected or normal) were pooled together in order to obtain

1-2mls of platelet rich plaama (PRP). The pooled blood was
centrifuged at 100g (Rosenblum et al, 1983) at 23-25°C for

30 minutes. The PRP was separated by non-contact proucess into

another polypiopylene tube and kept at roocm tenperature for use

immediately. The rem2ining blood was centrifuged at 2600g for
another 20 minutes to obtain platelet-poor plasma (PPP}, an

aliquot of whith was used to adjust the PRP to a platelet count
in the 400-600x10°/1 range.

PREPARATIQN OF REAGENTS:

i) Adenosine diphosphate (ADP, Sigm Grade I): A stock

solutian of 107“N vas prepared isn deionized, double

distilled water and dispensed in 100ul aliquots into
tissue culture tubes. These were stored at -20°C until
yeed

ned by reconstituting with Tyrode solution, to the
required working concentration.

1) Collagen: Acid soluble collagen (ASC; Sigma Chemical Co.,

St. louis, U.S.A.) was prepared by the method or

Cazepave, Packham ond Mustard {1973). Bovine tendon

collagen (1gn) was scaked in 20(ml of 6% glacial acetic
acid for 20 minutes at roam temperature until the collagen
was well hydrated. This mixture was then hamogenized

for 10 minutes in sets using a 100ml bucket of the

ncungenizer (Silverzon Machines Ltd., Waterside, (yeshas,
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MOUSE PLATELFT FUNCTION STUDIES

Prep PAP and PPP: Blood samples were collected as

described previously. Normally, samples from 5-7 anirmals

(infected or normal) were podled together in order to obtain

j-2mls of platelet rich plasma (PRP). The pooled blood was

centrifuged at 100g (Rosenblum et al, 1983} at 23-25°C for

30 minutes. The PRP was separated by non-contact prccesa into

another polypropylene tube and kept at room terperature for use

immediately. The cemaining blood was centrifug=d at 2600g for

another 20 minutes to obtain platelet-poor plasma (PPP), an

aliquot of which was used to adjust the PRP to a platelet comt
in the 400-600x10%/1 range.

PREPARATION OF REAGENTS:

1}  Adengsine diphospiate (ADP, Sigma Grade I):

A stock
solution of 10 %4 was preparcd in defonized, double

distilled water and dispensed in 100ul aliquots into

tissis culture tubes. These were stored at -20°C until

uged by reeonstititing with Tyrode solutio, to the
required wor¥dng cancentration.

11)  Collagen: Acid soluble collagen {ASC; Sigma Chemical o.,

St. Louis, U.S.A.) was prepared by the method of

Cazenave, Paclhsm and Mustard (1973). Bovine tendon

collsgen (1gm) was soaked in 200ml of O% glacial acetic
acid for 20 minutes st rom tecparature until the collegm
was well hydrated. This mixture was then hoamogenized

for 10 @inutes in sets using a 100ml bucket of tie
hamgenizer (Silverson Machines Ltd., Materalde, Cheahan,
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VOUSE PLATELET FRICTION STUDIES

Preparation of PRAP and PPP: Blood samples were collected a»
described previcusly.

Normally, &amples fram 5-7 animals
(infected or normal) were pooled together in order to obtain

1-2v13 of platelet rich plasmm (PAP}. The pooled blood was

centrifuged at 100z (Rosenblum et al, 1983) at 23.25°C for

30 minutes. Theo PRP was separated by non=contact procesa into

another polypropylene tudbe and kept at mm terpercutuce for use

impediately. The remaining blood wvas cenirifuged at 2600g for

another 20 minutea to obtain platelet-poor plamm {PPP), an

aliguot of which was used to adjust the PRP to a platelet caunt
in the 400-600x10°/1 range.

PREPARATION OF REACEWIS:

1) Adenosine diphosptiate {ADP, Sigma Crade I):

A stock
solution of 10 % was prepared in deicized, double

distillad water and dispensed in 100ul aliquots into

tiszuc culture tubes. These were stored at -20°C until

uced by reconatituting with Tyrode solution, to the

required working concentration.

1)  Collagen: Acid soluble collsgen (ASC: Sigra Chemical Co.,

St. Louis, U.S.A.) was prepared by the method of

Cazenave, Packhas and Mustard (1973). Bovine tendon

collagen (1gu) was soaked in 200wl of 6% glacial aceid
acid for 20 minutes at rom texperature until the collagen
was well hydrated. This wixtire was then hamogenized

for 10 minutes in sets using a 100ml bucket of the

haogenizer {Silverson Hachines Ltd., watersida, ¢heshanm,
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Bucks, England). Both the homogenate and the foam forwed

were ﬁfen centrifuged at 25003 for 15 minutes at room temperature.
After discarding the foamy film on top the centrifuged collagen,
both supernatant fluid and gelatinocis button were pooled,

diluted with 200ml of distilled water and mixed gently to avoid
foaming. This was then centrifuged at 1000g for 10 minutes

at room temperature, and the suypematant material stored at

¢°C. This solution was taken as 100% ASC concentraticn

( 2500ug/ml). The concentration of collagen used in the

studies were expressed as 1/1000 or 1/’500 and were equivalent
to 2.5ug/m) or 5Sug/ml collagen respectively. Dilutions of

collagen solution were made with isotonic saline sclution.

PLATELET AGGREGATION STUDIES:

Platelet aggregation was tested in PRP at 37°%C using a
Payton aggregometer aodile (8C0B} and recorder (Payton Rssaciates,
Scarborough Canada) running at one inch per minute. E£ach PRP
aliquot was stirred at 1000 rpn and stim:lated with sdencsine
diphosonate (ADP, 0.5, 1,0u) or Collagen (2.5, 5.0ug/ml),
The points of ainimm and caximm light tranamissicn for eacn
daxple were preset using a PRP and the correspawing PPp
respectively,

A egption was allowed to run for 3 minutes in each
sazple. All aggregsting agets added were in volwes of pot
oore than 20ul to give the deaired cancentration and the total
vollme in the cuvette wus S00u) {agmt + PRP}. Al) concentrations
of stimilating Aagents were given &5 final concentrations gfyer
all goditions. AZEPegalion ws o¥prefBed aa a percentage of
presat rengo- \AERICA DIBITAL HEACTR REPOSITORY PROoseGTA s (01 10wnd by unid
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rapid deaggregation, the point of maximun light transmission

was used to determine the maximum % agDegation.

10.  UPTAKE AND RELFASE OF ''C-SHT-UABELLED MDUSE PLATELETS:

The uptake and release of “‘C- serotonin / S-hydroxy
- 14 =N
{side chain 2.77(C) tryptatine creatinine sulphat.g]vith specific
activity of 550Ci/m mole, Amersham Radiochemicals, England! were

exazined in norasl and P. berghei infec¢ted mouse PRP. The pooled

platelets were labelled by incubating PRP for 20-40 minutes at
rogu temperature with 0.08uCi ''C-SHT/e) of PRP after mixing

thoroughly by inversion (Xunn 1981). Samples were processed for

reasurenent of uptake and release of the labelled serotondn as
described by Creenberg and associate (1975},

50ul aliquot of the labeld:d PRP was placed in a Packard
counting vial containing scintillant immediately after amixing
the label with PRP. let the count be x. After the incubation,
a 0. 1ml aliquot of the labelled PRP was removed into an eppendorf
vial, centrifuzed at 120008 for 2 minute in an Eppendorf centrifuge
(Brinkzan, Rexdale, Ontario, Canada) fram which another SOUl of
supematant was taken into & counting vial. let thls value less
vackground be ¥. This count represents the radiocactivity that
M5 not taken up the platelets after incubation.

Prior to any secretion atudies, Ipipremine (auM, Cilba-Ceigy,
U.K.) was added to the labelled PRP before the aggregation test
to prevent any reuptake of released l“C-W (Cangelmeir gnd
Holmses) 1983). 7O induce platelet secretion, 430ul aliQuot of

Jabelled platelets vao atimulated with SUg collagen or Wi App
and their mlﬁ“ deternined (The final volums in the Cuvette

vas m1’ . ForAlm}DMﬁEgTeH REPOSI%%?EI%)%C’:'I' the poatagmregation
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suﬁematant of each sample was decanted into an Eppendorf tube
and cmtri!\aged for 2 minutes at 12000g in an Eppendorf centrifuge.
Then 50ul aliquot of each of the centrifuged postaggregation

supermatan!. was removed and placed in a scintillation vial, and

processed for comting as described below. Le this comt dbe 2.

To each sample, including the blank which was made up of
the diluent and scintillant only, was added 200ul of Hyamine

hydroxide solubilizer (MEM, Pilot Chemicals Div., Boston, Mass.

U.S.A.) vortex mixed and left at room temperature for 20 minutes,
before a further thorough mixing with 2nls of absolute ethanol,
10x)s of scintillant {(made up of S&p of 2,5, diphenyloxazole
{PPO, liew England MNuclear), 0.3gm of 2,2.P-phenylene bis
{S-phenyloxazole) (POPOP, New England Huclear) dissolved in

1 1itre of scintillation grade 's’oiuene. The votex wixed samples
were then each counted for 5 minules in a Packard Tri Carb-Liquid

Scintillation Spectrophotometer mode)l 3390 (Packard Instruments

Co. Inc. Illsnols U.S.A.). The background counts were aybtracted

from the cowuits after appropriate setting of the equipment .

CALCULATIONS:

Uptake and secretion {release) were expressed
8% a jercentdzs of tho totsl radieactivity introduced and teken
Up into the platelets respectively:
Thas:
Let emamnt of radiocactivity

added to PRP RS -

Let the amasmt of radioactivity
in superuatant afier incubation and

centrifugation of PAP

Y e
.. $ Uptake of radicectivity by (=) o 100 5
plaulets AFRICA DIGITAL HEALTH REPOSITORY PROJECT " I -r




And for Secretion release:

Total radioactivity within platelets

1]

(x~¥) cpm
- Badioactivity in postaggregation

Supernatant of a particular sample
:v % Secretion = Iy x 100
[—x-y) X = %

VITRO PLASMODIUM FALCIPARUM INFECTED
ERYTHROCYTES WITH WASHED HUWMAN PLATEYET SUSPENSIONS !WPS):

Ereparation of Silicone-coated glass wares: In all studies,

when washed platelets were used, pclycarbonate or siliconizeqd
glasswares were used in order to avoid platelet adhesion to

glassware and its subsequent activation. The siliconized glass.

wares vere prepared by immersing the acid washed, well rinsed,
heat dried glassware in a 10k silicane (Silicane SC-87, Canadian
Ceneral Electiic, Dri-iilm, Canada) - solution in carbontetra-
chloride, cinaing them again several times in distilled water
and drying thes in an oven set at 100%.

. Erytiyocyte Vashing: Unaynchronized Plasuodiiem falcig

infected erythrocytea maintained in the culture weditm RPMI. 1640
Leing the candle jar method (Irager and Jensen 1976) were gypplied
by Dr. O. Sodeinde, Paediatrics Departoent, ColleB® of pogicine,
University of Ibedan, Ibedan. The parasitized erythrocytes were
wanhed thrice in isotonic 33line and the counts gdjusted to

18- 20 x 10%71. loninfected red blood cella fram the aane steck
ag that used in the parssite cultures were aimilarly treated

in the culture gedium (1.e. were shas<cultured] wmshed and used

as controls. The final red cell suspension medivm contained sy/ay
Apyrase.
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F;egggm:uﬂ‘..ﬂeggn_ for platelet washing (Mustard et al 1972):

100m) of Hepes-tbuffered Tyrode albuamin solution contained
6mls of stock solution I
iml of stock solution II

anls of stock solution III

0.358 Pentax fraction V, Bovine serum albumin (Sigra)

0.90g D-glucose, and the pH was adjusted to 7.35 with
hydrochloric acid. This was prepared daily just

before use.

STOCK SCLUTION I centained

160g of NaCl
4g of KCl1
208 of NaHOQ3
1g  of Xa)l,FO,
This was discolved in 1 litre of dstilled water and stored

at GOC.

STOCK SOUTION I contained

20.33¢ of r-'eCIZ.GHZO gade up to t litre with

distilled water ond stored ot «°C.

STOCK SOUTION III was made up of
21.91 of CaCl, ®,0 dizsolved 1n a 1itre of
distilled water and stored ot 4°C.

HEFES AFFER® A M Hepes (N-2<ydroxYethylpiperazine-i o

solution was prepared bY di8801ving tha accurately weighed pouder
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2.11,4,

Fibrinogen:

-89 -

was then made up by dropwise addition of 10N NaOH to adjust the

pi to T.4.

solution
& \%zof Fibrinogen (Human Fibrinogen, Sign2) was

prepared by dissclving 45as of fibrinogen in 6Umls of 0.9% NaCl

solution. This solution was adsorbed with &mls of aluniniier

hydroxide {BDH moist gel, prepared by sonicating 10g1s of AL{OH)

in 40m1s of 0.9% NaCl for 3 short bursts of 30 seconds each using
a Sonifier Cell Disruptor L-fnodel W185, Heat Systems lUltrasenics
Inc. Plainview, L.I. Hew York/). The mixture was then slowly

shaken periodically and kept for 10 minutes at room temperature,

It was then centrifuged at 20002 for 10 aminutes at roam

temperature and the supermatant rcadsorbed with &mls of aluminium

hyaroxide. The final supematant obtained after recentrifugation

for the same :
at the sace speed and/duraticn, wWas dialyzed overnight at room

temperature agajnat 0.9% HaCl solution. The dialyzed fibrinogen

solution was centrijuged at 37000 {Sorvall Superapeed ultra-

centrifige) for 20 minutes at room temperature. The supermatant

was then stored $n 0.4z) aliquots at -20°C and thawed once just

before use.

Agyrase (Grade I Sig=): A 5Seg/ul solution of Apyrase was
prepared by dissolving this weight in double-distilled, getonized

vater at roan tetperature. It was stored n 0.1ml a)iquots a¢
«°c_ This concentrstion was arrived at after a trial nam to

determine the optimal conNcentration required for platelet ,n4 ing,

of Washed human platelet suspension [(WPS):

s prepared as deacrribed by Mustard and easociates

(1972). Blood sasoles were collected 83 pievidualy described into
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polycarbonate tubes containing ACD anticoagulant in proportions
of 6:1 (le. blood: ACD). For each washing, 200mls of ABO group
campatible blood was peoled, SOml per donor.

To obtain PRP, the blood was centrifuged at 190g for
1S minutes at 37°C uaing a Sorvall Superspeed RC2B Centrifuge

(Automatic refrigerated centrifuge, Sorvall Inc. Newton,

Connecticut, USA). The PAP was aspirated into clean 2Qmi-

polycarbonate universal tubes avoiding red cell contamination as
much as possible. The PRP was then recentrifuged at 2500g for
15 minutes at 37°C to obtain platelet button. The supernatant
PPP was discarded and the platelets were resuspended gently in
the first washing flujd already dispensed in a siliconized 150l

volume conical glass tube.

The first washing fi{uid was made up of 10ml HEFES-tiffered
TYrode albiein solutic: (see 2.11.3 earlier) containing 0.55op/md)
agyrase, SMU/al heparin. The pif was adjusted te 7.35. The tube
was kept in a3 3"‘°C waterbath to mmintain that temperature. The
platelets were incubated in the first washing rluid for 15 minutes
before cenitrifugation for 10 mlrnutes at 1200g at roa temperature,
The aupernmatant was discarded and the platelets were resuspended
lor 10 minutes at 37°C in a second washing fluid kept at the aame
temperature. It cantatned Hepes-tufferddTyrode albwmin soluticn,
appropriate volume of the apyrase sclution but no heparin. he
platelet suspension was agaun centrifuged at 12008 for 10 minutea,

Lhe supermatant discarded B the platelets genitly rasuspendsd
in the rinal Hupes ~buffered-Tyrode slbzmin solution containing

0.1mg/zl of spyrase @nd 1=g/ml of glucoae.
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The washed platelet suspension (WPS) was keft in a
§1ii‘conize'd centrifuge tube in a 37°C waterbath. The tude was

cbv'ered with parafilo throgghout the experiment to minimize pH

fluctuation caused by caitact with free air current (Joist JH,

personal commamicatizis). The platelet count was adjusted with

the Tyrode altamin solution so as to glve a final count of
%0-650:1139 platelets/litre suspension in the experiment,
Platelets prepared and stored in this way remained viable as
assessed by their response to ADP stimulaticn for periods of
3-5 hours.

PLATELET-ERYTHROCYIE INTERACTIO!S:

Description of Experimental model: 1.00ml of WPS was mixed with
: 4
05@1 of washed ncrral or parasl Pized erythrocytes in a sterile

tissue culture tube. The mixture was agitated jn a 37°9C wvaterbath

with a shaker attaclment, for pericds of 1,2 or S minutes. Tne

erythrocytes were then sedimented by rapid differential

centrifugation in an Eppendorl microcentrifuge at 120008 for about

1-2 seconds. This duration determined experimentally, was found

to separste ocut both cells, leavi:ig a platelet-rich aupernatant

{PRS} and red cell sediment, The PRS was then gemely aspirateq,

avolding red cell conta=ination and was immcdiately (within 1.5

zingtes) used in the GEZFegation tests. The volumes of p)atelat

and red cell suspensions used in the interaction yere agiiated

to give appecimalaly a 1:20 ratio of platelets to red cells which

approximates to that in vivo, Platelet comt in PRS waa 3(!).40&109/1 :
Two platelet rich supernatant (FRS) volummd were obtained

PRS-§, wvas the
during each exporiment. One s&=ple, : the supermatant
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obtained following platelet interaction with

b, falciw
infected rbcs.

The other, PRS.¢ was obtained after pPlatelet
interaction with sham-cultured control erythrocytes.

..EKPERDWK’& WITH PLATELST-RICH SUPERNATANIS:

Platelet agmremation:

Platelet ageregation with PRS-i or
PRS-c was tested by a wodification of Borm's method (1962}

described previously {Section 2.9.3). In order to preset the

- W

Hmits of 1ight transmission in the aggregomgter, WPS and platelet
washing fluid were used to adjust the ainimm and maximum 1ight
transmission points respectively. Total volume of WPS sncluding

added ceagpents was kept at SOQul and duration of aggregation was

4 minutes foreachrun., A 0.25uM ADP in the presence of 0.04%

fibrinogen {Creenberg et al 1475) and collagen (2.5 or 5ug)
prepared as previously described were used as aggregating agent,

£11 concentraticns of ceagents refer to the final concentration

in the cuvette.

e _sHT yptske and Release Studies with PRS-i and PRS-c:

K —'I:"ne washed feman platelets used in these studies were
prelstelled (before interaction with erythrocytes) in thw rirst
washing fluid by incubation for 15 minutes at 37°% with 0.06uCi/m
of M _ serotonin (Amershan Radiochamicals england. Specific
activity ssaci/ocole; (Greenberg et al 1975). (Preliminary
experiments hefagevesled that interaction of ladelled-platelets
with erythrocytes did not affect uptake as smeasured by platelet
total radicactivity before and after intersction).
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Imipramine was added 15 seconds before any other addition to
the platelet suspenaions (PRS-1 or PRS-¢) to inhibit reuptake

of released serotonin (Packham et al 1977). 16C-‘5HT release was

induced with Sug Collagen, or 1.QuM ADP. Samples were prepared

for counting and data analysis was carried ocut as previcusly

described (see Section 2.10).

Effect of ADP inactivation on PRS—< and PRS-{ reactiona:

Creatine phosphate (CP, 5.0aM, Sigm) in the presence of

creatine phosphokinase {CPK, 4.0U/ml, Sigm} (Muin et al 1983)

and Pyruvate Kinase (PK, 20U/ml; Sigm} in the presence of
phosphoenulpyruvate {PEp, S0uM, Sigma! (Saniaball et al 1984)

were used to check the effect of ADP inactivation on ADP-induced

aggregation of PRS-c and PRS-c platelets. These enzyme gystems

were freshly prepared by dissolving them in physiologlcal saline.
The solutions were preserved on ice prior to and during u;e.
CP/CPK and PK/FPEP enzyme systens were incubated for 20 and 30
secmdgzsu%t%agl{sost-interactim platelet-rich suspensions

before stimslation with ADP.

Effect of Thramboxane Synithetase inhibitor on ADP- or

Collagen-induced agrregation of PRS—c And PRS-1 platelets:

Dazoxiben (UK-37,248-01} {4-/ 2-(18-inldazol-1-y1} ethoxy?
acid hydrochloride} a gift of Pfizer Research,Sandwich, UK.

1s an imidezole derived selective inhibitor of thromboxane
synthetagse in Jima% Platelets (Tyler, Saxton and Parry, 1981).
The in vitro effect of dazoxiben inhibition on human platelat
thromboxane TxA, géneration induced byavachidonic acid is

followed by the prevention of @&Er€gation In ecme individugl,,
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known as "responders" and not in others, "non-responders" {Bert_ele

et al 1981). Bertele and his group (T9B4ab) have shown that

20uM-80uM dazoxiben campletely prevented platelet throamboxane
B2 (a breakdowsn product of 'l‘xAZ} generation.

In this study, dazoxiben was used to inhibit thromboxane
synthetase activity in PRS-c or PRS-i platelets before agsregotion
was induced with ADP (0.25w1) or collagen (2.5ug). For this
test, dazoxiben was dissolved in normal saline and the solution
was made up daily as required. 20uM Dazoxiben was incubated for
1 mnute at 37°C with continucus stirring at 1100rpm with the
erythrocyte interacted piatelets bvefore inducing platelet

agEregation. This concentration gave a camplete intiibition of
throoboxane Aa generation (Bertele et al 1984).

2.11.10. Experiments with Erythrocyte derived supermatants {E)Slz

0.221 of the washed erythrocyte suspension {prasitized or
control) was centrifuged at 12000g for about S seconds in the
Eppendorf centrifuge and the supcrmatant collected (i.e. EDS}.
Tius, we had parasitized erythrocyte derived supermatant (EpS-p)
or control erytwocyte derived supematant (EDS—¢).

E£fect of EDS-p or EDS—c interaction on waahed platelet

(c) or parasitized (p] were mixed with washed human piatelot
suspensions, stirred at 37°C for | minute before inducing
agEregation With 0.25uM ADP 1n the prasence of 0.04% fibrinogen.
Preliminary experiments to investignte the effect of adding the
supematants to washed Platelei suspédions and atirring for up
to 4 tinutes in the eggregometer had revealed no AgBregation
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E£ffect _of Thrombin Inactivation on addition of EDS-p or
EDS-—c—to-WPS before apgregation:

EDS-p and EDS— were incubated

ovemjghi in 37°C waterbath to inactivate thrombin (Kwaan et al

1972) . 100ul of these erythrocyte derived supernatants was

interacted for 1 minute with freshly prepared humin WPS at 371°%

before the aggregation test was coarpleted with addition of
0.25u}f ADP.

Effect of heating on EDS-c or EDS-p on platelet aguregetion:

The EDSS were heated for 1 hour at 56°C. 2lloxed to cool

before interacting with freshly prepared washed human platelet

suspension for 1 mxnute as already described. The platelets were

separated by rapid centrifugation and resuspended in platelet

suspending fluid before aggresgalion response to 0.25uM ADP was
H
tested.

Phospholipd Analysis:  The following samples were analysed

for their total piiospholipid contents

(a) Cell free supernatants of PRS-1 or I'RS-c. This was

ohtained by centrifuging the PRS{i- or -c} at 12000g for
1 minute and aspirating the supernatant for this test.
(p) PRS-1 or PRS-c post agaregation supermatant. After
aggregation, the post-aggregation PRS- or PRS-C was gpun
at 120008 for 1 minute and the cell-free supernatant of

each tested for its totsl phospholipid content.
The original phosphorous assay eethod of Fiske and sypbaroy
(1925) as modified Ly Varley {1078) was used. The

samples were teated for phospholipid in the "Lipid Research

Laboratory in Cneaical Patholofy Department, y.C.H. (see Appendix).
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SDS-

PAG Electm_ghoretic analysis of Supernatants fran
PRS-

1/PRS-c and post PRS-1/PRS-c aggregation supermatants:

11.12.1. Pr'incigles:

Sodium dodecyl sulphate (SDS)- polyacrylamide gel

electrophoresis (PAGE) is used to resolve and characterise the
ninber and size of protein or protein fragments in & protein
preparation. The protein is treated by heating at 106°C with

an excess of soluble thiols (R-SH e.g. B-mecaptoethanol cr
dithiotreitol) and SDS to disrupt campletely all polypeptide
chains by breaking the disulphide (-S-S-) boenda from one another.
The polypeptide chains then bind to a large quantity of SDS,
thereby gaining a strongly negative charge.

The anionic denatured protein chains are resolved
€lectrophoretically in a buffered envirorment that contains
thiols and SDS plus a high polyacrylamide gel concentrationm,

The thiol and the SDS maintain the denatured state of the
disrmipted proteinsor protein subunits, while the SDS generates
a constant charge to mass ratio. The high concentration of
polyacrylanide gel generates molecular sieving in which viscosity
and pore size of gel define mobility of the protein subunits,
The relative mobility of each of the anionic, denatured protaing
{as polyseptide chalne) ia a logarithmic function of the

molecular weight of tha Polypeptide chain {Clark and Syitzep 1977).
The polyacrylamide gels are forwed as a result of

polymerization of acrylemide snd N-H)1- methylene-bis-acrylamide.

The reaction 13 catalysed by H,N, H1 N}, - tetramethylenec dianine

(TO'ED) in the pre?ence of amonium per sulphate. Bromoplienol

blue was used as the protein tracking dye while Lhe gel waa stained

in Coamasic brillignt bilue. The SDS-FAG Electrophaoreais

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




-0 =

experinments were performed in the Bicmembrane Laboratory of the
Biochenistry Departinent, University of Ibadan, Ibadan.
Pregaration of Reagents: All reagents were prepared as described
by Bewaji (1983)

(a)

gggzlamidea isacrylamid ution: A 100ml solution

containing 30% (w/v) acrylamide and 0.8% of bisacryliamide

solution in distilled water was made, filtered through

Whatman No. V. paper to remove ipparities. This was

stored at QOC. {This solution was prepared under a hood

as acrylamide is toxic). Both reagents were made by HDH

Chemicals Ltd. (England). The ratic (g:g) of bisacrylamide

to acrylamide of 0.027 which was maintained throughout the

gradient 4s recomwender {or polypeptide analysis {Nuiden
et al 1981).

(b) Polyacrylamide (BDH): A 3% solution was prepared in

distilled watier -while being stirred vigorously to gbtatn

a haoogenous mixture.

{c) Stacdng gel buffer:  This solution contained
X/ Tris - Cnloride (Calbi.ochem-Soerhinser USA) 0.5
spS {Fluka-Garantie, Switzerland) 0. 1%
EDTA (Sigma) 8.0xM

p was adjusted with HaOH to 6.8,

The soluticn was Sde up in distilled water to an initia}

volume of S0Cmis. The pH wvas then adjusted and the voluma
was then made up to 1 litre.
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This buffer was made

Up initially to >0l as follows

Tris 1.5a
EDTA Py
SDS 0.1%

The pH was adjusted to B.B and thie volume then made up to

1 litre. Both the minning and the stacking gels werc

stored at Q°C.

Electcode buffer: Contains

24g of Tris.vass

1195.28 of glycine {Hopkinz and Williems, snhgland)
4,06 of SOS
2.7¢ of EDTA,

dissolved in 4 litres ol distilled water. The solution

was prepared witn constant stirring.

sphate buffer: Contained

—

30.50i8 of 0.2 NaZHPOQJ.‘Z}iZO solution
and 19.501s eof 0.21 &aI%PO“.alzo solutions

with a pH of 7.0. Both solutions vere prepared in distilled

water.

Sample tuller: (3 times concentrated):

This was
preparcd and dispensed into test tubes (Sml tubes) in

aliquots of iml and stored ot -20°C until use. The sils
wuffer contained

1,201 of sodhum phosphate tuffer
6.0 m1 of glycerol

.98 of S
sang of Dithilothreitol (DTT, Sigaa)

1@8 AFRICEDIGITAL M%QQPRE%HQ
20m) of distilled water,




En!&um_af_zmxein_aamglis, The protein concentration

of supermatants (raw PRS-i, PRS-c, or their post aggregation

cell free superma:zants (both sagples were cell-{ree obtained
after centrifuging for 3 minutes at 12000g and collecting
the supernatant for the test) which had been stored at

0
=20°C, were deterwined by Lowry's method (1951). The

protein contents of each satple was then adjusted (o

25-30ug, which was considered to be optimal for tire SDS-PAGE.
Two volumes of each adjusted ammple was then pixed with
1 volune of thrice concentrated sample-tuffer and the

mixture was then heated at 100°C for 3 minutes.

Protein Estimation:

Protein concentrations in aamples

for SDS-PAGE and sialic acid were determined by the Lowy's
method (1951) using bovine scrup albumin as standard.
Principle: The colour reagent used in this method is the
phosphomol ybdate-ghosphwtungstate caovplex. The colaur
formed by the Folin.Ciocalteu reagent i1s caused by the
reaction of pnobe;ns with alkaline copper in the reagents
and the reduction of the plhiosphamol ybdate-phosphotunigstate
saits in the reagents by the tyrosine and tryptophan of
proteins. This reactian i3 caused by the reduction of the
phenol @roups in the protein eninoacids giving a blue colaur
at alkaline pH.

Since the complex interacts at alkaline pH, an excess
of the reagénl must be added to take the reaction to
completion. Lowry et p) (1951) demonstrated pretreatgent
of protein arples with alkaline copper markedly increased

colour developmenl in the reduction roaction with the
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reagent. In their assay system, they also added a mixture

of NaZCos-ﬂaOH to bulfer the pH around 10 and to neutralize
the phosphoric acid produced by the degradation of the

phosphomolybdictungstic camplex at alialine pii.

P.egsgntg :

fleagent A: This Was a solution of 2% Ha2003

{anhydrous) {n 0.1 NaDH made up to a volue
of 500xls.

Reagent B: Was a 100wl solution of 0.5% CusO, 340

m3de up in 1% sodium citrate

Reagent C: This was prepared fresh just before

use by mixing SOmis of Reagent A and ml of reagent B.

Reagent D: This was the Folin-Ciocaltel reagent
(BDH Chemicals Ltd., England ) which contained
the phoaphomolybdictungstic complex, lithium
sulphate and bromine water. The wocking solutien

was A 1:3 dilution using distilled water as diluent.

Protein—standards:  10-100ug/m) solutions of bovine
seam albumin (BSA, Sigms Chem. Co. St. Louis ysa)
fran a stock of mg/ml BSA was used. The protein

standards were mede up in distilled water to a volime
of 0.6m]l each. 6 stendard tubes contained 10 to

10001 of standard (x) were preparcd.

plank: This was 0.6ml of distilled water,
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Solutions:

-101 -

Test Blank Standards
Protein standard = - x mls
Test sample 10ul - =
Distilled water 590ul 600 0.6-x mls
Reagent C 3.0ml 3.0ml 3.0m

The mixtures were vortex mixed rapidly and left for

10 minutes, after which 0.3ml of Reagent D was added to
each tudbe and each sample at 75w was read after leaving
it to stand at 30 minutes and rocm temperature. A Bausch
and Lomb Spectrophotometer (Spectronic 21, Bausch and Lamb,
USA) was used to determine the optical density.

Various protein standard concentrations were treated

as the test sample. The O.D. values were plotted 3gainst

protein concentrations on a plain graph paper and the value
of the test sample obtained fram reading its O.D. off the

corresponding protein concentration on the giaph.

Preparation of Stacking and Running gels: The camposition

is givei. below

Solutions 5% Stacking{mls)  12% Running gels{mls)

30% Acrylamide

-0.6% bisacrylsmide 1.3 8.0

Stacking gel tuffer 2.0 =

Running gel tuffer = 5.0

TRED (Sigmo) €.005 0.03

3¢ Polyactylamide (.5x10%) 1.3 14

Distilled vater 3.3 3.6

1o% Amonium per sulphate 0-_16 l.‘ﬂ
Total 8.0ml 20ml
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Solutions: Test Blank Standards
Protein standard - = X mls
Test sample 10l - <
Distilled water S90ul 600 0.6-x wls
Reagent C J3.0ml J.0ml 3.0ml

The mixtures were vortex mixed rapidly and left for
10 minutes, after which 0.3ul of Reagent D was added to

each tude and each sample at 7SOmp was read alter leaving

it to stand at 30 minutes and roam temperature. A Bausch

and Lomb Spectrophotometer (Spectronic 21, Bausch and lomb,

USA) was used to determine the optical density.

Various protein standard cencentrations were treated

as the test sample. The O.D. values were plotted against

protein concentrations oo a plair. goph paper and the value
of the test sample obttained (ram reading fts O.D. off the

corresponding protein concentration on the graph,

Preparation of Stacking and Running gels:

The composition
is glvern below

Solutions 5% Stacking{mls) 12X Runnirg gels{mls)

30% Acrylamide
-0.8% bisacrylamide 1.3 8.C

Stacking gel buffer 2.0 g

Runing gel buffer = 5.0
TRED (Sigmd) 0.005 0.0}
. 3% Polyactylamide tm.sm"} 1.3 1.3
Distilled woter 3.3 3.6
Jo% Ammonium per Sulprate 0.16 0.10

8.0al
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The emponium per sulphate waa added immediately before

pouring the gel while the 3% polyacrylamide solution had
to be added fram a large-bored pipette and stirred

vigorously to glve a hawmogenous mixture.

2.11.12.3. Procedure: The apparatus described by Reid and Bielesikd (1968)

was used. The discontinaus pH, S-12% polyacrylamide gradient

slab gel system of Laemmli and Favre (1973) was used. A =2andwich

was made with 2 glasaplates separated by plestic =pacer strips
and was clamped with 2 large binder clips at each side of the
electrophoresis spparatus. The apace was filled with the munning

gel to 3cm level firam the notched plate, using a 50ml syringe

Wwith a 16 or 170 needle. The upper surface was gntly overlayered

with '/4 concentrated running gei Wiffer using a Pasteur pipette.
The gel was allowed to set for 2-3 hours.

The overlayered solution was then poured and the remnants

blotted with filter paper. The stacking was then poured over the

rnning gel leaving a S spdce from the top. A Teflon camb which

form the sample wells was carefully inserted to ¢liminate air
respoved

tubbles. The comb was slowly/after an hour avoiding distortion

ol the well.

Samples prepared a3 described above in equal volumes of ggy)
each, were underiayered using a Hamilton micresyringe. The two
outervells were filled with only sample tuffer while the othe:*
wells were filled with s&@ples. The protein content of each aample

was adjusted by dilution with norma) saline where necessary to

25ug/ml.
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The positive lead was connected to the lower electrode
while the negative lead was connected to the upper electrode.
The gel was run overmight at 35mA and a constant voltage of 30V
at room temperature {In scme experiments the gel was cun at 35wmA

at a conatant voltage of SOV at room temperature) until the

tracking dye was within 1,0¢m {rom the bottcm.

After separating the gel froam the plate and cutting off

S -

lower left comer of the gel to wark sample 1, the piroteins were

fixed in the gel for 30-60 minutes with 10% trichlorcacetic acid

in 50% methanol. This was then rinsed in distilled water and

stained for 2 hours with 0.29% Coamassie Srilliant blue in 50%

methanol/7.5% acetic acid {Reid and Biecleskl 1968]. The gel was

rinsed twice with distilled water xfore they were destalned by

repeated washing in a solution containing 7,.5% acetic acid in 20%

mathanol. Destaining w23 facilitated by adding a little cotton

wool until the banda on the gels became clear.

PLATELET SURVIVAL IN RATS
P, BERGHE] ATACHEI:

Suckling and adult Wister rats were used in these
experiments. The adult rats provided the hamlogais platelets
used for labelline. Infection of suckling rats and blood
collection in adult rats have previcusly teen descrided (Section
2.2 and 2.6 respectivelyl. Abovt 6-8als of blood Was gbtained

from each adult rat.
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Reagents for rat platelet vashing (Arlie et al 1970;)
Kinlough-Rathbone et al 1983),

100mls of calcium free Tyrode albumin solution contained
Smla of stock 1

anls of steck I

0.35¢ of Pentax Fraction V 8SA

0.108 of D . glucose

als  of 1M HEPES tuffer hydrochloric acid,

The compesition of stock solution I, 1I, and 1)1 were as
previously described (Section 2.11.3.1}.

EGTA stock:

3.8g of Ethyleneglycolbis faninoethyl) tetraacetic
acid (ECTA, Siguwa) was dissolved in 80mls of distilled water and
the remaining volume made up Ly Bropwise addition of 104 NaOH

solution to make & 3.8% solution at pH7.0. A 20X solution of

EGTA was prepared fron the stock by adding 9mls of isotenic saline
to 10mls of Stock EGTA solution.

_P_peﬂpam_nf_*{ashgd_mglatelet suspension: This was

prepared witi adequate sterile precauticns as described by arlie
et al (1970). All containers used vere autoclaved for 20 minutes
at 15 bar pressurec. Polycarbonate tubes or siliconized heavy duty
conical centrifuge tubes were used. PRP wa3 prepared by
centrifugation of adult Wistar rat blood for 15 minutes at 190g
and the platelet rich supérnatant gapirated. (nlike in the
preparation of \rashed haman platelet, the washing procedure yas
carried out at rod tesperature, Other detalls for optaining
platelet putton vere s used with huwan platelet. The platelet

plagea (PFP) thus Obtained was preserved for further ype,
poor
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The platelet button obtained was iamediately gently
resuspended in 10ml of =sterilized calclus-{ree TYrode albumin

solution in a siliconized glass tube to which was also added 50ul

of 24 ECTA. The platelets were labelled in this first washing

fluid with 50uCL of sodiun O'Cr - Chwemate (Na, *'Cr 04, In Ci/ad,
2.3ug Cr/ml specific activity; Amershan Intermational plc,
Amersham U.K) per rat (Winocour et al 1983). This oixture was

left for 15 minutes at roocm temperature. The labelled platelet

suspension was centrifuged for 10 minutes at 1Kz, the supematant
discarded and the platelet button obtained, again resuspended for

another 10 minutes in calcium-free Tyrwde albumin solution without

ECTA. The centrifugetion and resuspension of platelet tutton yere

repeated. The final platelet sfapension medium was in the PPP

at a concentration of 1.50-2.50% 109plate1ets/m1 (Winocour et al
1982.

Platelet Survi:aE

A 0.5-1.0m1 volume of the labelled platelets
was injected using a 256 needle into the tail vein (near the

tail base} of bdoth the already infected and noresl syckling rats
which were previonsly anaesthetized 1ightly with diethylethe,

The veins wvere dilated by cleaning with xylene, bdefore cleaning

with methylated spirit. Backflow of injected labelled-platelet

suspension wap checked by pressing bard at the point of {njectio
for 1 minute before releasing the animal. The control group

consisted of 4 rats while 8 rats made up the infected graup.

The % parasitemia in the injected grup was determined as

previoualy described (Section 2.3.4.).
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Ssmpling-and determination of radicactivity: This was carried

out as described by Winocour and associates {1982, 1983). The

éhdioactivity in 100ul of labelled rat platelets was determined

in a Packard Auto Camma Scintillation Spectrophameter (Model 5360,

Packard Inst. Co. Inc. Illinois, U.S.A.). The count was later

used to estimate the total radiocactivity injected into each animal.
Four hours after the injection of 51Cr-labe11ed platciets,
blood samples were collected from [Yeshly cut tail enda of each

rat into heparinized hecatocrit tube (Celman-Hawekiey Ltd., Sussex

England). {The 4 hour interval was allowed for total recirculation

and even distribution of the injected labelled platelets). The
hematocrit tubes were sealed at one end with plasticine and the
length of the blood colums reccrded ismediately. From the weight

of jmown length of water in a nuuber of hematocrit tubes (12), a

standard diameter of the tube was calculated (0.0449 2 0.00095em;
sec lppendix table 4) fram which the volume of each blood sample
was estimated.

From this voluve the radioactivity per ul of blood was

calculaced. The blood Sample taken at the 4th hWur period arter

labelling formed the 100% sample. Subsequent samples were tpken

by ;hesﬂa’.&cedum at 17.0, 42.5 and 66 hours ofter labelling.
Hadioactivity of these samples were determined at the end of the
experiment (after 66 hour saople collection} tlus evening out
decay. The relatively short period of saiple collection

(17-66 hours) minimized the decay of radiocactivity {Winocour et a)

1983).
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CALCULATIONS : '

Radius of hematocrit tubes:

Let weight of column of water in
hematocrit tube

= W en
Helght of water colum in
hematocrit tube = Ham
Density of water at room temperature 3 Dg/cm2
. Mags W t
But Density D = vaI‘Tm Vﬁ £ # .. (1)

Yhere V =z volume of water

The volume of a cylinder is given by
the equation V = TU+°H

(wher'e r = radius of tube)

By substituting for V in (1}

Sincze W, H and Dwere lnown the radius was easily calculated.

Calculation of total radioactivity administered intg

animals :-

Let voluwe of label injected into each

aninal R ‘41
Let cthe count fram 10091 of labelled-
washed platelets . 111
radioactive count/ul of _ H1 -
labelled platelet sSuspPPNIion Tﬁmi 5
:. Totsal radioactivity injected into )
= \
animal 1
= WV =R ..{2)

% Recovery according to Barret and Butter (1981) i3 glven

by Blood volum® x cp/ol ©
—count oted Into anima)

% HRecovel'yY arriCADIGITAL HEALTH REPOSITORY PROJECT

where cP® * count per ainute.




Fram the value of R obtained in {3) the volume of labelled blood

sample in the hematocrit tube ‘@3 calculated aince the height of
blood was {nowm.

Let this volume be

v2 {ul}

Lot the totml count be P
*. cpm per ul of blood =

“ 0%
; 10
. Cpm per ml of blood =z T = T

2

:. % Recovery % Wwhere B : blood volume ¢f animel

R = Total redicactivity
injected fnto animals

T = crevol of blood.
The blood volumo of the auckling rst used in the calculation is
given as 7.59% of the body weight (Delcher and Harris 1957) §.e.
2.31m) where the mean woight of rets uded sas 30.47 1 1.758 as
determined from 12 rats (4 controls and 8 infected).

‘)
Platelet Survival Parumaters: Platelet survival cw'ves were

obtained for both the control and infected groups of animals by
plotting raecovery values as a percentage of initial pecovery
(1.e. recovery at time zero, taken as the count &4 hours after
{nisction) agatnst the time of sampling (Aster 1967). Recovery
was eyxpressed as the value of the circulating platelet sgpecific
activity expressed as 3 percentage ol recovery which would pave
been obtained 3f all the {nN1sed radicactive platelets had
appeared in the recipient rat circulation (Ebbve et al 1965).

From the survival curves, the mean survival time and half.
dinappeayance time { é | for each rat group vere determined. The
vas &iven by extrapeiating the platelet

mean swvival time

and the value at this point read
survival curve to tnﬁc&%ﬁf&éﬁ REPOSITORY PROJECT




3?’? the survival curve and wvas the time (in hours) which it toak

half the platelet redicectivity to dissppear fram circulation
{Aster 1969).

SUSPASTON FRO CONTROL D . BGE TIFECTED TS:

Principle: Platelet free sialic acid (SA) in the gresence of
periodate, undergoes oxidation to foro B-formylpyruvate, the
excess of the periodate oxidizing agent being neutralized with
either sodium arsenite {(Warren 1959, A=inoff 1961) cr sodium
thiosulphate (Denny ot al 1983). The (ree chrangwn thus formed
(presumed to be similar to that formed by 2.cxe-2-deaxysugar acids)
wWas coupled L0 thiobarbituric acid and tie final colour extractod

into butan-1-0l (Aminoff 1961) or cyclohaxanone (Marren 19591 for

colorimatry.

The reaction is sicumdrited as followm:

2 pray g (i‘ 0
3. ~l&6;. i
6 i O
5 c':mm)oocﬂ3 "
6. QMO 01,700
7. E'H(G{) 3:02‘
8 CH(OH)
9. ‘In"zm

(HAMA}

xida

occurs between C4 and €5 (Aninoff 1961).
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I
- ARfection of Animala: Blood collection &d deter=ination of

paraaitaomia in suckling rats were as edrlier descridad.

Washed rat platelet suapensiaon: Washed rat platelet aspensions
from normal and P. berghel infected animals were prepared as
described by Arlie et al 1970 (Section 2.12.3) vith acme
modifications. The modificetion was that the Platelets were

finally resuspended gently in citrated Tris-buffered saline (7BS;
containing 0.194 NaCl, 204 Tris, 1GxM sodiums citrate, 5.6

citric acid; pH 7.4) with the least passibledisturtancoof the

erythrocyte button {Soslau and Giles, 1982). Plgtelets fram

$4-5 animals were pooled and the final.volime of the WP
200x109 il

set was 1.\nd with a count of / per Bl (Greenberg et al 1975).

The platclets wero suspended in 78S to avoid B posaible effect
of glucose on the platelet SA conient to be estimated, Platelets
wore counted by the method of Bretcher and Crankite {1950) using

phase contrast microscopy.

Protein estimaticn: Platelet protein was determined by Lowny's

method (Lowry et al 1951) previcusly deacribed in section 2,11.12,2
with bovine serus altumin as standard. Frotein contents were
expreased as mg of protein per 0.5m1 of WPS. A standard curve

was determined for each assay. A 0.5m1 volume of WPS was lysed
with 125ul of 20% Triton-X100 ({BioRad Laboratories, Califonip,

USA) made up in normal saline. The lysate was incubated for

on {Bunt
5 minutes at 37°C before protein estimstion { ing et 8l 1978),

13.5.  Totel Sialic acid deteroination: Tota) platelet sialic acid was
L] e ._____-__-__._-__-
degsured in both control snd infected samples by the thiobarbitupyc

acid pothod of Azinaff (1961) described below. A 0.5ml volume of
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the WPS was placed in 3 heavy walled glass tube containing an

equal volume of 0.2N HZSO‘.. After mixing the solution was

incubated in 3 SOOC water bath for 1 hour to release, by mild

hydrolysis, membrane bound sialic acid {N-acetylneucaminsc acid,

NANA) without degradation (Warren 1959). The hydrolysed platelet

suspension was centrifuged at 1500g for S minutes at roap
temperature, the supernatant decanted into a clean tissue culture

tubes and stored at .20 °¢ until analysis, usually within & days

of preparation. for total platelet sialic acid determination

in both centrol end infected samples.

0.25n] of 25m4 periodic acid (prepared in 0.1254 HZSO“,

A blank {butan-1-0l)
or standard {1-40ug of HANA, Sigma Chex. Co. Ltd. USA) dispensed

pH 1.2) was added to 0.5al of each sample.

in a clean glass tube was included with each run. The tubes were
incubated for 30 minutes in a 37°C waterbath and the excess
periodate was reduced by mixdng without delay, 0.2ml of sodium
arsenite (2% solution of aodium arsenite in 0,5 HC1l) with each
sample. A yeliow colour was observed. Imvediately the yellow
colour dissppcared, 2ms of thiotarbituric acld (TBA, 0. solution
of TBA in gistilled water, pH adjusted to 9.0 with NaQH. end stosed
in @ dark bottle at 4°C) was added and the mixture heated to 300%
for 15 mismites (Denny ct al 1983} to achieve optimm colour
production, The tubes whose contenta showed pink colour were
coooled {ce-pack, A 5al volume of acid putan.i-ol
{mtm-::::::m 5% v/v, of 104 HCl) was added to each tube,
copped and shaken vigarausly, Completo phaso seperatio was
affected by centrifegation of each tube a8t 4008 fer S ainutes.
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The topP butanol phase was carefully removed and the intensities
of the colour in this butanol phase read off against the blank

using a Bausch and Lomb Digital Spectrophotometer {Spectronic
model 21, USA) at S549nnm.

CALOWATIONS :

The absorption spectrum of the colour obtained with H-acetyl
neurandnic acid (NANA} was identical with that obtained by Warren
(1959). The molar extinctions ratio at 549um was '70\'4x-33 and
this was directly proportional to the concentratiori of NANA
(Aminoff 1961). The sialic acid contents of the samples were

calculated fram Warrens equation (see below):

/xC.D
nMoles of /NANA/ in samples - ——-E-i"—?“
where V = [inal volure in test solution (2.95 ml}

E = moler axtinction coefficient
. 7.07x10° (Aminoff 1951)
0.0 = optical density at 54%um
Values were cbtained by calculation and these were very close to

those obtained by reading off the standard curve.
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RESULTS
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CHANGES IN PLATELET COUNT DURING .

&RGREI
IN MICE: INFECTION

In all the 4 groups of mice studied {i.e. groups R, B, C
énc'l (D) the baseline platelet counts were within the normal range
g . between
of 716-1314x10°/1. There was no significant difference / the
twd control grovps (C and D} as shown in Table 2.

There was a rapid drop in platelet count with increasing

parasitaemia leading to death in 6-7 days if the animals were
untreated (unpublished data). Plate 1 shows a typice! blood film

from 3 P. berghel infected mouse. Infected mice on treatment were

in two groups. Croup R animals received 0.02zz of Chlorojuine

per gn body weight for 7 days (i.e. posi-infection days 4-10) while
&oup B panimdg were also treated with the same dose of chloroquine
but only for 4 days (days 4=7}. t.‘ significant fall in platelet
camt wes recorded by the 4th post-infection day for animals in
.8p A (p C 0.005; t=9.57C) as shown in Table 3. The platelet
. count continued (o fall up to a day after chloroquine treatment
Was stopped on day 11. 1t was also observed that for anieals in
B'Up A, the rate of fall in platelet count fram day O to 1
(844.2%46.8 on day 0, to 317.5-62.8 on day 11) was not ms steep

8 ihat observed in group B animals during the esame interval
(8%4.22146.8 on day 0 to 81.5213.5 on day 11; Table 4).

In both groups of animals (A and B), it was observed that

the plstelet count contimed to drop eves thaugh the parssitaemia

vas @adually falling, In &%p A anirals that received treateent

for 7 days, parasitaesis was cleared by the last day of treatment,

while in goup B animalas on the & days of treata=nt, B low level

t-infection day.
of mmit.aadn wniﬁ%lGI%Hg_ﬁ nggssTl;RY‘:'\:ECT




TABLE 2

'.-}Ili-

Summary of WBC and Platelet Coumnts in normal Swiss albino mice.

GROUP ¢ GROUP D

DAYS _
o HWBC i || TATELE WEC COUNT
(x10971) | (x307/1) (x03/1) | (x109/1)
0 931.3241.0 | 10.4621.27 | 906.6%32.2 | 8.%%1.34
2 B80.6228.9 | 10.23%0.71 | 926.0%26.5 | 8.43%1.28
4 924 .6280.1 | 10.9621.32 | 919.8°53.7 | 8.04=0.6
7 888.6%36.2 | 10.421.14 | 936.4%29.9 | 8.38%1.57
N 900.4%19.3 | 11.6720.68 | 950.0230.5 | 8.7421.89
27 850.3%20.2 | 10.02784 901.9%2.5 | 7.9521.80

Croup C gnicels were innoculated intraperitoneally with norwa)
T0use red cells while Group P aninmal8 served the plain control
Swup (see text).

n = lno. of aaizals atudied) = 7 for each E'%up,
It i35 seen that there was no difference in plateiet counte between

&ups C and D throughout the duraetion of the experiments ™he

11
8)1ght but not aatistically ajghiricant inescans in vhite cul

cont (see Grovp C of p}.Yelues ropredont Ksan * S.D,
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Flate 3: A blood film of P. perghed infected mouse

erythvocytes, (x \o00)
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TABLE 3:

Sumnary of Platelet and WBC counts in Swiss albino

mice infected with P. berghel {Group A} and treated with

chloroquine sulphate for 7 days (4th - 10th post-infection days)

S PLATELET CONT | w.B.C. coumJ 2 i
| (x109/1) (x109/1)

0 844.2246.8 8.2171.28 0

2 794.6253.4 10.03%1.31 2.92%2.27

4 514.0-78.2 14, 382 1.04 19.66. 1

& HD MD 8.322.4

7 348.1298.1 12.5621,57 1.8120.91
11 317.5-62.8 11.16%1.22 0

1% 521.9%63.9 8.75%1.24 ND

P 812.0%82.8 B8.9120.47 0

n (no., of animsls studied) = 16

D

Values representM

-
-

not determined-

E.n : Hiﬂt
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TABIE 4:

Summary of WBC and Platelet counts in Swiss aldbino
mice infected with P. berghei and treated with chloroquine

sulphate for 4 days (4th-Tth post-infection days) /Group B7.

[ _
PLATELET COUNT W.8.C. OOUNT
DAYS % PARASITABMIA
{x109/1) (x109/1)
=
0 894.2%146.8 7.4051.06 0
2 665.7%60.1 10.63%1.26 4.0251.1
4 326.0%110.3 12.38%3.31 24.2324 .5
7 208.5747.7 15.50-4 .21 1.70%0.41
11 81.5713.5 11.7652.92 2.39%1.3
14 D 10.1225.34 D
27 147,35130.0 7.27%0.91 2.120.9

n {(no. of animals studied) = 16

valuas r=present Mean ¢ S.D.
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The platelet
p count in group A animals had by this time retumed

to
baseline yalues. There wWas no statistically gignificant

difference petween the zean counts an day 0 and day 27 in this

erou 1 9
P (P} 0.05; t:0.895). By contrast, the platelet comnt in

Eroup B animals which received treatwent for oly 4 days was still
si®uificantly lower than baseline values by the 27th day

(p< 0.005; t=10.4). Fig. 9 show chianges in platelet couat in all
the animal: groups together with % parasitaemia in the infected
Eroups;it i3 seen clearly that peak parasitaemia was {irst attained
before the lowest platelet count was recorded in botn infected

Soups A and B rice.

CHANGES TN WBC OOUNT:

With respect to the two cdhtrol graups C {placebo group i.e.
animals aseptically injected with norm=l mouse blood) and D (i.e.
Plain control mice), the WBC levels remasned within norml range
throughout the experiemental period, with the placebo group (C)
showing a slight increase in WBC cant on day 11 but this resained
vithin normal range of 5.0 - 16.7x10%/1 obtained for mice
{Archer and leffcoat 1978). No significant differences were
detectable between the wean daily WBC camnts of the grwups (C and
D} throughout the duration of the experiment.

In the other two experimental Eroups of mice A and B, infected
with P. berghei but given different treatoent regiees, WEC rooe

. 9
from 8.21%1.268x10%/1 on day O to 14.38%1.04x10°/1 on day 4

(p € 0.005; t=9.90) while in @oup B, it rose from 7.4021.06x107 1

on day 0, o 12.36%3.31x10%/1 on day & (PC0.005; 128.05).
[

Fig. 10 sugarizes the changes in WBC ui all the animal groupe

A, B, Cand D, &% also relates WEC Lo percent&g® parasitaemia
[ ] ’
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Unlike the fall in platelet count gbserved in &ouP A animals

which persisted long after initiation of chloroquine therapy, the

WEC count started to drop with initiation of chloroquine treatment

and by the 14th day had attaineq baseline level which was

maintained to day 27. However, in group B animais, the WBC count

continued to rise up to the 7th day l15.51¢a.21x109/1} tut dropped
slowly to btaseline values by the 27th post-infection day.

BLOOD COAGULATION STUDIES:

Res:lts of blood comsgulation studies fram F. berghel infected
albino mice are summar{zed in Table 5 (alaa see appendix Tables
1-3). The mean PT(11.70%2.55 secs} and APTT$45.5212.5 secs) in
the infected animls were siguificantly longer than those in
control animaly (PT, 8.131'1.‘3&; accs; AFIT, 29.0%7.2 secs; Fig. 11).
from Table 5 (alsn appendix Table 3} a negative correlation was
found between parasitasmia and the prothranbin time. There was
no correlation between APTT and parasitaeoia,

A algnificant decrease in clottable fibrindgen concentration
in the P. Lerghel infected mice plasmd was observed wien carmpared
with the values frad plasm of control animals {p{ 0.005; t=3.77).
A negative correlation which was significant at both the 5 and 1%

levels was observed between parasitaemia and fibrinogen conCentra-

tions in the infected animals (Fig. 12}.

OUICES 1 MOUSE PLATELET FUNCTION (NCOREGATION YScsnr UPTAXE

A'D RELEASE) DURING P. BERGEI DNFECTION:

With respect to plstelel ezegstion atimulated by ow

concentration of ADP (0.5},
higher % aggregation (38.45%12,86 %) response than was observed

infected PRP showed significantly
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T L ]
TABLE 5 Samary of some blood coaguiation Parameters 1in
P. berghe] infected and in nommal Wice plasms {platelet poor

plasna: PPP)

TEST CONTROL PPP | INFECTED PPP p. Valuve
PROTHRQBIN | 8.13%1.94 11.70=2.55 p< 0.005;
TIME {Sec) (n = 8) {n = 10} 6= 327
APIT [(Secs) 9.0%7.2 45.5£12.5 | p<0.005; ts5.08

n = 11} (o = 10)
CLOTTARLE %53.9241.5 174,7%58. 1 p< 0.005; t:=3.77
FTBRTNOGEY! {n = 10) tn = i7)
(mg/dl)

P = studerils t-test.

Values given {or all tests are mean of duplicate determinations.

N 2 no of determinations.
Mean X parmajtaents In infected animals used was 28.5%17.6% (n-17)
| legztive correlation existing between parasitsenis and blood

| cCagulation parameters (PT end Clottable fibrinogen) was significant
_0.560) and at 5 and 1% levels for

at the 7% level (for PT, I =

clottable fibrinogen; (r = -0-675) (Seo Appendix tables. 1.2nd J)-

Valusg reprasent Mean ! 5.0.
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3.5.1.
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in the control mice PRP(20.727.0%; p € 0.01; t-2.83; see Table 6).
The differences observed in the mean percentage aaggregation
between that of control mouse PRP and infected mouse PRP induced
by i.0uM ADP, 2.5ug and S.0ug collagen were not statistically
sighificant. Representative aggregation tracings abtained for
Gouse PRP in both control and infected samples are shown 1in
figures 13 and 4.

There was no significant difference in the X uptake of
1"C-SH'I‘ between control (77,9323.89; n=3) and infected animls
(75.7528.03%, n=3). Platelet ag®egation induced with ADP was not
associated with any appreciable release of ."‘C-SHT (control,
1.2021.8%%; infected, 1.4121.03%). Collagen (Sug) induced
49_211,81 release of "’c.sa'r frao control mice while 48.8?'-’4.3?-

was released from infected oice. These values were essentially

similar {Table 6).

RESULTS OF ERYTHROCITE-PLATELET INIERACTION EXPERDMERIS:

Thrice-weshed taz=n erythrocyted {sham cultured control

/PRScT, or cultured P. Falcipanuo-infected erythrocytes /PRSY7
washwd lazan platelet suspanaion as descrived

were interacted with
ch supermatant {PRS) devoid of

bsequently

in se-tion 2.11.5 end a platelet ri

srythrucyte contamination of platelet aggregates was su
al centrijugation. The platelet coamt

PRS) after interaction with
300 to 400x10%/1.

abtained after differentd
in the platelet-rich supermatant (

betuesen
control or infected erythrocyted ranged l (i
On otirring the PRS aasples 8t 1100 rro at 37°%, a normal base

testing was obtained indicating ataenc
activation after the interaction. F18.
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Results of platelet aggregation and 14
in P. bergge infected and control mice PRP.
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C~-SHT reiease studies

3
% Aggreation induced with % Release
induced with
0.5wM | 1.0uM | 2.5ug 5.00g | 1.04] 5
ADP | ADP | Collagen | Collagen | ADP cqilozﬁm
|
CONTROL | 20.7 | 37.2 | 43.5%6.2 |B8.55216.2| 1,20 | 49.20%1.8
. p =
7.0 15.98 0.81
38.45 | 47.14 4 A 1.412
INFECTED + ~ 45.3-6.2 |87.98213.1 1.03 48.8%% .3
12.86 | 12.10
p <0.01; | &5 us NS NS e
£-2.83
¢ 5 & 10 2 P W
n - —
6 12
1 6 5 12 A

Yerasitisei mice PAP was pre

in the runge or 5.8-26.01%.

i 2 no, of experimenta
I8 : not starystically

asignifi

p - ﬂmt’ t'l'eat°

uaing ¢ (control PRP) and $
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red (ron snigala vith % parssitaenia

(infected PRP).

cant . Value8 reprrgent Mean : Sy,
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Light transmission
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2 Minutes

et aaesAtion following the addition of ADP to
Tl 2:::1?3? {eaitrol and infccled).
Control mouse PRF & A, C
Infected couse PAP & 8, P
0.5ul4 ADP induced agzegAtion = A, B |
1.0uM ADP induced egeregation = C, D, l

x Y4C.HT releaped (ran prelabelled platelels is ahow beside ]
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for PRS-c and PRS1 using app (0.251#1) as stimulant,
made from cultured

Blood film
P. falciw tuman erythrocytes is Shown in
ADP-induced (0.25uM) aggregation in PRS (90.327.5%)
was significantly greater than that in PRSc (16.5%4.T%; p< 0.005,

Plate 2.

t=41.7). Collagen (2.5ug) induced % aggregation in PRSc was
62.2236.0% while aggregation induced in PRSY was 67.1228.8%

(Table 7). These results were essentially similar.

Effect of interaction time on PRSc or PRS1 agegatiom:

Washed hwaan platelet suspension was interacted for 1, 2,
and 5 minutes with cultured P. Falcipanum-parasitized erythrocytes
Or nonual erythrocyteZ froam the sham culture. The results
Sumarized in Table 8 show that there was no sigiificant difference
between the % aggregation after {1, 2 or 5 adrutes interaction
either in PRSc or PRSi experiments. There were however, signifi-
céntl 3ifferences between X augesation values of platelets after
interaction with infected as campared with control erythrocytes
at every incubation period. 1I¢was also seen that the duration of
incubation t!me had no effect on MC-SHT uptake (PRSc uptake -
90.4.2% (n-2); PAS1 uptake 93.1-2.9(n=2}; unPublished results).

Resu 14 Release studies us

.i'RSf, and PRSi: The Percentage a8 eAtion {nduced with 0.25uM

ADP in the presence of 0.04% human fidbrinogenh and that induced by
2.5ug collagen on PRSc are shown in Table 7. While agregation
induced $n FRSi plotelets differed significantly (p< 0.005;
£:41.7) from that induced in PRSc by ADP (0.25w), no significant

difference was observed when 2.5ug collagen was used as stimulus

(Fig. 16},
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Plate 2: A blood film of cultured P. falcipanum infected

fagoan erythrocytes. (x 1000)
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!(Pﬂsﬁ erythrocytes.

Platelet aggregation and 1l'C-SH'T Uptake and release
b 1
following interaction with control {PRS¢) and P. falciparup-infected

@ .
i % AgZregation induced with |% 14 _SHT Release induced with
ADP Collagen N ADP Collagen 1
(0.5uM) {2.5ug) (1.0uM) 15,008) l
PRS—¢ 16.5%4 .7 62.23%.0 | 8.127.8 23532 8
PRS-1 90.37.5 67.1%28.8 | 17.2%w0.1
—
p <0.005:t=41.7 s €0.005;1=3.56 |<0.005:%=6."
= ]
¢ A 15 < 2
n = —= —— FI
l ! 1 rgj J' 16 £ i‘ *
recorded for the platelet
9.1.44%8 07%(n=10) Vac_sHT Uptake was

Suspension used in

B 2 no, of experiments
P = student t-test. Range of 3
3549, 14, Yalues cepresent

both PRSc snd PRSI experiments.
ing ¢ (PRS-control) and 1 (PRS-infected)

w“.-,u used for studles wvas

.‘.m L linl
-

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




" TARLE 8:

EFfect. of incubation time on agmegation of

PRSc and PRSi.
Dm‘aftim % Platelet Aagregation
(o] . .
P
mc(umba,,:?m PRSc " PRS4
1.0 22.2%18.3tn=11) | 94.1%4.3(n=10) |< 0.005:¢=12.13
2.0 18.421%4.2{n=8) | 91.1-11.7({n=8) | ¢ 0.005;t=11.17
5.0 17.5%8 7(n=9) | 92.8%5.5 in=2) |< 0.005:t=21.00

PRSC = Platelet rich suspensions after interaction with shac.

ltured ecytdnocytes.

PRSI = Platelet rich suspetsions after interaction with cultured

.PL. faldEw infectes erytluacytea.,

D = no. of mxperimenta perfarmed

B
% Parpai{semia was in the range of 4.7-6

P = student t-test.

Yalung reprasant Mean o $.D.
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Unlike the situation in mouse PRP, ADP (1.0uM) Snduced a
significantly higher release of 13

C-51iT t;:cemt:{gi p;-elabelled
e
Platelets than from PRSc Prelabelled Platelets/ (Pﬂgus. 7.8% vs

- » ®
PRS.{ = 17.2.210.%%; p < 0.005, t=3.56). Similar results were
obtained when 5.0ug collagen was used to induce platelet release

reactlion (PRSc, 22.327.7%: PRSL. 40.1%8.7; p < 0.005; 1=6.1).

3.5.4.

Effect of ADP-inactivation on PRSc and PRSi reactions:

Creatine phosphate-creatine phosphokinase (CP/rPX} and
pyruvate kinase - phosphoenulpyruvate (PK/PEP) eszyme systems
were used to inactivate any ADP that might have been present in
the FRS samples. The results are shown in Table 9 and Fig. 17.

Both enzyme systems reduced the PR3i aggregation signifi-
cantly to values similar to thajy observed in PRSc aggregation and
indicate that there was significant ADP or ADP-like activity in
PRS1. Fig. 18 and 19 show typical aggregation tracings for these

experiments.

3.3.5.  Effect of Dozoxiben, a thramboxane synthetase inhibitor on

PRSc and PRSi agzregation:
In this study 20uM Dazoxiben was used to inhidit thromboxane

synthetase in platelets interacted with cultured P. falciparum
{nfected human erythrocytes (PRSi) and in platelets interacted

with sham-cultured erythrocytes (PRS¢c}. AEETegation was induceg

with either 0.25w1 ADP or 2.5u8 collaZen. The results presented in

Table 10 and Fig. 20 shoM that thramboxane @echanism contributed

to the enhanced Platelet 8857 e&2t
{th ADP stimuiated aggregatian, dazoxiben fasiled to

collagen. W
inhibit stgnificuitly PRSc and PRSA agregation although o 18,5%
PRS) AgEesAtion.

inhibition w83 obser MA%I TAL HEALTH REPOSITORY PROJECT

{on in PRSy{ reactions with
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TABLE 9:

(CP/CPK and PK/PEP) on erythrocyte interacted platelet aggregation
induced by 0.25uM ADP,

Effects of ADP-inactivating enzyme gvstemg

ADP-inactivating % PRSc % PRS1
enzyme systems AgEregation AgSregatien
BEFORE 20.035.1 (ns=5) 57.627.02 (nz5)
PK-PEP
ASTER 10.0%5.7 (n=5) 14.022.8 (n=5)
(P = NS) | (p<0.,005:t=12.9)
BEFORE 19.4213.8 (n=6) 62.727.2 (n=6)
CP-CPK | )
AFTER | 1(,\5",!4 0 (n=6} 3.28.7 (n=7)
| (P = NS) {p< 0.005;t=12.2)
|
J‘.

% Parasitaemiz of P. falcipanum in crythrocyte culture was 8,72%2.¢

Before = % aggregation before incubating PRS with cnzyme asystem

After . ¢ agmiegation after incubating PRS wit! enzyme system

CP/CPK - cpeatine phosphate/creatine phosphaiinase
PK/VEP

11

pyruvate kinlﬂo/phOSphva)pynwatc

N = no. of experiments

NS - not statisticelly sigpificant.

E )
Values represent Nian ? ¢.D
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M 10: Effect of Dazoxiben on PRSc and PRSi agregation
induced with ADP or Collegen.

| .
% PRSc PRS$
DAZOXIREN % PRS
aggregation aggregation |
| |
|
ADP EEFORE 17.73%.4 {n=4) 65.03%15.4(n=4)
(0.25uM) |
AFTER 14.424,2 (n=4) 53.0212.8(n=4) |
(P = NS) (P = NS)
— e — ‘=4
+ 1 . .
COLLAGEMN ESFfORE 48.6-13.1 (n=3) 48 .1=56.75{n=3}
(2.5u8) ‘
AFTER 40.0210.7 (n=3) 32.928.6 (n=3)
(p=NS) (p< 0.05;t=2.54)

Dazoxiben (20uM) was incubated with PRS for 1 minute before inducing
8gETregation with elther ADP or Collagen.

+
% Parasitacnia of P. falciparum infected erythrocyies was 5.25-1.83%

n

no. of experiments

= not statistically stgiificant.
+ S.D.

P = student t-test; NS
Valuas repr sent Mean
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RESULTS ON EXPERIMENTS USTHC ERYTHROCYTE

D
(EDS} TO mé_____————muw__ﬁl@ :

CT WITH WASHED PLATELET SUSPENSIONS WPS:

The fol lowing abbreviations are used in this section:
EDSp =

EDSe =

Supernatants obtained frap washed infected erythrocytes
Supernatants obtained from washed cantrol (sham-cultured)

erythrocytes.

Effect of EDSp and EDSc on WPS aggregation:
This experiment was conducted with the air of finding out

if the activity responsible for the higher agmregation in PRSi
resided also in the supematant fraction of tirese infected
erythrocytes.

EDSp and EEXSc were prepared as described in sectim 2.11.10.
100ul and 200ul of EDS were added to WPS to check if the former
cold induce aggregation on its own. This demonstration revcaled
that after 4 minutes incubatiom, 2 rinutes of which was is; the
presence of" 0.04% humzn fibrinogen EDSp and EDSc did not induce
any aggregation. Rapid aggregadtion was induced by the addition
of 0.25u¥ ADP only in the EDSp+WPS mixture 2nd not in the EDSc4+WSP
mixture (Fig. 21). This sugzested that the activitylles) in the

EISp primed normal platelets and rendered thec hypersensive to

1low concentrations of exogenous ADP.

Volm4eEndmt. effect of ageregation of washed platelets
after incubation with EDSp and EDSC:
perforoed to see il EDS had any dose

Tnis experipent was
(volume)-dependent effect on WPS aggresdtion. Volumes of 25, 50,

100 and 150uls of €bGSC or EDSp were mixed with WPS mich that the

final volume ol mixture did not exceed 1.0ml. The platelel cant

9 9
in the [ inal mix t“r-';EA Lﬂmgukg;%gw%?gékg /1 to “501'0 /1.

S S — .
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Aggregation was induced in 50001 of the alxture with 0.25uM ADP

:.Ln the presence of 0.04% fibrinogen. Table 11 show that no dose

related effect was observed when EDSc was used at these volumes.
25ul-150u) of EDSc caused 14.0-19.3% aggregatian respectively.
No significant difference existed between the responses induced
throughout the dose range used with EDSc.

A dosewrelated response was hewever obtained with EDSp
throughout the dose range used (Fig. 22). The g<egation induced
Oy ADP in the 100u) EDSp«WPS mixture was simiiar to that in PRSi
obtained by interacting 100ul of parasitized
erythrocytes with WPS. EDSc4WPS mixiure did not glve a sigmoid

curve suggesting no dose-related.response relationship.

Effect of thrambin inactivation ‘on EDSWPS aggrezation:
Tluombin was inactivated by incubating EDS¢c or EDSp overmight

at 37°% (Kwaan et al 1972) before mixing them irith freshly prepared
WPS. Aggregation was induced with ADP (Table 12). Mo significant
differences cculd be shown between the % aggreation before or
after tirasbin inactivation in doth infected and control systems.

This indicated that thrombin was not the priming activity in the

ESp supermatant.
Effect of Heat on platelet agarcgation after incubation with
EDSc or EDSp:
EDS was incubated for 1 hour in a 50°C waterbath after wvhich
with freshly prepdred washed hman

the cooled EDS was interacted

1atelet suspeniion Aggregation vas induced with 0.2%a¥M AD,
P. ;

The result (Table 13} ahbo
h additian of fresh or heated E£9Sp.

that there was no difference in %

aggrogation Wit

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 1S -

___TABLS 1 Effect of interaction of washed platelets with
different volumes of erythrocyte derived supermatants EDS

(control or infected) on platelet aguregation.

:ﬁ\::c:;mim ot NE0Ss
WPS  (ul) Agmregation Azzrezation
25 13.9 £3.8 (n=4) | 4.3% 3.2 (n=4)
S0 4.7 = 5.1 {n=t) 4.3 5.4 (n=4)
75 7.7 = 3.6 {n=3) 60.7 > 14.9 (n=3)
100 15.4 T 6.1 (n=5) 91.4 = 11.7 (n=8)
150 19.3 ¥ 2.7 (n=3) 98.6 < 5.8 (n=3} |

Interaction was for 1 minute only

0.2594 ADP in the presence of 0.04% fibrinogen was used to induce
o egatior.

% Parasitaemia = S.7.

Yaluegs rapr=ss=nt Mean + 5.D,
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Oem=—m©0  parasitized EDS interacted platelets

o-~--9 control EDS interacted platelets

-_-0-‘-‘
4‘.~hq’--—-.—-—.

loqg- dose

A lcg-dose response curve obtained by interacting increasing
volumes of EDS {control or parasitized} with WPS before

inducing agsregation with ADP.
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TABLE 12: Effect of thrombin inactivation on washed human

platelet aggregation induced with control erythrocyte derived
supernatant (EDSc} or garasitized erythrocyte derived supermatant
{EDSp).

|
Heat treated % EDSc ! % EDSp
Supermatant Aggregation I Aesregation
BEFORE 18.4 T 6.2 {n=3) 95.4 ~ 5.2 (n:3)
AFTER 4.3 T 4.7 [n=3) 91.7 2 2.6 (n=3)
: (NS) (NS)

n = no. ~f expericents

8.1% p. falcipanum {nfected red cells was used for this eXPeriment.

0.25uM ADP was used to induce esggPegaticn in the presence of
0.04% ribrinogen

KRS - not statistically significant.

Valuas rapresent Mean * Swih

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




- 148 -

fABL.E_.Il: Effect of heat at 56°C on platelet aggregation

after incubation of WPS with EDSc or EDSp.

| |
Unheated Samples Heated SaTples ! P |
% EDSc+WPS 22.1 L 8.0 {n:3) 24.5 % 6.7 (n=3) NS
Aesregation
I % EDSp+WPS 89.7 X 6.5 (n=4} | 90.217.9 (n=4) [ 1S |

n = no. of experiments
Parasitized ecythrocvtes had 8. 1% parasitaenia

0.25uM ADP was used to induce aggregetion in the presence of

0.04% fibricosen.

P = students t-test; NS = not statistically significant.

Values represent Mean !S.D.
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SDS-PAGE ANALYSIS:

'fhe result of the SDS polyacrylamidegel electrophoresis of
PRSi or PRSc supematants is shown on Plate 3. lanes 1, 3and $
show the protein resolutions for PRSc supermatant, while lanes
2, 4 and 6 show protein band for PRSi supematants, after ADP
induced platelet aggregation. A distinct band was visible in the
PRS1 tracts indicating presence of a protein sutninit not found in
the PRSc tracts. Similarly,Plate 4 which shows protein resolution
for supernatants of PRSI (l.anes 1, 2 and 4) 2nd PRSc (lLanes 3 and
S), before ADP induced aggregation, had this band in the PRSi tracts
but not in the PRSc.

PHOSPHOLIPID ANALYSIS:

PRSc or PRSi cell-frec supematants before and after
aggregation were analysed fcr their phospholipid contents. No
Phospholipid was detected in any of the sample® analysed by the
method used.

RESULTS OM PLATELET SURVIVAL, STUDIES IN P. 6FRGHEI INFFCIED
SUCALIC PATS:

S

Initial recovery of injected 1Cr-p1ate1et.s 1n normal and

P. berghei infected rats are surmarized in Table 1. In this
5

experiment homologous platelets labelled with ’Cr..NaCroa were

injected into econtrol rats and those at various stages of B.berchat
infectiaon. Percentage parasiteemnia renged Nran 0.8% - 2.3% on the
day of labelling, In ¢ontrol Mmr at time 0. B’oa of the

{njected labelled plstelets was rocovered in the general circulation

while 66.8% was recovered in the jnfected rats. The difference in

the recovery for btoth cantrol and infected animals at time O hours,

signiricant.,
Was however not BA%CtA%%I'T'%_ﬁg\}T%!EPOSITORY PROJECT
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SDS-PAGE of PRS1 and PRSc cell {rec supematants

aggcgation,
?g;er A?P-;n d:::d S atmsgmtein resolutions for
eés * ?

{’2‘52 sugenza;:gti show protein resolutions for
ies ’

PRSS Supcmatants.
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SDS_PAGE of PRSc and PRS{ cell Mr€e sypernatants
before ADP induced ogfFegltion.

Lvies 1, 2 and 4, ahewprotein resplutions for
PRSY{ saocples

(anes 3 and 5 ahow protein re8olutions for

PRSc sapbles.
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L= Mean percent recovery of S‘Cr-labeued rat platelets
|Iﬁ normal and P. berghel infected rats at sampling time.

MEAN % RECOVERY OF ° 'Cr-
SAMPLING LABELLED PLATELETS P
{
o |  (CONTROL AND
(HOURS ) OONTROL | INFECTED | % PARASITARIA | INFECTED)
(n=a4) (n=7) (n=7}
| e —_—
0 81.2%19.8 | 66.8211.1 | 4=0.6 NS(p>0.05;t=1.58)
|
17.0 61.7t22.2 | 38.8%20.0 | B.5%.2 NS(p¥0.05:t=1.77)
42.5 4165152 1 7.9%.1 11.623.0 p{0.005; t=4.82
65.0 26.8215.7 | 2.77%40 4. 1%2.5 p¢0.005;t=3.99
ha

=1 —_—

Correlation potyeen Platelet recovery 1n infected samples and Percent

parasitarmia is significant st 5% (r=-0.9789).
Valu®*s rapresent Mean ¢ S5.D.
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There vas a negative correlation between parasitsemia ang
percentage initial recovery of 5‘f.‘t'-lat:elled platelets in
circulation (r = -0,9789; significant at 5% level). Statistically
significant differences were observed between the recovery in both
CoNtrol and infected rats in the 42.5 and the 66th hours sampling
times (Table 14).

Table 15 shows the recovery of 2 1C:'-pmlabe"_1e‘, platelets
83 a percentage of initial cecovery. The survival pattermn obtained
for control and infected rats are shown in Fig. 23. This is a
plot of percent platelet 5'Cr-reoavar'y {Table 15) against time of
sampling. 1Tne dissgppearance pattem in normal rats was very nearly
linear with a slight curvilinear ccoponent over the first 24 hours.
With P. berghei infected rats, the patterm was linear over the

first 43 hours after which a “tail™ became apparent. Mean platelet
survival time for the control rats was 4.3 days while that for the

infected rats ias 2.0) days.

Table 16 suzmarizes platelet survival parameters determined
in the experiment. A typical blood fllm of P. berghei infected
ral erythrocytes just before labelling is shawn in Plate 5.

DETEAMINATION OF SIALIC ACID Dl P. BERGHE] INFECTED AND

OONIROL SUCKLLING RATS:
Since the sialic acid conteat of plasma glycoproteins and

the concentration of surface sislic acid of platelets, leucocytes

and erythrocytes are important in determining thelr survival in

circulation. it bacame necessary to investigate the total piatelet
?
alalic acid content during interaction with plasaodia infee ted

red cells.
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- TABLE 15: Mean recovery of 51Cr-labelled rat platelets at

‘sampling time aa a percentage of initial recovery {i{.e. recovery

at time 0).
|
RECOVERY AS A PERCENTAGE OF |
SAMPLING TIME INITIAL RECOVERY
(HOURS }
CONTROL DFECTED
0 100.0 100.0
|

17 76.0 58,1

42\@ | 51-0 1"8

66.5 33.0 o
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51 ed
tcan platelet survival curves using ° Cr-labell

d rats.
T plateletd tn control and E. begheid i infected r
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TABLE 16! Platelet survival paraceters fros sw-vival studies

~ in °'cr_labelled platelets in P. berghei infected and control
rats.
»

Platelet Survival |
PR AL o Control Infected

!
-+

% Recovery 81.2319.5 Inz4) 66.8211.1 (n=7)

Mean Survival Tioe
{dnys}

4.3 2.0

Half-disappecrance 43.3 21.0
time (%/2) haurs
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Plate 5.

A blood film of P. berghei infected rat erytnmcytes.('s looo)
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Total platelet sialic acid was determSned essentially by
the methods of Warren (1959) and Aminoff (1961) and results
sumarized in Table 17 ahow that there was significantly decreased
total sialic acid content of platelets at sll levels of parasi-
taemia. The difference (ram control values became significant
with % parasitsemia of 14 and above. Fig., 24 i3 a histogran
showing variation in platelet sialic acid with paraslia=aia,
A negative correlatian, significant at the S% level extisted between

the platelet sjalic acid levels and parasitaenia (r = -0.9510).
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-159 -

: &E 17 Total platelet xzialic acid content of normml

—

E
- P. berghei infected rats.

I SA ™4/ | Protesn W |statisti- o
I NO. 0.5al 0% Platelet cal test Parasi-
CRQAURS (0,3 WPS SA/ER toremin
exprs. | MO platelet| t-test)
Protesn
I - —
%
| conTROL 4 1.5 | 0.132 ‘1’53 | s 0.0
g,532 8.732
INFECTED 5 1.31 0.136 > 04 kS 504
|
: 7.02% w0l
INFECTED 5 0.80 0. 114 1.87 p 0.005 3.0
j t =4.19
4.3t 16.92°
INFECTED c | o0.504| 0.116 g2 | P °'°:5 6.77
t =6.63

% Paras!tpamla Shows 1N reading fran 10 animls.

Stalic scid determination
tost) eatpares teétal sialie acid content

g were carried ont in duplicate,

* Statistical test {t-
i trol platelets and {nfected Platelets at various levels of
n contro

paragitaemia.

t between parasitaemig and sialic acid

Negatj ve correlatict exis

t} plnbelgw (r = 0,950 significant at 5% level).
content of the = iy

Valueg represent Mean o
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Si{alic acid concentration

% parasitaemia

T e .y
;‘ g P |
L= o ¥

% Lo,
¢ :
v 1
310 420 2
3 o
3 %

- o
% 32

50 !0
©
0 0

- : 2

increasing dvration of
infection

Fg. 24,  Platelet sialic acid variation with rise in parasitaenia
S in P. ﬁergm {infected rats.
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DIsSCUSSIoN

It s shown in these studfer that thrombocyiopaetia set in

rapidly in Swiss albino mice experinentally infected with P. berghei.

This confirws further, s previous observaticn ty Singer {19341

in mice, and Easien and asseciates (1954} ir golden hamsters. In

the goup of animals in this study that were treated with 20 of
chloroquine per kg. body weight of mice for 7 days (Gra:?:,)za:}: ol
fall in platelet count by the 11th day was not as m nounced 2s with
the group that was treated with chloroquine for only 4 days (Group B}.
In the thirg group of mau_gg_-infected w{ce that were not trecated
at all, platelet count Was very low by the 5th day {9é to 107.4,-.109/1
cf 888,6236.2;‘109/1 1n noreal mice) and all the anisals had died by
the 7th day lour unpublished dats). However the treated groups of

mice survived for longer thun 27 days, by which time platelet count

in Lthose treated foi 7 days nad retumed to baseline levels wheregs,

the counts still ~uined below normal level in tlose that were treated
This was due to the fact that

for only the conyentional 4 days.

parasitacain of 0.2-2.4%%33 st1]1] observed in this group.

Chloroquine has besides {tg 2ntimslapial actions, some anti.

con
inNammatory properties (Carter et al 9T, At concentrations that

can be achieved in vivo chloroquin® and its anal®€ h¥dioxychloroquine,

can §nhibit platelet AgBTeEAticN {nduced by ADP or collagen and the

release of adenine nuclectides {nduced by low concentrations of

throsbin o eollagen {Jobin and Tresblay 1969: Carter et al 1971),

Carter and assoefates (1977) and Carter and Eban (1974) have reported
r

that the administration ©
the incidence of venous
mjoi‘;gﬁgd a sig\ﬁﬂi@aﬂm %I&%%%Rvj F!‘ROJECT

r hydmycmoroquine to patients undergoing



As far as 1 an avare
‘antithromboc ytopaeni c

there are no reports of direct
effect of chlocoquine . Although this effect
obzarved in this PEPOTrt can be explained by the clearance of the
Paresite . berghe! froe, the

blood stres~, it iz also possible that
the s%.ab.il_i'zins effect of chloroquine on platelet membrane g3 on

other blological mesbranes could also have contrituted to rise in the
Platelet count. This stabilizing effect on menbranes has becn reported
bul at high concentrations (Kelsszan 1964, 1965; Warturst and Hockley
1967) and it was suggested to be responsible vor the local anaesthetic
effect of the drug.

The sccumulation of chloroquine by platelets (DaPrada and
Pletscher 1975, Berquist and Dcdeil-pyterg 1983) could be a mechanism
geared towards attaining the drug concentration at which such membrane
stabilzing effrects in piatelets are exhibited. Thws, this quinidine.
ke effect could have protected the plateleils fram increased lysis
reported in acute malaria (Essien 2nd Ebhota, 1983} and suggested as
8 mechanism of reduced platelet comt in acute malaria infection (1bid).
However, same school of thought contend that at least in some Patients
With galariy, the throzbocylopdenia 13 caused by irraine mechanisms

With gpecific 1gC binding to platelet-boind malaria antigen and

subseguent lysis (Kel ton et al 1982}.
Factors respoasible for the increased leucocyte camts gbserved

in this and $n earlier reports in anizal @dlarial infection (Singer

1954, Wellde et al 1972, and Essfen et al 138%) remmin ynclear.

Haemobartonelln muris, which are concamaitant

Epenthrozoan cocoides, and
— {tized rodents, cause either reduced

infections in wild maleris
AFRICA DIGITAa}E.iLyH REPQSTORY PROJECTYE animals.
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ver, viruses and rickettsial organis-= hardly have any noicezble

on the white blood cell count in laberatory animals during
concomittal infectione (Cox 1978).

Leucocytosic had been found in rate ang mice with P. berghel

dnfection mainly becauze of an increase in peripheral blood wonocyte
count (Singer 1954), Wellde and assaciates (1971 3, b, 1972 suggested
that, leucocy1.osis reported in malaria infections correlaied with
stimslation of recticulcendothelial syster and trat 4ts role was to
handle malaris pigments and the products of acceleratied destruction

of infected and non-infected erythrocytes which is a prominent feature

of the disease.

ocytosis was recorded in the experimental
1 i e et (see tables 2, 3 and 4).

gups (A and B} and in the placeto ?ontrOl group (C)/ Hesults in
group C, support the sugsestion that exogencus erythrocytes in
Peritoneal space also give riseﬁeucocytosis. although the mechanism
involved was not examined further. 1n the experimentsl goup that

received 7 doys of chloroquine treatoent (Oovp A), W3C count fell

.08
during therapy (14.3821.04x10%/1 on d3y 4 to 1. 16%3.2:x10°/1 on

day 11) and attained baseline Values on the 14th PCst-infection day.

1 B anjmals, treated conventionally with chloroquine for &4 days,
n ghcup b an '

9
WRC fram 7.27%0 gutogll to 15.50%4.2 %10°/1 by day 7
counts rose . .

fell & adunlly to baseline
hough it later
(last day of treatment} 3alt

values by the 27th day. In both experimental @roups, the leucocytosi s
Seema to have been 8 combined ef fect of both the Presence Of the
erythrocytes and of” the parasites, as wel]l as ma:‘:W’:bi”:d::t:.m
The results also Show that treatoont with chloroguine y
pore effective in bringine down Lhe clevated white cell count than

ARG ST REFDSITORY BRbJEC

Tcount,s nad been attained
treatment for 4 da¥3.




fie 7 day treatment grouP by the 14th day whereas this was achieved
on the 27th day in the & day treatcent graup.

Blood coagulation parameters deterwined in both the infected
and the control animsls gave results which suggested coexisting
conpumptive coagulopathy in the infected animals. Besides the
signiricant prolongation in both PT and APTT in the infected onlanls
camared to the control animals a strong negative correlation existed
between parasitaemia and fibrinogen depletian in the infected animals.
In addition, a significant fall in clotteble fibrinogen was recorded
in tho infected mice (174.7t58. 1mg/dl cf contsal 253.9%41.5mg/dl).
Similar results had been obtained by otherz In man (Dewnis et al 1966
a, b, Devakul et ai 1968).

Disscminated intravascvlar coagulation (DIC) as a mechanisy or
the thrombocytopaenia in acute malaria infectians had earlier been

Suzgeated in infections with P. felciparum, P, _malaria and R,—wivax

in man (Devakul et al 1966, pennis et al 1967, Bronchowitz et al 1970).

Yedever . results ol more recent studies (Essien et al 1976, 1979;

Horstm®n et al 1961} did not support SUch a view in man. BY contrast

it
increa bserved in agsociation with hypersengitivity
sed platelet lysis wns ©

tion (Essien and
to exogenous ADP during acute P. falcipan™ infec (

: 1 ed

that these f£indings as well
{1t Was sigRested
remalned to be clarified,

Jhich ahowed that the platelets were sensitized in vivo
as later ones

dequn
(Essien and Ebhota 1963} ould adeq
resilarly observed 1
pacnia oS obtained only in S %of the group

Thws the @echaniam(s) of thrumdocytopaenia

vely account for the reduction {n

n man., Unlike in other
circulating platelets

L
1'eports, severe thrambocy 0

1979) -
studied (Essien €U pl 1979 anjmals remain uncertain.

|T&ﬁEME£§%RY PROJECT
observed in acute mal




hs

sien et al 1981}, p. berghel infected mice platelet (as FRP) also
nanifested hypersensitivity respanse to low conceniration (0.%!) of
fxoce:'\ous ADP when cozpared to the respanse {rom control anirals.

I T!igb*r concentrations of ADP {1.0-2.0u%) or other agents such as

from
collagen failed to evoke a comparable response / P. berghel infected

| mouse platelets. When dengse granule secretory Ninctions were monitored

u‘C-serotonin uptoke and release as pararmeters, no difference

in uptake and release covld be detected between pletelets frao

{sce table 6).
P. berghel infected mice and those from normal mice/ This result was

sinilar to those seen ir hman platelets {tssien and Ebhota 1983);

and thus 1t was concluded that serclonin release {fro2 mice PRP)., as

an index of dense granule secretion 'a\ained essentially normi) duj-ing

P. berghei infection in mice. Mice dense granule secretion stimlated

by ADP was jow. This wad similar to results earlier reported by

Nunii (1981) and Rosenblum et al {1983) slthough collagen still jnduced

44.1-52.3%, rvlease in platelets frod both normal and infected mice.
Changes in some platelet functions SUch as hypersensitivity po

low concentration of exogenots ADP during malaria parasitizatic are

Provably not the result of a single cellvlar defect tut result. from a

seriea of molecular and bicehemical alterations. Platelet hypersensi-

tivity had been reporved in diverse clinical conditions such as cardio-
n

vascular disorders, d3abetes pellitus, acute renal failure, Peripherial
9

ckle cell disease and nephrotic syldrome amongs
o reviewed by Packnan 1978: Mistard and

vascular diseases, si
others. (These have bee

Packham 1984) .
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Se reports are bases on results of in

function and are taken to reflect in V1vo
unquant $ ied artifacts.

Vitro tests of platelet

Platelet status with some

Kell defined @ecranisrs of platelet
adsTezation are theough (a) ADpP release ang

A2 (TxA2)

{b) synthesis of thromboxane
» @n arachidonic acid retabolite. Another 11l.defined

mechanism has been suggested by Vargaftig et al(1981). Tne enhanced
QESregatory response to low concentratians of exogeno:s AUP has been
observed with human citrated PRP as well as PRP fro F, berghed
infected mice. In both instances, serotonin release has remained
formsl. A similar aggregation response te collagen had not been
demonstrated probably because sufficiently low collagen concentration
had not beer, tested, One probable explanatian for the respoise to
ADP could be pre-exposure of ;la'elef; to ADP in circulation likely
resulting from red cell lysis during malaria infection (Seed and
Kreier 1980)}. However such exposure should desensitize the platelets
[Borm and Crogs 1953; iodme and Holmsen 1975). The observation of

hypersensitivity i this acute m3laria could also result ‘ree jncreased

Bctivity of Lhe TxA2 pathway. This is supported by the finding of
c of ¢

enhanced Tx82 in P. berghei infected hamsters {(Essien et al 398¢),

thot the Swiss albino
the movse bodel 18
A ooin conclusion froo

) Serlsiltie anim2) ©odel Which can be used in the study
fouse {3 ano

' let - malaria parasite {nteractions in addition to the golden
ol platelet -

lden hsmsters
hamsters earlier described {Essien et al 1984). The g0 X

difficull tc obtain and breed
expensive and
however proved to be gore

1Fgg nupders jn circumstance when they were needed.
syccessiully in reqi

1
the problens presented by the use of the mause mode
However,

.5-0.8m]1 per animal) which
34mi ted onicsal blood Volume (0.5-0 pe
include the AFRICADIGITAL HEAFHREPOSITORUERGUEeT OF &nimals. In addition
was overcamo by pooling




_Ibfﬂ adequate platelet changes were still observed.

Platelet hypercs®tisitivity in acute malaria could also lead to
shortened flztelet survival which could result $n reduced platelet
counts reported by several workers. Becauss Of the limitatione
(already listed) encountered with mice or golden hamsters, tle rat

me'laria model was used to study platelet survival in plas—adium

infection. Earlier studies had shown that the threadocytopaenia

recorded in P. berghei infected mice and hamsters, and P. falciparum

infected Aotus monkeys (Singer 1954, Volle et al 1972) suggsestes rapid

platelet clearance from the circulation. In this study a similar

finding was observed in suckling rsis following P. berghel infections
isee table 6

{our unpublished dats). It wao obsegved/that there was an 81.2 7
initial recovery of °'cr-labciled platelets in norml rats, similar
L0 results reportey by others (Aster 1969, Aster and Ginsburg 1969) .
The wean platelet =urvival in normal animls was 4.3 days, a result
similar to those of Winocour and associates {1982, 1983). By contrast
in the infected animals, the oean platelet survival time was 2,01 days
and pepresented a 53,3 % reduction in platelet survival from norma).
T8 result represents, as far as I am aware, the first study of

5'(.:-_13&119{' platelet survival study in rats during acute malaria

infection.
In addition to shortened survival detreased platelet productian

in acute malaria could also pe responsgible for the lowered counts

observed in these and in other studies. Since no evidence of decreased
platelet production in palaris has been reported (SkudowitZ et al 1973)
€ uc
easiva splenic ©ooling and decreased plotelet life spsn have been

exc o ap c

latelet counts obe od
AFRICADIGITALHEALTH an)sﬂ.’chﬁpmmd 1% obBerved .
Suggested ay Mechani &3
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ennanced erythrocyte fragtlity which caused relatively mild anae~ia

but adequate platelet changes were Still observed.

Platelet nypersensitfvity {n acute malaria could also lead to

shCriened Flatelet survive) which could result in reduced platelet

counts reported by severa] workers. Becauss of the limitatiq,s
{already listed) encountered with mice or golden hzmsters, the rat
malaria model was used to study platelet survival in plasnodium
infection. Earlder studies hsd shown that the trucciocytopaenis

recorded in P. berghel infected mice and hzmsters, and P. falciparum

infected Aotus monkeys (Singer 1954, Volle =t al 1972) sugSested rapid
platelet clearance from the circulation. in this study a similar

. ling rats following P. berghel infections
finging was observed in suckling tnea: tanle 6]

{our unpublished data). It vao Coscgied/that there was an 81.2 /

initial recovery of 51(:r..labc'xled platelets in norma) rats, simflar
to results reported by others {Aster 1969, Aster and Ginsburg 19¢9).
ihe mean platelet sw-vival in norwal anicalg was 4.3 days, a result
afmilar to those of Winocour and associates (1932, 1983). By contrast
in the infected animals, the mean platelet survival tioe was 2.01 dzys

and renresented a 53.3%reduction in platelet survival {rom norvaal .

Ihs 1t represents, as far a3 1 an aware, the first study of
2 resu -

51 t.ady 1n rats during acute molaria

Cr-labelled platelet survival s

|
infection,

to shortened survival decreased platelet productiq,
on

In additi
in acute wmalaria could
the

observed in these and in O

ia has be
son in malar
Platelet product.i . e platalet 1ife apan have been
pooling

also be responsible for the lowered coumts |
studiena. Since no evidence of decreased
r .

en reported (Skudowitz et al 1973)

1A ey o st ridiéer € PlaLelot Comnts observed.
S0S
auggrested as mechani
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&, ¢
rodent= and non-hren pri=ates, proliferative changes in

spleen: were particularly pra:inent {Aiksus, Suzuki and Cuitiere:z

’-l_-‘iﬂgl but, only moderate changae in tie reticuloendoth<lial syster,

- ulre d%:1%€1%¢ (n ». filcipanc: infected hottis monkeys {Jervis et el

1872). Quinn and Wyler 11979} showed that °'crolabelled P. berghed

infected erylhrocytes wire oore rapidly cleared fror, circulation ther
uninfecled erythrocytes. This accelerated clearance of infected
rbcs appeared to result {rom greater spPlenic uptake of the red cells
e/cn in rats rendered i{rmaune by prior infection. Similarly, Ginsurg
and Aster (1969) while studying the occhani&: of "hypersplenic"
thranbocytopaenia in rats, concluded that splenic platelet pooling
and. the asaociated shortening of plateler life-spdn were sufficient
to explain the thrombocytopaenia .ai.sirved in splenomegalic anirzls.
It is suggested that decreased platelet recovery observed in the
infected rats in this study, cotild resvlt from increased splenic
PoOling, There was nc facility to test this suggestion and this aspect
Was thiereforc not examined further. Our results are taken to {ndicate
Lthe fate of ;1Cx-_labe11cd platelets in rats previously infected with

P. berghe! ralaria parasites. Furiher work is indicated in this grua

to study the kinetics of platelets during mAlarie Prasitization as

this could heip point ot the atage of the acute disease at which

'S infc tian.
splenic sequestration starts during c

Norml Platelet senescence involves, decrease in circulating
o

platelet density, reduction in platelet size and loss of surface sfalic
ens ’

o the cell fer réWval frad the circulation
acid, the latter change mars

by the spl (Rand, Greenberg, Packhan ond Hustard 1981). Furtherwore,
splieen t

ain
removal of surface 9ialic acid (rap platelets by nevraminidase
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viruses with Neurarminidase-1ike activity such as infiuenzs:
w - ] he 4
Creimberg et a} 1975, Scott et a3 1978}, or proteslytic eniyres such

as trypsin, pepsin or chymotrypsin {Parkham et al 1977 a, b) has been

8hown to be an important ;actor in detercining platelet survival i4

circulstion. These reports therefore necesaitated a study of platelet

total si2lic acid during P. bez-é~ el ipfection in rats. Platelet sialic

acid coaes mainly froe Elycoproteins and hecateside, having adout

in Table 7
60% located on platelet surface. The resull/clearly dexanstrates a

Significant decrease in the toral sialic acid content of the plat.lets
auring P. berghei infection. The tolal platelet sialic acid content
of the uninfected control suckling rats {1i.43M sialic acid/eg
platelet protein) obtained in this study, is in close agreement with
vélues reported by Winocour and asscglates {1983). 1t is shown for

the first time in P. becghvel malaria infection in rats that a hizhly

—_—

ne&ative correlation exists between total pla“elet sielic acid and
Percentage parasitaemia (rs -0.95).

This result further confirws the role of sialic acid in determining
platelet jife span earlier described by Several workers (Terrada ot g)
1966, scott et al 1978 and Rand et al 1981). Shortened platelet

Survival in viral infecticns involving viruses with neuraminidase

gctivity can be attributed to the resoval of sialic acid from platelet

mewbrane glycoprotedn (Scott et al 1978}. While no information on

plasmodizl neuraminidase-like activity had Previously been reported,

an increased plasmo concentration of proteolytic and 1ipOlytic enzyrmes

have been demonstrated in malaria infections (Hapewood 1978; Sherman
en

n

sialy id. and wWéﬁﬂTMMHME(QIaMIEt alalic acid reported
c acid,




1 | | 1 "l

-iC -
- However, although total platelet gslalic acid was deterwined
this study, it is known that ouly surface sialic acid frar platelet
eepbrane glycoproteins would be most readily affected (Choi et al 1972;
Greenberg et al 1977, 1979% Scott et al 1978) as no study has as yet
implicated reduced granule sialic acid content with shortened platelct
1ife-apan.

There is 91,111 conaiderable controversy on the effects of
reduced {or increased) surface sialic acid and enhanced gplatelet
aggregation (Mester et al 1972; Creenberg et al 1975;: Pearschke and
Zucker 1978; Bunting et al 1978 ant Rand et al 1920). In this study
total platelet sialic acid and platelet hypersensitivity have been
demonstrated during acute inr;ctim with P. bergh=i {the latter result
in rats was unpublished). Our re=ults wtidch dezonstrated entiancenent
of platelet aggregation as well &s reduced total platelet sialic acid
during scute malaria infection suggest that both sre related.

For loglstic reasons, suckling rat model wao used in some of ocur

dult rats.
studies as it was difficult for P. berghel to @Y 10 a

(Ob{ and Okarioo working independently here have reported similar

experiences / personal cqmumnications/) . ZuckermE and Yoell (1958]

had stserved that with advancing age: jntact. rots became less suceptipla

{th and co-workers {1952)
By contrast MoegFa
te F. berﬁgi infections.

tragn of P, becghel 03 used by “uckerman and Yoeli
same Stra . _becghes

a high mortality rate in mature rats infected
was

employing the
reported that there
wlth the P, berghel obtained

rats. The difference in sucept

by {ntraperitoneal blood passsge into
sbility in these two reports has been

ter workers gaasaged their strain

masntained theirs by mouse

the lat
attributed to the fact that
~yeruwan and Yoell,

2u
Loy el 57 with reduced virulence for rats
w . m selectmmgTA?I}Egg‘R‘EPOSITORY PROJECT
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: 1t consiatently killed a1} the recipient mice if untreated

u
. Ckerman and Yoeli 1958). s Question was not considered to be

relevant and was therefore noi exa~ined further.

Chiange® in platelet function during plasodiun infection in an
in vitro sy.tem have been achieved in this study. The objective was
to provide an experimental model in which well \nowey lird tations
associated with in vivo models can be avoided or cinirized . 1t was
also thought that it would be easicr to isolate and investigate the
mechanism(s) responsible for the platelet changes sich as enhanced
platelet sensitivity observed.

AS in human PRP from P. falcipan® maiarla patients (Essien and

Ebhota 1981) and mice PRP with P. bergivi reported earlier (Inyang,
Okpako and Essien, in press), platem’ rich supérmatant obtained after
interaction or washed norwal platelets with infected erythrocytes
(PRS1) showed significantly enhanced asgTegation response to low
cacentrations of exogenciis ADP than platelets which interacted ,ith
normal red cells (PRSc). However, unlike the response reported in
human PRP, from malaria patients, there was also enhanced serotonin
secretion in PRS1 compared with contiols (PRSC). Although the reason
for the difference could not be readily obtained, it is suggested

that part of the reasan for the obdserved differences could be ip

Reasyirement pmeduug such &8s the use of iﬂ‘[pm.x-ne in the 1n vitro

@odel to check Serotonin reuptake. Thig preCedure 1ias not adopted in

the in vivo studies. Secondly, the higher ). P3rasitaenie attained in

the in vitro System coupared With what 13 normally obtained in patients
e 1n Vitreoe

codd have increased the sensitivit
tonin releas®d in mice With

y of the oodel. Failure to obtain

{1 higher 7 parasitacmis than
a8 similar sero
was obtained in the in vitro systems &3y be due to species differences
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huran

and rice platelets with respect to this paraeter ae

as the fact that PRy saiples were used in both human and mice
tudies. l

Enhanced 1xA2 production has been reported in P, berghei infected

hassters {Essien et al 1%84). A mecharist of the TaR2 productliun was

in all prolability platelet activated interaction with parasi{tized
rocs and the parasites,in addition to productie free monocvies.
i sicilar platelet mechanisn elmost certainly operates {5 this sysiem.
One grrcat advartage of the in vitro syster. s ihst it greatly
S1Gflified anvestigations into the mechanis=z of the Lypersensitivity

read.tion in acute malaria infections. The acsepled mechanism of

platelet aggregation are vie ADP, thramboxane A2 (TxA2) and o third
1ll-defined pathways. 1t has recern\ f been shown [(Reimers et al 1935)
that sgheared rbcs release ADP which enhiances platelet agzregation.
RBC 1ysis by rupture is a continuous end prominent feature of acute
Zalaria infection. I: is a well known mechanisa of anaeria of acute
malaria, In addition 10 the ruptured erythrocytes, the in(ected ones,
having increased perpeability and fragility, release ADP and this was
therefore thought to be one of the likely mechanisms of the enhanced
It possibly acted by priaing the

platelet aggregation in the sSystem.

platelets. The effect of continucus presence Of ADP in the nediuw on

were not refractory to
platelets is not lnown, tut the platelets y

subsequent exogenous ADP even whan the additions werc m3de within the

&) s
of adcenine nucleotide levels in the
refractory. Although measureoent e e
PRS was not done for 10538[-16 rcasons, it was demonstrated/that the
concentration of ADP and other 280Nists in tho system were not adequate
ation
to fnduce spantancous SgSTeEAtion. The serotonin seleased in the PRSH
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results] mest have acted Synergistically with tihe ADP

Tiner and Borv., 1988) relessed froe| ruptured red cells tog:ther

th TxA2 fror sctivatesz Platelel (Essier et al 1984) to induce the

maxiral platelet Aggregation rezorded,

it iz supgested that these thre¢ factors were the contriduting

factors which overcome the platelet refractory state normally expected
in the presence of ADP (O'Brien 1962, Rosunbers and Holmsen i9G9).
It is also sugzested that these factors were responsivie for the

observed hypersensitive response of the PRSI plateleis to low excgenous

ADP concentrations.

Results of experiments desi@ed to teat ihese sugsestions support
the conclusions reached. Ffor instance, ti:¢ results obtained from
addition of creatine phosphate/crea: i‘ne pliosphokinase (CP/CPK) or
pyruvate kinase/phosphoenulpyruvate (PA/FEP) to the PRSi (table § )
shows that agaregation of platelets fro PRS1 saoples was significantly
reduced by about 75% coapared to ugsual respofise withoutl. the enzyme

Systems. The controversy surrounding its mechenlsm notwithstanding
(Huang and petwiler 1981; Wunn. and Cnamberlain 1983}, CP/CPK when added

to platelet suspension is peljeved to inactivate extracellular ApP

prior (o platelet activation by exogenais ADP. Apyrase also performs

the same function. Apyrase Was added to both the platelet washing and

suspending fluid in which both sashed infected and control rtxX's vere

Fresuspended. PK/PEP was 28130 used Lo study the role of seCreted ADP

1so a reduction in the PRS{ platelet
in some experiments. There wed 4
response in the presence Of pk/PEP to exogenous ADP stimulation.
stom has bgen shown to be

ion {Haslam 1964) but quite ineffective against

quite effective on endogenous
PK/PEP enzywe sy

(secreted) ADP inactivat
1 1984), Thus the results obtained lwre

exogenous ADP {Sanfabaldi et @

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




- 7%

‘Suggests that some of the ADF
the plat

In the melieu was srcreted ADF fvror.

tlets possibly during interaction with infected
during activation.

red cells or
Although the relative concentrations of secretable

and erythrbcyte releas:d AV fractions were not m:asured in our

lkc

experdment®, result using -SHi release showed that there uas

considerable dense granule release reaction in the PRSi sarples. The
S-HI reclease was taken as an index of dense granule secretion ang
indirectly pointed to a higher ADP release, as the latter shares the

sane storage granule with S-HT.

Th2 extent of TxA2 activation in this systeo was deterzined by
teasuring the extent of inhibition of ADP-induced PRS{ aggrestion
using Dazoxiben, a thrasboxane synthetase inhibitor, in the system. An
1B.5 % reduction in ADP_induced agaregation in PRSS samples was

(see table 10].
obtained/ However, dazoxiden 3ignificantly reduced aggregation of
PRSY samples when it was !nduced by a more potent agonist, collagen.
Tius, as was reported in hamsters, the thromboxane pathwsy was also
activated i{n the in vitro system.

It {2 concluded fras this experimental model that the platelet

hyPerasensitive reactions to exogenous ADP during acute malaria {nfection |

Wds due to plate)et activation by synergistic effects of released ADP, |

froam infected erythrocytes, 6-|{T secreted fram= activated platelets

and increased TxA2 producticn bY the Platelets. It 1s also suggested

that these factors acting similtaneously overcane the platelet

refractory stote which would have been induced by the presence of

ADP {n the system.

The model also showed that upto 20 Zof the platelet aggregation

he e o

indu¢in tivity covld not be accounted in the two established

nducing activity
,egauw-inducins activity was ]ocated in the
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matant after platelet intera:tion witn infocted res cells (PRSI)

the preliminary characteristics of thie activ

| ity were investigated.
it was found that the plateler prizing

activity occured ragidly and

reached maximal levels within ore munute of incubation. It was also

found to be heat-stable at 56°€ for one hour, the activity was still
present after throecbin inactivaticn and cousld also be detected in
parasitized erythrocyte derived supermatants {EDSp} in approdsstely
equal gmounts as in PRSi. Onr its own the "factor(s!"” present in the
EDSp did not induce platelet aggregation but sufficiently primed tha
platelets to give maximal aggregation in the presence of low AD?
{0.25u} concentrations. Sodium dodecyl sulpliate-polyacrylamide gel
electrophoresis revegled a band only in the PRS{ cell free supernatant
sazples obtasned before and after r,,‘; agFeeation. The presence of
this band in the samples before LDP agFegation, sugsests, that thi:
"faclor" is not a product of the pgfregation process, but could have
ten derived eithe; (re= the interaction betwsen platelets and infectey
red cells, or froo the infected red cells themselves. In addition
Phospholipid canalysis of the samples obtéined before and after ADP

aggregatian, yielded negative resvlts. Thus the "factor" sn question

is n¢t a phospholipid.

Although the model described leaves a number of QUestions

concerning certain aspects of the plasmdium-platelet interaction
unanswered, it is none-the-iess a very usefVl, flexible and practical

system that has yielded results that are similar to those obtained

in man and mice and Probably {n hazsters and rats, too,

The Platolet hypgrscnsitlvity reaction during acute malarial
e

infection is a miltidipensional phen i
wle secretory reactions. It has been

It involves iNcreased

dcnae gronule and olpha g

AFRICA DIGITAL HEALTH REPOSITORY PROJECT




I,

. here to involve the ADF and throsboxane ptiays., ac well as

a third "factor” that Was not been fully ctaracterized. The detailed
';ft-_:hanist'. of this platelet priming that results i1 hypsractivity has
not befr. fnvectigated furiher. Celciws eibilization fror dense tubular
systef into the cytoplasw forms the coman pathway for platelet
activatior, by most agonists {Detwller, Charo and Ffelnran 1972},
Investigations of calecium potabolisn in acute malariz needs to be

exatined. This is even more necessary as it has been showm that

during P. berghel infections in mouse, there is eitanced “SCa“ uptake

into the erythrocytes associated with increased £lucose uptake (Neame

and Homewood, 1975, Krung Kai and Yuthevang, 1983). A similar increase

an Ca¢ ' ana glucose uptake in P. berghei infected mouse platlets

could result in enhanced platelct “f-dvation, 3 situation previously

sho'n todo so (Massinl and Luscher 1974 }. PFurthermore, \his could

be the mechanism of the postulated platelet lysis in plaswdia infection

(Essien and Ephota 1983) as Romero and wWhittman (1971) have shown that
rag

haemolysis accoopanies increased Ca uptake into erythrocytes.
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SUMMARY AND. CONCLUSION

Thrombocytopzenia and mild leucocytosis accorpany P. berghed

infection. In cases wnere the mouse were not treztes there was

severe thronbocytopaenia and death by the Tth day. Hewever in
the treated groups of animals, they survived and the platelet
count returned to the preinfection levels by the 27th day if
treatment was given for 7 days (Boup A) or rerain=d suboptimal
by the 27th day if treatsant was for & days caly (group B).

Mild leucocytosis was observed with respect to th: infected
groups but values returned to baseline count by the #%th day in
the group A animals and slightly later in the grovp B ones.

The leucocytosis was parr:al‘.;' due to the presence of foreign
red cells in the periterieal space of the anirmals and partly due
to the infection. This study showed that treatment of P. berghel
infection in aice with the atandard dose of chloroguine sulphate
for the standard & days was not adequate to eradicate the
parzsites completely and platelet comt did not return to

unlike treatment with same dose for 7 days.

preinfection levels .

tecting the platelets
or chloroqiine in pro
Tne beneficial effect

tabilizing effects,
to its pembrane S
as been attrituted

o0od Coagylation tests carried ot ghoWwed that there was
Bl

derrangemeat Of the blood coagulation systems in
a gencralized

this animals {
with 8 dig@nosis ©

: en re
a finding that ha® e

fee) during malaria. The results wWepre conaistent
©

r disseninated {ntravascular coagulation (DIC),
ported by sand workers in patients tut

notl by others-
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Platelet hypersensitivity to €éxogenous ADP reported earlier

in man was also observed in mice.

Platelet survival siudies showad that there was significant

(& 53.3%) shortening of platelet life-span in sucklingrats during
-P__berghel snfecticn. Platelet recovery and hzl f-life were also

determined. Platelet recovery became sigificantly different

in the infected rats only 42 hours after labelling vhen coopared
with the control rats. A negztive correlation evisted between
parasitaemia and total platelet sialic acid cantent. Jhis latter
result suggests that shortened platelet life span was a
censequence of changes jn platelct. usmdrane giycoprotein sialic
acid. The reduced platelet sialic acid level during mzlaria
could partially be respcasibif for the observed platelet

hypersenaitivity observed at least in this model.

In this study, a wodel for studying platelet - plasmodiur
interaction which repraduces observed effects in vivo vas
successfully developed and successfully used to fnvestigete tphe
mecnenigms of platelet-malaria interactions. 3y revealed that
ADP, serotonin and thraiboXane, 8 synNergism of all, & another
probable tut undefined "factor' were involved in thé plateley

hypersensitivity reactions observed. Attempts to sdentify the
additional “ractor" jnvolved showrd that the “activity" was

present. fn the wpematant from washed infected red cells after

interaction With platelets before and after ADP induced

It wo9 heat, stable and was still present after
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APPENDIX TABLE 1: Results of Prothroabin time test (control

and infected wice) alongside platelet catnts (P.C.) and
% parasitemia (for the infected mice omly)

CONTROL PARASTTISED
TIME P.C. TRE Bc.. % PARA.
3€C |1 (109) 7% (10971) | sIToMIA
1 10.0 840 13.5 376 ! 36.4
2 7.0 982 8.0 720 18.2
3 €.0 1130 7.0 | 485 28.6
4 3.0 798 1% .5 360 39.5
S 5.0 861 10.5 565 8.1
|
83.4
£ 10.5 820 12.5 590
7 8.5 ‘.‘73 13,0 410 31 06
4.5 T19 40.7
8 9.0 698 L
- 11.5 480 40.8 1
9 -
12.0 650 41.0 |
10 - - |
I
11 — - L -
* S5 < 3‘-9- <>
=T 862.6° | 11.70%2.6 | 131 | 33-8°13
8.13%1.94 134.9
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Resuits of APTT test (for control! and

% Parasitemia (for infected mice only)

CONTROL PARASTTIEED
SAMPLE
NO Tine P.C. Tice I P.C. %
' | (sec} {sec) (se¢) (x106/01) | Parscsttexid
1 36.0 840 34.5 370 3.4
2 27.5 982 54.5 70¢ 18.2
3 20.0 1130 45.5 485 28.6
4 23.5 798 X.5 360 39.5
S 37.5 820 63.5 590 53.4
6 40.0 751 66.5 719 40.8
T 30.0 863 47.5 650 41.0
10 32.0 811 . ®4 S
. 18.0 977 36.0 599 L
30.0 726 8.6
12 - L
_ %2.0 579 42.4
13 -
0 - v 4 .52 39.4217.5
m.gst | 878,20 [ 45518 21379
s | 505 130.5
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NORHAL PARASITIZED
SAMPLE MO. '[
Fggén\?fm Fibrinogen %
/L) clot wt. Parasitem!a
1 200 240 6.1
2 300 200 43.9
3 280 160 44 6
4 200 236 7.6
5 260 200 12.7
6 300 180 42.4
7 280 245} S.4
8 200 180 18.6
62.6
9 280 100
' 240 28.2
11 | -
122 34.6
12 i
144 eB.4
h 144 31.3
14 -
M 26.7
3 248 3.8
s : 50 389
17 E
174.7258 . 2.5217.6
M 253 31&1.5 : :
[ . 10’ (n = ‘7} n s 17
/g
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APPENDIX TABLE 4:

Determination of Hematocrit Tube radius.

ight - =
el | et | DS | o | s
{gm) rilled colum
water(gn) (&) P em
water
J -
¥ 0.3375 0. 1420 0.0245 41 | 0.0425
2 0.1340 0.1590 0.0250 39 ’ 0.0552
3 | 0.1306 | 0.1596 | 0.0290 44 :| 0.0458
l

4 0.1276 0. 1470 0.0194 31 0.0447
5 0. 1220 0.1430 0.0210 35 0.0437
6 0.1380 0. 1544 0.0164 | 25 0.0457
7 0. 1269 0. 1634 0.0265 8 | 0.0448
8 0.1227 0.1532 0.0255 41 0.0445
9 0.1220 0. 1505 0.0285 46 | 0.0444

; 39 0.0439
10 | 0.1219 0.1455 0.0236 !
14 | ©0.1289 0.1566 0.0277 13 0.0459
12 0.1359 0.1500 0.0150 22 0.0466

{n = 12)
Hezm; Radlus e 0.0“‘49‘0-«”95
26°c = 0.99623 ga/ol

| water was given at
R < %% = 0.99707 " "

tants}.
(Rel.: Book of Phyaical end Chamicsl Cans

= ‘!Trzh
1/2

Vol. of 8 cylinder (V)
iy
il A {n‘ﬁ
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L?PE'IDZX TARBLE S:

Dazs fram platclet survival.

Vol. of Total Length of | Vol. of Counts | Coamt
labeled Radio- blood blood per per nl
platelet | activity | colum column alnute ofmd

- | injected | injected | counted counted | of bl
S-6-84 a (1) into in (om) in (1) | sample
§ animal
) estimated
from
atandard)
g\ 0.2 23940 28 17.72 | 182 10271
5 3 0.375 44988 40 .32 306
6 0.45 53865 a2 20.26 450
7 0.45 53865 36 32.79 350
1 0.45 53865 32 20.26 an
¥ |2 0.45 53865 33 24.69 344
3_'.' 3 0.50 59850 %0 5.32 S08
S g 8.45 S3R65 40 5.32 348
6 0.45 53365 35 22.79 287
7 0.375 448838 36 22.79 379
8 J. 0.375 44888 48 30.38 389

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



APPR2OYX TABLE 5 (Contd. )

L ‘2 Hean
Yol. of Total Length of | Vol. of | Counts Comnt %
labelled | Radio- | Siood blood | per per sl | Recovery || C:
17 ey platelet | activity | colm colum | minute | of ecovery
- | $niected | intected | counted comnmted | of bloeoo
,% 2| ) | into {n (em) | 40 (01) | sample
6-6-8L - animal
{eatirated
(rom
+ standard) s :
i 4 27.98 152 5633 52.4 - 3
g 3 3 20,7 | 207 | 10219 | s2.6 LA | i
£ | 6 32 20.35 450 22112 9¢.8 53 2 - e 28
¥ 1 19 24,80 274 10927 46.9 L ’:
1 ke .53 98 4165 17.9 14.5 -
2 22 13.99 188 136438 57.6 6.5 |
vl 3 13 20.99 393 18723 72.3 38;9 3.4 9*"6:] '
§ 5 a8 24. 17 114 217 20.2 3 11.5 2

L - 1 |
G | 6 29 18. 44 148 6399 27.4 20.0 8.5 |

7 | 39 24,80 186 7500 38.6 3.9 !

8 | 3 2162 | 159 7354 37.8 10.9 | ﬁ

I
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APPEIDIX TASLE § (Contd.:

%
Vol. of | Total Length vol. of | Counts | Count ,
5 labelled | Radio- of blood | blood per | per ml Racgvery -
i 4 ] platelet | activity | column colirm mimute | of Mear
: | injected | injected | counted | counted | of bleoc
§ 2 (o) inta in {m1) in (V1) | sample
T176/84 5 | andmal
(estinmated}
frao |
standard)
1 4 21.6%¢ 120 5550 23.6 . .
P |2 32 20.35 20 | 5897 30.3 J
§ 3 38 24 .17 148 6123 26.3 15?;3
4 39 24.80 320 | 12903 55.3
] 39 24 .80 20 807 3.5
3 3 38 24.47 164 6785 26.2 7;9
g3 3% 21.62 * | 1573 6.1 L2
e |6 3 20.99 2 1048 4.5
3 7 l 38 24.17 2 1076 5.5
8 | 62 6.7 19 732 2.7
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X TARLE 5 {(Contd. ).

r " r r 0 =
Vol. of Total l Length Vol. of
labelled | Radfo- of blood | dlood
66 Irg. .| platelet | activity | counted | colum e
2| injected | injected | fn (mm) counted :
g (al) into in () - "
16784 g andml
: 5] (est{nated) g
froo g
standard) Ix
| 30 18.99 02 4BA4S 46.7 -
P {2 45 28.49 48 1685 8.7 -
(§ 3 28 17.72 97 5474 23.5 -
4 37 23 .42 155 6618 28.5 5
' - a - - - ta.6
2 - - = - - 12,3
213 30 19.0 53 2789 10.8 18.4
é’ 5 40 25.3 30 1186 5. 14.2
S |6 = - - - 3 13.8
E r o = - - 5.1
¢ Standard counts from «@shed platelet suspension (0.1al) - 11870
Yol, of blood in hezmtocrit tube (Troh) $m caleulated from TIr° = 0.633°

Values 4in empty colixmns remain same a9 for that at 0 hr. Ssampling.
¢ Mean recovery value 13 estimated for 7 anirzals.
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Total Phospholipid determination (by the modified method
of Fiske and Subarrow (1925):

?rinci ple:

The phospholipids and proteins in the plasma {or any

other medium) sre precipitated by addition of 10% Trichloro-acetic

acid (T.C.A.}. Tnis also destroys the action of enzymes which 3dd

to the value of phospholipids in plasm. The phosph:1ipids are
digested using 60% HCLO, {Perchloric acid) to reizase the phosplate.
The phosphate thus released is camplexed with molybydate [orming
phosphomolybydate. This complex is reduced to molybdenur blue with
methol . The resulting colour {ntensity is measired spectraphoto-
chemically.

Procedure: 0.20] of piascHE was added to 1.0ml of weter in a

digesting tube and 5.0m) of T.C.A. (10% solution of T.C.A.} was
trifuged at
added and the mixed thocoughly. The mixturc wad ceatr ge
3,000 rpm for 10 minutes at FOd regperature. The supetmnatant was
1 rpm {
poured Pway and the tube was drained o0 3 filter Ppaper.
60% NCLO4 was added tO the tubes (including 3 epty
0.5al of
2 for Standard and 1 for plank) and digested on a heater for
tutas; r
45 minut Tubes Were then repoved and cooled tO0 roan tamperaturc.
utes.

2 {or the 3tandard #efe then
tubes, except the
The sides of all the

water
Oxt ol distilled ‘
washed down With 5.0ml
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5*&7\1 of standard solution (Standard Puosphate (PO4) solution
of KH2 PO4 /Potasium dihydrogen phosphate7 was prepared from the
%esaicafor pre-dried salt st a concentration of imgp/ml by dissolving
2.193gns of KHZ PO4 in distilled water) was used to wash each of ths
2 tubes for standard. 0.4m1 of 5% Ammoniunm solybdate sas addzc to
all the tubes and mixed well.

0.2m]1 of the reducing agent, metol (1% solutich of @etol was
prepared using 3% sodium metabisulphite as diluent] wvas added to the
titbes, mixed thoroughly and allowed to stand at roao temperature for
30 minutes.
The optical denosity woo measurvd at 700nM using a blank

{distilled water) to set to zers.

Calculation:
T”"M 258 pnoaphclipid per 100l plasme
Concentration = § 4= c—— g
andardreasing
(X)
Note: : Working concentration was made up of 2ml of the stock

diluted to S00ml with distilied water (4x10™>maP/ml ) .

= 4
Percentage Phosphate (PO4) in phospholipids
i.e. in a ratio of 1: 23

:. concentration (X) is sultiplied by 25 to Convert to phospliolipids,
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ivation of Erythrocytic Stages of Malaria by the
petri-dish-candle jar method (Jensen and Traser 1377,
rager 1980):

Appropriate amounts of 6 or 85 red blood cells were placed
in clean, sterile petri dishes of any desired asize to give 8 2-3rm
depth of meditz. Oulture oedium (described delow) was changed once
daily by gently tipping the dish, drawing off the clear fluid and
replacing it with fresh mediun.

A gas phase of 2-3% 0, and 15-16% 0, was provided by buming
3 éandle in a dessicator jar hclding the dishes until the flacee
goes eut, when the dessicator stop cock is closed. Cultures started
with an initial parasitoemia of 0.1% reach 5% in four days. If

atarted at 1% they reached 6% Lwo days, that 1s in one cycle. Higher

par‘a81t.aemias und attained by changing the pedium twice or thrice

daily.

it
Medium, serun and celis: The aedium used wWal AR 1640 with
o Hmmn hapologmis serum AB, A or O was used.

25414 ){EPB ?J:.f\lf'.
was Stored 2t
Freshly collected Serum
medium was prepared (VoD the powdered RPME. 1640 with
The um

~20°C.

To prepue 1 litre of medium,
« bicarvoaate.
glulamina but without

-cedistidled
diasolved in 300ml of glass-ced
cp Wa3
10.4g of R 1640 povd

was added, the solution made
of HEPES tuffer
water. To this 5.948

up to 96ami and sterilized by cyltration through

um W
_asity. The o=dd
of 0.45uw porass so1ytion (stertiized by Hillipore

5 carpleted Just before use by

on 5% Nalic0
the addition of 3 e e b=
(iltrotion) ot B rate of 4ml Per

B on

HEPgS buffer. Sorwut

meiiyg was Stored 8t 4
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then 8dded in appivpriate amounts. Cxplete
WBS

O and lsed ¥Within one week,
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erythrocytes were obdtained as & unit of blood collected
dld-citrat-e-dextmse or citrate-pliosplhate-dextrode and could be
' for up to 4 weeka of storage at 4°C. The red cells were

pared by centrifugation and washed twice in crmplete medium
IsldthOut seruo, with removal of the buffly layer after each of the
three centrifugations. The cells were finally suspended at dasired

concentrations in eamplete wedium with serum.
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