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/,SSTRACT 

In lhia thesis too probl� or h:lemostotic dioorders with 

P rt.iculnr rcr r nee to platelet dy:3t\ulct.ion 1n experimental calaria 

models has been examined. In the S-"1ss albino l'lOUSe model infected 

with Plasmodium bcrf)l<!i ( P. bcrr,hei), resular thrcx!lbocyt.opacnia k'l!l

as.soc:iat.ed with the parasitaemin. Mild leucoc)'tO!lis due to the 

presence or red cells 1n the peritoneal space and partly due to the 

int action was o.lso observed. It. was found that t.reat:.nent or tlK' 

infection with standard dose or chloroquine sulphate for the standard 

4 days was not adequate to eradicate the parasites cmpletely, and 

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

27 days. On the other }}ap�) tre<\t�nt or the infection with the .same
'· ' J ,, ,. 

dose or chloroquine for " days cocpletely cleared the parasitaerua by 

the end or the treatment period and platelet counts returned to baseline 

values by the 27th post-infection day. Coagulation parameters, such 83

PT and Am were significantly prolonged in the infected an11llals while 

clot.table !'1brinogen was reduced when conpared to control animals_ 

A negative correlation e;cisted between clottable fibrinogen and 

percentagt: parasitaemia. It was concluded that disseminated intravascular 

co::igulation (DIC) complicat.ed acute malaria in Mss albino mice. 

Platelet hypersensitivity to only low concentrations of ADP

( o. SuM) but not collagen, was mani rested 1n the infected mice PRP,

although th1 .. w� not accompanied by My dense granule secretory defect 

�hen st1.n1Jlated With eiLher agonist. 

In the suckling rat. r-ocfel infected with P. berghei, platelet 

survival studies using 51cr-labelled homologous platelets revealed

a 52,;reduction in mean survival timt.. There iras also a signii'icant 
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redbel.ion 1n total pl t l t :iial1c acid cont. l in th infected an 1 

The d 1n platelet eurvl val in the infected rat. was attributed 

to a drop in total platelet. o1alic ncid content. The latter was sl>Ol«1 

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

concluded from this study that. th� drop in total platelet s1al1c acid 

content. wno probably a3 a rc:iult of loss of z:ie:i:brane rather than 

granule sialic acid. 

In the 1n vitro system des1(:1led in this study, washed hU!'lal'l 

platelet :iu:ipcnsion was allowed to interact with i..'a!!hed cultured 

P. falcipar:u!? infected human rbcs, and t.he post-interaction platelet

rich suspensions (PRSi) tested fon changes in platelet f'Unction. The 

control system corapr.$ed similarly treated sha� cultured erythrocytes 

(PRSc). Platelet hypersensitivity to lo,.., ADP concentration:i (0.25u.'-I) 

was observed only in the PRSi samples. Ttais re!lult was attributed to 

synergism between ADP, TxA2 and serotonin secreted from the stimllated 

platelet as well as an unidentified protein "fact.or" demonstrat"d ii' 

significant amount on sns-PAOE gel. The latter factor was heat stable 

at 56
°
c for 1 hour and was still present after thranbin inactivation. 

It was concluded that the in vitro model is a suitable systeni 

to usein lll\!Clltigatirul' different asoects of platelet/malaria interaction!! 

It i..w also coocluded fl'<X!l these studies that platelet. dysn.inction is 

c0!llll00 in acute malaria infections. SaDe of the mechanisms involved 

have been identified and the direction of further investigations 

identified. 
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, • l • 
• HISTORICAL REVl.E)I 

Platelets are non-nucleated blood cells of 1.5 - 3.0u!·l

in d1a-.et.er. Thie circulating platelet. is discoid in shape and 

was thought to be a s1.mple cell basically comprising the 

granul�re (granule concentrated area) and the hyalaoere 

(a slightly basophilic area enclosed by the p)asma membrane 

(Kubisz l975, Ulutin 1976). It is nC1.1 kncr ... n to be a very 

COl!lplex structure like other blood cells. 

Historically, platelets were the last of the cellular 

eleme.'\ts in the blood to be discovered. Its dl.Scovery, 

develoi:,cent of kncrt1ledge about it,and its role in haemostasis 

and thrcr.bosis were closely linked with the developnent of the 

optical microscope by Van Lewenh°fk (Robb-Smith 1967, Spaet 1980)

and subsequently the cO!Dpound microscope (Spaet 1980). This r..ade 

it possible to �lve objects at 1.�-: dia:neter and platelets 

have a diameter of l. 5 - 3u.'-:. Alfred DoMe I 1842), a French 

clinical pal.hologist, f1rst. decribed the platelets which he called 

"glowllns of chyle". Other contriwtors to this early discovery 
Medical 

or the plat.elet include t.wo EnE;l.1sh,!Pract.it1oners, Georse Gulliver 

( 1842) and Will! am f\ddison ( 1842) 1.'ho working indepcnd�nt.ly made 

the first drawings of the platelet., Franz Simon ( 1842) Friedrich 

Amold ( 1845 l Gustav Zianenian C 1846) William Osler ( 1874 l Georse 

Haycm ( 1878). The latter belloved that they were red cell 

pre<:ttl"SOr:I. 

Tm culmination or these early studies was 1n 1882 when

Julius B1zzouro, a noted It.alien Haematologist. distinguished t.he

platelets from erythrocytes nnd leucocyte•, taking pa1n!, t.o point. 

out the specialized role of plat.elet.s 1n haemostasis nnd clot 
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1.2. 

f'ormt1on. It '--:U 81:�ero who gave the � "Platchcn" (plat..clct!l) 

to these new cells (Spaet \980). Eberth and Schilmlelbusch (1885) 

later pointed out. the rclation:ship or blood platelet..:i to blood 

clo:.t.int'; aJY.l described oorphological changes that occur whc.-i

platelet.s c<DC in CCX)tact "ith a foreign surface or d� vessel:i, 

ce."lt1cming �t :uch c.hanses enhanced their stickiness. Wright 

( l90E-) �ins his ft::OJs stains for blood cells, de:xinstrated that 

the plntclct.:i were produ:e-d f'ra:l �gaJcuryocyte frao,entatiai. 

Thi:i seitl� the l.:1Sae or I.he platelet bcins different fra:i the 

er;-t.�. 

Al� the role of the blood platelet!! in haPJIK)S�sts and

Uu-a:oo:::!..l, ba:S been �steel by these early workers, det.a.iled 

ult.�tr.i:tura.! st.wUez \.-ere initifted only recently by Wolpers a.'ld

�� l l939J a:: !Jxjs J-.ad to await tht developoenl of the core 

�.!stiai.� ele:t."Cll ::1croscope. lr/1 th the 11::proved �lut:ion 

;::,ewer o� t.!le =-1.aoxope, better fixation tectnique:, and a care 

:;opi:!=t.-ice� �let.ion �.ire, the picture of the platelet. 

ul t.t'1l!;t.n.,t;wre o!'fe.--s n bef1ttini; explM!lt.1on for it.:i role in 

hat=O!"'us-,1:i end COQC.Jlation. 

fU.mET � 

The airoJlat.:11)6 plat.clot 1a II lmtiform 11hJped cell � 

, v1ll.0U!l �J tier.., 11� the lcu:ocy� b.lt •ino a t:'! t.h

U! u o:-,c� ea, 11 cul a.r a:,-11 

u c 11 w1u1 lhl 1r.w-1or n

ul\rU\NWJ 1•� 

j 
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the peripheral zone, the sol-gel zone, the organelle zone and the 

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

1liE PERIPHERAL ZOllE: 

This is basically involved with adhesion and consists :ainl)• 

of the exterior coat., the unit membrane \.tu.eh is the cell wall, and 

the SCCS which are continuous with the cell wall. 

1.2.1.1. Exterior Coat: The exterior coat or glycocalyx (White and Krivit 

1965) is rich 1n protein antigens, enzymes and glycoproteins, the 

latter being considered a, a ccnponent of platelet receptors. Such 

receptors, when triggered b}' stiruli, initiate platelet activation 

\.tu.eh release substrates for adhesion-aggregation reactions (Nurden 

and caen 1974, 1975 and 1978). The glycocalyx is formed rrco a 

material rich in acid DJJcopolysaccfuu-ides and glycoproteins capable 

of adsorbing plasnatic proteins and cations. Recent bioche:nical 

resolution of the plat.elet glycocalyx, by polyacryla!lide gel 

electrophoresis has revealed a minta11.o of t.hree rnajor glycoproteins 

(Glycoprotein I, Glycoprotein II a.'ld Glycoprotein III; 

each having subunits a and b • 

• Phillip and Poh Agln 1977,

tlurden and c,en 1978). Sa:ie of the.se are extremely ir.lportant for 

platelet adhesion and aggregation H:Urden and raen 1975). The

chenical canposition of this coat., 1s re.spoo3ible for the negative 

charge on t.he plat.elet. surra,e, with .sialic acid and phosphates 

contributing n greater percent.age of this negaLive charge. 

1. 2. 1 .2. Platelet. Unl t. Membrane: The platelet l!lelllbrane like any other unit

a lipid bilayer rich in assymetrically 

distributed phosph<>l1p1ds and tronsr""llbranc protciru. It rorms a 

phyoicochcmical .scp:u-ation betw�n 1ntracellulor and cxtracollu.11!.1" 
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AO- t. QjlCOkl p1a1e.1,i. TIit dltgram aummarizu u11,a11tuctur11 Ill·
tures obseNtO In lh1n HCIIOl'II OI dlKOtd plattlOII CUI In CIOU stcllon ,I Com
poneni. or the pe11pNraJ zone include the ••10110, coar (EC), tr1lamln1r uni! 
mombtane (CAI). ano eubl'Mmb1ene aiea containing 1pec,ah1t0 1,11meni. (SAIF) 
wt,.ch 10,m the wall 01 the p1a1elt1 end line channet1 ol lhe suflac-onnoctoo 
ce.1111lc:ullf 1y11em (CS) The meu,c ol the pl1ltlat ln1onor 11 lht aol-gol rone 
con1&1n1ng eclln m1crol�ameni.. 1uuc1uraJ l1lame111• the e11cumltton1,a1 0an0 ol 
m1e101ut>ules (Mn, and glycogen (G/y) Fo,meo element. •m�ao 1n the IOI• 
gel iont Include m,1oc:11ono,11 (M), granutn (G'). and danH bo<l,oa (08) Co1•1<1· 
, .. 11y tnlff con1t1tu11 tht o,ganolfe 1one The mombfant 1y11ems Include the
aufl&�O(lneclOd ce.11a1,4:41ta, r,yatem (CS) and lhe 0011ae lubullf ,.,.1em (OTS) 
w,uch �rvca II!. Lhc plat.nlot s.:ircoplo11111S c rccticulurn. 
IAfter White., J.G. and Ocrrard, J,H, 1982). 
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Pig. 2. A plattr,11ec:11on..i In the 
tQUalOt<II piano whiCh re,,oala IIIOII 01 ll>e a1ruc:1u,e1 1na,c:a1ec1 on 1110 0'll1!••m 
The membrane comp!e, (MC) la a 1pec1a ,,eo as1oc:1a11on 01 the ors ..,cl CS 
(0t,glnaJ magnification 2 >< 30.000J C & 0 o.,co,o platolota Tha o,ag,an aum
mauzn lhe •11ue1ure• obsen,� tn 1>111tre11 aecoonao 1n lho equ11ori11 s,IMle a,.o 
Ootmon11111a en ••ample 01 1ud1 e 1)1110111 Tti, Oa�gnallona tor 111111,uclurol 
1ea1u111 ate P•••ented al>O .. (0t,g1na1 magn,1,ca1,on � " 32.000) 

(After White, J.O. 1111d Oerrard. J.M. 1aa,1 
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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 plas:na me,ibrane is composed of 35-4�

protein, 50% lipid and about 1� carbohydrates which arc in the 

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

platelet me:nbrane lipids include phospholipids, glycolipids and 

cholesterol. The phospholipids (phosp.lutidylcholine (PC),

phosphatidylethanolamine (PE), phosphatidylinositol (PI) are 

particularly important, being the source of platelet arachidonic 

acid (AA) the fatty acid precursor of prostaglandins (�:arcus 1978).

He:r.atos1de, a platelet glycosphingollpid contains 6'). of the total 

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

glycoproteins except for the contrctile proteins actin and myosin.

The glycoproteins eX1st as peripheral proteins (which are easily 

isolated) or integral proteins (which cannot be easily removed)

with the latter predaninating and fonn1ng the tranS1:lE!lllbrane protein. 

The platelet plas:,,a me:i:brane is studied with a variety of receptors 

which llid in its respons� to physiological stialll by such agents 

as prostaglandins, thranbin, collagen, arach1donic acid and 

adrenaline. This ltl'!fflbrane is particularly import.ant during 

haeo:>stasis a.sit releases a.rachidonic add (Bell et al 1979),

Platelet - activating fact.or (Vargaftig et al 1981) and platelet. -

factor J, thi latter being nn essential l'l!elllbrane activity th:lt

accelerates 38,SJ"egBlion and coagulation (l".:1rc:u:, o.nd Zucker-franklin 

1964, Hardi!lty and Hut.ton 1966).

1 .2. 1 .3. The Sutrombrane Rt'gion: Thltt is the area which lies Just 1.nsido 

the Wlit lt>Cmbrane and is closely linked to the latter, translating 

•
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signals received on the outside surface into chemical messases 

and physical alterations required for platelet activation (White 

1983). The submembrane region is distinct. !'ran the sol-sel zone 

but. cont.a.ins filamentous elelllents in a relatively regular 

arrangement (White 1969). The sutxoembrane f1Ja::ients aid in pseudopod 

formation: the maintenance of platelet shape through their 

interaction with cil"CUl!lferential microtubules (see below) and other 

elements of the platelet contractile system. These interact to 

induce clot retraction and platelet aggregation. 

S01..-CEL ZO!lE: 

The platelet interior presents a stMJctureless appearance 

except for a few granules hence the name hyaloplaso g1 ven to this 

zone. Electl"tln microscopy has re�aled thi.9 2.011e to be bas::.cally 

cocposed of the fibrous systems including microtubules, micro

f'ilaments (and the sutx'.tillb,ane filaments), the r.iost pratlnent 

structure being the circumferential microtubules (Behnke 1970).

The platelet cytoskeletal system 1s linked with the proteins of the 

contractile system. The lllicrofilaoents {or actin-conta1n1ns 

filBMnls) and thi m:.crot.ubules (the tubulin cont.ainfns filwnent.s) 

form the platelet. cytoskeleton (tlachnia., 19831. The locatioo of 

the circumferential band of microtubulcs in the equatorial plane 

jl.l!lt under. the cell 1o11.1ll 1n d1sco1d plat.elels suw•sts their

part.ic1pat.1on in cytoskeletal support. This view is supported by 

the fact that the circumfercnt.W band or. m1crotubules disappears 

when 1.ho platelet. 1s cxposoo to brief chill period:, (en effect that

convert:, the pl:ltclct to nn irregular shape) and reappenrs when t.ho: 

plat.ele� are wanned to 37
°

c (White and Krivit 19671.
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Platelet microtubules a.re not involved in delivering the 

contractile force during platelet contraction or clot retraction as 

their depolarization with colchicine or vinca alkaloids does not 

affect these activities (White 196.S, 1969). Platelets have about 

500. or their protein content as contractile proteins, actin and

myosin foming the main blocks or the cootractile apparatus. These

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

efficiency or the contractile process involved in the diversified 

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

the DX>st abundant protein in the cel..1,-accounti.ng for 15-20'.' of the

total platelet protein (Bettex�alland and Luscher 1961 ), and exists 

in a molar ratio of 100: 1 with respect to myosin (Pollard 1975).

It exists in a state of dynamic e,uilibrium between its two fonns, 

the monomeric G - (Globular) actin and the polYnerized ronn the 

f - (Fibrillar) actin (Korn 1978). These states are regulated by 

proteins such as profilin (which stabilizes G-actin a..,d i3 attached 

to this fo1'0 in the resting state and dissociates on activation, 

Harkey et al 1981) and the alpha-actin and act.in-binding proteins 

(which enh::inceo polyccri.:ation �Y det.aching the profilin from the 

O-actin). (Schollmeyt.r, Rao and White 1976; Markey and Lindberg 

1978). 

Plat"let myos1n represent.:, only 2-S,: of cell protein and has

a similar structure a:, skeletal l!IJSCle myosin. Platelet myosin 

conta.1.ns su polypeptides, ti.'0 1-\- = 200,000 heavy chains, two with

Mr = 20,000 light chairul and another L\10 with Hr 16,000 light

chain:. (fox and Phillips 1983). 
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the polypeptide or 
Phosphorylation orLHr = 20,000 during platelet activation produces 

su�tant1al activation or the actin-stoolated-ATPase-activ1ty or

the rnyosin heavy-chain head, which is necessary to drive the 

contractile process (Adelstein and Conti 1975). Pho.sophorylation 

or the myosin light chain is catalysed by the Cl}'osin-light.-chaJ.n 

Klnase (�) wh.\ch contains calmodulln as part of its struc:ture. 
amounts or 

It is activated by cdcra:JOlar/Ca-. 

Two other proteins, Tropomyos1n and Troponin have been 

ide:1t1f1ed in the platelets. As in skeletal muscle, tropacyosin 

casks the reactive site on the myosin head in the rest.ing cell Ix.It 

during activation, this is uncovered by a conf'iguratioo chal'lge by 

the tropcnin/Ca ++ ca:iplex leading to actin binding. 

Platelet activation results � an increase or cytoplas:uc• 

Ca +-1--le;,eJ..s, poly::ieriuition of actin froo G-actin to F-actin, 

structural reorc,anisation or act.in filaments mediated by acUn

binding prot.ein.s, ea
2• cediated phosphorylation of niyosin cha.1.n by

1-o.¥., further reorganuation or filar..ent.s follOWin& the i;elsolJ.n 

irv.Suced severin& act1ai on fi�nt:i and th1. deliverance of a 

cootrncLilc force (Fox r.n':l Phillip:, 1983 I. 

Platelet. netin fila"Jetlt.a, a!t in t.ho red blOOd cell:s, '4M!N? they 

are bound t.o the cytopla:m:tc face or the lllelllbrane Ulrouah an actin

:;pcctrin - ankyrin bond 3 11.nkn&e (Lux 19791, demonatrote:s 11 111.eJ.lar 

interaction with I.he mr..-:-..l>rane (Zuckor-Fl"Ql\klin 1111d CN3ky 19721. 

Ho-.JC;,cr th!I prG8Clcc or �vcrol ot.hor. proL01t1i, that 1!'.:I)' be in,-olve.t 
t,hc 

in 11rw.ina fi�t.o Lofr,t'r.brano outh aa Dnkyr1n (BcnnoLL 19791, 

vir1C1Jl1n and alph:i-nct.in (formerly lhou£,ht. t.o bo slycoprote1n Illa,

Oonn<Jlln and 1/aaniu 1981,), h:10 been deconatrat.od (�r et al 19021. 
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Alpha-actlnin has been identified in platelet plll.9ffla membrane and 

im:,mofluorescence studies suggest that it is concentrated here. 

A further point for actin at.tactment to the membrane has been 

suggested. This is the glycoprotein II.a-IIIb canplex which serves 

as a binding site for fibrinogen and also to connect fibrin clots 

on the external surface of the platelets to act.in filaments in the 

cytoplas:n. The attactnent or act.in !'1.laments to this glycoprotein 

coc;>lex lo.'OUld result in the retraction or fibrin clots 1 a recent

study has provided morphological. evidence that pseudopodial 

retracUm occurs during clot retractioo making the latter process 

dependent on platelet contractile proteins (Cohen, Gerrard and White 

1982). 

The relati�p between platelet cytoskelet:oo and the platelet 

ccntractile mec:han1.s:i is observed during platelet stim1laticn.

While the centraJ1zaUa, or organelles results f'rcm a constrict.ion 

of the ci.racferenti.al mcrotubules (White and Gerrard 1978), the 

final contractile wave resului fl"Q:l the specialized or1entat1oo of 

interdigitattne net.work or ac:tin and myosin NlJll:X'nts, to produce 

the ap;i:'OpriJlt.c oqueczing motion Which PJllhes the granule., to the

cent.er of the platelet, th.llJ g1vt.ns an eppropriate orsn,ielle 

orientation for platelet :secretioo (White 19681. 

The relative plut1c:1ly or the hyalopl115:1 in the unaltered 

diDc:oid plat.clot and lhe rop1d1Ly wtth Which tho rnt.rix - cninly 

fonxd by dcrowwl a/VJ l!licrol'iln::cni.:, wlt.h thclr �late<i

cart.roet.11.o prot.<>1ns - can rlow 1nt.o pocujopla affect.! • plat lot 

cha"° Cf''""""', GU(; ta • hlr;hly ofNcJmt. on� Q)1'Ull!UC DYllt C:D bl 

of n:;:;ponioir,& imil.litlu.ncou ly t.o al.lD.llattoo and l'n:IW"lfli • NhU'fl

l..o r·ion:�lcy flf t.crv.mSD. 
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The importance of this ccxnponent or the cell structure has been 

appropria\.ely su:ir.a.rized by White and Gerrard 1982. 

Elect.ran microscopy and cytochemical techniques have shown 

that several organelles like mitochondria, alpha-granules, dense 

i;ranules, peroxisa:ies, lipos<XMl granules and Golg1 body-like 

ga.'l'.1les are e::bedded 1n this zone. In additioo, glycogen granules 

not bound by any ce::ibrane, are scattered throughout. the matrix. 

£rper!l:Elts using bioc:he:nical, ultrastNctural and cytoche:dcal 

ter.lr-.iq'Jes have cau'ir:.ed the heterogeneicity or the alpha-gr-..riules 

(3ret.an-Cori.us et al 1975, Bent.field and Bainton 1975). While 

peroxidase a.ct.ivit.y bas � detected only on the c:embrane of saie

of these ga'TUles, othel"'S contain Jcid phosphatase and aryl,ulphatase.

Tbe cajorlty of the dense granules do not however cam.rest. these 

Exper.11:ient.s usine platele� lrcri Cray platelet 5}'11drame 

pat.:iert.s have i:,e,cltt.ed character1ut1on of specific che:::ical 

o!:ota:tt.c: a:i�1at.cd i.1.Ul alpha o-nnule:, IOel"ral'd et al 1990, 

�.i._. aM Hw.st.ard 19841. The checical con:n.it.ucnu or the alpru

� � lyr.:x>a:::.ll ucnulC!l are 11bown 1n Table I. The ot.har c::.ajor 

�c c:art.clt. of tt,o pl111..eleta ere the d�e g.uJ.Jlc:,. � 

l t.ror, ck: \1'11ch IT'<' nil 1.1� ly fr.r.?r 10 nu:brr, rom 

u ily rcl bl IIQUf'C or pla lot n,t4t,j C 111.i 

ll.'Y.ll.l :1 ll!j u r-1"1l2ry 11 er t 

� ., l t. � 
2· 

re I 1 Jill l 

I t I . J t. ti u \ at t

CM• l de tr11\lcr. w1U u •
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Table 1 -

GRA!.UU: 

1.YSOOQ•.JJ.... 

GFJ..!,lP..ES 

- le:' -

Platelet granule types and their contents. 

Platelet derived growth factor 

(PDGF), Platelet Factor 4 (PF4), 

Beta-thranboglobulin (Bro), 

Factor V, Factor VII1-relaud 

antigen, al bmd n, thra:bospodln,

fibrinogen, fibronectin 

e.."ltipl�, alpha - antit.rypsin, • 

� - l:.lcroglobulin, pero:ab1l1ty 

Acid hydroluc:,, ocld f)hOaphaUl,.,•.,-1, 

a'XI ea Uwp:i 1n. 

. ... 

' . 

ta 11c Ml -ATF """'"'11 1

,;;.:xatne di -
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and nucleotides are present 1n one ccnpartment as high-molecular 

weight metal - nucleotide complexes (Holmsen 1982). Hen:iansky -

Pudlak syndroo:e, a storage-pool disease, is marked by the absence 

of dense granules 1n the platelet of the3e patients (White and 

Gerrard 1976) and associated with defective aggregation 1n vitro and 

hacmorrhas1-c symptoms in vivo. 

Platelet mitochondria, as in other cells are energy centres 

of the cell, where oxidative phosphorylation proceeds to support 

cell processes by contrirut.i.ng the platelet ATP pool. The observation 

that the number or mitochondria is relatively low when cOlllpared with

ATP content in platelets led to the discovery that the rmtabolic 

ATP pool including that or the mitochondria and the cytosol are in 

dyna:::11.c equilibrium. Being a hist'fY active cell, the platelet energy 

�tabolic pathway is highly efficient with glucose and glycogen 

being the ira1n energy sources (Akker=in 1979). This explains the 

presence or glycogen granules 1n the platelets. 

t0loiWIE SYSTE}'.S: 

These consist or the dense tubular system (DTSI and the opr.n 

canalicular system (CX:Sl. The OCS, a., revealed by improved fixation 

techniques, consists or tortuOU!J invasi-nation:, of the cell wall

tunnellng throUgh�t the cytopl8Sl!l 1n a serpentine fashion.

Wh1 t.c ( 1971 l hu.s dc:110nstrated that the open cnnalicular ayJLe:11 

re;;.,lns patent in UY' ai:t.ivated plawlet.s suggesting thi'lt. besides

ser11ng a., an increased surface area for membrane dependent. reactions 1
o.;s C!llgtll. also acl. &! con,JUI t. for extruded subst...in,.es durin. platelet. 

release reactiorui. 
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and 
The del'\!le tubular system (M'S) /the OCS are randanly dispersed -

in the platelet cytoplas:n 1.n close association with the circum

ferential bruld of cucrotubules. It has been suggested that the DTS 

represents the s::x>oth endoplasmic reticulum of the precursor cell 

and plays a role in the stabilizatioo of the circumferential band 

of cicrotubules 1,,-nich supports and r-.aintains tht norr.:u resting 

platelet d1scoid shape. The two oe:nbrane systems: the OCS and the 

DTS are 1n very close apposition although no coMect1ng d;.1cts link 

the:: up (',.'hi te 1983). The 00'S is the site for Calciuc, sequestr-atioo. 

The i::;x,rtznce of the cembrane systems in platelet functioo 

h...-:a,es clearer 1,,'tlen seen in relation to platelet contractile 

syst.e:::. The CX:S a_")d the l1I'S play the role s1oilar to that of the 

�:eletal :::.iscle's t.ransverse tubulr syst.e::i and the sarcotubular

:ir-iu= l"C"l,'.)Ceti\-ely 1n CU3Cles. For instance the OCS 1n platelet 

c«d�!J � !r::c the platelet exterior to the interior. Thi�

t.r!u:e.-:i the re).<>a".e er calciu:i rra:: the l1I'S to the c>"t.lplas::, Mld

the SJtceq,Je:Dt. act.ivatton or the platelet contractile sy11�. 

Plat.elm. Co .... - fluxe:, arc rcu11Dtcd b'/ Co ... /Hg ... ATI'asc lcx:aliud

in t.he DTS (0.lt.l r et. al 1978). The GCLivlt.y or Lhla calc.11n �

111 e:.ie:itiD.l 1n c:ililt.uinir,e o low cytc,pJ•mi1c c:alclur:i level 1n order

to l:ce;> U-.e dc.ratuwle polyceriz.ed GUCh tn:st cell ahlpe us the,

� .. ,�. tt:.ict. inhlt. t.oris o! platel t f\mc:t.lcn a t by r;iiat 
�1.:0itw 

in �.at.cl 1 11 - L i:x:nophczphatc (CAXPI l la "'1eh

tnattai or cytoaol r ea- 1n the • 

t1Clf f i;.l t.el ... J l 

' l 

l ' 

' f ••• 1 t 1 J 
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sho'..'l'l that enzymes for prostagland1n synthesis reside 1n both 

plasma llle!llbrane and the dense tubular systems (Gerrard et al 1976, 

Gerrard and White 1978). 

In sumnary, although apparently sicplistic 1n its appearance, 

the blood platelet has been structured to aid its essential roles 

in haeoostasis, coagulation, and clot rctractia,. The presence of 

:stora&e granules with various proaggregatory, procoagulant. or 

bioacUve agents (or factors), a canplicated membrane network that 

pen:ieates the whole cell, providing enzyme centres, receptors, 

ei;ress routes for secreted substances and surfaces for me:nbra'le 

requiring activities, a readily activated contractile syste:i, a:akes 

the platelet a hiShlY efficient first line or response to vascular 

injury. 

SallC other functions of the blood platelets not directly 

invo!ved with haecostasis includes growth pr<XDOtillg activities, 

1ts role as a sc.a\-enger, and 1 ts contribution to fighting bacterial 

1nfect1a,. P!atelel growth i,r'011l0ting activities involve3 the

part.ic.ipat1oo of too plat..clet. derived growth factor (POOF) which 

in releasel1 fru:i t.h.e rilphll-E;J"'il!lule:s during clot.ting. POOF r.:iy 

:ie-rvc to pra:iote wo.md tv-..alins o1nce 1t. La the 000t. pot.cnt 1111togen 

iJl :ieru:: for c.ellfl of the r.csenchycal origin 1ncludin6 fibroblast, 

6}1.ol ccll:i end z;:-.1:)()th o.iacle (Deuel llnd Hwlns 198/,). Plntcl�w,

net. D.!I oca�n, 1n v1vo,�y�lns 11c11ernl 1:100:s of p;u-tJcle� 

ur�:i rc::n1J.ng t.ho frcn UK! blood otrca.-, (Gordon and Hilncr 1971>). 

f!Dwle\.O fra; i;crie r.t11r:ll 11petl accrotc wb3Lancc:i wiu, n«ic

trtoi be"'t.cMocid l activity fiUl lhcrir ly�ecll f!SWIUl� �\lr1 

U,,; cor,c:c:nt.rat1on ol Ulia activl ty Al o1 t :, of 1.i111UO d.:::: 

(Otll"d7• and tUlr. r 19761. 
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PLATELET PRODUCTION 

Platelets a.re fonDed when mature megakaryocytes shed their 

cyloplii.SID (Wright 1906). The mature megakaryocytes are fon:ied in 

thf: bone a:arro .. fran oegakaryoblasts which undergo maturatioo 

stages fran the basophilic, granular to the thra:ibocytic stages 

(Bemard et al 1972). This process is mediated by the fonr.ation 

of microvesicle3 which coalesce to form platelet demarcation 

membrane systec (IX-:S) (Behnke 1968). Within each DMS, a prospective 

platelet area, contai.ns mitochondria and cytoplasnic sranules. 

During sheddiJ".g cesakaryocytes align near a ciacrosinus, sending out 

cytoplas:uic processses which carry the 1X·1S. The latter ur.dergoes 

attenuation and develops constrictions to release platelets into 

the marrow f'ran where it sets intofhe blood circulatioo (Radley et al 

1980). 

Unlike 1n rats and rabbits where ca:plete sequence or 

mesakaryocyte maturatioo takes only about 3 days, it takes 4-5 days

in man. A nir..ber of factors regulate platelet production. for 

inst.ante, platelet production is increased by thranbocytopaenia and

reduced 1n thror.ibocyto:,i:,. These changes are regulated by

thra:bepoifttin, a humoral substance tlut regulates platelet. production

by megakaryocyt.es (Levin and Evatt 1979) through a mechani.sa that is 

yet unknoo,.,i. (The levels of thrmbopoetin increase in rabbi t.s and 

man 2 hours after induction or acuu· thr<r.bocytop;icnio, Levin 1982). 

Platelet productia, has becn determined using 51chrom11l:'l label or

32P-d1illoprophylnuoropho:iphat.e (Dr32P>. frat such experiments, 
platelet proouctia, ha.s been given 85 20-40x1031m3/day (Ebbe 1968).

Each mega1<aryocyte produces about '4000 platelet:, (Williams et al 

1980). 
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PLATELET SURVIVAL 

Studies on the distrirution, lifespan and fate of human and 

animal platelets have been done using radioactive labtls. Platelets 

BJ'E: knO',,i, to be pooled in the spleen leaving only two-thirds in 

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

play� a re1>11latory role 1n platelet count in peripheral blood. 

Platelet survival studies have been carried out with various 

radioactive labels such as radioactive chra:uum 1
51cr-chromate),

32P-Diisopropylfluorophosphate (DF3'1>), radioactive carbon label of

serotonin I 
14

C-5 hydroxytryptamine) and 
111In-indium oxime. Besides

the radioactive method, Stuart et al ( 1975) introduced a method that 

uses the degree of inhibition of malondialdehyde (�:DAI 

forcation by aspirin-treated platejets to measure t.he proportion of  

circulating platelets. 

'nlese studies have given a mean value of 8-12 days as the 

life sµan of hu:!lan platelet (Aster and Jandl 1964, Bittel et al 1967,

Harker 1978, He}'tl!J et al 19BO). Corresponding values include 

3-5 clays in rats (Cinsburg and Aster 1966, Aster 1967, Winocour et al 

1982, 1983) r.nd 3-'4 days in rnbb1Wl (Ebt_ et. al 1967, W1noc:our et al

1982, 19831. 

1-\lstard I 1978) re<.a,wended the use of 51cr - for platelet

aurvivnl otudic:i ll!I it h3s a longer half-life 128 days) llnll thcl"t!forc

o oorc pract1cable u11e in 11wdies although 
111

1n - prov1dc:i 11 111ch

higher platelet. cpceific rndio:ictivity. However question., raisc-J

51 cc:.nccm1ng Lhc uec of Cr includo, cohort l11bolling, .ilulia1 of

label 1n vivo, red coll lot,oll1ns and pH of label l1ns which c.i&t1t

offccl plat.cle\. act.1v11.y, 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 18 -

IIJ.stard ( 19781 ahowed that four major factora affect. platelet 

&!Mival. These include:-

(a) Vessel injury 1n .,,'tu.eh Ross and Harker ( 1976) showe:I

that reoo\'&ll of cndotheliu::i and i � regeneration correlated

closely 'With platelet survival changes although it had

earlier beel s� that. balloa, catheter injury to rabbit.
result in 

aor-..a did no-.. L'l)' reduction in platelet survival. 
-

Platelet SW-.-1\-a.l 13 l"Cduc� 1n patient.s with artiricial 

heart \'alves a.'¥! ?l"'OSthctic arterial grafts. 

(t>) Alterat.ia, of platelet surfaces S'Jch as partial 

l"eliO\'al cf siallc acid (Greenberg et al 19751 by proteolytic: 

en:)':les pJe-:-:tn, dr;:otr/PSin and trypsin (Packha::J et. al 

19TT a, b) or b'J vir.iseis sue� as influenza (Terada et al 1966,

Scott et al t978). Tneee agents shorten platelet sw-vi\111 

Ur.::! S'.lege:i:.:!.r..g a life-span deten::1111.ns role for !lialic ae1d.

(c) PlLte1et. e,:e, :iize Did deru:1ty have been a.,socl.ated

vi't.� it� sWic bcid content, Platelet f'nctor 4 (PF4) le\'els 

... � pliltelet l!re-e,.ai. It ha:l been ehown thllt young

p_atclcu \lit.� h1l1ler ,...,.1val arc usually la� 11.nd core 
tm: old au� 

dcrae/and � findir,61) were ati.rit..it� to the h1£her 1111lllc 
-

Kid cont.ent; lind fi'4 lv;el or ,o.ins plateleta (Orecn�rg et al 
the 

1977). Th!a =..'"!lcc-q�tly l t4 tr/POU 1a th:.lt lo.s or
-

lie ctd CQ.110 t,,t D factor 1n platcltt a,glna and O't"tnt

r,c:::a;il 1 fi,cc C11"Qllct!Q'l. 

u: t s,l ul l oaialt, 

( l 19 :ii.

t"'Gllt1 l it.a 

er.al 1• f
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Pt..Aitl.ET SUR\'IVAL � PA'lll<l.OOICAL SlUDIES: 

Platelet !IUJ"Vival deterclinations 1n a nu:iber of pathological 

coo.:ilti� ha,-c yielded usef\Jl inro�tion on platelet activities 

e.� life sp:m 1n such states. In t�l>oet;;bolic and vascular

dieaise:.i rw insUi:'lee, there is a significantly shortened platelet

�"'\"i\1ll tin- i.'hlch is indicative or increased platelet activation

end platelet. cans'..cpticra 1n vivo (Haricer and Slit.char 1972, Ritchie

EL� Hari:er 1977, F\ls�r et al 1993). Shortened platelet survival 

tc.s elso been re;,or-..cd 1n patien� following iruJert1Cll or artificial 

hc:rt \"lllvc:3 (\.'cl.le;· e:. al 1974), 1n ScrJe congenital disorders such 

u-r.,r;!:w l:x:>1ic ca:;!.icaticn:s of sickle ull crisis and hepatic 

� Ut.isum:! 1978 l. In t.t.e Jatter cond1 tion, reduced pla:.elet. 

life-� t t,cen attributed to desradation or mc:rbrane &).yco;i."'Otcin:I

I/ �lg.= 9'.JC, Ord.1.na:s et al 19781. In icn.lne thra::bocyto;:oenic

p:.:11JW·.i, 1=- �� l5;Jt.h lill oinilin.;: or a.'ltiplDtelet 1111Ub0dies,

C3 �t of' oir ; l=t, to plat.clet.:i c:.iy be involved in rduc:i 

pl :.clct �'ivnl 1n \.he:: ccn:11tla'1ll (Hyers et 1 19521. &Dktne 

9761. 

FUm£T SUR",'l\'I.!..: 

u t i. l t 

1r. • 1 1 1 i lt a 1 t J " t

1a. dr,.,p 1ncl d1 -,r-

' dti r l 1 rt 

r cl "11:raw, tl l 81 1 I l 1

Jy Sr u t ( lt ta IP 

I 
J I • 
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E-arunocaproic acid {E-ACAI has been shot.11 to prolong platelet 

survival in experimental animals fitted with indwelling aortic 

catheters presllt'l!lbly because it inhibits the generation of plas::iin 

an:! hence prevent!! its effects on platelets (!ilst.ard et al 1982). 

PLATELET FtnlCTION 

Hae:nost.asis, the process t.hat leads to the cessation of 

bleeding art.er injury to blood vessel is a basic platelet f\Jnctia1.

Besides this, the blood platelet plays an active role in the 

provision or coa&ulant activity for blood coasuJ.ation. It also 

participates 1n the maintenance of vascular endothelial cell 

integrity and plays a role in 1n0anxnation and i.cr.iJnological 

responses and the response of tissues to injury (Corda, and Hllner 

1976). Despite its widespread invqlvement 1n these other biological 

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

is �pported by its ability to adhere to da,;aged endotheliu:11, chan.,.""° 

its shape, aggregate, rttract clot and ,ecrete stol"E!d biosenic 

c:aterials that. will �upport haemoswis and coac;ulation. 

Hence, platelet. !\lnct.ion can be conveniently re,•iewed il'l terr-..s 

or the rollowing proce:ises :-

(al odhe11ion It.he interact.ion or platelet.:, with blood 

vessel wall or other forcie;i surfaces)

(bi DW"(.'£At.1on (the interaction or activated platelets 

with ono onotherl ond 

{cl the: rcle8.!le reaction la platelet :iecrct.ory proce�

t.hnt. mobilize:, ll)Orc plDlclat.11 1nt.o lhe fornod Gggl'<!SAlc) 

Id) co,aulat.1on, 
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Pt.Am.ET SHAPE OWKJE: 

Morphologically, the first response of the platelet to an

aa.resating agent $lCh as ADP or collagen is shape chane:e. This

invol,·es t.he lo� of the discoid shape followed by extrusion of

nll:!lerous pseudopods and centra1ization of granule contents. The 

platelet now assir.ies e spherical shape with DIil t1plc spiky and 

bulky s.�ped pseudopoos extruding out. fr<x!I the cell. The long th!.n 

pseudnpocs cent.a.in parallel arr.ay::. of cicrortlam.:nts Which arise

n-cc the rapid polycerbatia, of F'-actin by act.in-binding proteins.

The c:icrof1Ja:::iMts are attached to the cembrane at the barbed en:! 

attachznt. si:.es for.:ied by alpha-actinin or. v-..nculln (fox a."ld 

Phl\J1ps 1953). The pointedendsof the cicrofila:nents a.re attached

to c;-osi."l, tn:.:s the act.in-myosin 1fteractions wculd pull t.he3e 

filr£.,ts l.nto the ce:itral region of t.he platelet, contrlbutins 

ele:it•rally to clot l"Et.ra:t.lon. Thi:, highly regulate d 

�nd 5?ec1f1c resJ>i)n�e 1s essential to

phy-..1olog1c C>.pt<C::Jiai of platelet �lion 1n hDenostall!s (1/hlu, 

e:td Cerr-..n:I 19781. 

Jlat.clet. =-rope CM.� oca.ins rapidly - w1Lh1n 2 DCC0nd - oft r

Dt.1c:Jlat1cn mld invol>i�, be:idc:i &."l 1nc:� 1n plot.clet &1rfacc 

aren fi1I inert:. :e 1n UlC met.er or ex� a1 11c ncid 1"1?3iO.acs

uf Ut!ci l &o.11 19111 ar.d t1 tia C \ril t.lle I 

t � t !' c1 t1a! l 11

. , {;) 1-'laul t C 1 t: l -

t,o 1(- I I 1 plat 

u l • I n.
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DS:brane from intracellular source., such as the surface connected 

canallcul.ar syst.ec {SCCS) and part..ta.l evaginatia, or the cana.11c:u11 

(Cohen 1982). 

1.5.2. 1. Pl..ATEU;T "8:SlOO: 

In blOOd ci.rculat.ia,, the intact cndothelium is �ica.lly 

"111crt" to circulating platelet.,. Platelet contact with derillded 

eoootool1al :surface (exposed subendothelial collagen, baae0ent 

cecbn!ne, Othc!"' constituent., or subendotheli\111 or damaged endotht'JtaJ 

cell), resnlts in it., a.ct..ivaUon and this is a major trigger tor 

!n vi\"O platelet. a.&;ti=e,oltioo (Balq;artner and 1-llggli 1976, Padcha::. 

..:>d �t:ar:1 195!,J. The cechani.s:r.:, re:1pa,s1ble ror the fact that

no,wl p!.atele=-s do no� interact with healthy Vil3CUlar endothellu:i, 

are not OC'.l)le:.ely 1.1:lde�t.ood. AI'long the mechanis:::3 �tecl arc 

Ule capa,;it:y of cxlothelial cells to synthe:,.ize prostacyc:lln rrra::

mua?1�1c a:!d (Ml t.brou(lh Pl"OiStaglandin endopcrox.ide PGH2J, 

.. potent i!lhibito:- or plctelet adhe!!1on and a,ggi egat1on (Hanall1:I et al 

1976). GidG.e. ( 197£) alllo dCC0n=1tnited Ulat cul tu� endothelial 

ll)'ntb:=iu
cellD Laheµu-1n-likc cu--..opol yisaccharJde llhich f\rlc:t.1011ed lUro an 

ar.t100.l&JlcJt.. Ha.lever, e�ttU'OCyt.es bealwK? or their rotatlorul 11:\;1

�let Ui rm r.ar1no 1977) and I.heir DQ'I Wlifo d1atribut1on near 

u l �. u .. dif ion of t 11 la 

11, a that y tnn I:, 

11 t,y, t.olWI • t1

f 1 \. l • t 

• 

l 1 • 

• • I 1 
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by the presence or PGI2 and its heparin-like activity previously

mentioned. 

These mechanis::is may account for the inertlless or the vascular 

endothel1um to blood cells. Platelet adhesion to subtmdothelial 

structures such as elastin is a.loost negligible 

except to collagen fibrils \,,here it is most marked. 

Platelet contact with collagen, basement mer.ibrane and 

microfibrlls of exposed subendothelill:D induces morphological changes 

such as a change fran its normal lent1form shape to a spherical shape 

and centralization of platelet organelles. The shape change ui 

rapidly followed by protrusion or pseudopodia which makes the 

platelet spread 1n a bid to cover a wider surface area. Th1s is 

associated with secretion of its q-ariule contents into the micro

environ.,"')E!nt. In vivo, platelet adhesion 1!! rapidly accocpanied by 

aggregation or other platelets in the lllicroenvironrnent of the 

adherent platel�ts with the formation of a haemostatic plug. Only
associated 

plateletsL.rith the st1bendothelll.l:ll release their alpha-granule 

contents (Bawngartner and Mugs].1 1976).

Until rccenLly, in vitro platelet adhesion test. wen. w. :<I

on 1WI ability to adhere to non-physiological surfaces such as gla..s:,

beads in packed colum.s or polycer surfaces, 

Wh.le tl)(. results rr.ay have scroe l"t:lationship to

lhranbosis in vivo on biCX!lllterial curfaces, the link between such 

experiments and platelel adh-..sion t.o damaget! vascular surn:ices was

uncertain. This led to the coru,tn.iction or nn annular pert\Jsion 

cha.�ber cont.a1n1ns blood vessel surfaces denudC!d or endothelial 

cells and pcrt\Jsed ot. o coruitant, though variable fl<7,1 rate, for 

platelet adhesion 11t.ud1es IC.unavt et; al 1973, B1u�rtner and
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nu1d ..«�Stien, u

now 

!a 1nc

r l l ,..-.-..,., t. r of lll 00d n c,.. 11 la I • Thi• 1a l )1:11call) .o 1r. 

• 

Uie lar vein nnd nrl<Jr1C!I, Cll Ul0U£,h al h1 r n0o1 rg• u CIX.1 t 

1n th<! cap1llnr1c o.rn1 aM.c:riole , a �en becco:� inde..-u . ..-. t of 

ooe r rat.-c ('1\Jr.1 ll.O nncs �t.nu l >. "1110 platde:. d1ftu11cri, 

a.not.her phyllicnl fnctor uiat .1nnu :c platelet colliaion '-'1Ul 

\'C:l:lcl \.-:ill, in depa1dent on ro t.«rit lind � rat • The 

influence or hiehcr hD tocrit f a.: wn• f'cr Uie luc;hcr :llcn

otccrv� 111 wh0l0 blood ttcm r,latelet-r.id rla::- en subcndotoolii.o 

or slB.!1:: beat! col\C\:3 (Hell� 19601. Thi crr�t, prcv!oi::ily 

ncc0U."ltcd for 11:1 due \.o tho release or AD? by ru blooid eell.:i, h:1:l 

:,ince �n rccoe,t11lcd O!I n p.'ly:sicnl, c.:i red Ci:ll t;ho3t.5 added t.o PRP 

oivc is1M11nr roziult:i llll WholC' blo d (Zucker et nl 19721. Howc\-cr 

nt. higher :ihc:u• rat.co (nbovc & os- l nnd hac-.itocril (above 4(1; >, 

ri biochc:ucal 1nf1uoncc bcca: ..... 1nvwvcd (Turit.to, ""'SS11 lllld 

B.l�tncr 19771 • 

Unl11lc pl11tt1lct QW'C6llt1on, ndhc:iion lO vuculnr cndolheliu::i 

Jn .independent. of r.-.ctabclic ener8)' 011 inC\lbalion of plntclct:i "1 t.h 

entil'Xlt.abolitc (2-dco,cysluco.,o or antieyclnl did not. reduce plntclot. 

b11Y.11ns to collagen (L)lll',:ln et ol 1971). 

Several biochcmic11l f1c1..or:1 lnflucnco plotclot adheiiion. n�

ob::crvat.ion Uiat. t.hcni 1a reducod platelet adhc-!lion 1n Bernard SClu11cr 

c)'ndroc:ic potli:nt.o hoi, led Lo tho I 1nd1na or a dericic111; alycoprot-oin Jt, 
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Platelet adhesion is innuenced by physical and biochemical 

factors. These include blood and nuid -.crnposition, the 

ha(?Ir)(Xlyna.'li.cs or blood circulation such as blood flO'� ana shear 

rate (BallfflBprtner and t-1Jsgl1 1976), Tu.ritto and Bauirgartner 1982).

IL has been dElllOnstrated that plalelet adhesia-. increases with shear 

rates (a parameter or blood nO'� rate). This is typically so in 

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

in the capillaries and arterioles, adhesion becanes independent or 

shear rates (TU.ritto and Bau:r.gartner 1982). Also platelet dift\Jsioo, 

another physical factor that influences platelet collision with 

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

influence of higher ha�.atocri t cay account. for the higher adhesioo

obse!"Ved in whole blood than platelet-rich plo.Srla on subc::ndotheliu:i. 

or glass bead colU!!r,s (Helle:i 1960). This effect, previously 

accounted for as due to the release of ADP by red blood cells, has

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

e-;ive s1.rn1lar re�ll.S as 1.1,ole blood (Zucker et al 1972). HOKe,·er 

nt high ·r snear rat.es (above 8 -1 1 arir, haenatocrit (above 40';,)�

a b1oche:n1cal influence becaiieis involved (Turitto, �1lggli and 

Bau:-"6PJ't.ner 1977) .

Unlike platelet asgres;ation, odhc3ion to vucular endothel1w:i 

1s independent or l"E:t.abolic energy ais 1ncubat.1on of plntelet5 with 

ontimctabol1tc (2-deoxyglucosc or ontimycin) did not reduce platelet 

binding U> collagtn (Lyr:.an et al 1971 l.

Several biochctn.ical rector:, influence platelet edhc,1011. The

o�ervat1on that there is reduced platelet odheaion in Bernard Soulier

oyncranc pt1t.icnt:1 h.u led to the finding of a dtficient glycoprotcin lb
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and accounts for the result.ant bleeding tendency Ulurden, Dupuis, 

Kunicki and Caen 1981). Also 1n von Willebrand disease (Vll'd), the 

poor platelet. adhesion lo subendotholium observed� been attributed 

to a reduced l�v,1 or the plllSIIIII raclor VIJI: von Willebrand racto:

(>A'F) (Tschopp, Weiss and Bau:r.gartner 19741. However, this is only 

observed under condit.ions or high shear rates as such a., occur in 

the nicrocirculat.ion (Baw,s.irtner, T:schopp and Heyer 19SO). Jaffe 

et al's (1974) demoruitration that factor VIII:� activity is 

produced in the endotheliUl'l, explains the observation that. adhe:Jion 

to the subendothelium is dependent Upon the concentration or this 

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

Calcium is involved in plat..elet adhesion to collagen or the 

subendothellum ll!I platelet adhesion in the presence or calcl1.t:1 
e.g. 

' chelat.ors,{.ethylene diamine tetraacetic acid, is greatly reduced 

although not catlplet.ely prevented (Kinlough-Rathbone et al 19801. 

It " al:,o worth noting that aspirin and other non-steroidal anti-

1r,rta::::atary drugs OISAIDI did not interfere '4th platelet adhesion 

to collagen, neither do they inhibit platelet release reaction froc 

th03c platelets directly attached to collagen f1bril5 (IUnlOIJ&h

Rat.hbone et al 1980) • 

1.5.2.3. �1151'.S OF PLATEI.EI' AI>HESIOI/: 

The curren\. concept or t.rn- occhanism or platelet adhesion is 

t.hnt fibrcnect.in, o h1f!)l noleculor �ight. glycoprot.e1n found 1n the 

pla:e:> and olphtl-6J"anUlea or plaltlct.� (BcnauslUl ot. ol 1978, Zuckor 

et al 1979) 111 involvod in the process. Two foms of: fibronl!tt1n 

Mvo bocn identified 

1) t.ho cold-insoluble globulin CC. I .o. ) or pln8Z'la; 1111d

111 tho lorgo oxtel'l'llll transrom.,tiC11 acnait.ivll Cl.ETSI

t.ypc, which 111 mcnbrwu, bound.
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The CIG f'ibronectin 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 f'ibrils after 

disruptioo, by soniflcation, or the adherent platelets. The binding 

of f'ibronectin to the cell surface may occur through gangliosides 

on the cell surface. 

PLATELET AGGRECATI�l: 

Aggregation is one or the principal responses or platelets to 

vascular injury. Toe haemostatic role of the blOOd platelet is 

largely dependent on its ability to adhere to exposed subendotheliu:n 

and to one another (i.e. aggregate} 1n the event of vessel wall 

darnge. Platelets also respond to specific 1n vivo 88SJ"t!gation-

1nduci.ns !'>t.imuJi such as adenosine piphosphate, thra:bin, prostag�in 

endoperoxides lPGG2 and PGH2l , thranboxane A2 (TxA2l, platelet

activating factor (PAFl, 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 

proagsregatory :rubst.ances stored in its dense - and alpha-granulc::s. 

Platelet surface is studded with a nwn�r of g).ycoproteins that 

fon:i receptors for th� oggrogatory ogent3. The platelet lllCl!lbrane 

therefore plays an important role in the reception or these external 

stio.111, the tran:smssion or the isr.pulscs i;;cnerated into ths. cell 

interior nnd in the execution of the platelet response Which involves 

shape change, adhe!!ion and aggregation. 

Prirr:lrY platl"let aegregat1on follows within second::s or the 

shape change. It involves the resporu,e to stimulus t� a �code 

of events that requires metabolic energy, platelet membrane changes 

that lead to exposure or fibr1nogt.n receptors, calc1u . fluxes and 
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b1ochem1cal synthesi:,, all or which lead to increa,ed platelet 

alickineas. Platelet aggregation, differis fra.:i ae.glutinat1on -

a physical procesn - as lhe lolter doe:; not require oet.abolic 

energy or divalent. calion:i (l:inlougn-Rathbone et al 1983). 

Ristocetin, an ant.1b1otic, agglutinates platelets provided v"...: 1s

present and this may be throuah the ron:i.ation or electrostatic 

brictscs bct.��en platelets (Howard 1975). Rist.ocet.in induced 

agglutination may be roll<Med by secondary aggre&at.ion due t.o ADP,

PGC2 a.nd/PGH2 and thranboxane A2 synthesis and release.

l . 5. 3. \. HEASURDS!n' OF AGGREtATION:

Born ( 1962) designed an optical �thod for the mea.surer.lCnl. 
aggregation 

of{l>lat.elet-rich plasma (PRP) or suspensions of- isolated platelets 

1n artificial oedia (O'Brien 1962 / ».istard and Packllam 1970). This

is a technique that. measures changes 1n light trans::lission (optical 

density) or PRP or washed platelet su.,pension.s (WPS) on addition of 

an appropriate stimlus. The equipment, I.he aggresa:,eter has a 

recorder that give:1 a typical platelet. nggreg:ition curve as sho'"':l

in Fig. 3, The plat.eloL:1 ore stirred rapidly Md cn:1inta1ned al 

37°C (for iu-an plat.clet.:,J ror optimal agsrcgat.ion. Followlns 

addition or an auresat1on agent., 11881"Csat.1on llUlrt.3, resulting in

a decrease 1n t.hc number of free platelets, hence en increase 1n

118),t trim::micsion occur.!! and 1D rocoNlod. Dcpendinc on the atrenst11 

of the at.in.llu!I, oggrogiilion l'IIIY reach rt.U!rv- 011 ind1cat,<1 by no 

rurthcr ini:reruie 1n l18hL t.ranwa11ion IUld rt!l1l.lirul in this po.s1Uon

ro, an 1ndof1n1 t.o period. If o weak ngon111t. 1:i added 1.0 U\ su:ipcnsion 

or PRP, QW"Cpt.ion Will ba rollowod by a dccrca11c in 118,til.

trnn=iaaion u plolA!lol &f.U11gat.oa break up 1r1a. 3, 11 U111!1

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



• 
• 

- cc:, -

• 

Llgh\ \ronsrrtsion 

,___ , 

fj9. ). lyp,tnl pjolt' t\ CMJ7,:00hon C\JfVC:. 

f--1 --... �· --c M,r,ules

(!;(><: •est !or dl!ti ::s) 

• 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- C'J -

increasing the number of free platelets in suspension. The first 

wave 1s called the primary aggregation wave. 

Aggregation can be followed by a second wave (Fig. 3,2) 

indicated by a further increase 1n light trans:nission which reaches 

a second plateau (Packham, Kinlough-Rathbone and 11.lstard 1976). 

This often results Cran release of platelet dense granule 

proaggregatory substance., such as ADP and 5 - IIT (Mustard and 

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

platelet aggregation (Bom 1962). It is normally irreversible. 

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

which aggregation 1n whole blOOd 1s detennined. In one of these, 

blood (0.5ml) is collected directly into a syringe containing 2lnl 

of EMA + Fonnaldehyde solution (0. 77?-IEDTA + 4,. Fol"!T'alin) which 

fixes any circulating platelet asgregate imnediately and another 

equal volune of blood int.o syringe containing EDl'A solutioo ooly 

(0.077M EDTA made �Pin phosphate buffered satin� This method 

ass•nes that platelet aggregates in vivo breakup an standing or as 

a result of 11'..anip•lation. In a fonn.uin/EIYJ'A solutioo t.he aggregat.e 

are fixed 1nood1ately. Blood smear made f'rcm both earoples an: used 

1n counting aggrepte:, micro:,copical ly. Platelets may al:,o be 

counted by a Coulter or other electronic counter. The platelet 

aggregate ratio u e:itimated thus: 

Platelet count in EDl'A-Fon1Dlln-PRP 
Platelet &&9'0giita ratio = Platelet count in EDTA PRP 

Where thUJ ratio is less than unity it is implied that platelet

nggrcgatC!J were presmt 1n vivo. 
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Recently, Velaskar and Chitre ( 1982) described a method of 

measuring platelet aggregation in whole blood using the light 

microscope without ignoring the hyperactive platelets which asgregate 

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

account c.1.rculating platelet aggregates and measures the response of 

total platelet p(\pulatioo to an aggregating agent at a specific time 

interval detemined after f'i.xing the whole blood and calcu.lating the 

ratio of aa;.-eoa,tes to t'N!e platelets from a thin smear cade f'ra!I it. 
u.ses 

Another relatively recent method, L the whole blOod aggregatioo 

l:Xldule that ceasures platelet aggregation 1n whole blood (Cardinal

and Fl<M?r 1950). The aggregation patterns of this method correlates 

with that of PRP. The principle of Whole blood aggregation is n.,soo 

Cl'l tJV' 11 ;cli."lce approach -hlch depend:i upon change!! 1n electrical 

canductivity cnce a oonolay�r of platelets coats the electrode.

The!le c:ha.'lge!I 1n ca>duct1vity 1s recorded on a paper. This method

t-.as the ad4ed 'ldvan� of quick te!lting as preparation or PRP 1:i 

ellJ:inat.ed thus allowing a total platelet population asgregaU.on 

activity t.o bo obecrvcd 1.n 1l:I natural enviraa:ient.. lblo,-er, t.he 

ir;pcd&n0c t.MlC1.nc; G1•1c:, no 1nfon:::it1on on 1111hllpc ch:in&c". 

1.5.3.2. AllAL'YSLS <F AOORF.XlATial ClliM:: 

Fig. 3 oh:IW':3 typ1cal platelet Q881'Cgat1on C\lrYl!!I obt.a.inoo fl"a:l

i.m 8W'c:!£Calt.er Uut eq,lcr111 t.he changes 1.n optical lim!lity

princ:lplo. QJrvc 1 1llu,t.rot.es o typical �lion C\11'\"C obtained 

wrn:n II low c:onca,tntion or M>P 10.�I la uBed as UlC 11.c..""llniat.

f.:::.ndoo oedllat.ion, anc ruorded prior to platelet 11llmlaUon and 

are rit.t.r1bJt-clS to r.on:.:il Cl1Ko1CI platclctmv·,-,,"nL When 111.111«1.
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!mediately aft.er the addition of aggregating agent, there is a 

fall in light transmission (see sectioo (a) of curve 3) and a 

decrease in amplitude of oscillations. This fall 1n light 

transmission is due to platelet snape change fra:, discoid to a 

spherical fom with pseudopod fon:iation (Adrenaline causes a less 

extensive shape change; Packha."l and �h.lstard 1984). This causes a 

decrease in the transmission of incident light.

Primry iE,gregation nonrally observed with low ADP concentra

tion is accOC1panied b y  deaggregation (see section b of CUrve 1) and

is represented on the tracing as a fall in trans.:o.ssion. This is 

due to the dissociation of fibrinogen fl"an the bind!ns sit-es which 

were un:::asl<ed b y  the asgregating agent (Kinlough-Rathbone et al 1983). 

With slightly higher or moderate concentration of ADP (e.g. 
! 

1-2\i·ll type 2 curve is obtained. Here the primary aggregation wave 

plateaus at  (cl and is followed by a sccoodary wave Id) h'hich has a 

higher 8.'tl-'lltude of oscillation arid proceeds to ClalOJ!1lffl. The 

continued increase in light. transcis.,ion and a::.pllt.ude of oscillation 

recordl':d ls due not. only to large aw'esates fomed but also to 

contraction of thc:sc BW'C£3tes through clot. retract.ion. Type 2 curve 

is associalro \,"ith close cont.act. activation ob:lerved 1n PRP prepared 

n-a:i citrated-blood (Packha:11 and 11.ist.ard 1984). 

The t.yp, 3 curve (see rig. 3) i:s obtained When higher 

concentration or ADP(5-10\l.'l), t.hratbin 4U/ml or collagen (5 ugl is 

u�C!d 11!1 the ason1st.. Tno inflexion al point c on curve 2, d1:sop;,enr.s

11!1 the prir.:lry and secondo.ry curve:, blcnd to give a sinsle curve. 

This port.ion oft.he curve ia assotlated w11.h a sharp r.iac in oxygen 

upt.Ako rran the surrcM'lding ll'l"dil.l:"I. This "oxygen bur5t" 1:s ut111�ed 

for the 11ynthe:si!I or prosUlglandin cndoperoxide:, lllld t.hrcr'..l>Oxane A2 

(TxA21 all of which enhance platelet �g.al1on (Ha'!lbere ot ,.1 

1974, �.arcus 1978, 1983). 
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1.5.2.5. MECKAHI.SM OF PUTELET AGGREGATION: 

Platelet aggregation appears to occur throua)l three 

mechanisms that are basically interrelated. These are the ADP 

mechanis:n, t.hronboxane rr.echanis:n, and a third as yet undefined 

mechanism (Vargaftig et. al 1981, Kinlough-Rathbone et al 1977, 

Packham and Mustard 1934 l . Detwiler, Charo and Fei.n.'l:an ( 1978) 

sugsest.ed that all agonists see:n t.o act via a CCX!I!lOn pathway of 

calciu:r.-cobilization fnxn dense tubular system to the cytoplasm 

(see Fig. 4 a,bl. CalciUl:I mobilization fran intracellular stores 

are enhanced by products of prostaglandin endoperoxides and 

\.hr<xnboxane A2 which act as calcium ionophores (Gerrard and 1-.hlte 

1981). 
Benveni3te 

Vargaftig, Chignard and '/ ( 1981 l have sum:ierized that 
-, 

plat.elet auresation occurs thrOU.gh three major. pathways named above. 

The strength of an agsregating agent reflect.s on which pattr..-ay it. is 
Weak 

capable or st-111:ulating. L st1c:ul1 such as adrenaline, serotonin 

and law ADP level:, ( o.5u.v ADPJ non-.ally cause only tht: primary 

\.-ave or aa;regation through the ADP pathway. C.Ollagen C.:!.5ug or 

Sug/r:a l ond lo,.. concentration of throcbin I l-2U/r:il I can induce 

release or ADP and :,ynt.�is or prost.aglandin endoperoxide'I/ 

t�box.llne A2. IU£)1 concent.ration of thl"ocbin (4-8U/ml} nnd 

A23l87 stial.llatc all three pat.h\Jay. 

(al ADP - Pattr.ray: Sine<. the discovery or ADP a:, a factor 

prc!lent 1n erythrocytes that. can causi- pla�lot 

asgrept.ion b)' GllllJ'dcr et. al 1961, this :sub3tancc has 

been JJ!lplieatcd in the cain platelet. ae,src&,.1t.ory pattr.ray. 

The source or plateleL ADP used 1n aaregat.ion ha:, i:-n 

ohown b'J Dey and Holmen t 1971 I t.o be rclcnood fl'Ol:I 
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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 thranbin is supported by its 

(ADP) dose dependent release during platelet stinllat1on 

(Crette 1962, Hovig 1963 I. Scavengers of ADP such as

creatine phosphate/creatine phosphold.nase (CP/CPK) and 

Phosphoenulpyruvate/pyruvate kinase (PEP/PK) reduce 

platelet 8W'egat1on due to ADP (Haslam 1964, Packha..'!I et al 

1977 I . Other workers have shc»..n that thrallbin and 

vasopress1n platelet st1nulat1on a:U.o produce a secondary 

1.-ave of aggregation with ADP secretion (Mills or al 196.9, 

Ha.slam and Rosson 1972). However, evidence for other 

agg,-egatory path1,-ays stermed
J 

fran observations that 

nonst�roidal antiinnanmatory agent.s OtSAIA) such as 

aspirin could inhibit t'1e secondary wave of ADP-induced 

aggi-e&1tion, the accoa:panying release react.ion and

aggregation due to 10-.i collagen and low thranb1n 

concentration (Packha:l. et al 1977, K1nlough-R11thbone et al  

19771. Several lines or evidence support this vim.. 

Platelet., that lack releasable AOP (either those that 

have been deplet.ed of their dense granule content. by prior 

t.reatlllent with thrccibln or those uiat lack dense 6f'ilnules 

uegree;ate in response to collagen, thl'a!lb1n, ar.ichidonat.e, 

end the ionophore A23l87 (Reimers et. al 1976, Kinlousti

Rat.hbone et. al 19771. Also Macfarlene and Mill!! I 19751 M\'C

11hown that adrenaline -, vasopressin - or serotonin-

induced prirlary wave or lle.greSJltion Wll.!I not. 1nh1b1t.ed by ATP, 

i.n agent. Lhat. inhibit.a ADP-1nduc:ed - assree:aL1cn. 
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Tho Ob:servcd effect.a or ADP ai platel t.G arc cediat.ed 

lhrcur,i Al>P rcccpt.on,(Ha!Jlri::, am! Cus::ick 1931). 

Ch:iratt.cr1� lion or ADP rc.cpton, ct:!!iating plot.clet 

nc\.1 vn1.1on tovc been ol.U!li� by Col.Qn nnd riDJ�!l ( 1�). 

Ha!Jl� and CIJi::ick 1981) had earlier nhcM1 I.hat the A!J? 

rccepl.Or 1.hnl. l!'lediate:i riw-e611Uon in different. fr«i th:lt 

Which 1nh1bil.ll roinc� OO!P levclu produced by 

Pl"'OSt.aglQ.ndin £ 1 , o2 111\d 12. Ha'o«!vcr a con't'llltivc

evidence :rur.gc.st t.hat the :sa.-:e receptor wtch OOliiatc.s 

o.ggrcgation 1nitiatc!l tho cet.obolis::i or pho!lphat1dyl1nositol 

2+ and Ca moblization on nticllnt.icn (Hasln."'.l ll1ld CU.ii.sad: 1981 I.

Coleman and Figura:, ( 1984) �:,t a at.Nclural and 

f\Jnct.ional couplif\6 of the f P-l'Cf:cpt.or to the controct.ile

process. They also implicated o Dinsle protein with 

Mr:: 10,000 a:, the ADP receptor. 

(bi The Arachidonate Pattr�-:ix: 
have 

Several observation:, / led to 

the 1mplicot1on or pro:it.aaland1n endopel"OJl:ide.s IPGCz and 

PCHzl and t.hranboxane Az (TXAzl os r.iediators or platelet. 

Df£re8flt.ion. 1lloDc include the findine; by Smi t.h and liill.1.:1 

I 1972) that. pro:itaglandins (PCis) arc generaU!d durin" 

plat.elet aggregation. In platelets that adllertc to collasezi 

or interact with thra:lbin (or other release 1nduc1nt 4L,.;,t.) 

ph�pholipa.!le A2 nnd Can: octivat.ed. While p�pholipase 

A2 releases arachidonic ocid rl"QD plat.elel me=brane

pho�phollpids (Ph0sphatldyl1nos1tol (PI) phosphlltidylchollne 

(PC) nnd pho!lph:lt.idylethanola-'Wle (PE): Blackwell et. al 1977, 

Hal'"Cll!I 1978, Brocl<=n, Ward ond Marcus 1980), lhe cor.ibined 

activity or pho$phol1pase C,d1glycer1de- ond IIIOl'loglycer1dc 
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lipase cleaves arachidonate mainly rt-a::i PI (Bell, Keruierly, 

Standford and Mojerus 1979, Lapetina and CUatrecasas 1979). 

The freed arachidonate is converted by cycloxygenase oo 

PGG2 J.. PC.'i2 which arc then converted to thromboxanc Az by 

thrccboxane synthetase (see F'ig. 4a and 4b). 

Lipoxygcnase could also convert the arachidc:nat.e to 

HPi:.1£ and HE'TE lt�g1.eren 1975: see Fig. 5). 1bc PCGz, 

PCHz and TxAz are the agents responsible for platelet 

ac:;gregat.:ion i.'hen thi!l patm.-ay is stilllJla�ed (Ha::berg et al 

197:,, 19i5) and their synthesis can be inhibited by  ac;ents 

th3t irJ\ibits platelet synthesis such as NSAIA. 

Other products Conned in platelets from prostaglandin 

endoperaxides are PCDz, PCF.zl PCFu, Malond1aldehyde (HDAl
• 

C!'ld 12-1,-J;yoroxy-5,8, 10-heptadecat.rienoic add (HHTl 

(iJee F4;. SI. P:iD2 in ISOCJe species are strong 1nhlbit.or!I 

or platelet. aee;rec:;at1on lind release react.ions a, they 

st.!.�lat.e adenylou cyclase tb.1.5 eleintin& CA."J' levch 

(&nth, Silver, ln£err;:an &ml Y.ocaia 1971,>. 

The Bt:tiVD\.1011 Of PC llynthC!lill by hle,h lltrfflSU\ 

�t!,lltir1£ �LD ouch n:i col logen, lhl'crlb.1n, or A23187 

aue,;c:it.t:D a role !or t.he!Je su�uincc:, (l'<l) 1n platelet 

�-ct:11llon. H:Mc·;cr, �...-.11t1011 Uil1t. DMJ"'C uon 1nhihtt1cn 

U!lint cyclaxygcn&a)(J inhibit.era wch aa ••pirln, CAil be 

0-ICJ'C. or thr'Cclltn or A 31 �. 

&lJ!P.,t'-lL the lllvolv--=t or yc1,. A-'IOthllr J:3thw.ly in plat let 

DUJ'C t1on IY.11lloul)1-HaU t.<ne et. al 1971, I k� (I\. 1 1 1. 

I�, �iUlCl, ON:Qltc;rn, t·tn10UG}-lbthbon MCI hist.an! 

c 1977 J � l ra U'J LI II t. tho C'CI: hUI t. ton or
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which destroy ADP and a.,pirin or indatethacin also failed 

to inhibit aggregation to high coocentration of thrcmbin. 

This suggested that. besides the ADP- and TxA2 pathways, 

a third ooe still existed. 

(cl Platelet-Activating Factor Pathway: This phospholipid 

(1-0-nlkyl-2-0 acet.yl -2:in - glyceryl - J phosphorylcholine, 

platelet activating factor (PAF) is a cccnponent or the 

platelet. membrane (Vargaftig et al 1981 l. It is known to be

released rrcxn neutrophils and basophils folla,dn,g ilrm.me 

challenge. Pinckard and his co-workers ( 1982) elucidated 

its biology and chemistry and showed that it is a highly 

stable substance. Several workers have demoostrated that 

PAF - acether Ls releaaed during platelet aggregation by 

thrombin or A23187 (Chignard et al 1979, !lam and High 1980, 

Benveniste et al 1982). It induces platelet aggregation 
-

by mobllizaUon of Ca fl'0m its stores. It has been 

1.rupllcated as being the third pathway for platelet activation 

by strong stillull ( Vargaft.1g et. al 1981). 

1 • S. 2. 6. ROLES CE CALCIUM I FlBRIIICXiE.tl �0-IBRA/1£ CI.YCOPROTEDIS 

rum PHOSPHOUPm CHAIJCES Ill AOCRmATIOII: 

(a) Role of Calc1\ml in Platelet Aggrep,at1m: Both external

(p�) and 1ntemal (platelet cytosoll change:i in Calci1.11:1

levols alter platelet reapon:se to at1mJli (Packhlll:i and

"'1:!tard 198'< l. In the p)o"IIDD, wnere the concentration of

calc1u:::i 111 l'Ttl 1111d that. of fre, ioniz.ed calciuo u nbout

ll!H, calc1u:n chelat.or:, wch ns EIYJ'A or mTA 1n hi(lh enough 

concentraticin to N!lllOVC all divalent cat1cna, inhibil.5 
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platelet aggregation all.hough platelet ehape change and 

release reactions could still be induced with agents such

as A23187 (Charo, Feinman and Detwiler 1977). f1.lstard and 

his group ( 1978) observed that f1br1nogen receptors are not 

un:r.asl<ed ,,:hen external calcil.l!D has been chelated. Ho-.-ever 

it re:rains unknown whether calciUl'Q is directly involved 

1n the binding of fibrinogen t.o platelets, al th0U8h 1 t is 

111volved in the fonnation o� the S,lycoprotein Ilb-IIIa

ca:plex that forms the fibrinogen receptor on platelet 

st101Jat100. calc1ur is also involved in the binding of 

thra:lbospondin,a platelet endogenous lectin 111volved in 

platelet $\ll'face !Phillips, Jenning and Prasana 1980; Jaffe 

et al 1982). Lowered plasma calcilI!ll levels result in 

enhar.c.ed platelet response to stin.111 and the coru,equent 

st.1c:.•Jation of the arachidcnate pathway that follows close 

cool.act activation (��stard, Perry, Kinlough-!'.athbone and 

Packha::i 1975). 

The concept. that. calc1Ln act., a,, wi intracellular 
ol>J•rvat1on I.hat.

seecqJ l!le:iseriger 1o supported by thc.Lflat,.let. �:,pc:nsc:i of 

rihape ch3nge, IIQVCpt.ion o.nd rclcllllc of srru,ule cont.enwi 

are all dependent. upon ciob111zat1on or calcium rrorn their 

sequestration sites 1nt.o the cytosol. This nomslly prod.ices 

o hundred-fold 1ncrt!11.11e 1n cyto:solar calciu::i ion conccntr11-

1.1on (llolmllcn 1974; Ocrr11rd 1111d Whl le 1978; Rlnk, �th o.nd 

Teien 1982). The rlndlna that calchr,: ionoJ)ho�:s couse 

pl11t..olel chapc clW'leu, IIMJ"C£;1t1an and rclo1111C or E;Jwiulc 

conlA!nt. provides 11lrcina eupporl ror lhl:s view. 
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Further support is thot most eniymes such as phospholipase 

A2 and C, glycogen phosphorylase b, and myosin light chain

kinase (which phosphorylstes the 20,000 dalton light chain 

a.yo:iinl � all activated by nucronolar calciUl!l. Platelet.

contractile f\mctio."IS are also lo,a...'!1 t.o be regulated by calci1.11:

rluxes ( Packharo and Mustaro 1984 l . 

Various workers have demonstrated that agents which 

inhibit calciu:::i mobil1zat1oo either by arrecting calcium 

bindin.E; activity or calmodulin (such as trifluperazine� 

a local anaesthetic) or those that elevate intracellular 

cyclic AMP levels (such as prostaglangins I2, Dz or E1 

Fi£;. 4bl are all strooe; inhibitors of platelet agsregatioo.

Hu..ever, platelet dense grarle calciu:, are released

ext.racel!ular c.ediu:: durini; platelet. secretion.

to the 

lb) Role or Fib'ltltwen in Platelet l\ggre62t1on: current evidence 

3Uggeists that aggregating agents such M ad.renallne, collagen, 

aracn1donat.e or thromb1n (Plew and l-lal'&lleriel980; liarfcnist 

et al 1982) bJt not ADP i:-.:iy induce fibrinogcn binding

in1Sepcndcntly or released ADP. 7hia :wucsLa a broa..Jcr role 

i,uch ll!l fol"'mirl6 the link bctwt>cn adjacent plntelot.D for

f1br1no£en during ..gg,�gatian. Tnc inhlb1t1an or thtoclbJ.n 

induced aecreu1t1aa by Fab rrac-.ents or an llllt.ibody lo 

fibrin0£Ul cupporui Udo vie-,.. ITolleflJCfl nnd �::.JoN!I 19751, 

Howc�cr, only uie role or fibr1.nogcn in ADP- induc"° 

IIW'C'Olt.ion hSS been CXl01!11Y<llY £1.Udled. It ha:, been wvll

cst.abli.ahcd lhaL pr!or LO atii::ulallan, tha plau.,loto do not 

t;lnd Nbrinoe;en, but hllvc their NbrlnQgcn r«vpLor:, �ed
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lftw Allf 1t.i111l1t1on (tt..\.ard et al l9781. Pll\.elet tan, 

f'lllnnclaln �1aociat.e, dur1n& da&f.lrepticn 1'1nlOl.llh

Jat.hbane et al 1 31. Ila tmli ano I.Aun& 11 

t.hal • cc:cpln Of J}ycoi,irott1N llb and llla enc cal 1

ro. • the rtbrinopn rt"Ceptora an plat.elt>t a:e::trane Which 

can be 1nh1b1ted by IIMino 4\IPl"D 11Uch u a}uco:;ii!':il 

plactose !KlnlOU&fl-Rathbanu ot al 198,i,J. The poor �ticn 

or ribr.tnogen-b.tndlns o�er-,cd 1n t�the:tlc patiento 

ruul� fram I.he a:arl<edly re:i�e.1 or totally ab3eit 

glyc:oprote.tn llb and llla in plnt.e.t � or INt:h patient. 

A similar effect is ob!lervcd 1n al'lbri�a 1:1 a 

renecucn or the Nduc:e.d level:! or Ntr.inogen .1n 4UCh in:!t.anoe 
(Pacilha::l and twt.ard 1931,l, althaJgh other \•iev3 tavc beet1 
exprci� ICllen, J.P. Pcracr1'1 Cu:r:unlc.at.1onl. 

le) Role or Platelet t:e::brano Cl)'COpt'ot.c1rui in Af'metion: 

Platelet C'JC:'lb1-ant1 glycoprotein:i play an e=tJal role 1n 

platelet :iurracc 1nt.cractian llUCtl as oc= In hllc::o�ta:ii:i 

and blood c�"'UlaUon. They ore 1n\"OlVed 1n adhesion, 

aa;repUan, binding or 11caru11l i.o recoptor., on plat.cl0t.:1 

and rcccnt.:ly h:lva been irlplicatad a:, �rv1"6 ll!' anchor for 

r.11m1n - mJ.crori lament. at.t.Dct'Ocnt. durins clot retract.ion 

(Fox and Phillip:, 1983). Their import.DIieo hu bffn t\Jrther 

otrmgthcned by t.hc charactorizat.1cn or coruun d1oea.,c:, 

such uOlllllll'1lllV1'D Uu'tlllbll,t�J11and Bcmard Soulier 11yndrai10 

llhero dofect.1vo oembrano glycaproto1n ia t.ho Wldc,rlylrls 

disorder (Ph1111p:i 19801, 

George and 1Aw1D < 19761, u.:iing SOS- sel electrophoru1a, 

c:haraeter1zed plat..lot.a mtmbrano glycoprot.eino into lhrff 

•Jor clu.... Thon aro glycoprotein I (vith Mlbait.a la, lb, 
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after ADP stiaulation (�tard et al 1978). Platelet bound

f1br1.nogen dissociates during deagggregatioo (K1nlough

Rathbone et al 1983). Nachman and Leung (1980) have sho ... n 

that a canplex of glycoprotei.ns IIb and Illa and calcium 

fon:-.s the f1br1.nogen receptors on platelet lll"'-=:brane which 

can be inhibited by amino sugars such as glucosal!'J.ne and

galactose (Kinlough-Rathbone et al 198'i). The poor aggregatioo 

or fibrinogen-b1nd1.ng observed 1n thrmbasthenic patients 

results fra:i the markedly reduced or totally absent 

glycoprotein Ilb and Illa in platelets or such patient. 

A similar effect is observed in ar:Lbrinogenaemia is a 

reflection of the reduced levels of N.brinogen in such instances 

(Packha::J and �wtaro 1984), alt.hwgh other views have been

expressed (caen, J.P. PersoJi.1 Cnn:wnication).

Cc) Role of Platelet Membrane Glycoproteins in Aggregation: 

Platelet oe:nbrane glycoproteins play an essential role in

platelet surface interaction such as occurs in hae::iostasis 

clnd blood coasulation. They are involved 1n adhesion,

aggre£ption, binding of agonist to receptors on platelet:, 

and recently h:lve been icpllcated as serving as anchor for 

fibrin - microf).lament attactlnent during clot retraction 

(Fox and Phillips 1983) • Their importance has been further 

strengthened by the cluract.eriu11.ion of certain diseases

such asGlanmann's thrcrnbtl5l:h<'!niaand Bernard Soulier syndn:ce 

Where defective oeobrane glycoprotoin is the underlying 

d1:iorder (Phillil>!I 1980). 

Coorge and Le"1s I 1976), ll!ling sns.. gel clcct.rophoresi:i, 

character1U!d platelets ceicbran1. glycoprote1n11 into three 

major ele,,es. The,e are glycoproteln I hd.Lh sutmit:s Ia, Jt,, 
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le), glycoprote1n II (with subunits Ila and IIb) and

glycoprote1n Ill (with subunits Illa and IIIb). Glycoprote1n 

IIb and Illa are trans:nembrane proteins and l-.ave been 

implicated by �)Jstard and his group ( 1978) as forming the 

receptor for fibrinogen when they fonn a canplex with calciuzc. 

Glanz:rann•s thranbasthenia involves the absence or abnormalities 

of glycoprotein llb and llla and such thranbasthenic platelets 

do not aggi-e,:sate nor bind fibrinogen when stim.Jlated with an

asgregating agents. Deficiency of glycoprotein Ib 1s associated 

with Bernard Swlier (or giant platelet) syndrane (llurden and 

Caen 1981). The bleeding abnon::'3) 1 ty that accocpanies this 

defect. has been attribJted to impaired adherence of the 

platelets to subendothelial 
1
onstituents. 

ld) Phospholipd ChaJise that Acca::pany Platelet Acti\.-ation: 

Platelet response to stimulation involves changes 1n 

its phospholipid ca::po:::1t.ioo. This re!lpOnse can be su::x:.:iri.zed 

a.:i: 

(1.) breakda..11 or Pl IP£ or PCI with acca:i:panyins increa:se 

1n pho:,phatic acid (PAI 

(U) t.he release or arach1don1c acid which can enter the

cycloxygenase or lipoxysenase pathways and

( 111) t.he conver:s1oo of pho3ph3t1dynos1 t.ol - 4, 5, 5-,

b1phosphate (PIP2l Lo phosphat.idyl1n031tol-4 pho.sphate

(PIP).

The breakdc,,,11 or PI fol10113 calcium oobll12at.ion and �

been :,tic,,.,i t.o result. in PA and AA liberaUon t'rom platelet 

poosphol1pid5 (LapeUna, 81llah and 0.latN!Ca.BaB 19811. 
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1.5.3-

1,5.3.1. 

The first enzyme in the PI- response induced by 

thranbin is phosphollpase C and the response leads to 

accumulation or 1, 2, - diacylglycerol (DAG) and PA 

(Lapentina and CUatrecasas 1979). With A23187 as the 

stim.tlating agent, the fall in PI level is primarily due 

to its hydrolysis by phosph011_pase A2- The fate or DAG thus 

formed remains controversial. While sane workers believe 

that it is acted upon by diglyceride and monoglyceride lipases 

to yield glycerol and free fatty acid including AA (Ritt.enhollse

S1ccms 1979, 1981, and Bell, et al 1979) others ha�e presented 

evidence that the DAG is phosphOrylated to PA by 1,2, diglycerol 

kinase and subsequent resynthesis of PI (Lapet.ina et al 1981).

The possible role of elevated intracellular PA as

calciu::J ionophore in the initiation of aggregation and platelet 

granule content release has been suggested (Lapetina 1982). 

The release or arach1donate frcm platelet. phospholipids 

follO'J1.ng sUm.JlaUon, re.sult:i frar. the actions or phospholi

pa.se!! C end A2 on PI end PC, PE and PI respectively. The 

romation or PA, rrar phosphol1pase c action on PI, in the 

presence calci1.0 sti.rrulnte3 phoophollpasc A2,

Platelet. secret.ion is clo:sely linked with platelet. �t.ion

and other platelet. response., t.o appropriate st1JILl11. This is an

agonist.-induced response "1'11ch enhances platelet act1v11Uon. Most.

or I.he eecret.ed :substances have o direct act.ion on platelet.s

t.hec.selves or are converted to phy:uologically act.1ve subsLance:i 

1n the plasrm or on the cell IIW'fece. Platelet. sranule cont.«it� 

have been Uat.ed 1n Table \. 
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The physiologically active substances such as  ADP and 5-HT 

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

loop to enhance platelet stinJJlation (Fig. 4a). St.1a,1lation of the 

platelet is accanpanied by PG02 and PGH2!TxA2 synthesis; these 

substances are pot.ent stinJJlating agents for platelet aw-egation 

and secretion (Fig. 4) (Holmsen 1982). The released substances 

are respcnsible for/second wave of aggregation. 
-

Platelet secretion was first suggested by Bizzozero ( 1882) and 

observed for the first time by Grette ( 1962), who terced it 

"platelet release reaction" to describe the release of fibrin<>t,"'ell, 

adenine nucleotides and serot.onin fNn pig platelets following 

thra:ibin stinulRtion. Platelet secretion occurs by exocytosis and 

this accounts for selective relear of only granular contents and 

not cytopJas:::l<: substances (t-'.aclntyre 1976). Holmsen et al ( 1968)

demonstrated that only the granule ADP content is released as the

cytoplasm1 r: pool 1,,il.ich 1s readily labelled by radioactive adenosine

is not released. 

Ultrastructura.l studies associated with platelet granule

secr-et1oo have sho .. Tl that with cen1.ralization of granules and 

organelle3 by contraction of the circu:::fel"'Cfltial band of microtubules

on platelet st1DJJlatioo, there is granular fissioo with the surface 

connected can:ilicular syst=s (SCCS) shortly before secrctia,

(White 1974). AlBo inte�l C(ll'ltractJ.a, initiated by the platelet.

contractile system:, are essential to drive the extruded sub.stances

into the chaMels or I.he SCCS then out or the platelet into the

surrounding Medium. 
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Platelet seoretion requires metabolic energy and internal 

calcium mobilization (Fig. 4 l. Holttsan and associates ( 1974) 

demonstrated that When ATP synthesis is blocked by the siJtulta�eous 

addition of the metabolic inhibitors 2 - deoxyglucose and entim}'cin 

A to platelets, there 1s a progressive loss in the ability to 

undergo release reaction. Platelet secretion can be induced by 

A23187 i n  the presence of calcium-chelator a.-rA or EDTA indicating 

that it is independent of external calcium although ea
++ 

is necessary 

for the secretion that acca.:ipanies aggregation (White, Rao and 

Gerrard 1974). It has been suggested that energy fran ATP metabolism 

aloo£ w1  th intracellular Ca
++ 

-mobili-zatioo initiates the contraction 

of thranbasthenin bringing about.. the centralization of organelles 

and brings thee into close contact
/
with the open c:ana.l.1cular system. 

t-.ost agents that induce aggregation are capable or causing 

platelet. secretioo. Holmsen ( 1982) has identified three types of 

platelet secreUons based on the canpart..lllent.. involved. These are: 

(a) dc."\Se granule secretion

(b) alpha-granule secretion

(c) acid hydrolase secretion.

He postulated that the strength or each agoni:st. depended on how ou:h 

Ca++ was c,obWzed. 1llu.s, very :strong stillllll such as histi

concentration.:, of thranl>in, collagen, PAF- acether and A23187 arc 

capable of init1at1ns secretions from all three caopartments wh1le 

ADP, adrenaline and :serotooin can only 1n1 t1at.e dense s;anule 

eceretioo. Tl\r<lCbolC8J'lf" A2 ill or 1nte11,iediate strength and can 

st.1.lllulate bOth nlphn- nnd dense granule sec:ret.iorui. Packhao and 

associates ( 19TT I !!hawed that for sCX!IC agent:, such a:, colla&en and 

A23187 but. not low aincentration or t.hranbin, plat.elet secretion 
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starts as early as during the shape change phase. It has been 

observed that acid hydl"Olase secretion requires higher concentration 

of agonist such as A23187, thracbin 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 secretion which can be stopped by fonnaldehyde 

(Costa et al l976). 

1 .5.3.2. Methods of Studying Platelet Secretion: In some disease caiditicns 

such as diabetes meilltu:s and atherosclerosis, 11>"..asurenents of 

olatelet secretion have served as markers of extent of platelet 

act.ivation in vivo. Determination of acme constituents of dense 

granule and acid hydrolases have been used as diagnostic tests of 

platelet disorders such as storagefpool deficiency 1n whlch contents 

of the dense granules are markedly reduced (Weiss 1976) . Hol.-ever, 

since some of these platelet CO!l5tituents (e.g. dense- and lysoscx-..e 

granule contents) are not as specific as the alpha-granule cootent.s

(BTG and Pf.4), their plasma coocentration as indices of platelet 

cooSI.Clptioo or acUvatioo 1n vivo shoold be interpreted with caution. 

PF'4 \o-hich = initially thougnt to be n platelet .specific protein 

ha:! been reported in the ma.st cell (McLaren et al 1977). 

A.-.iortg platelet secreted substances the MOst "'1dely sb.ldicd are 

serotonin Hol..mscn et al 1969, 1972, Packh:in et al 19771 ade:une 

11\lcleotides (Holmsen et al 1969, Fei.n:r.:in et al 19771 BTC and PF4

(Moore et al 1975, Niewiarow!!kl et. al 1976). The latter (BTO and

PF'4l arc oea.!lurcd by radioil!r.1.Vlousay (Bolton et a.l 1976 n,bl while

<1e1.erm1nat.1oo or plat.elot 5-HT upt.nke and relca:,e a.re carrted oot

by mea,,rJ.ng the relea:ie rra:, st.iim•le.ted platelet.a of prelabelled 
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1.6. 

platelet 5-HT (Holr.isen et al 1972) Platelet adenine nucleoUdes 

are estimated by the r1re-ny luminescenct: method and the kinetics 

of secretion rnon1tored directly with the lt.rn1.aggreo'(X!leter 

lFei!V"..an et al 1977). Dangclmater and Holr.sen l 1983) have reviewed 

lll'!thods for measurin& platelet calcium and acid hydrola.ses. 

PLATELET COAGULAlrr Acrn1rn 

Early morphological studies indicated that fibrin fornation 

occurred 1n close appo!!itia, to platelet aggregates (Addism 1842, 

Culliver 1842). Bi22.02ero ( 1882) S\.lggeSted that platelets 

released a procoagulant subst.ancc into the plasma. Schir.J!lelbusch 

and Eberth ( 18851 pointed out the relationship between plat.elet.s 

and blood clot.ting. Observatiorui a:ade by Woolridge ( 18831 indicated 

that lipids were important for bl4xi clotting and could be a 

possible source or procoagulant activity. Chargaff et nl ( 1933), 

van Creveld and PauJssen ( 1952) isolated scr.ie platelet llpid wit.h 

proc0a£1,1lant activity which were designated platelet factor 3. 

All att.eir.pt.s at identif'yins a sing.le phosphollpid active in blood 

coagulation failed (Biggs and B1dlo.-ell 1957) and so �:arcus ( 19661 

submit.ted the coocept that platelet factor 3 1s a f\mcUoo of 

platelet membrane phospholipoproLein canplex rather than a si.ng).e 

phosphollpid. 

Thus platelot!l p;:irticipatc in blood C03cUlatioo by praJJOtlng 

11 phosphOlipoprotein surface upon which coagulant proteins are 

bl'"QUght into contact wit.h one another. Walsh ( 19741 propose<1 that. 

plJtelet.:s play a crucial role 1n all phases or blood co.:isulation 

reactions by providing activated platelet mc:llbrnnc:, for boLh 

specific and non-spec1nc adsorpt100£receptors for coagulatioo 
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factors. Platelets thus concentrate and protect these factors fran

plasma inhibitors. In addition, thrombin formed by the coagulation 

cascade also activates platelets and thus serves as a positive 

feedback mechanism which promotes effective haemostasis (see Fig. 

6a, b). 

To aid platelet procoagulant function, fibrinogen (.James, 

Canguly and Jackson 1977), factor V (Kane et al 1980) Factor XIl1 

(Schwartz et al 1973) and Factor Vlll-related antigen (Slot et al 

1978) are either found in platelet alpha-granule or cytoplasc. 

The alpha-granule coagulation factors are released during aggregation. 

Factor XI-l1ke activity ha3 been reported to be firmly bound to 

platelet membrane (Schiffman et al 1977). 

It is clear free available data that platelets play a 

sil!)'lificant role in pranoting blood coagulation. For instance, 

existence of binding sites for Factor Va and Factor Xa deNnes a

role for platelets 1n the tenninal stages of blood coagulation. 

S1n1Jarly the occurrence of receptors for Factor Xla on the surface 

of st.1r::11Jat..ed platelet:! susge.sts platelet involvement in contact

activation. 

PLATELET F'UUCTIQI IlntlBITORS 

The!le agents fall into 3 mjor :sub@J'oup:, : -

(al nio:se that inc�e cyclic A.".!' levels in platelet 

�l ttai!l icpoding ea
++ 

a>biliution. 

(bi 'nlo�" t.hat inhibit. 11M1c:h1donata patm.-ay. 

(cl n-.o:ie that. 1lll11b1t opcc1Nc Q&OOist and recoptore. 

1l)c:,o ant'1DJ'l1Dt.o of platelet. l\inct.1cc1 11.l'fect QJnly pl11t.clct 

adhe:11on, aw-cezit.1«1 and rclellJSO reaction al UIOUgh DOroa of L H
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1.7.2. 

- ,:, -

may inhibit platelet pl"OCoagulant activity. 

Ca) f®mts that Increase CAMP Levels: These are the most 

por .. erf\.11 ant1platelet agents as they affect the basic 

mechanism of platelet activatioo, that is cobillzation of 
++-

C a  -ions !'ran its storage sites to the platelet cytosol. 

The role of Ct.!-:? is closely linked to the conc�ntratioo of 

cytosolic Ca++ 1n platelets (Fig. 6b). Increased levels of 
++ 

CAMP results 1n Ca -ion sequestration into dense tubular 

systec with subsequent inhibition of all platelet. responses

to stillJ.llation. This has been suggested as the main 

C".echanis:u of platelet f\.lnction 1nhib1tion (�)Jstard and 

Packha:n 1978, Vennylen, Defreyn and Deckcyn 1982, Packham

1983). I 

Platelet CA.� is elevated by agents that st.inulate

ndenylate cyclase and to a lesser extent by those that 

inhib1t pnosphodiesterase Ian en2yme that breaks down CA.•:P: 

l·ust.ard a."ld Pnckha.::l 1978).

l'CI2, PGD2, PGE1 , and adenosine tllrough the stimulation

of their spec1f1c receptors acti�te adenylate cyclase 

(Packham 1983). Forsl<olin, a diterpene fl"a:I the roots of 

Coleus Forskohll1, increases CA.� in platelets by direct 

st1c:uJntion of adenylaU: cyclase and appears to act in a 

synergistic fa9hion \Ii t.h the POE 1 , POD2, and PCI 2 nnd the 

phOSphOdiesterase int-J.bitors. Pro:stacyclln is the cio:st. 

potent platelet inhibitor and 1- fo� llllJ.nly by t.he 

endothelial cells or the blood vessel wall. Agent.5 like 

D1pyr1d.al'TIOle, Ro 15-2041, papaverine and Cilo. .. tnmt..te inhibit 

platelet phOllphodiesterase. DipyridlllllOle ha.o 611,ined clinical 

oppllcaUon 1n t.hrmhot .ic therapy. 
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!';t:ne agents interefere directly with ea
++ 

mobilization. 

++ 
These include Ca -blockers such as Ver�pao11 (Y.ehta et al 

1983}, local anaesthetics such as tetracaine and antidepressants 

G:Jch as chlorpl"CC3:zir,e, inipra.-:dne and a:uitryptyline 

(H<">)r::>en 1978) • 

(b) J.;ent., that inhibit. Arachidonate Pat.m.-ay: These agents

inhibi� the erachidanat.e pat.m.-ay by blocking the enzy.Des

in'l.-ol,•ed in AA cetabol 1 sit lll.lch as phospholipa.se, cyclaxyge:1ase 

l!.'ld t.h:ic box.a;,e synthetase. Drugs that inhibit the

phos;i.."'lollpase 1.nelude the ster Jal ant11nflar::nLo."'Y agents

such as t-,)'ttrocostisa'\e 21-sodiu:r succ.inate, i:-ethylprednisolone, 

�oc:H= s:.i::clr.ate, the ant.1rolarial o.gent ciepacrine, tri.O.Upera

zine � bra':lcphenacyl br<r.1<f. Others are propa:10-0l 

ind�...bacir: e,.")ll ca1:mduliJl-antagOnUit, phenothia:.....n.. Un.1ck' .. -ell 

!!!i1 Fla.icr 19631 •

�t= ttot inh1b11. platelet cycloxy� 11.lso ca11.�

ti rc=tioo !n va�11ar \.-all s:;ntheslzi or p�t.acycl1n and co 

ere cl1n1cally !es:, crfcct.1·,e th:ln 1n1t,lally n.'lt.iclpatd. 

SQ:t, -£E?1U W1l. res.Jl \. in the blocla:.ic of roclz, l'Qf2, Fell� 

� '.fxJ 2 eyn�ls. 'J'ht,y 1nclW,e the taUs eueh a:, Q.!IP1rin,

i,m�1n, 1bn..,ircf am difluniAl C Peou= o.'ld "'1llt&N

• 
• o' u lr.hi t 

u a::. rln!rrc:r y •trlat :s t.ho �r 

t t1 C ( r,. I ,. • u-

,, r t 1 \ pl t 

• - - • 

1 VI \ t la (1 

I.
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currently, interest is cent.ered around beneficial 

effects of thranboxane synthetase inhibitors, as they do not 

interfere \.i.th prostacyclln fomation. Dazoxiben (lJI07248)

is the most useful of all thranboxane synthetase inhibitors. 

\'erJlYlen, Def'reyn and Declaoyn ( 1982) have tested the drug

clinically and sh0',,,1'\ it to be S\lperior to aspirin as an

a."'ltithrocbotic agent since it does not only inhibit TxA2 but

al so enhances prostacyclln formation. Ha.:ever, ''responders" 

and "ntXt-responders" have been identified (Bertele et al 1981

and tr.u has bee."'1 related to the 1ndiV1dual ability to ro� 

ei :.�r PGE2 or PG'.02 frail accurulated PG:i2 during thranboxane

syntbe:ase inhibition (Bertele et al 1984b). HO!.lever, the

ir.ec.'1anis::l or action or Oazoxiben is related to stirl1Jlat.1on 

of CIJ--!? as 5022536, an adeny/ate cyclase inhibitor, pre·;ent.:, 

it.s 2nt1patelet effect (Bertele et al 1984a). 

(cl DN� t.haL InnJ.bll SP!£11'1c Agaust..s and Receptors:

Thrcr"...1.;..n recept.cr:s are blocked by SCX!lC peptides such 

as D-f"r.e-Pro- Arg-H.H2-5()4 and D-Phc-Pro-Arg-CH3 Cl (Packh3::. 

1983). .Adn:1'..il1ne and Derot.onin 1.nduc:ed a&:;ree,atlan can be 

tilco.e<I by clph:l blockers (phent..olcino, phenoxybcnz.n::dne or 

d1t.enl01ne) 1111d i<eta:1�r1.ne (or cyc:lohept.adinel �spectively 

(PlJel,.h=" 11:lO tustard 1911; Bevan and Heptinstall 1983). UNIV
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MALARIA 

General Intl"Oduction: 

Malaria, a highly prevalent disease of man and other

vertebrates, caused by a blood inhabiting protozoan parasite

or the genus Plasoodium, is transmitted by the bite of infected 

female mosquitoes, a ccanon one being the female anopheles spec;..es. 

Uot only is it a severe health probler.i in the tropics and a major 

imped.i.oent to econcm:i.c develoi;ment, it is also respa,sible for 

the annual death of more than one million children and infants in 

tropical Africa (Trigg, 1978, Wernsdorfer 1980). 

Of the four species which infect man (Plas:DOdiuro falcipanJ.J, 

P. ovale, P. vivax and P. ma.la.rise) P. falcipanzm has received most

atte."1t.1on as a result of its of-en hyperacute and fatal clinical 

course. Besides these, a range of Plasocxlium species which infect

rodents (P. berghei, P. yoelti, P. cha'baudi and P. v1ncke.1), 

non-human primate!! (P. knowlesi, P. simiur.i, P. coatneyi, and

P. cynanolgi), birds (P. f!8llinaceum and P. lophurael and reptiles

(P. BEP"'38) are also knOI.TI (Wemsdorfer 1980). These non-htr2n

ma}ariaes have lent t.he::l!lelves to canplcx experi.c:lental mnipulation.,

and studies which hitherto would have been impossible with the

human pleS"Odia.

LIFE CYCl.E:
As ccr;>lex as il.S life cycle see::i.s, Lhe malaria parasite 

spend!t l!lOSt of the tir" 1nLracellularly. In the vertebrate host, 

rost. of 1ts dcvelupaent takes place Within the red cells, 

establishing a two way rclJltiornihip 1n which the para.siu, modifies 

the ont1genic1ty and c.ocpo:11tioo or the erythrocyte, at the sa.-ne 
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t.i1!le equally depending on the host cell metabolism and constituents 

for its develoi:cent and growth. (Fig. 7). 

(a) EXOERYTHROCYTIC STAGE: Normally, the vertebrate stage 

begins with the transfer or sporozite !'ran the salivary gland 

or an infected ClOSquito into the blOOd stream of the 

vertebrate host. They are cleared rapidly, usually Ioli.thin 

one hour, and effectively by the circulatory systen to the 

tissues, leaving only a few sporozoite., which find their 

way into the lymphatic tissues. lnmarmaJs, the sporozoites 

invade the parenchycal cells of the liver, either througn 

the kpuffer cells then to the hepatocytes JSmith et al 1981) 

or directly into the hepatocytes shunting the kpuffer cells 

(Shortt 1948). Invasion tfiroush the endothelllr" has also 

been considered (Bray and Carnhao 1982). Within 40 to 48 

hours ( for P. falclpan.a:n) , these sporozo1 tes, Ju." in 

di;,::>tter, cononucleated having only little cytoplasc, b:lve 

a]C"O!<t cccpletely invaded the hepatocytes (KrotoskJ et. al

1981 l. Recent studies su&,.--est that, the sporozoites attach

to t.he n-ee end of sugar., lil<e D-oannosc and D-fructose

molecules. The hepatocytes, having receptors for these

:rupr3, rcc:q;lise then: and takt the::: 1n together with the

attached :,porcnolte. This 1.:, :dmi ]Ar, lo the :system described 

by Baenziger and Fiet.e l 1980). 

The intrahepatocyUc fol"l:ll!I develop into schizonts 

Ioli.thin 20 to 30 � or 1nvadins the liver cell!l. During 

t.h1B phaSe 1ohlch 1.!S known 11!1 the pr.imary exoeryt.hroeyt.1c 

ochimgcny, each sporozol u d"velo1>3 in Lo one schizont 

w1.t.h1n each hast tlasue cell, and insl.de lhe cell are fol"QOd 
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FIG. 1HE LIFE CYCLE OF MALARIA PARASITES .
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n\Cleroos daughter cells (Cry;>t.ozoites or oerozoites). 

Hyp-\0'"'..oites are the latent tissue forms which when released 

after clearance of parasites fra!l the blood sLrea� cause 

a true relapse. In P. falciparum Wllike P. vivax or 

P. ovale, all sporozoites differentiate into meroi.o1tes,

a fora consisting of a single nucleus and cytoplasm and tiKJs

shows no true relapse. Unlike the avian plasood1.a where 

a� round of exo-erythrocytic sc.hizogony cx:1.st.3

{e.et.acryptcr...oic schi:z.cnts), the erythrocytic forms in the 

-2 :·a)s arise directly fJ"Or.' the cryptozoic schizonts

(pr!-rJ scr.i=ot;OOY). 1n rodents, the exoerythroeytic

f o.-=:s c:t t:J....-e 1:1.11:h ear ller than the l'J iron f on:::s •

1J)C blood strea:: 'omen the host cell ruptures mid relea:se., 

t.he exoe:-yt.h.--ocyt.1c sctuunws, no.1 ca.1.led merozo1U3. 1be 

o..-md oe.-io-..o� t.e, !!I.IJ"l"Cl.lnded by a pcl licw.ar ca::pl ex of two 

,e •i:·tl.� rws 11:1 up!eal end lhat canUl.ln5 the pairca 

o,gt.ne.llC!I (t..he rho;:Jt.«!riC!lo) aid D fC"J aiCra"\C:JCS. llthou.,;l 

it. = a l.if=P:,."l or abcaJl ::0 mnuu:i ext.nccllulnrly, t 

cr.,•,g:;oJtc � 1:1 � c 11 wilhlJ\ 20 aecand3 or n::Jca.ae, 

in a a.d t 1.c: t<1> � ::nl on (fu-l'Ol 19321. rnc in.e, lnvol 

a r«CC, •1 ' t,) t er. Ut.1an, I.I

) ' .t1 fa 1 

� l initi 1 lt.1.Cl'I ( 1 l 

.. � IA a; ell 

1.n1I '"'" µ- ( ut r-

•• l t \J;D

r, 
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Some elea�les of such protein receptors include: 

(1) IX!ffy antigen (IX!ffy determinants Fy
a 

and Fy
b

) as

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

l·liller et al ( 19761, Hiller et al 1977, M1ller et al ( 1978).

These studies were perforoed with !Xlffy negative erythrocytes. 

lii) Clycophorins (A, B and Cl. This is a sialic acid-rich

glycoprotein with the A and C types providing 75% of the

erythrocyte s11rface sialic acid , which acts as receptor for

P. Falcipat'\Cl (M1ller et al 1977, Perkins 1981, Pas\'Ol et al

1982).

�hrocyte Entry: Interference cicroscopy has revealed

that oel"O'Z.01 te attach:i:lent to the erythrocyte induces rapid, 

tr-..nsient and carked deror4iat1on of the red cell oeobra."le 

cytoskelctao (Aika.,.-a et al 1978, .Bannister et al 1975). This 

att.actcent follo-�1.r.g orientation of the apical region or the 

mcJ"OZOite to C3ke contact with red cell mei:brane, is aided 

by t.t,e hi!ltidine-rich protein Cl:1leJ1an 1976) of the 

moptrie:i (lli:m.-a et al 1978). Thi!! canpllcatcd process 

a1so involves the ran:at1on of a paras1Lophol"QUS vacuole by 

the erytt,.roc:yte 1n '-tlich the parasit.e eventually lies MCI 

move:-.ent. of the junction (bct\ll!cn erythrocyte and oerozoi te) 

a1"01.11lt1 the cerozoi t.e to aid endoc:yto:!1n t · '1"'0UG I Lrar.sient. 

�t or erytru-oeyte cyto31r.eJet f;a-:.,ris.!no of 

g.lyc.ophOrin, bG1ld 3 prot.l!1n (anion CMMol) c!J\lcyrin Gild 

:spectrJ.n. Sec Fit. iJ (Ovornlc et Ill 1975, Aika\13 et. nl 19781. 

Event1.1ally the eryt.hrOcyt.e Lo l"CY!aled aflAr ca=pleu 

endo(;yt(>Sis. 
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• 

. ... 

flO. 8 A ad\ema\lc diagram of 11,. Interaction between the 1urface mambrene of the hu,...n 
erythrocyte and lhe malarial p,,,a1lta l'./alrl,.,.• 
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1n1. rval or Ur.Jo chnr111Cl�r1al1c or the parollit.c llnd thcJKI 
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a 36 hour asexual cycle, P. berghei ha3 a 24 hour cycle, 

\.tu.le P. falcipantn matures in 48 hours. Finally the 

mature schizoot ruptures the red cell, liberating the 

individual merozoites which in marnalian species can only 

invade other erythroc�s although avian or reptilian 

plas::iodia can also invade tissue cells. The periodic fever 

chills which characterise ir.alarial infections are caused

by synchronous asexual development and rupturing of 

erythrocytes. 

l C) SEXUAL PhASE : Upoo invading a new erythrocyte, the 

=ero201.te ea.� either initiate rene1.-ed blood schizogcny, or 

de;,elop into a fe:nalP (r.acrogametocyte) or a c:iale (cic:roga::eto

cyt.e). nie st101Jus for ttfis transfon:::at1m is yet unkno-,m.

The cature ca�tocyte has a ca:pact nucleus

j�ta� with an a=1at1on or pig.,ent.-s. The cicroga.""Je

toc:Yt.e has a larger nucleus b.Jl shows a spo,lgy appearance. 

Both ga=,et..es are still SUl"l"OUrlded by the host eryt.hrocyte

ce::J:>rane. When taken up by a l!Ul wblt. arthropod, U..e

g;:i:-..ctocyt.es Lrat13fom 1nLO g;rx,te!I. Too riicr0t),i:iete (fewer

uv.,i the 1:1erosa::ictel undergoes three cxtrnordJ.nary, rapid

div1r:i1on:i (Sinden 1961) LO form filD..':lCfll.aJ!I cells each ha\"U\6 

6 �llUQ 'W1U1 1olh1ch on erythrocyLo 1'\lptura, it £0C!I 1n 

ce4rclJ of o �turo QCf'06D:'lC!l<t out.a1do the red c, 11. ThC' 

e.tnaecllot.cd n1�t.es rx,vo acL1vcly Lowan111 the

c:icroe,r,ew invading and rort1l1::1116 11.. Tno rcrt111tod

c:.c�t.e (:yo,t.e) now called the o&incto la t lCl1,f;ll.cJ

1/lt.o #1 ucUvcly 1'!0l1le l'Dm. 1llO ooklr1Gto pmotralw. lhc 

erthrOSJOd'a 1nw•t.11l11l •p1tholluru to 11e on llia atd or 
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coelanic cavity. There the ookinete is encysted to fon:i 

the oocyst within \.'hich intensive nuclear division(i .e. 

cellular division)occurs. The duration of this sporogooic 

like division depends on environmental te:;perature. The 

sporozoites thus forced e:nerge !'ran the ocyst into the 

he::x>ly::iph through s::lall individual holes or through large

opening, 1.'tiere the ocyst wall has been tom (Sinden 1975). 

The spol"OZOites migrate by cherr.otaxL to the acinal cells 

of the salivary glands. Here, they mture, pe.'letrate and 

lodge in the salivary ducts where they are able to infect

the next vert.ebrate whe.'l the cosquito bites, by no-.dng 1.'1.th 

the saliva into the wound. 

f 

Until recently the study of malaria parasites 1n the

lc,borat.orY was ca1nly restricted t.o t.he we or a.n1caJ oodels such 

a:i rodent :species, primates and birds with their correspondins 

C'3lario para:iit.es. Ha..-ever t.he succes:sM in \.'it.ro cultivat.i0n

of the erythrocytic s�l!s or P. falcipanri nnd P. coatnl f:1 by

-rrazer and Jensen ( 1976 hae added another dlmension to 1n 1;_t.ro 

experiDe:ltation. 1h1:, :sy!>t.e:11, be:s1des being II t:ielhod Which 

1r.e-,1t.&blY :;uppUe., inforc::alion about. t.hc davelOl)C!ICJlt&l �.e..,eoui 

or the �1t.e, open up chAnnel11 for diff�cull. 11tudics whJ.ci\

h1t.herto could have ooly been &P<'CIJlot<-a. In the atudie:s rcparte<I 

here \IC nave us«i boU1 thtt rodtnt. ooc:tel (P. bcrffi!1 1n m.lcc Md

raul and in vitro P. falc1J'?l'U'll eryLhroc)'l.o cu11.u1 n. 
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1,8.3. 1. Pl..ASG)ru-1 BERGH£!: This species belongs to the subgenus 

P. Vinckeia which is characterized by small erythrocyt1c schizonts

and roond g3!:)etocytes. Vinke and Lips ( 1948) described the first

species of 1:11r1ne rodent oa)aria parasite P. berghei 1.J'l its natural 

host Tha:ma::vs Surdaster. l tree rats) . 

The P. ber;;pei has proved easily adaptable to laboratory 

rodent.s llke rats, ha:"..sters and cice, which are infected by blood 

passac,� and sporo-..oi t.e infections. However a irarked difference 

in s-.ace;it1billty and course or 1nfect1on has been observed in cice 

infected by blood pa� free an infected one ;d th P. berghei..

This difference depends on the volll:r.,e of in."locultr.i a."ld strain of

P. rerfje1. The ease of cyclic trans::11.ssion through blood passage

a.'ld the rapidit.y �th which high levels of parasit.Aemia are attained,

have ::ade P. ber,;ti,ei a widely useJ tool for biological, chel:lothera

peut1c ciJld 1c:unolog1c research. 

The pre?atent period 'Which parallels I.he developoei.t of the

exoeryUll"'OCytic :schiz.ai� 1s quite rapid, lasti.ns only about 2/c hou�

r.n:i !.!I used to identify thl..s subgenus (P. berghei) except 1n

f'. p;tv-..rd.i which Wect.D t� lor,i,cr pricatc lci:ur with 11 prcpotcnt 

pcriOd of 72 hoUr:s. 

Pa t.holos1 wl y, t.ho r:o.,se rx>dcl � a 25-100',4 corta.11 t.y "1te 

w1 th a t,1J':aja} cort..cl11.y cul"'Ve. Thra:boc yl.o?3cnh1, hct?Qs.lobir.uria 

a.-d li!J3c::\ia which lc:ill:i to ciloc;i: pre:ientn ln UlC fir:it week, lf t.

.::niral ourv1ve thiJ1 � Sa a h1oi r«tlculocyto count, 

ret.Sc:uloeytc ooin8 profcrcnt1ally 11twkC1S lcsuins lo f\irther 

a,mt'do. TI an l Ntllilly dSc.:t of cncx1a if untrc:ll.ed. Krc1 1

a duel to the II tlon 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- b} -

During infection, at tenninal stages, the animal is exlre:>ely 

pale, with bro,..'Tl skin piE,nentaUon in the skin ducts due to 

hcr.Jo:oin deposi 1.es. Hypothercia has also been recorded duriJ'lg 

P. bershei infections in mice (KN!tscn:nar 1961) •

Synchronicity is not sho..11 and response to infection ha5 

been associated with sex, aoe and wei&ht (Greenberg, lladel and 

Coatneyi 1983). Spleena:iegaly is not as pronounced in rodents 

as in hu:::a:is (Servent and Poncet 1955). 

l • 8 . 3 . 2 l' JJ..ARIJ. CUL'IURES: The earliest attempt, by P.ass and Johns ( 19121, 

at in vitro short ten:: cultivaUo.'l of the erythrocytic st.ao,! of 

calaria parasite using whole deN.brinat.ed blood !'ra:l Qlaria 

patients and which was suppl=ted with glucose, could sustain 

P. falc.iparu:!l and P. vivax for onlji 2 cycles. Lat.er short-ten:;

OJltures •.:d'e attecpted using avian (P. lophura.el and primate 

(P. Knowle�i) Trager 1947, t'£Chee and Traser 1950, Ballet et al 

1945) usll'lg the "rocker" technique. While Trager ( 19431 noticed 

the pre�ce on viable calc ga::netocytes or P. lophurae up to 16 days 

or 1ncUbat1on wit.h a 3 fold incrcll!lc 1n �rasitacirJ.a, Gic:::in and 

ca""°r;,.en, 11946) could sust.ain P. knc,,,;lesi for only 6 days despite 

11.:s short.er cycle. TriBS and Shakespear 119761 explained the latter 

re:.-Jlt 1n ten:-� of its prosressively fC"..,cr 111.Jlt.ipllcation with c.,ch 

... :.Jr;Cc::!11 \'C cycle. 

Those e.irly experiments, revealed spcc1r1c nutr1t.1onnl and 

01v1.r0rr,ental requirement.a which ucal.ly helped 1n t.ho f'inlll 

bf'C:lkt.hf'O\lOl in p:irn!l1 le in vitro cul t.1vat1on. Trager ( 191,3) 

cse:x,nst.ratod a <:alciu.:n p11nt.oUlllllll<I �iremcnt. ror P. lo()hUrac, 

While B:1.11 1191,6) chOWcd t.h:ll para-Amino bc!n::.oic acid IPAIIA) wu

8 rcqut..-«rCfll. ror r. t:nowlaBi and P. 1oph11N1a IM.&lc-r and JUl y 194�). 
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Other fact.ors such as biotin, methionine, i:,.irines, at.earatc, and 

other essential nutritional requirements for para.site gr'O'ilth were

also 1dent1N.ed. 

The first successM experiment or continuws para.site 

c:ultivaUon \./l3,S by Anderson ( 1953) who used a medium conta.1.n.1ng 

chicken erythrocyte extract prepared in chicken serut1. In this 

medium, he maint.ain,.-d P. gallinaceum for 10 days at the same level 

parasit.aemia with twice daily dilutioos with fresh blood sar:iples. 

In 1971, Trager suggested that a settled layer of red cells with 

a sl0'< rl<7" or mediu:n over them would mimic the deep organ 

endothellu:n sequestration or parasitued red cel.13 of the P.coatney1 

and P. falciparum. This led to the developcent of the flow-vial 

tec.hnique for malaria paraBite culture. 

Trager and Jensen ( 1976, 1978) later sho'..'ed 1n an experiment 

using P. coatneyi and P. falclparum infected-red cel.13, kept in the 

leucocyt.e culture med1u:a RPHI-1640 (Moore et al 1967), that the 

nO'.:-vlal tecmique could sustain parasite growth for up to 2 weeks.

Other require:!ent.s for the succe:,sl\11 cultivatJ.on were that the 

cediUCI =hcUld ho charged with 25r1-I KEPES buffer IN-2-hydro,cy

ethylpiperzine�l-2-et.han=lfon.ic acid), lSJ rhesus monkey sonc 

1n 12�) co2 ano (5-181,l 02- This lat.cr led to tho dovelopcent of

u«> para.o1t.e cult.iVDUon oethods: Lh� very st.cple pet.r1-d.1sh candle 

Jar ccthOd and the inlprovod continuOUll flow 1:JOthod. 

Other icproveocnt:, on t.t,a 1110thod ahowod t.hlat. "'= eryt.l'lrocyle:i 

or f.J:fJ blood group:,, "1 th 10-lSJ c01T1palible aeN111, even ar�,· 

pr�rvet.1on ot. 4°c 1n either ACD or CID, could �l..a.ln growth for

up t.o 4 woc:k.D. such acn.1111 haa to be �pclrllled fran t"N!ahly colloctc:tl

blood end otored ol -20
°
c or lyophllllU\J. Tho pa calx�uro or 5'li
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co
2 

mixed with air, which is also required, helps to maintain the 

pH of the bicarbooate containing medium. The modified Ball and 

Cie--.:m' s mediU!"" and Dul becco' s-high glucose roediu:i which were also 

tried \.:ere not as suitable as RPMI-1640. 

1.8.3.3. Cl:lANGF.S n� C\Jl.nJRE: Antigenic changes thal acccr.ipany lens tern 

1.8.4. 

in vitro cultivation or bacteria and viruse3 have been reported 

for P. faciparu;a cultures. This consists or the loss of 

erythrocytes surface protrusions - "Knobs" (Rudzinska and Trc!t,--er 

1968) "''hich help the parasitized erythrocyte att.ach to the capillary 

�otheliu:n (Luse et. al 1971 l. These knobs contain parasite-

derived anti.genie c.atel"ials lKilejian et al 1977) and its loss 

r:iignt have serious irn.lnologic or pathological implications. l.t 

present , the infectivity of tlf knobless variant (Y.-) 1s
more 

+ sigdfica'ltly reduced£lhan the "knobby" CK J red blcxxl cells

(Trager 1982). llgµyen-Dinh and Trager ( 1980) have also reported 

that there was reduced chloroquine sensitivity 1n sa!le of the o,-,

clones swdied, an ob3ervat1on that eight be useful in studies 

dealin& with pl .. smodiw:. resistance to ant1rcalar1al acents. 

Pl,nfOUXil Of MALARIA: 

1-lecKel ( 1847) reported that Lhere was br01,"l\1sh p1.g:ientat1cn 

"'hich could be 1 'C!DOVt'd fl"<X!I bl00<1 during scne febrile stat.e:i. 

Thie oboervat.ion was ri:idc before the dl:i.:ovcry of Lhc c.i.laria 

po -a::it.e 1n blood in 1884. It \13.!I sub!!t>qUcnlly sh�n that chzns'cs 

ot>:ervod 1n p11�1cnt11 pr1mar11)' ac:cmp(ll\y the prescnc:o or the

cryt.hrOCylo OD well 11.& c�co 1n tho hollt irr.ulo �pcn:ics. 

1'hc5tl chW1£1!5 ( bo11ic11lly b1�h-1cal 11nd h1at.olog1c:al I can be :ICffl

a:i orr�t.ing mainly t.ho rollow1n6 ayal� or or6AJla: 
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la) the t\aer.-.atolog1c: systei:i 

lb) the Spleen 

le) the Liver 

(d) the Circulatory syslem,

(e) the Nervous and other sy,u-rn-i.

la l Her.at.opatholog: Since the red blood eel 1 which pl"O\"ides 

a rich source or nutrients in an abunda:lt, rapidly renewable 

tissue, 1s easily accessible to oosquit.oes, and offers a.'\ 

intracellular env1ron.,-ient. t.hat may help the para.site evade

t.he host ilrc.lne respoose, the erylhrocytc re:ia1ns the cs!n

t.arget cell or the malarial paras1t..e, although the parasit.e 

spends only a short part of 1t.s lifespan in the red blood 

cell. Thi:i parasite th.:nlfore rc:n.:i.1ns a major he:atot.rop1c

p:ithogen of man, birds, prlr.ltes and rodents. 

Bes1de3, morphological ch:inges such as crenat.ioo, as is

observed 1n P. falciparu::i
1 

enlarga:ient or  parasit1zed cells 

1n P. vivax, these p:irasites silo',,· a preference ror certain

types of � cells. Por instance P. berghci is reticulot.ropic, 

p. (alciparum invade both old and young cells al� recent

evidence ou&;e:1t. thct 1L prefers rectic:.s, '-'hile P. r::alari.ac

a1ly old red cells (Seed and Kreier 1972).

The MAer:lia ob:Jcrved is induced by sever.u cie-chanlS!!:5 

ouch ru, - eryt.hrOcy\.e r,.ipture to roleruie i=ature mcro::oites,

oplcnic pooling or olt.ered red cellD nnd direct homoly:i1:i 

rc�lt1ne r,-a;i ho.11t. il!r.uno response (Weatherall and Abds.1111 

l982l • Thero 1 a alao ea,, degree or bone llllll"r'OW rauuro. 
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Leucoe�is has been observed in P. berghe1 infected 

c.ice (Singer ( 195'4), Well de et al ( 1972). This was 

at tributed ea1nly to a rise in peripheral rnonocytes (Singer 

\954) '-TIO reported that the r.ooocytosis correlated well w1 th

stic1l.ition or rect1culoendothellal system by the calaria 

pis;JC:nt.s a.'ld accelerated deslniction or infected and nm 

infected red cells. �:alaria parasite induced leucoeytosi:; 

• ha!) also been linked wilh _au,kitt IS l;,t.pha:o :tlkru::.lh et; al

1979).

7o date there are fe-� studies on platelet cha.'lges 

&u-inc; C3laria infect.iai. Thra:lboeytopaenia which increase!!

\dth pa..�te::::'a (Voller et al 1969) has been recorded 1n 

rode-nt.s !nf e::t.ed w1 th P. i,rstie-, Aotus monkey infected \.1. th

P. Falc1p....r: (Dem.1!1 et al 1966, 19671. DepleUCll in

co.&Jlatioo factors :auch as fibrinosen, factor VIII, 1nc� 

in f'ib..-inoe;r:: deuad,at.icn products end prothra:lbi.r> t1..,,. h:lvc 

been o�r-.e1 IDe:-lnis et. el 1967, Abilgraad et al 1975).

]1)CSe f"...n!lL'l.DI 11:ivc been interpt'Ct.ed as being coruw,tcnt

.,_u, dil.�t..cd �trovllJICl.lllU C08G,llllt.1cri IBo.ochowit:: 

c,t,. nl 19701. 

a lt or si,lenl 

c 11• arn1 pro11rcrauc:11 or tho wtul• pulp due lo 

ty�J.a.J11 er u " u11111a1 c 11•, r'Of)tiao;:::i and

1�.01d olC"X:n't.a. there ia loo 11 c :;ubUa, 01 larla 
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Hepatcicegaly is a cmru1 finding in human

malaria infections and results .f'r'CXll blockage of sinusoidal 

spaces by parasitlzed red cells. This gives rise to 

sluggish clrculatioo with result.ant congestion and central 

necrosis due to portal hypertension (Jervis et al 1972). 

The liver changes c:olour progres.siv£ly frail pink to black 

due to deposi t.im of heooz<>in end hemosi derin • Tissue anoxia 

results f'rcc inadequate oxygen supply or by the inability of 

t.he t1sSlle cells to uUli2e oxygen, a condition that leads 

to s.'lOck a."ld subseqUent death. 

ld) � Circulatory Sptec: The vascular pathology u.nc:1at;.e(I 

1..1.:l', c:,,.aru COl\5.Ult.s cainly of capillary occlusion due to 

ca!:'!le!! of as;iutinat.ed infected eryt.hl«yte.:1. In P. f'alcioaru::i 

this cn:ne? he:XlrThage and necrosi!I 1n perlvascular area,

of tbe bnrl.n, ::yoc::ard1um end skin (Spit: 19t.6). The 

0 ytb:"OCyt,e!I dcvelO? eccredences or "lcnobo" (seen under the 

Elei:tr'Clr' dcr"«SCOPO) vith which they Who!- unto the ca;.,111.ary 

�uieliu::: dur1nt «h!z.ongu,y which occurs 1n deep blOOd 

vc=el.o ll,1k:mn 19711. P. falcipan.c 1nrec� anir.:ll..o c;iy 

al® dtrvelop D.I.C. (Well:io et al 19721.

nie cu CCO"I� or 1nflCl:::lt.1cn md1AUJlcS auta�� 

l.b: bt�14nln (Ccioa',rl.n an.1 .chard.5 1 > nuu.::u

��ro.iw an"J (r.a.;GIO',,u I I ca�:a!:ll c!" ca1:11llg 

t7ln 1 lat Uhl al 
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( e) Other Changes: Renal pathology observed during malaria

has been attributed to deposition or innm� ccxtplexes 1n

the kidney. This induces renal malfUnctim as observed 1n

P. malariae, P. falciparum and experimental malaria l!JOdels

such as 1n P. bersne1 and P. brasilianil.ll:I inf'ections 

(Aikawa, Suzuki and Gutierrez 1980). 

Cerebral malaria - the condition where a:any parasitized 

red blood cells are deposited 1n the mcrocirculation of 

the brain - is c:arl<ed with central nervous system changes. 

The cerebral capillaries are found occluded by erythl"Ocyte 

c:as"I and the presence or chronic infla:miatory cells are also 

observed especially around the vessels. These latter changes 

often result 1n punctuate raetnOrrhages and t.hranbosis. 

Exam.nation of the placenta has revealed abundent 

para.site deposition in the maternal circulat.ioo and in the

intervillous spaces or the placer.ta. Tnis serves as a focus 

fc-r fel.al infection leading to cases of intrauterine-acquired 

cialaria which cay be associated with pre:ll3ture birth and

increased foetal death (Archibald 1956).

HilARIA CHEM)THERAPY: 

The main drup co,1 ,only used 1n tho treat.i:ient of ml.aria

are chloroquine, dihydrofole.it.e reducta- inhibitors such a,,

pyri.t!lethamine, chloroguan1de pril!laquine and quinine. SUlphonm!rldc!l,

sulphonc:s and tetracyclines have also soo-eUmes been used. 1llcse 

trcauient asent.5 can be cl11.21ficd 1.nt.o: Cllsu.:il prophylGJtts, a,g:ent.s 

for aupprossive treat.mcnt or cure, cllnical c:ure, radical cure 

and othcr:i for �'!11!t.OC1dal lherapy (Rollo et al 1975).
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Sane agents such as proguanil, Chloroguanide and pyrimet.hiimine 

prevent dt!ClOStrable infect.ions by exerting a lethal effect on the 

mlarial parasite during the exoerythrocytic stage. tlo true causal 

prophylactic agent has been found. Others such as chloroqulne, 

quinine a:,m1aqu1ne and mepacine used for suppressive treatment 

inhibit the erythrocytic stages of the parasite such that there 

is no clin.ical canifestat.ion of the disease. The latter drug:, a.re 

cost \C.dely used 1n cn}aria treatment. The 4-aminoqu1nollnes 

inter.fere with intraerythrocytic schizogany and ttlJs terminate 

cll."lic:al a�taclr!'l. Primaquine, an 8--ai:iinoquinoline derivative, 

�..:, a radical cure by eradicating both the exoerythrocytic and 

ery+..hrocr..ic s� of infection (See Fig. 71 . 

Tn1.!l :,ection of the report will focus attention i:ainly on 

chl� as a dN£ of choice 1n calar1a treatoent and only 

br1eny ae:"Jti00 ot.ber:s \/here it 1!I c:on.5idered nece=ry. 

o-u� 1s one or the 11110St llidely used and h!ghly 

eN"ect.ive o!" the ::c.h12alt.oc:idal agenus avai!oble 1n mlor1a 

u,eau:ient. lt. 1a 10ery potent. asaiMt 11.5cxual fo� of P. berE;hei, 

P. v1,-nx, e::11 P. falc1.p&M and ha5 aa-..e e,rietocidal ocUans a,

P. v1vax �tocyte11. lt ca.trol11 porc.a1t.lla:iia in DC\lte atuick:I

mJj lolithin 48-72 hcw"ls art.er ntbinl.11trat.tan ca.'I give flCc!illJ.ve

blDOd film 1n c= 1.nfcct.ed 111\.h P. fa.lciPBM,

Q'lloroquinc, a 4-e:'l.1noqu.lliollno d rlval.111 lo readily 

lu let 1n w;aw,- t. idle Jil, LO V a at.able aolutlon 

1lA J.arial rt.I , it oldt1b11A 11111.11nr tGry 

pro; 11. Thia u the taa1 of 1 Ul! 1n Ult \ 

tn d t. 111\dot ry atat lL 

1 or LSUl Ill tl a lol L la 1� t 
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1nt.crference w1 th para&i t.c replicaticr. by blocldna nuclei acld 

Bynlhes1 au 1 t ron"'.:i o oolecular ca:plcx with D�IA (Hahn et al

1966). Th1 io achieved probably by 1nt.ercalatins bet�., ha ,c 

P3ir-D or lhe d�blo helix, llit.h J"C.tUl UL"lt CJlt.iple cl� 

or t.he &cnct1c code rollc,o,.'Cd by abortive prot.cin :aynthesi:i. 

In odditicn to il.n effect on U1C DelA, Chloroquine CJthib1t..ri 

enzymatic inhibition or glyc.olyt.ic enzyoe3 OJ'ld 11-lWlO add 

synt.he:ii:.ing enzyc,e:i (Tin£ et o.l 1966, Siu et al 1967); Polet. and 

Barr I 1968) have dl!IDOl'l!llrat.ccl that the therapeutic �lue or 

chloroquine is dependent on the ability or the parasite u, 

ccncentrat.e the dl"\IS and I.ho derrringt':lCJll or t.hi:i selecU\c 

toxity has been suggest.eel u a b:!st, for r:e:iisuinc:c. 

Chloroquine is rapijl} ab:f?'bcd art.er oral nd::nni:itration

reachi ng i:iaxinL"ll pl OSl:l.l conccn t rn t 1 on 1 n o b0u t 1-2 h0urs af'tcr 

1neeslion. It also can be ad:-untstcred 1ntra::u:1CU1Arly and 

intravenously nlthcu&h the latter route is  rarely used. It. is 

rapidly t:lcarcd l'rcn tho pla,::,,, and is cor.cent.rat.ed 1n U=e:i 

where active prot.ein synt.hesis and cell 1111lt.1pl1cat.:1on are h1£hest.

tf;tl to twenty-five per cent. of adi:11ni3t.c!N!d chloroquine i!! excreted 

unchanged 1n the urine. It is met..obolized in the body into 

desethylchloroquint. and bisde:sethylchloroqu.1.ne. In t1ssves WN?re 

t t is dcpos1 ted such � the liver,, kidney, Iuns:s erythnxyt.c!l, 

plat.eleU and leucocytes, its pre:icnce can still be detected for 

up to S years aft.er acl:n1n1.,trati<l'l. 

Chloroquine is also used in the treatment or amoebiasis, 

bronchial osttma, carcU.ac arrytm.ias, epilepsy and it has a locnl 

anaesthetic effect at h1sh caicent.raUa,s. lta coin aide effects 

include itch1ng, vi:,uaJ diaturb:lnces, nCU1"'011Ll� effects and 

gn.atrointeaunal dSsc:rmfort.s. 
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Other antimal;u-ial agents such as pyrimethamine, 

chloroguanide (both inhibit.ors of dihydrofoleate reductase) 

sulphonamides and sulphones (inhibitors of folic acid synthesis) 

act by interfering with parasites bioche.-'lical pathway of synthesis 

of follnic acid from paraa:nino b-..nzoic acid (PABA). Thus they 

affect basically the parasites biosynthesis of purines, pyriQedines 

and certain amino acids.

PLATELE."r REACT10l2S DURD2G ACtm: MALARIA D/F'ECTIOrtS 

There are few studies en changes in platelet t\lnctioo during 

cialaria infections. Acute malaria infectic:.-i causes he::iostatic 

abnonnalities 1n t.heir host.; these range frooJ assympt.anatic 

thranbocytopaenia to fulminant disseminated intravascular 

coagulat1<X'I (DIC) (Devakul et. a1 1966, Dennl.S et al 1966 a,b; 1967 

Voller et. al 1969). While early investigators S\JS6ested th.:lt the 

cajor coagulation amorv-11ty was DIC, recent findings reported 

that thr<:l!:bocyt.opacnia t.-as a.'l early s18J1 or acute malaria infections 

whereas DIC 1s rare (Bearle et al 1972). 

This observation 11;> been confinned in anUl.2ls and ma..., alike. 

Abilgaard et el I 1975) reported n sl<:1,1ly developing fall in 

platelet count with a late on.set. 1n simian monkeys 1nfect.ed with 

p. ma,1lesi. Voller and his group in 1969 observed that 1n all

Aotu5 oon)(ey:. infected "1th P. folcipanri, thra:;bocy1.epacn111

1ncrea5ed wit.h the deuee or para!!itnc::.1:i. E.5sien et al 11979)

reported a mild depression of platelet counts in ll1ger1an childrEn 

. with acute falcipo.n.D �lor1a. In goldm ha:::sters it "'a:! observed
that p. t,erghei para.s1tcmio wa.s associated With p�vc 

t.hranbocYtopaenia and i:uld lcucoeytmda 1�1en et al 19841. 
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In most of these instances, hematological studies indicated 

enhanced consumption 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 

1n P. falciparum-infected Aotus monkey was due to the unusually 

high levels or ant1thranbin present 1n the animal. These findings 

of depletion of coagulation factor and circulating levels of 

platelets are indicative of a hyper-coagulability state. 

Other workers who have examined the mechanisms of thranbocy

topaenia with acute infection failed to demonstrate any evidence 

or DIC in plasmodi.um induced thranbocytopaenia.s (Skudowitz et al 

1973 , Beale et al 1972, Srichaikul et al 1975, Horstm:in et al 1982, 

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

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

rise 1n platelet related Jnmmoglubulin!J A, G and M (lsA, I&<; and 

IS,1) dur11'lg early infectJ.011 periods. Bear le et al ( 1972) suggested 

that 1m:amologicaJJy alten?d platelets during coJeria were removed 

fran the blood strea::i at an enhanced rat.e by the rect1culoendo

thel1al systan. In the sLudy conducted by Skudowitz and his group 
51cr-labelled platelets showed a decreased hillf-life

(1973) >

and excess spleen1c pool11'lg but evidence of decreased platelet. 

product.ion was hO'�ver not docu:nente<I. The clearance of 

1251-fibl"inogen froo plama o� patients was fa:iter than in ca,trols 

bUL was not rapid enough to 11::plicatt- DIC. 

A:J occur:, in erythrocytes, thi prCllfflce of pla9XUum 1n the 

plat.ilets (FarJardo 1979)proba.bly induced membrane t\Jnctianal and 

bi� a1i.eration . Pl..ltelct hypersensitivity to ADP and 

adrcnallnc during acute pla.s-... ,<Uu:= infcctims in C111 h:ls been 

report.eel by E!i:lien and Ebhot& I 1981) . 
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The;• later deC101,�trated increased platelet secretory activities 

in acute ru::ian P. falclparum infectioos by showing a higher 

plas:ra bet.a thra:lboglobulln (BTG) and Platelet Factor 4 (PF4) 

levels as "-ell as Lact.ic dehydrogena.se (U>H) loss than in healthy 

control per:sons {F.ss1en and Ebhota 1983). They concluded that 

the latter changes suggested 1n v1vo platelet activation during 

plns1«>11•o infection, at least in can and that the enhanced 

platelet lysi.s \du.eh the U>H loss suggested was probably an 

icport.ant �ros:, of the reduced c1.rculat1n& platelet m.cbers 

re;,orted in patients \li.th the acute disease. The recent 

o�tSoo or en?rmced thr<X!lboxane B2 (TXB2l, a disintegration

pcoduct o!' 'I'XAz lll'ld 6 lceto-pro,taglandin F 1 at. (6 keto PCr 
1

0(. ).

a qwmt:itat.1vc t:reala101,r.1 product of prostacyc:l1n IPG.1
2

1, leV1.l� 

1n p. berri>ei !nfected golden ha::.:lters have been taken to indicate

Ulilt l"t. nst.a:J!:I "33 t1lu:1 t.o..-a.rd9 h�oagulab111ty state 

(�.,ien et al 1984). 

nu.s trief revie-.1 or chan&es in platelet f\mcticn:, dUrin,s 

acute c:tl.t.r.1Jl infert.ians 1n = am 1rt DC1C1e rodent.a h:1.:1 revealed 

t.tie need for l\u"Uler oway or I.ho prot,lc= Which c:iy lead to 

111;:a'O"•e::xnt o!' p:.Uent �t stral-CD u well as help clar"1t'y

::u::ie of' tbe tn51': q�ticns or b1olasY or platelet.a wtuc:h c:irlicr 

�tic:n:I rai8CI()-
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RESEARCH OBJECTIVE 

The seneral objective of the present study was to 

re-exar.dne sa:ie aspects of platelet functional changes reported 

in acute malaria infections in both man and animals and to devise � 

in vitro model to aid investigations into the mechanism(s) 

involved in the disorders reported. 

1be study has the following specific objectives: 

li) To monitor thra:nbocytopaenia in  P. berghei infected

oice and to exa:nine changes in hemo,tatic para:Deters

and platelet function. Also to study the effect of

chloroquine therapy a, platelet levels in iru'ected 

e1ce. 

(ill To :;tudy platelet SUJ"Vival para::ieter.s in th,; rat 

l!:3.laria cxx!el. 

111.1) To d� an in vitro syste:n Unt rcpt'Odllce3 the 

platelet f\lnct1aial changes described in vivo as 

en aid to exn::inn the mech3n19Cl(sl involved in such 

�-

It iJ, hcY,>ed that t.tiu swdy will add to t.ne scanty body or 

lcnol,,lede;c an platelet-pln,a,orl.ium interaction.s and contribute a 

better unden,t.anding or I.he ricchani-(11) involved in :such 

in u, nu::t10fUI 
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ANIMALS 

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

weeks, each \.leighing between 22-JOe,ns, and maintained at the

Central Animal House, University College Hospital, Ibadan were used

in these experiments. 

Rats: Adult �istar rats weighing 200-3\0i;p were used in platelet 

survival studies and sialic acid detenninations.

All animals were fed ad llbidum with standard pellet diet and 

unrestricted water. 

2. 2. Illrr.CTlO�l: 

Each adult mouse 1,:a.s infected intraperitooenlly ,:ith o. 15.1U 

of Pl.asnodiu:n berghei berghei f'rm 
f 

infected l'!IOUSe blood diluted 

1 in 3 (v/v) "'-ith sterile saline (Essien et al 1984). The strain 

of P.t>erghei ha.9 been rnntained for several years by blood passage 

in albino mice at the Central An1r.:al House U.C.H., lbadan. The 
were 

mce erythrocy� L collected during acute rise in the 1nfecUon 

to avoid possible antibody effect. occuring during the experimental 

interval. (Zucker and Yoell 19541. It \.7'S calculaled that an 
6-8 1nnoculur.i size within the range or 1-SxlO parasitized red cells

l)E;r cil of blood was actn1n1stered t..o each COU!JC.

Th.. suckllns Wi.star rats �re infected ror platelet survival 

ntudie:s and siallc acid estur:ation. The suck.lina rats were 

1nn<>eulaU.-d 1nt.raperltoneally � de!:er1b-d ror the Dice and with the 

same dose or 1.MOC\ll=- This age or suckling raw, waa chosen a:,

zuckernan and Yoel1 I 195i.) h.ld earlier demon:strated that 

inmlnity 1nc:rea.sed with age aa Proe:N:Ssively wilder and lower 

mort..llty rat.es were recorded w1Ut adwncins age. lt wu nee� 
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ANIMALS 

Mice: Adult male and fE!!Da)P. inbred S1;iss albino clce aged 7-10 

weeks, each we1E)ung between 22-308JllS, and caintained at the 

Central /1!\irr.al House, University College Hospital, Ibadan were used 

1n these experiments. 

"Rats: Adult W1star rats weigtri.ng 200 -310gm were used in platelet 

survival studies and sialic acid detenllinations. 

W a.nui.als were fed ad libidu:n w1 th standard pellet diet and 

unrestricted water. 

2. 2. Il:FECTIO!l: 

Each adult oouse was infected intraperitaieally with 0.15cl 

of Pl.as::Jodiura berghei berghei frall 
# 

infected moose blood diluted 

1 1n 3 (v/v) \dth sterile saline (E"ien et al 1984). The strain 

of P. berghei has been caintained for several years by blood passa.;e 

in albino mice at the Central Anilr.3.1 House U.C.H., Ibadan. The 
were 

mice erythrocytes L collected during acute rise in the infection 

to avoid possible antibody effect occuring dur.tns the experiment.a.,. 

interval (Zucker and Yoell 1954). It. was calculated that an 

innocul= size w1t.h1.n the range of 1-5x106-8 paras1t1ze<t red cells

J>E,r cil of blood was ad:uinistere<I to each mouse. 

The ;:,t.1tkling Wistar rat.9 wero infected for platelet SUl"\"1val

otudics and sialic acid e.stlmat,ia,. The suc.klina rat.s 14ere 

innocUlated intr:ipcrit.oneally as decrlbed for th mice nnd wilh the

same dose or 1nnoculuc. This .age or suckling rab wa.:, cho:icn as

zuclcernan and Yoeli ( 1954 l had ell.rller demonst.rat.ed that 

Sn11mity 1ncreaaed w1t.h age aa Pl"OSN!ssivl?ly 111.lder and lower 

mortality ratc:i were recorded with advancing age. lt. '--U necessary 
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to separate the suckling rats fran their 1110ther as indirect evidence 

had suggested that there was increased suppression of P.berghei 

· infections in l:actat.ing mothers (t1.aegrai th et al 1952) and this

ilrm.mity could be transferred to the rats if lert to breast-feed.

DrnRXINATIOO OF PARASITE L;"\IELS 

Leisnr.ann Stains (Searle Diagnostic.:i, Bucks, England) were 

prepared as described in Dacie and Lewis ( 1975) l .Ogo of powdered 

dye was dissolved in 11 of methanol in a conical nask. The solution 

was warmed up to so
0
c for 20 minutes with occasional shak1ng. The 

dye 1-.-as allowed to stand for 2 days before it was riltered and used. 

Buffered Water: One tablet of phosphate buffered (Oxoid, Chemical, 

F.ngland) was dissolved in water anr made up to

with pH 6.8.

11 to give a solutioo 

2.3.4. Parasite Level!!: ln each blood rilm, parasite levels were 

detertlined by exa::unatioo under lisnt microscope (Leitz WeLzJ.,r, 

2.4. 

Germany) at '40 fold. Parasitae::ii.a was expressed as

percentase of the nu:::ber or parasitized red blood cells including 

lllllt.iply �tized cells, seen per 1000 red cells. 

Arter the desired parasitaemia level had been established, 

U'!loally in about ttie 3rd or 41.h post.-1nfect.1on Clay, chloroquine 

sulphate (Ouinnog;:u., Galenika, Cercany) 0,40&'20ET body we.,.sht 

(Obih, \982) was ad:nin1:rtercd intrapcrit.oncilly dllily for 4 days in 

enc group and 7 days 1n another group. Only I.he lllice were treat�. 
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AllTICOAGUl.ATED BLOOD SAMPLES 

Anticoagulants: The anticoagulants used in these studies were

trisodiu:, citrate (Sis,na), heparin (Pularin Heparin Injectioo B-P, 

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

tetracetic acid (EDTA, ao.t, Poole, England) or ae1d citrate dextrose 

(ACD) '-'here appropriate. These anticoagulants were prepared as 

described below. 

'l'r1sodium Citrate: A 3.� solutioo of trisodill:!l citrate dihydrate 

(Sig:ia Che::d.cals Co. St.. Louis , U .s. A . ) was prepared 1n dislilled 

'-"ater. For blood collection, 1 part citrate was required for 9 parts

of blood. 

Heparin: Blood sa.�ples for llXJUSe
l 

platelet aggregatia, were 

collecte-0 into heparin (Pularin, Heparin lnjecticn BP, Evan!'l Medical 

Ltd., Speke Liverpool, U.K. I. Froo a SOOOu/ml stock, a 1: 10 dilution 

'-"13 cade with 3teriliz"'1 noml saline to get a SOCA.1/ml solution. 

ACD: This was used to collect rat blood for platelet survival

studie3 and tr..c::an blood for platelet-p]a'Jffl()l'!ium interaction studies. 

It "-a., prepared by the �ter. and Jandl met.hod { 1964 I and contained 

Tr1sod1u::i c1 trat.e 2 .H20 

Citric acid 

Dextr0se 

12.Sg 

7.Sg

10.0g 

di.:i!SOlved 1n 50Cll!lls or distilled ster111%-ed 1<.1l.er. The pH was 

adjusted to 4. 5 and 1 part ACO was u:ied for 6 parts of blood. 

BI cm m , �crmi

Hl.m;n: 

wero 
All l'a.ltl3rl blood anm:,lesLaaept.ically collected at U.C.H. 

Blood Bank tl\rOUsh antecUbtt.al venous punc.ture. Sample:, for �
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human platelets were collected into ACD fra:I healthy volunteers who

had not ingested aspirin or other drugs known to interfere with 

platelet. f\mctio., for at least 7 days. Disposable polyethylene 

tubes were used for blood collection. Platelets were pooled for

platelet. washing. 

t·Uce: After lightly anaesthetizing each animal w1 th diethylether,

blood was collected by clean cardiac puncture through exl)OSed he-1rt 

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

citrate) for coaswatiOl'l studies or into heparin I 15-20u/ml or 

blood, RosenbllL� et al 1983) for aggregation and release studies. 

Rat.s: Blood was obtainec rran adult Wistar rat3 by the sa2 oethod 

as is deacri.bed above for mice (Winocour et al 1993) . The sa.':IJ)les 

were c.1xed with ACD in a ratio or f:6 IACD: blood). 

BLOOD C"":.Ll. COUlITS 

These 1.-ere perfomcd by otandard visual methods using the 

improved !le-Jbauer count.ins cha.:;ber and counted W'lder a light- or 

pl\ase contrast--c1cro.scope. All dilution nuids were stored at 4
°
c.

\o.'hite Blood Cell !\o/i!C) Ca.lnt: 20Ul of blood \;il.S mixed with 380ul 

of diluting nu1d (ZJ, oxalic acid solution coloured pale V1olet. mth 

gential'I violet) to give a 1 :20 dilution in a glass tube. Afur 

oixini;, the count.in.: cha:�ber with a cover sl= � char� with 

the dilute WBC, using a clean PMtair pipette. Th13 was lcn 1n a 

oo1st chalnber for 3 r.wiutes for I.he cells to set.lle. The areas 

des1Gt:ited for. \:BC were counted and expressed to 109 /11 tre arter 

t.aking the dilution fact.or into account. 
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Red Blood Cells (RBC) Counts: These were counted by making a

l:200 dilutioo or blood l20u1 or blood into 4ml.s or counting nuid) 

1n a glass or polyethylene tube. The dilutim fluid was a solution 

or 10% formalin 1n a 31.3g/litre solution of trisodium citrate. 

The diluted blood was mixed thol"OIJghly before it was charged into 

Uie c:ount1n& chamber and left for 3 minutes in a moist c:hanber for 

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

to 1012111tre.

Platelet Counts: Platelet dilution nuid was prepared as a lJ 

am .:iru.u:n oxalate solution in distilled water, coloured blue with a 

fe\: cystals of copper sulphate. This was f11 tered, sterl Ji zed and 

stored at 4°c. 20ul or blood was diluted 1n 380ul or diluting fluid

to give a 1: 20 dilution. Platelet #;:ounts were done by the met.hod of 

Bretcher and Cronl'.1te ( 1950) using a phase contrast microscope. 

BUXXl CflJ. CHAllOES AND COAGULATION STUDIES IN ACUTI: -
P. &:RGHE.1 Il:F=i:flO:l IN MICi.

Plat.elet and White Cell (WBC) Counts: A total of 46 animals were 

studied. They were d1 vided into 4 sroups for this study. Group A 

callJ:)rised or 16 an1r:als infected with P. berghei berghei as described 

above and \,:a., treated with chloroquine !'or 7 days fhx:i the 4th 

po3t-infect1on day to the 10th. Group B CQ!!Prised also or 16 anlr:nls 

infected a, those in group A but. received chloroquine treatrol!nt ror 

4 days only rrom the 4th to the 7th po,t-infcction days. The 

rec:a1nins two groups served 11.G cait.ro�. Group C, with 7 11111mals,

received blood s1.m1larlY t.reat.ed as for infected aice l'rali un111rectcd

Clic.e and l!erved as the placebo coni.rot group. Ciroup D, also with 

7 an1aals, was pla.1n control lllict 1.'hich !'ere not. treated in o.ny 1.-ay.
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Both control groups C and D were not treated with chlol"OQuine. 

Sa:nple Preparation for Coagulation Studies: Blood was usually 

collecte<l fran 4-5 Clice and pooled before platelet rich-plas::1a (PRPl 

and platelet poor plasma (PPP) samples were prepared as de.icribed

belo.:. Blood sai:ples were obtained fra:i ani113l� 3-4 days (for 

f1brinogen determination scr,e of the animals were bled 48 hours 

after infection) after infection, ,,.'hen parasitaemia had usually 

attained levels of 20-3�. The blood from each mouse was collected 

and cixed in a polypropylene tube containin,s trisodiu:n citrate 

(3.8") in a ratio of 9:1 (v/v, blood: citrate, Dacie and Lewis 1975). 

The pooled blood sai:iple fran the anir.lals "-as cent.r11\.lged at 2600g 

in a Sorvall RClB centrifuge for 20 minute:, at roaD te:!:perature. 

The PPP thus prepared was l;.Sed fortcoasulation studies usually 

within 2 hours of collection, the sa:..ples havins been kept at room 

t.e::;pe ra t.ure !'l"-am.'hi 1 e .

Toe coagulation tests were carried out in duplicate and 

included protnroob1n t1r-..e 

time (A.PTT) and clotteble 

(PT), activated partial thro'iboplast1n 
detem.lned 

fibrino;en{ty the clot weight octhod of 

Hardisty and Ingra.'11 l 1975).

Prot.hra!lbin Time: o. lr!ll or mouse PPP wa:i dispensed into W'B.3hed

glass tubes 75x2,5cr:l and cixed with O. lnil of hum3n brain t.hranbo-
nnd placed 

pl.a:Jtin (Hoc.e:Mde after .Ingra.. et al 1975).Li.n a 37°C water baUi and 

left for 1 minute. o. ll!ll or 0.025H calclu:, chloride Maint..llned 1t 

the sa..,.. u,a,perature w:, then added and silllultaneously a stoJM3tch 

wa:i started- The t.ube \.135 gc.nt;y shilkcn per1odiculy and JJ:ned1atcly 

t.he first sien or clot ron:at.i<lll was noticed, t.he at.opwat.ch ,,.-.i.,

stopped and t.he time recorded 1n second!>. Duplicate testa were 

perfol"l!led ror eech test. and t.he oean tt.me Laken. 
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Activated Partial Prothrombin Time (AP'IT): This was carried out

as described by the manufacturer ,f the reagent. To o. 1ml of mouse

PPP in an acid washed glass tube (75x2.511:m), was added O. 1ml of 

prewa:med (37
°
C) Ortho activated PTr reagent (Activated thranbofax 

R�t Optimized, Ortho Diagnostic System Inc. Raritan, N.J., USA) 

and lert standing in a 37
°
c waterbath for 4 minutes. 0.02M Calcium

chloride was then added and the stopwatch was started. The time 

at end point \.hen clot first appeared gave the APTr in seconds. 

Fibrinogen Concentration by Clot Weight Method: To O. 1ml of PPP

placed in a 1ami acid cleaned glas� tube was added an equal volu:De 

of 25m'I calciU?D chloride solution and mixed by inversion. An 

applicator stick was placed in the tube and left in a J7°C waterbath 

for to minutes for clot to fono. At the end of this interval, the 

clot formed \.as harVested by gently winding it unto the stick and 

pressing out the nu1d against the side of the tube. The clot 

cove.red stick was brought out of the tube, rinsed in distilled water 

once and the clot was then peeled off the :stick and then placed in 

acetone for 5 l!linutes beCore dry.lng 1n an oven maintained at 100
°

c.

The clot 1o-a., then placed in a dessicator to cool. The fibrinogcn 

obtained 1o-as we1&he<I 1n a seru,itive chemical balance (Ultramatic 

Hodel J, Stanton In.stn.ments, L.td. Engl.and). The fibrinogen foroed 

was expressed 1n cg/dl: 

f'ibrinogen 
Clot .,eight (c-.gl 100 
vol of pla=i (tu I x 1 rrvd1 ·
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t-OUSE PLATELET FUtlCTIOl� STUDIES 

Preparation of PRP and PPP: Blood samples were collected as

described previously. tlormally, sa:tples fl"CXD 5-7 animals

(infected or normal) were pooled together in order to obtain 

l-2mls of platelet rich plasma (PRP). The pooled blood was

centrifuged at 100g (Rosenblu:n et al, 1983) at 23-2s
0

c for

30 minutes. The PRP was separated by non-contact process into

another polypropylene tube and kept at rocxu temperature for use

1llmediately. The T'el!la.in1ng blood \133 centrifuged 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 count 

in the 400-&00x10911 range.

PREPARATIO:l OF REAGENTS: 

i) Adenosine diphosphate (ADP, Sip Grade 11: A stock

solution of ,o-
211 '-'a.S prepaN!d in deionized, double

distilled water and dispensed 1n 100ul aliquots into 
0 tissue culture tubes. The3e were stored at -20 C until 

used by reccnstituting With T,-rode solution, to the 

required working concentratioo. 

ill Collagen: Acid soluble coUasen (ASC; Sigrm Chemical co., 

st. Lcu1s, u.s.A. l was prepared by the m.ethod or

cazenave, Pad<ha:n end �tan! I 1973) • Bovine �don 

coll.lgen ( 1�) was soaked in 200ml of 6' glacial acetic

acid for 20 minutes at roan te:perature until the collagen

was \ft:11 hydrated. This mixture wa:i then �--en12ec1 

ror to m1n1Jt:.e:s 1n sets U!ling a tO<kll bucket. of the

t,,.,q;enizer (Silver.son fc�hines Ltd., Water:iido, Che.:slu::i, 
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2.9.1, 

2.9.2. 

OOUSE PLATI:LET FUNCTIOtl STUDIES 

Preparation of PRP and PPP: Blood samples were collected as 

described previously. Normally, sa:Dples rran 5-7 anilr.als 

(infected or normal) were pooled together in order to obt.a.1.n 

1-2.ruls of platelet rich plasma (PRP). The pooled blood was 

centrifuged at 100g (Rosenblu:n et al, 1983) at 23 -25°C for 

30 minutes. The PRP was separated by non-contact process into 

another Polypropylene tube and kept at room temperature for use 

iI:Ded.iately. The rema1ning blood was centrif\Jged at 2600g for 

another 20 clinutes to obtain platelet-pcor plasma (PPP), an 

aliquot or which was used to adjust the PRP to a platelet count 

1n the 400-600x10911 range. 

1) Adenosine diphosphate (ADP I S11!1113 Crade I): A stock

:,olutioo or 10-2M 1,113 pNlparcd 1n de1aiized, double

distilled \later and dispensed 1n 100ul al1quots into
0 tio:iuc culture tubes. These \ftlre ot.ored at. -20 C until

used by reconstitut.ing with Tyrodc :iolution, to the 

required work.1nc; ca,centra�lon. 

11) Collll£E:11: Acid ooluble collll6Ul (ASC; Slg:::i Olemie&l Co.,

st. u,u1s, u.s.1,. > \llllS prep.ired by the cethoc1 or 

caunavc, � and "'1st.ard ( 19731. Bovine tendon

collngen ( 1i,:il � !l«lkml in 20Cnl or � S,lac1nl acetic

acid for 20 r.i1r1.1tes at NXC tc .pcniturc unt.11 UJc 0011 oecn

� well hydrated. Th1o a.lxt.ur.c � then �i:Cli

for 10 c.tnu� 1n act.a uslns a 100ml wcket or Lhe

1 er (S1lver:l(ll'I l�hin� Lt.cl., \latAtratdc, a�,hcc.o6fn ll'. 
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2.9. 

2.9.1, 

2.9.2, 

-

KXlS£ PLAT'ElEI' nr.;cr o, ... UOIES 

Prcparot.ion or PRP on<1 PPP: BlOOcl u.a::i>lC!I were collect.en a.s 

dc:icribcd prcvlounly. Uormlly, c:c:ples fl'0Cl 5-7 ante,le 

(1nfuct.od or norm!) WON! pooled toget.hor 1n order to obtain 

1-2olo or platelet. rich pton::a IPRPl. The pooled blOOd w:l!I 

centrifuged at. 1008 (RosenbllZ:I et. ol, 1983) at 23-2S0
c for 

30 minut.cn. Too PRP was separated by nan-contact procc:13 into 

another polypropylene tube end kept at � t4T:peraturc ror use 

111mediately. The ra:::li.nlng blood � ccnt:-ifuged at 2600s fer 

Ql\other 20 minute:, to obt.a1n platelct-P.OQT' pln= (PPP), an  

aliquot or. wh1ch wa:, u!led to lldjuat the PRP to a platelet CQ.11\t

1n lho 400-600x109
11 r�.

PR£PARATl<r� Of RtAGEIITS: 

1) Adcnoolno d1pho:iphnto (ADP 
I 

Strim Crade l l: A stock

l!Olut.ion of 10-21-1 W:lll prepared 1n de1on1%cd, double

dintillod w:itcr. o.nd dispensed 111 t<nil aliquots into 

tissuo culture tubes. Thc.,c wcr,e :,tol"Cd ot -20°
c until 

used by reconatit.ut.ing with Tyrode :solution, to the 

required 1,"0rkinS concentr:it.1on. 

11) Collagen: Acid soluble collagen IASC; Sls,r.a Chemical Co.,

, -·l u.s.A. > "..s prepared by the 111eth0d or St • ...,.. s, 

cazenavc, Pacld\11:l and �t.ard I t97Jl. Bovine tendon

collosen ( 181111 was :,03kod 1n 200ml or 6% glocial acetic

1 f 20 minutes ot l"'0CD t.e ,per:iturc until the collascnsc d or 

Wll!I well hydrated. This crl.xt.ure W3!! then haoo�-eni uct

-• ute:i 1n sets usin& a IOCkn.l bUcket. or tiheror 10 .,...n 

horlOgCni::cr (S.Uvcr,on Machines LIA., Wator!lldo, Chc!!hD:n,
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Bucks, England) . Both the homogenate and the foa.,n fonned 

i.ere then centrifuged at 2500� 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 20Qnl of distilled water and mixed gently to avoid 

foa-:rl.ng. This was then c:entrif\Jg-ed at 1000g for 10 minutes 

at room temperature, and the supernatant material stored at 

4°c. This solution was taken as 100% ASC c:onc:entratioo 

( 2500ug/ml). The c:oocentration or collagen ll!led in the 

studies were expressed ll!l 
1

11000 or 1 
/500 and were equivalent 

to 2. Sug/cu or 5uglml collagen respectively. Dilutions or 

coUasen solutioo were made with isotonic saline solution. 

2 • 9 • 3 PW,ttLl:"'J' ACX:REXiA TIOll STUDIES : 

0 Platelet aggregation was tested 1n PRP at 37 C wiing a 

Payton agg.-egtCJet.c!r oodule (8COB) nnd recorder (Paytoo Associate:,,

Scarborouoi CBnadal runn1.J18 at one inch per minute. E.lch PRP 

aliquot was .stirred at 1000 rpi, nnd stilllllnted wiUl d-.'fl051ne 

diphosphate (ADP, O.SU."l, 1.�I or Collaten 12.5, 5.�). 

� poinui of c1n1n.c lllld i:-.:i,xir:u:, \igtit transzu"iai for cac:ll 

:sa:rple were pre:sot. using a PRP and the corrc:,pondinc; f'PP 

respectively. 

Aggresntian WtllJ all� to run for 3 ll1nut.e:s 1n cac:l\ 

,.11 a,...-..,.t1ng o.gc!IUI lldded WOl"'C in VOlll:le!I of not:,..,:r;,lc. --o-

corc th:lll 20.ll to s1ve the dc:iircll concentration and the total 

voluc-.c 1n the cuvotte VJII �1 (ogenl .. PRPI. All conc:mtmt.ian:s

,�" •"""ta wrc Given n11 Nr131 conc:entrattcru oti.crof st!r.l.llnt ... oe, ...,.... 

,.-1..1cr1 w:i:i oxprcsud u a percc:ntago or al 1 llddi t.ion5. .,.,..,.. _,.. 

Where pe31< cw-c£Aticri w::ia followcu bf ramd pre :ici t nin£O • • 
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rapid deaggregation, the point or maxiJrum light transmission 

was used to determine the maxir.1un � aggregation. 

2. lO. UPTAKE Alm REU:ASE OF 
14

C-5HT-LABSLLED t-DUSE PI.Arc.LETS:

The uptake and release of 14
c- serotonin rs-hydroxy

lside chain 2-'4ci trypta:-..1ne creatinine sulphate]\Jith specific
-

activity or 55mCi/m oole, J.mersha:n Rad1och�..1cals, Englaridl were 

exa::lined in nor:::al and P. berghei infected mouse PRP. The pooled 

platelets were labelled by incubating PRP for 20-40 minutes at 
14 roal te!:lperature with 0.06uCi C-5!IT/ol of PRP after mixing

thoroughly by inversion Ulunn 1981 l. Sa=ples were processed for 

-:ea-::ureznt or uptake and release of the labelled sero\..Onln as 

described by Creeriberg and associate I 1975). 

�l aliquot of t.h(' label�d PRP was placed in a Packard 

count.in& vial ccnt.ainin& scintillant ¼r:t>e<11ately after wing 

the label with P?.P. Let the count be x. After the incubation, 

a o. lcl aliquot of the labelled PRf wao n::ioved into an cppendorr 

vial, centrif\Je;ed at 12000.;: for 2 ru.r,ut.e 1n an Eppendorr centrlf'Ugc 

(Brink:2n, Rexdale, Ont.a.rio, Cnr111d:i) from \.'hith another �l of 

:r.i;:,emata.'lt Wil!l taken into a counting vial. Let this value le!l!l 

background be y. Thi:, count represents uw rad1oac1.1v1ty th:lt 

\.W mit taken up t.hc platelet:! art.er incubation.

Prior to cny 5,xreUon otuiie:i, Icip1-iL�c (2\1.\f, C1b3..Co1e;y, 

U.Y.. I 1'11S ndded to the labelled PP.P before t.he awq;at1cri test
14 

lo prevent oriy rcupt.akc or rcl®� C-5ITT l[);incclr.icir 11nd 

Holr.3en l9SJl. To 1nduc<: plat.elct ecc:n:tian, l;9(k.il aliqw1,. or

1 , al et• IQll atinllatcd wilh 5uG collattn or 1� ADPlnbcllod p a.... .. 

l det.en:1ned (The final volt.nl in the CIMlltcnnd t.hcir re c:i�

F -ieue dcumination, too pos�salian 
wa.s 500,ll. or ,v 
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supernatant of each sa.'llple was decanted into an Eppendorf tube 

and centri{\lged for 2 minutes at 12000g in an Eppendorf centrif\lge. 

Then 50ul aliquot of each of the centrif'uged postaggregation 

supernatant. \.'aS re:noved and placed in a scintillation vial, and 

processed for counting as de.scribed belc,.;. Le this count be z. 

To each sai:.ple, including the blank which was niade up of 

the diluent. and scintillant only, \.'ilS added 200.tl of Hyamine 

hydroxide solub1lizer (t!Ell, Pilot Chemicals Div., Boston, 1-'.ass. 

U .S.A. l vortex l!'.i.xed and left at room temperature for 20 minutes, 

before a f\lrther thorough mixing with 21nls or absolute ethanol, 

llbl s of sci.otlllant (made up of Ser.; of 2, 5, diphenyloxazole 

(PPO, lle.4 England l:Uclearl, 0.38tl) of 2,2·P-phenylene bis 

(S-phcnyloxazolel (POPOP, tlew Enf!and lluclt!ar) dissolved 1n 

1 litre or scintillation grade 't'oiuene. The votex cixed sa.':l?les 

were then each co..int.ed for S cinut.es 1n a Packard Tri Carb-Liquid 

Scintillatim Spcctrophotooeter CIOdcl 3390 (Packard Instl'tllent.s

eo. Inc. Illlno1s u.s.A. l. The background counts \lere subtracted 

fra:i t.hc count:i oft.er appropr1at.e setttns or the cquip:icnt. 

CA!..CUUTI02S: Upt.ake and ziecret.ion (rclell!lel \."ere exprc:,� 

, ,...., of t.ho t.ot.al rad1oac:t1v1ty introduced a.nd taken 83 a 1-ercen-� 

up int.o uie plaUlet.s respectively: 

Th.l!l: 

Lel IICO"'lt of rodlooctivity 

ZH!ded to PRI' 

Let. the ll.")0Ul1l of radlo;ic:tlvlty

-·· ""t. art.er incubation and1n supc, ,_ ...... 

cent.ri C\lglltion or PITT' 

• ,.. U tcl<C of r,ldiOlltllvity by
... ,. p 

plat.elet:i 

: X C� 

: y CJQ
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And for secretion release:

Total radioactivity within platelets
Radioactivity 1n postaggregation 
supernatant of a particular sample 

: • '1, Secretion = 1
2-Y l x 100 '1,
x-y 1 

= (x-y) cpm

: Z CJX!l 

REACTIOIIS OF rn VITRO PU.S•:ODm-1 FALCIPARll-1 IlITT:Cl'ED 
ER'miROCY'l'ES Wl1l! WASHED IU!All PLATEl.ET SUSPEtlSION.S (WPS): 

Preparatioo of Silicone-coated glass wares: In all studies, 

when Wll!!hed platelets were used, polycarbonate or s111con1.z.ed 

glasswares were used 1.n order to avoid platelet adhesion to

glassware and its subsequent activation. The sillconized g)a,s

-..,u,e:, were prepared by iI:Inersing the acid washed, well rinsed, 

heat dried glassware 1n a 1� s111c01le (Silicone SC-87, Caruidinn 

General Elect.rlc, Dri-i'ilcl, Canada) - solution 1n carbontetra

chloridc, riruwlg thee again several t1J!les 1n distilled water 

and drying theo in an oven set at 100°c. 

2. 11. 2. �rytl1roeyte Wil!lhin�: Unsynchroniud Plc::odh.m falcl�

..nr,ceted eryt.hrOCytc!I QJ.nt.ained 1n the cultura lllCdi\n RPHI-161.0 

1151ng the candle jar celhod (Trager and Jen:icn 1976) we� suppliod 

by Dr. o. Sodeinde, Poodiatrics Departcent, COlleee or tlod1cine, 

University or Ioodan, lb:ld.llll, n,ci p:ll'll!litizeo erythrocyte:, were

w.1.!lhed thrice 1n 1aot,.Orlic Dl111JUl and the coonta adJu:itecl to

,t- ;J..O X lU"?/1, ll«linfCCted r«2 blood cello f'ra:i the 1111:"le ntock

a:> th:lt used 1n the parn:,itc cultures WCN! 111nllarly trcat.cd

1n t.ho culture C)Cliil.rJ (1.c, wcn:J s�ltu�I � and U!:ed

Thu ftnil red cell sus�ns1on adi1.11 contained SU/•1
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2.11.3. 

- 88 -

Preparation or Reagents for platelet washing (Mustard et al 19721: 

10<knl of Hepes-buffered Tyrode albumin solution contained 

Smls or stock solution I 

1ml of stock solution ll 

2rnls or stock solution Ill 

0.35g Pentax fraction V, Bovine serum albumin (Sisn,a)

0. 10g D-gluc03e, and the pH was adjusted to 7 .35 with

hydrochloric acid. This was prepared daily Just

before use.

STOCK SOUJTIOtl I contained 

160g of NaCl 

4g of KCl 

20s or llal!C03
lg of t�2P04

This wa, dissolved 1n 1 litre or dstilled ,,ater and stored 

at 4
°
c.

srocr. SCUITIQI II contained 

20.3JG of ��12 .6H20 mdc up to 1 litre with
0

dl:stilled W3t�r ond at..o� at 4 C. 

STOCK S(l.UflOCI Ill wa, cade up or

21.91 of eoc1
2 

6rt2o d1aaolved 1n a litre of
0

dint1lled .et.er o.'lCI st.c.Nld at 4 C.

l:EPFS EUfllER:

, 
,. 11-1 Hapc:s (11-2..ffydroxyethylpi pcru.inc-U -2-

1 eid· 516=1 Qlmicals Co,, St, Lou1a m. USAJel.h:!ne :,ullon c a , 

solution v;i.:s prc=rcd t,y d1.G.�lv1118 the occuratoly �t1lcd powder

1n tnlf the rcquiNJCI volui:-.e of dint.ill� vat.er r.nll the final vOl�
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was then made up by  dropwise addition or lON NaOH to adjust the 

pHto7.4_ 

solutioo 
Fibrinogen: A l"/.{of Fibr1nogen (Hu::-.an Fibrinogen, Sigca) was

prepared by dissclv;.rig 4gms of fibrinogen in 6unls of 0.9o/. NaCl 

solution. This solutioo was adsorbed with mJ<i of alum1n1\.Cll 

hydroxide (BDH 001st gel, prepared by sonicating lOs;.i,s of Al(OH) 

1n 4Cbls of 0.9', NaCl for 3 short. bursts of 30 seconds each using

a Sonifier Cell Disruptor 1""1lXXlel \o/185, Heat Syste:ns Ultrasooics
-

Inc. Plainview, L .1. !le-.: Yor'!S.7l. The cixture was then slowly 

shaken p,;r1od1cally and kept for 10 minutes at. r'OCXl ten:perature. 

It was then centrifuged at 2000g for 10 minutes at roan

tei:perature and the supematnnt rcadsorbcd wit.h mJ, of alU!111n.1um 

hyoroxide. The final supemataiv. obtained afU!r. recentrit\Jgat.ion 
fort.he same f 

at the sa::,e speed a:ld{duration, \,'3.!I dialy�cd overnight at. roa:i

temperat.w-e again.,.t 0.9% 1/aCl solution. The dialy-zcd ribrinogen 

solut.ion 1.-as centri1'\lged at 370006 (Sor-vall Superspeed ultra

ccnt.ritui;el for 20 Clinut.es at rocn tetiperat.ure. The supernatant 
0 1.-as then stored 1n o. 4� aliquot.o ot. -20 C ond tha1.'ed once just 

before u.:sc.

ApYra!IC [Grade I Si�): A !)Scg/1111 solut.1011 of Apyra:ie was 

prepared by dissolving thi:i wc1thL in doublc�i,tilled, dclaniUld 

w-aur at roan tc::;>Cf'llturc. It v.w st.ored 1n 0.1Cll aliq-..iot.!I at

o -t-t.ion \13!1 arrlv� at. arur o trial run to4 c. iniD cone ... , • u 

dct.en:ine the oi;tir.al canccntr.it.ion req,.1ircd lor platelet 1.�111ns.

r 'f':l!ll'it>d tar.1111 plat.elel au:�ion l\lPSl: 2,11.4, Prcp:lr&tlon o • 

nw, 
v.l!I pre� ns cScac.ribed by tt.l:ilard and �ate:,

Blood srple!i were collected as Pl'(IV1�ly dc::cr1bc4 into
(19721. 
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polycarbaiate tubes containing ACD anticoagulant in proportions 

of 6: l (v/v, blood: ACD). For each washing, 200n.ls of AOO group 

compatible blood was pooled, 5Qnl per donor. 

To obtain PRP, the blood was centrifuged at 190g for 

15 minutes at 37
°
c using a Sorvall Superspeed RC2B Centrifuge 

(Autanatic refrigerated centrifuge, Sorvall Inc. Newton, 

Connecticut., USA). The PRP was aspirated into clean 200-

polycarbonate universal tubes avoiding red cell contarnlnation 88

1:1.1ch as possible. The PRP was then recentrit\Jged at 2500g for 

15 minutes at 37
°
c to obtain platelet button. The supemat.ant 

PPP was discarded and the platelets were resuspended gently 1n 

the first -..-ashing fluid already dispensed in a slliconized 15ml 

volu::ic ccinical glass tube. 

The first washing nuid was made up of 11nl HEPES-buffered 

'Iyrode alt:arnn solution (see 2.11,3 earlier) conta.1n1.ns 0,55q;/c.l

apyrase, S(llJ/ol heparin. The pH was adjusted to 7. 35. The tube

"'3..ll kept in 8 37°c -..-:it.erbath to l!aintatn that temperature. The

platelet., were incubated 1n the finit =hins fluid for 15 c:dnut.es 

before ceritrif\lg;Stion ror 10 ClimJtes at 1200& at 1'000 temperature. 

The r;upematant Wll3 di!ICM'ded and the platelets were resuspended 

for 10 oinUte!J at 37°c in a oeccnd wuh1na r1u1<1 kept it the ao:,e 

It ccntained Hepe!l-bUffcru.T'yrode ,1tan1n :)()}Ut.iCI'\tenpcrnturc. 

1 .A volu::ie or the opyraae aolution but. no heparin. Toooppropr a-., 

""""icn Wl1lS aoi-in centr1f\1Sed 1t 1200u ror 10 ninut.c:i,plat.C!let. curi,---

t diecardcd and the platelet.II £:nUY rx:u:iP'fflled
Ule f'UperTIDUln 

, __ , 11 � buffciu-Tyrode albirnn oolut.ion ocntain1f16in t.hc r .u .- cpcs-

o. 1eycl or apyrn.,c end 1::-..lfnl or &).ucooc.
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The 1.-a.shed platelet suspensioo (WPS) was kept 1n a 

siliconized centrifuge tube in a 37
°
c waterbat.h. The tube was 

covered with i>aral'ilm throughout the experir-uent. to mini.J!lize pH 

fluctuation caused by cont.act. with l'ree air current. (Joist JH, 

personal C<X!rJJJ'licat.ions) . The platelet. count was adjusted 1.1 th 

the Tyrode albu::un solution so as to give a final count. of 

450-6.SOx w9 platelets/litre suspension 1n the experiment.

Platelets prepared and stored 1n thU way N!N1 ned viable as

assessed b;• their response to ADP stilmJlation for periods of

3-5 hours.

2.11.s. PLATELET-:JffiHROCYTE IlmRACTio::s: 

Descriptia, of Experwntal cxxlel: l .OODl or WPS was mixed with 

0.5'al of 1.-ashed ncrcal or paras1Jized erythrocytes 1n a sterile 

tissu" culture tube. The mixture was agit.ated 1n a 37
°
c watcrbath 

"1 th a !maker attacicent, for periods or. l, 2 or 5 minutes. The 

erythrocytes were thc."l aedi.rl>':nWd by rapid differential 

ccntrif\lgntioo 1n an Eppcndorf 1'111crocentr11\li;c at 1200Qs for about. 

1-2 secaids. Toia duraliai dctemincd cxperioentally, \.'1lS found

to ncparat.e out bOth cells, leaving a plat.elet-rich au�n\llt.ant.

(PRS) and red cell secllner>t. The PRS wa., then �t.ly upirat.ed, 

avoidin& red coll c:ait.a:anatlon and 1.-a, 11:snediately hlilh1n 1-2 

ltinut.es) u5ed 1n the &£UCt')ll.1an test..,. The vollrles or platelet

and red cell �:,pen:;iarui u!led in the interact.ion wera adjll!lted 

to g1 vc •Proroxi�t.oly a 1 :20 nitio of plALcleu, to red cell a "'1111:h

,_A to t.hllt 1n vivo. Pl11.elet. co.ml. 1n PRS v.i.:, 300.l.OOx109;1approx.._._1.e:1 

Two plat.eleL rich eupomat..ant. (PRS) vol\Cle!I were ob�

rir,.ent. ()le cr:ple, PRS-1, w::i.:i the r;upemat.antdur1.ng each expo 
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obtained foll<Ming platelet interaction with p. falcipanun
infected rbcs. The other, PRS-c was obtained after platelet
interaction with sham-cultured control erythrocytes.

2.11.6. EXPERlJ.:ENTS Wini PLATEIZr-RICH SIJPERllATAt-rrS:

Platelet. a,ssre11at1on: Platelet aggregation with PRS-i or

PRS-c was tested by a l!IOdification of Bom•s method ( 1962) 

described previously (Sect1a, 2.9.3). In order to preset the 

J1m1ts of light transmiss1oo 1n the aggi-ei;oax,ter, WPS and platelet 

washing nuid were used to adjust the ininimu::l and mx1r:um light 

trans:m.ss1on points respectively. Total volume or: WPS including 

added reagents was kept at scni1 and duration of a&gregat1on was 

4 minutes foreachn.m. A 0.251.11-' ADP 1n the presence of 0.04',4 

fibrinogen (Greenberg et al 1975) and collagen (2. 5 or Sus) 

prepared a:s previou:sly de.,cribed were used as agsregating agent.. 

All concentratioos or reagents refer to the N.nal concentration 

in the cuvette. 

2.11. 7. l4C-5H!' Uptnl<e anc1 Release Studies with PRS-1 Md PRS-c:

Thrice '--:l::hed t-,r;;,n platelets Wied 1n the:ie stuc11e., wore

prelabelled (before interact.ion with erythrocytes) 1n t.he firat

"'UShing nu1d by inculxlt.ion for 15 mlnui.cs at. Jfc with 0,06uc:1im1

or 14c _ Serot.onin (k:ler"..h!l::I luldiochc::uws En&).nnd, Spec1f'1c

11et1v1ty �1/00lc; IOreenberc ot al 1975). lPreJ.tninary

...... --•cc1 th:lt. interaction or labo.lled-puitelct.e 
expc rittn \.IS , ""' r,;Y"-M 

with crytlU'OC� d1d not aft'cct. upt.&ke 85 CCOlll'r«I by P1at.elet

ti 1ty before and after lntonictionl.
tot.DJ. r-;idiOClC V 
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Im1pramine was added 15 seconds before any other addition to 

the Platelet :NSl)Cl'l3ions (PRS-i or PRS-cl to inhibit reuptake 

or released serotonin (Packha:li et al 1977). 14C-51fl' release was

induced w1 th Sug Collagen, or 1 . OJI,! ADP. Samples were prepared 

for counting and data analysis was carried cut as previcusly 

described (oee section 2.10). 

2.11.8. Effect: or ADP inactivation on PRS-c and PRS-1 react1oos: 

CreaUne phosphale (CP, 5.Q!l,1, Sigi:a) in the presence of
creatine phosphokinase (CPK, 4.0U/ml, Si�) (IIIJM ot al 1983)
and Pyruvate Kinase (PK, 20U/ml; Si&::il in the presence or

phosphoenulpyruvale (PEP, 50u.'i, S1�) (Saniabali o t . al 1984)

were used to check t.he orroct. or ADP inJJctivation oo ADP-inducod 

ae.gregnt.1on or PRS-c and PRS-c platelets. The!Ml enzyme :,yst.cns 

were freshly prepared by d.13:lolving the! in physiological .saline. 
( 

The solutions were preserved oo ice prior to and during I.Ille •

CP/CPK and PK/PEP enz.ymc syste::13 1.'CN incubated for 20 and 30 
res�tivoly l h seconds/with the post-interaction plate et-ric suspensions
-

before stim.llation with ADP. 

2. 11,9. Effect or Thra:lbOXMe Synt.hetase inhibitor on ADP- or

Colle.pen-induced ogsr:regation or PRS-c and PRS-1 plalele�: 

Dazoxiben (UK-37 ,248-0 I) ( 4-!2-( lH-imdazol-1-yl l Otho'X"j_7

acid hydrochloride) 8 gift or Pfizer Rcsearch.,Sandwich, U.K.)

d 1 derived selective inhibit.or of thromboxaneis an 1.m1 uo c 

--�" plntelets (Tyler, Saxt.on lllld Parry, 198 I l.::iynt.hatase in ·-· 

rr t or d!u,oxiben inhibit.ion on hul:ian platelet.
Toe in vitro e ec 

nerat.icn induced by a rachi<lonic acid 1!l thromboxano TxA2 t.C 

vent.ion or ;.sgregation in saric indiv1auw,fol lowed by the pre 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- Ql1 --

10'\own as "responders" and not in others, "non-respo."lders" (Bertele 

et al 1981 l · Berte le and his group ( nJBlta, b) have shown that 

20u.'1-80u!-I dazoxiben canpletcly prevented platelet thromboxane 

B2 (a breakdown product or 'l')(A2) generation.

In this study, dazox.iben was used to inhibit thranboxane 

synthetase activity in PRS-c or PRS-i platelets before aggegation 

was induced with ADP (0.25U!1) or collagen (2.Susl. For this 

test, dazoxiben was dissolved in nonr.al saline and the solution 

was made up daily as required. 20uH Dazox.iben was incubated for 

1 minute at 37
°

c with continuous stirring at l 100rpm with the 

erythrocyte interacted platelets before inducing platelet 

aggregation. This concentration gave a canplete inhibition of 

thromboxane A2 generation (Bertele et al 1984).

2. 11. 10. Experiments with ErythrOc:yto derived supematants (EDS):

<.11.10.1. 

0.2ml or the washed erythrocyte suspension (prasitized or 

control) W3!J centri� at 12000g for about 5 seconds in the 

Eppendorr centri!\Jge and the supernatant collected (1.e. EDS). 

Thus, we had par:l!litized erythrocyte derived SUp,!'matant (EDS-p)

or control eryt.hrocyto derived supemat.ant (EDS-cl. 

Effect or EDS--p or EDS-<: int.eract.ion on washed plau.let

suspen�im: .Incrc:LSing vol\J:!les (25ul-150Jl) of EDS (control 

(cl or para.s1t.1zed (pl .... ere iuxed with washed tu,,:in platelat

tirred at 37
°
c for 1 minute bef°"" inducing :ru:,pension.s, s 

·-'th O 25uH ADP in the pre.,cncc or o.c ,,. ribrinoeen.aggrcta,t.icn ".. 

,_,.u t.o investie;lltC lhc effect of Adding lhcPrelWnary exper ......... , 

hCd platelet. SU!l�ions end nt.1rring for up:supcmnt.1111ts lO W3!I 

in tl O o.ggrc�ter had reveall'd no �lion
t.o 4 cinutc!I l 

inducing effect·
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2.11.10.2. 

-9c: -

Effect of Thromb1n Inactivation on addition of EDS-p or 

EDS-c to WPS before aggregation: EDS-p and EDS-c: were incubated 

overnight 1n 37°C waterbath to inactivate thronbin (Kwaan et al

1972). lOOul or these erythrocytf: derived supematants \,-as 

interacted for l cinute with freshly prepared human WPS et 37°c 

before the aggregation test was ccxr;pleted with addition of 

0. 25U:-l ADP. 

2 · 11. 10. 3. Effect of heating on EDS-c or E!>S-p on platelet aggregation: 

The EDSs were heated for l hour at 56
°
c, allowed to cool 

before interacting with freshly prepared washed hu:r.an platc:let 

suspension for l min'.lte as al reedy described. The platelets were 

separated by rapid centrifUg;:ition and rc311.Spended in platelet. 

suspendins fluid before auresay ion rt:sponse lo 0.2SU1-1 ADP was

te9led. 

2.11.11. Phosphollpd Analysis: The foll0\4ng SMplcs were n.'\alysed 

for their total phospholipid contents 

(a) Cell free supematants or l'RS-1 or l'RS-c. This was

obt.hined by ccntrif\Jging the PRS(i- or -cl ot 12000g for 

1 cinute and aspirating Lhe sup.:rnatAnl for this test. 

{b) PRS-i or PRS-c post aw-esation supernatant. After 

ae.gregation, the post-aggregation PRS-1 or PRS-c was SJ)Ull

at. 120006 for 1 minul,e and lhe cell-free supemat.a.'lt or 

each tested for it!S tot.al phosphol1p1d content. 

The or1.ginal phOSphorou:s a.,say method or Fiske and Subbarow
N..,. ..., Vnr.ley t 1o7l I W'.lS 115ed. The ( 1925) 0:S ffJOdi ,ov "I 

led for pho:sphol1p1d in the "Lipid Re:search =ples '.1€rc t.es 

--•c:.al Pathology Depart.ncnt., U.C.H. (oee Appendix).
Laborotory 1n o..,.... 
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2.11.12. 
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SDS- PAG Electrophoretic analysis of Supematants fraD PRS-i/PRS-c and post PRS-1/PRS-c aigp:egation supematan�:
2.11. 12. l. Principles: Sodium dodecyl sulphate (st\5)- polyacrylamide gel 

electrophoresis (PACE) is used to resolve and characterise the 

number and size of protein or protein O-asinents in o protein 

preparat..1on. The protein is treated by heating at 100°c with 

an excess of soluble thiols (R-SH e.g. B-<necaptoethanol or 

dithiotreitol) and SOS to disrupt completely all polypeptide 

Chains by breaking the disulphide ( -S-S-) bonds fra:i ooe another. 

The polypeptide chains then bind to o large quantity of SOS, 

thereby gaining a strongly negative charge. 

The anionic denatured protein chains are resolved 

clectrophoretically in a buffeN!d enviroument that contains 

thiols and SOS plus a high polyacrylomide gel concentration. 

The thiol ond the SO::, maintain the denatured state of. the 

disrupted prot .. ins  or protein subunits, while the SOS generates 

a constant charge to mass ratio. The hist'I concentration of 

polyacrylwde gel generates molecular sioving in which v1sco:i1ty 

o.nd pore oi::e or gel define mobility or the protein subunits.

The relative mobility of each or the a-iianlc, denaturod prot.'!ins

(as pc,lYJ:eptidt: cha.1.Ml is a logarit.l'nl.c !Unction or the 

molc<:ular \o'Oight or too polypeptide chain (Clark ond Switzer 1977).

Toe polyacrylmnide e;el!! are formed as a result. or 

r acrylmntdc 1111d tl-H 1- �othylma-b1s-ncryln::i1de.pol}'lt(?r12.ation o 

•- cat.alyscd by 11,111 111,111, - tctr:imcthylcnc d111."l1ne The reaction ..,_, 
sencc of @XX\11.rl per 11ulphstc. &-a:ioJJhenol 

(TE>!ED) 1n the pre 

\.he protein trnc1<1116 dye While UKl gel UlUJ ot.alnoclblue wol!l U!lcd 85 

1 The SDS-PAG ElecLrophol"C!1111 
1n c.oc,o,.sic br1llient. b uc.
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experiments were perfonoed 1n the Bianembrane Laboratory of the 

Biochemistry Department, University of Ibadan, Ibadan. 

2. l l. 12. 2. Preparation of Reagents: All reagents were prepared as described

b y  Bewaji ( 1983) 

(a) Acrylemide-bisacrylamide solution: A 100nl solution

containing 30'i,, (w/v) acrylamide and 0.8% of bisacrylamide

solution 1n distilled water was made, N.ltered through

Whatman Uo. l. paper to rc:oove 1Jllpuri ties. This was

stored at 4°c. (This solution 1,-as prepared under a hOOd 

as acrylamide is toxic). Both reagents were inade by BDH 

Chemicals Ltd. (England). The ratio (g:g) of bisacrylalllide 

to acrylamide of 0.027 Which was inaint.ained thrOJghout; the 

gradient is recamncnded for polypeptide analysis (llurden 

et al 1981 l. 

(b) PolyacryJa::ilde (BDH): A 3" solution was prepared in 

di�t1lled water while bein& stirrt.-d vigorously to obtain 

a homogenous mixture. 

(cl Stacldnf gel buffer: This solution contained

Tri!I - Chloride (calb�.xhern-Boorhing-cr USA) 

SOS (fluka-Garantie, Sl.�tzerland)

EDTA (Sie,nl 

0.5H 

o. ,,.

8.Cbtl

pff was adJusb!d with t:aOH to 6.8. 

t1 1,,u C'.3de up in dist.ille<l wat.er to an initial The solu on 

.,,,,,_, 11 The pll = then 11dju:ited and the voll.L":lO volu:DO of 7V""""' • 

wa., then o:ide up to I 11 tre.
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Running (Seperating £81) buffer:
up initially to 500ml lllS follows

Tris 

EDTA 

SDS 

tb1s buffer i.-as cade 

l. 5d-l 

&if-I 

0. 1%

The pH watt adjust.M to 8.8 and the voll.ClC then ciade up t.o 

1 litre. Both the nmning and the stacldng gels were 

stored at 4°
c.

le) Electrode buffer: 

24g of Tris-baS" 

115.2g of glycine (Hopkin:, and Williams, England) 

4.0g of SOS 

2,7g of EDTA, 

d1 .. .solved 1n 4 litres of dist.111ed 1;ater. The solut.ion

wa:, prepared with const.ant stirring. 

(f) SOdium ph03phate 'bUffer: Contained

JO.Seils of 0.211 Ha2HPo4.12H20 solution 

and 19. 5mls or o. 2tl tlal12l'o4. 2t1
2
o soluU�

with O pH of 7 .0. Both :iolutions 1,ero prepared 1n distilled

water. 

(g) �'!lplo wffer: (J t1.ID!s concentrated): This was

prepo.rcd and dispensed into test tubes (Sall tubes) 1n
0 

aliquot.:5 of \ml and :,t.ored ot -20 C until use. Ttio =,ple

bUfi'er cont.:ain ed 

1.21nl of 

6.0 ml of 

1.Sg of 

3(krG of 

1� or 

2():1 of 

sod11C phOsphllte 'bUffer 

glycerol 

SDS 

D1th1othrcitol ( lli1' , Sie;111 ) 

brcrophenol blue 

d1�t1lled water.
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(hl Preparation of Protein S&"!lples: The protein concentration 

of supematants Cran PRS-1, PRS-c, or their �t aggrei;ation 

cell frc� eupema'A!nts (both s.arcrple.s were cell-free obtained 

after centrifuging for 3 minutes at 120000 and collect.ins 

the supernatant for the test) Which had been 3tored at 
0 

-20 C, were detennined by Lowry• s nethod ( 1951 l. The

protein contents of each sa...-ple was then adJU3ted to 

25-30\lg, which was considered to be opttml for the SilS-PAGE. 

Two volumes or each adjusted MmP'e was then o.1.xed With 

1 voll.lm" o� thrice concentrated 3a,:iplc-buffer 1111d the 

mixture was then heated at 100°c for J minutes. 

Protein Estimation: Protein concentrations in somple3 

for SOS-PACE and s1nl1c acid were determined by the Lowry•s 

method ( 1951 l using bovine scnn alta1:nin llll BUl!ldard. 

Principle: The colour reagent used in this 111ethod is the 

phosphOciOlybdat.e-phosphotung::staLe cocplex. The colour 

formed by tho �olin-C101;al tt!U reatent is caused by lh-.; 

reaction or prot.ein:s with alkaline copper 1n the reagents 

and the reduction or the phosphanolybd:ite-phosphot.ung::state 

salts 1n the reagents by the tyrosine 1111d tryptophan or 

protei.n!l, This rc4ction is caused by the: reduction or tho 

phenOl go.ips 1n the protein o:nnoac1ds giving a blue colour

:it alkaline pH.

Since the c<Xllple.x interact.:, at alkaline pH, an excess

..... nt. iraJst bo ndded t.o t.al<e the reacUon toof the re-.-

car.pletion, t.owrY et o.1 ( 1951) del!lDOstrated pretrea�t

��ples '-'1 lh ollt'll lnc copper r.-.:irkedly increasedof protein :, .... 

l '°'"" in Ulc rcductiCl'I rea<::tion with thocolour deve o 
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reagent. In their assay system, they also added a mixture 

of Ha2Co3-llaOH to wfC'er the pH around 10 and to neutralize

the phosphoric acid produced by the degradation of the 

phosphamolybdict�tic complex at allcal1ne pH. 

l'cascnts: 

Reagent A: This was a solution or 'ZJ. lla2CX>3

(anhydrous) in o. 111 llaOH m.1de up to a volu:ne 

or 500nls. 

Reagent B: Wa!J a 10<ml solution or 0.51, cuso4 .SH2o

made up in 1% sodiu:i citrate. 

Reagent C: This was prepared f'resh just before 

use by m.1x1ns 5Cnls of Reatcnt A ond 1ml. or reagent B. 

Reagent. D: This 1,,"3!1 the Fol1n..(:iocalteu reagent 

(BDH Chemicals Ltd., Engl.and l \./hich cont.a.1.ned 

the phosphaDOlybdictullgStic complex, lithium 

sulphate and bromine water. The worki!\g :iolution 

was a 1 :3 dilution using distilled water as diluent.. 

Protein standards: 10-lOOlg/ml solutions of bovine

:ienim all:iumtn (BSA, Sip Chc:n. Co. St. Louis USA)

rran a stock or 1r.igtnl BSA = 1.CJed. The protein 

ot.ondardS were a:ado up in distilled 1,,-atcr to a vo11r.e 

of 0.6ml �eh. 6 stnndard tubes cooWned 10 to

lO()ll of standard (x) were prepared. 

Bl11:11<: 
Thi:i l,l3S o.&:il or distilled \rat.er. 
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Solutions: Test Blank Standards 

Protein standarc -

X ml:, 

Test. sample lOul -

Distilled water 590ul 600 0.6-x ml.s 

Reagent. C 3.0ml 3.0ml 3.0-:U 

The mixtures were vortex mixed rapidly and left for 

10 minutes, after Which 0.3ml of Reagent D was added to

each tube and each sa.'llJ)le at. 750tlll was read arter leaving 

it. t.o stand at 30 minulecS and roa:i tes:perature. A Bausch

w,d Laub Spectrophotanetcr (Spectronic 2l, Bausch and Lanb, 

USA) was used t.o determine the optical density. 

Various protoin et.andnrd concentrations were treaLed 

as the test. :m'1lplc. The O.D. values were plotted againot 

protein conccntrat.ion:J on a plain graph paper nnd t.hc value 

of the test. sa:1iplc obtained rran reading 1� O.D. orr the 

corresponding protein concentr:ition on the graph. 

( 1 l Preparation of Stacking and Running gels: The canposit10h

is gi,er. bela.i 

• 

Solutions 5% Stocking ( mlo l

� Acrylamide

-0.8'.' b1sacryltrnldc

StackinS gel 1:A.Jffer

Runnins gel bUffer

m-!ED (Sil:'Pl3l 

l. 3

2.0 

o.005

(I\\-I.Sx106l
3" PolyactylMlidc

0111tllled 1,,':lter

1� /,,cr!)Oniur.l per su l pha t.c

Total 

1.3 

3.3 

o. 16

8.Ck!l

1� Running gels(mlsl 

8.0 

s.o

o.o,

3.3 

3.6 

o. ,o

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 101 -

Solutions: Test. Blank Stan� 

Protein standard -
- xw 

Test. sample lOul -

Distilled wt.er 590ul 600 0.6-x w

Reagent C 3.Cml 3.0ml 3.0ml 

The mixtures were vortex mixed rapidly and left for 

10 minutes, aft.er which 0.3ml or Reagent D was added to 

each tube and each sample at 750rn was read arter leaving 

it to stand at 30 minutes and roan temperature. A Bausch 

and Lomb Spcctrophotaneter (Spcctr<Jnic 21, Bausch nnd Lomb, 

USA) was used to detemine the optical density. 

Various protein .Jl.andard concmt.rations were treated

aB the test sa.'llplc. The O.D. values \.'Ore plotted ai;alnst 

protein concent.rat.ion:, on a plo.in grnph paper and the value 

or the test Slll!JPle obtained f'l'Clll reading lts O.D. off tho 

corresponding protein concentration on the graph. 

(1) Preparatioo of Stacking and Runnin£ gels: The canposition

is s1,,er. bel<1.1

• 

Solutions 51, Stacking(mlsl

3� Acrylamide 

-0.� bisacryla:ude

Stacldng gel buffer

Running gel buffer

re.l£D (Sil')Ml

\ .3 

2.0 

0.005 

� Polyactylamlde (K,:.Sx10
6) 

Distilled wntcr

lD:' ArnOl'liUlll per sulphal.c

Total 

\.3 

J.) 

o. 16

8.0cll 

12'.' Running gels(rols) 

8.0 

-

s.o

0.01 

3.3 

3.6 

0. ,o
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The anroonium per sulphate was added 1rmlediately before 

pouring the gel While the 37, polyacrylamlde solutioo had 

to be added !'ran a large-bored pipette and stirred 

vigorously to give a hanogenous mixture. 

2.11.12.3. Procedure: The apparatus described by Reid and Bielesld ( 1968) 

was used. The discontinous pH, 5-12'f. polyacrylamide gradient 

slab gel system or t..e.emnli and Favre ( 1973) was used. A sandwich 

was made with 2 glns�plates separated b y  plastic spacer strips 

and was clamped with 2 large binder clips at ench side of the 

electrophoresis apparatus. The space was l"illed with the n.inning 

gel to 3cm level 1ran the notched plate, using a 5Cku syringe 

with a 16 or 17G needle. The upper surface was gent.ly overlayered 

with 1 /4 concentrated runn1ns gel buffer u:,ing a Pa.5teur pipetLe.

Tno gel was allowed to set for 2-3 hourti. 

The overlayered ::,olutioo was then poured and the rcmanl-3 

blotted with filter paper. Th<' !ltacldng wa:, then poured over the 

running gel leaving a 5l!III sp;:1ce 1'rall the top. A Tenon CCXllb which 

ronn the sample wells wa.s carcf\Jlly inserted to 1·liainnte Bl.r 
,el)Oved 

bubbles. The canb W;:15 slowlyLaft.er an hour avoiding di!lt.ortion 

of the well. 

Semple, prepared il!I described obove in equal volUQCs of 60ul

dft .. ,�ycred using a Humilton microsyringe. The twoeach, 1.ere un .......... 

out�r-wella were filled with only sa::iple b.lffer while the other.

wells were filled "1.th :s:i:i:ples. Toe protein c:ont..ent of each sa.'llJ)le

was adj�t.ed by dilution with nonra.l saline �re neces3ary to

25ug/ml. 
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2. ,2.

2.12.1. 

- 11)3 -

The positive lead wa.:s connected to the lc,,.-er electrode 

while the negative lead was connected to the upper electrode. 

The gel was run overnight at 3� nnd a constant voltage of 30V 

at room temperature (In Sat'C experiments the gel was run at 35CIA 

at. a constant voltage of 50V at room temperature) until the 

tracking dye was within 1.0cm fl'QD the botta:D. 

After separating the gel Cran the plate nnd cutting off the 

lower left comer of the gel to mark sample 1, the proteins were 

fi.xcd in the gel for 30-GO minutes with 10J trichloroacetic acid 

in 50'Y. methanol. This W3..9 then rinsed 1n distilled water and 

stained for 2 hours with 0.25% Coanassie Brilliant blue 1n 50'Y. 

methanol/?.� acetic acid (Reid and Bielesld 1968). The gel was 

rinsed twice with distilled water before they �re desta.1.ned by 

repeated washing 1n o solutioo cont.aining 7 .5% ocatic acid 1n 20% 

methnnol. Ocst.aining was facilitated by 11ddit\s a little cotton 

wool until the bands on the gels became clear. 

PLATELET SURVIVAL ST\/DIES 111 RATS DIFECTED WITH 

P. BERCHEI BERCHEI:

suckling and adult. Wistar rat:i were used 1n these

experiments. The adult rats provided the haDologous plotele�

used for labelllnS· Infect.ion of suckling rats and blood

collection in adult ra� have prev10U!1ly been described (Section

2.2 and 2.6 rcspcctivel.yl. AboUt. 6-&nl!I of blood was obtained

rran each adult rat, 
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2. ,2.2.

- 1()1. -

Reage.'lts for rat platelet washing (Arlie et al 1970;)
K1nlough-Rathbone et al 1ga3). 

l�ls or calciu:n free Tyrode olb,m,1n solution contained
5mln or stock 1

21::ll.s or sti:-ck 11 

0.35& or Pent.ax Fraction V !\SA

o. lOg or D - glucose

2mls or lM HEPES �rrer hydrochloric acid. 

The canposit1on of stock solution I, II, and Ill 1o.sere as 

previously described (Section 2.11.3,l.

EGTA stock: 3,8g of Ethylenegl.ycolbi:, (11:111.noethyl) tetraacet1c 

acid (ECTA, Sit:,nal 1,1·:aa dis:iolved 1n S<kDls or distilled water and 

the remaining volu.-oo made up by �rcpw1:ie addi t1on of la-I tlaOtl 

solution to mlke o 3,a,, solution at. pH7 .o. A 2°" solutia, or 

EGTA was prepared rrari the stock by adding 9:lls of isot.onic saline 

to lOmls or Stock ECTA solution.

2. 12 .3. Preparation or Washed rat platelet :nupension: This w-.i:::,

prepared wit.h adeQUate sterile precautions as described by Arlie

et al ( 1970). All containers used were autoclaved for 20 minutes

at 15 bar pressure. Polycarbonate tube:i or sillconized heavy duty

con1C111 centrit'\l&c t.ubc!I were used. PRP wa:i prepared by

cent.rit'\lglltion of adult Wistar r:it blood for 15 ml.nut.es at 190g

and the platelet rich 5\lpematant. 11:ipirated. Unlike in the

preparation of ua:ihed tunan platelet., tt,,, wshing procedure was

carried ouL at rvem temperature. Other dr:l.ails for obt.a1n1ng

platelet. button \t'ere a., �ed \t'ith hlJ:!'>31I plat.elet. The platelot

(PPP) thus obt.aincd Wl1' preserved for t'\lrt.hor usa
�r plu� 
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The platelet tlutton obtained was iCl"Jf'<jiat.ely gently 

resuspended in 10ml or at.erili2.ed calci1.0-rree Tyroc:le albl'l1n 

solution in a siliconized gl,835 tube t.o ..,'hich was also added 50ul 

or 2% £OTA. The platelets were labelled in this first ..,-ashing 

fluid w1 th 50JCi of sodium 51
cr - Chra!lat:.e Ola2 

51cr o4, tc; Ci/cu,

2.3ug Cr/rnl specific activity; Aoersha.-.. International plc, 

Amersham U.K) per rat (Winocour et al 1983). This mixture ..,-as

left for 15 minutes at rooo tmpe..ature. The labelled platelet 

suspension � ccntrifUged for 10 minutes at 1200g, the supemat.ant 

discorded and the platelet button obtained, asain res�spended for 

another 10 minutes in calcium-free Tyrode &lbrni'l solution without 

£OTA. The ccntrifUgation and resusJ)eru)1on of platelet button wero

repeated. The final platelet B'hpens10n medil.C was in the PPP 

at a c0ncentration of l. 50-�. 50x 109 platelets/cl (Winocour et ol 

1982. 

2,12.4. Platolet survival: A 0.5-\.00 vollll!le or the labelled plot.elets

was injected using o 250 needle into the tail vein (near the 

toil base l or both the already infected and non:-.al suckling rats

which were previously anaest.het.ized lightly with diethylether. 

The veins ._-ere dilated by cleaning ,.,tth xylene, before cleaning
with cicthyloted spirit, 83ckflaw of injected labelled-platelet 

Checked t,y prcssin& h3l"d ot the point of 1njcct.1onsuspensi0n wa11 

for l iunut..e �fore releasing the anilr.31, The c0ntrol SJ"'OUP

c0nsiatcd of 4 rat.5 while 8 rats made up the infected group.

_, 1n the injected group \fas detenuined as The 'J, para:,1 t,=,.B 

ibed (Sect.iCl'I 2•3•4•1 •
prcviow,ly ducr 
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2, 12,S. Sampling and det.enntnation of radioactivity: This 1,,-as carried 

out as described by W1nocour ond a.s:iociate3 ( 1982, 1983). The 

radioactivity in tOOul of labelled rat. platelets was detennined 

in a Packard Auto Ciasna Sc1nt1llation Spectrophcmeter (Model 5360, 

Packard Inst. Co. Inc. Ill1no1s, U.S.A.). The count was later 

used to estimate the total radioactivity injected into each animal. 

Four hours after the injection of 51cr-labelled platelet.,,

blood samples were collected froci l'reshly cut tail ends of each 

rat into beparinized henatocrit tube (Ciel.l!l:in-HaW3l<ley LW., Sussex 

England). (Th,· 4 hour interval WJS allowed ror total recirculation 

and even distribution of the injected labelled platelets). The 

hematocrit tubes \./t:N sealed at one end with plasticine lll'ld the 

length of th,.: blood col\m'ls recorded inT.ediately. Fran the weight 

of kn0t.T1 length of water in a nu:ubcr of hc::l3tocr1 t tubes I 12) , u 
+standard diameter of the tube was calculnt.ed (0.0449 - o.0009�;

sec t.ppcndix table 4) from which the volu:ne or each blood sample 

was estimated. 

Fran this voluroo t.hc radioactivity per ul or blood w:i,.

CAlculat.ed. The blood somple tal<en at. the 4t.h h0Ur period art.er 

labelling C'ormcd the 10� :somplc. l>\lb::equent S3!!1plcs were taken 

by the�edurc at 17.0, 42,5 and 66 hours oft.er labelling. 

Radioactivity or these s:ltlples were determined at t.he end or the 

rt 66 tiour G111tplc collection) thus evening cut experiment (a er 

1 ly :short period or sari>le collection decay. '11lC relat ve 

-•-•-•�ed the decay of radiooctivity (Winocour et al ( 17-66 hours) pu.,,...,... 

1983). 
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Radiu:, or h!.!fflatocrit tubes:

Lot weight of colu::ri or water 1n 
hematocr1t. tube

Heignt or water collll!I\ 1n 
hcmatocrit tube 

Density of water at room temp.:,rature 

But Density D - 1-ws � �eight 
- Vo1u:.. Voiun="" 

Where V = volume of water 

The volume of a cylinder is given by 
tha equntion V • Ur2H 

(Whet-e r = radius of tube) 

By substituting for V in (ll

( W ,i .. , . . . . . . . . (2) 
: . r = -

DTt'H 

-

= 

; 

' 

w 6111 

H cm 

Dg/ca2

V •••• (1)

Since W, H and 0\1\;,1'9 lal01,n the radius was easily calculat.ed. 

Calculat.icn of total radioactivity ad:ninistel"'C!d into 

nnima}s :-

Lot. volu:ne of label injected into each 
aniJl:ll 

Let the count rran IOOJl of labelled
washed platelets 

:, r3d1oactive count/ul of

labcll� platelet SIJ.SP'"I\Sion

: . Total radioactivity injected into

aniaal 

i Recovery occord1n6 t.o Barret Md �ttcr

-

-
-

-

- ll ,v,
100 

= 112V 1 : R •• (2) 

11983) ia given 

by 

'/. Recovery -
-

Blood volw:,ti Y cflll.(illl of blood 
Total counl. We. .led into ani'"-11 

where cin = 
count per cinute.
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Fran the value or R obtained 1n 13) the vol1ee or labelle!! blood
sample 1n tho hm.:i t.oc:rit tube Willi calculated ainc:e tho hlliaht. or

blood waa known.

Lot. I.his volu:r.c bo v2 (ul)

I.A) t. t.ho total CQ1Jl t be p

: • ci:rn per ul or blood 

: • ci:rn per ml or blood = = T

:. 'I, Recovery \lhere B : blood vol\CC or a."llcnl 

R = Total rad1oact1v1t.y 
injected into o.nie:1111 

T = cp:/cl or blood.

Too blood volUlllO or the euckling rot u:,ec1 1n the calculation 111 

&1vcn as 7 -5� or t.hc body weight !Belcher and lurrin 1957 l 1.e. 

2. 31QJ. where the lllOM weight of rot.is uxd Wnll 30.47 '! 1. 756 D!l

detemtncd !'ran 12 rats 14 controls and 8 infcct..ed).

I\ 

Platelut survival Pararaot.ers: Plat.clct survival curves were

obtained ror both the control and infected groups or anlrnJ1J by

plot.ting recovery vo.luc:i as II percc:n� of initial �very

(i.e. recovery at t.11:!e zero, t.aken M th.! count 4 hour:i art.er

injection) agn.iru,t tho tlM of sampling (Aster 1967). Recovery

was expressed ns the value of the circulattns platelet specific

activity cxprc!l!led as o percent.age or recovery which would have

bocn obt.41nt.-d 1r all the int'\.l!lcd radio.ictivo platolct:s had

appeared in tht' recipient r3t c1rculot1on (Ebbe e\. al 1965).

Froo the survival curve.:,, the cea11 survival tJ.ce and half

dinnppea.ranco tilllO ( i ) ror e.ich r.it. group were det.cMli.ned. The

Mean survival time 1135 given by cxt.r3polating the plntelot

1 _, to the 11�1ssa and I.ho value a� this point read
llUMI v ..... curve 
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2. 13.

- 1 J -

off the aurvival C\lrve and wu t.ho t.ia, 11n hcun,) wich it took 

halr lho plotclet rouloa�t.ivit.y t.o <1it1nppc:u- f1"C0 circ:ulat.ion

(Anter 1969), 

DETEliHltlATI�I err TOO'AL SIAUC ACJD calI'E!rr n: WI.SHED PUTEU:T 
SUSPtlSIOO PRQ,\ CO:nliOL Alm P. B£F(;H£I llt:tt!U> RATS: 

2, 13, l, Pr1nciplo: Plntclot free olalic Dcid (SA) 1n t.ho �e of 

por10c1at.e, under&00s oxidat.icn to fcn:i B-fon::ylpyruvate, the

axcess or � poriodatc oxidiz.ing agent. being neutra.liucs with 

ei t.hcr s0c11um arscni tc (Warren 1959, Acinoff 1961 I or !10d1t.o 

thiooulphatc (Denny ot. al 1983). The frc!e chrc0Q£m t.hJ!J forced 

(presl.l:IIOd to bo similar to t..hat ron • .lCd by 2-oxo-2-deoxy:usaz- acidlll 

was coupled lo thio\»rbiturlc ocid nnd Ulo f.inal colo.ir extracted 

int;o but.nn-1-ol (Am.lnoff l9bll or c:yclOt\clUlnane (\f;irrcn 1959) for 

colorimetry. 

The reaction i:t ,,rm:.ii-1:C!CI u follmr.s: 

l. C:000 F 
I C = 0

2. C = 0
I 

I 

rz ). CH2
I CiO 

4. CH(OO)
• 

I llHJ 
s. CH (IIH l C0CH3 + 

I Ot3cxnf6. CH(Otll
.. 

buoo> hu() 
7, 1' 

I HCOOi 
8. CHICHI

9. CH200

(tlA!lA I 

N-:icet.yln�ic acid (UAIIA) by pcrioclllte
Oxidative clC3V86C of

d CS (Wnoff 1961 I •
OCCUl"!I oot.wccn C4 1111 
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2.13.2. 

2,13.3 

- l

Infection or Animln: Blood collection and dot.ercinnt.ion of"
P&M'ln1tncr..1o in llllcklins rat:i weni azi earlier dc:icM.bed.

Wnnhod rat plntolat su:ipcns1on: Wll!lhcd rat platelet :,u:,�10ru1
rran norml and P. bcrctiei infected 1111lclc were prcpu,cd a.,

doocribcd by Arlio et al 1970 (Section 2.12.J) With nmo
mou1fic:at.1ons. The l:IOdification W'l:I that. the plntclct.;, were
finally re,uspended gu'ltly in citrated Tris-buffered sa.11.ne (TBS;

containing 0.1SM NaCl, 20:t-l Trin, 1Ccfi scdiuc citrate, 5,&11

citric ncid, pH 7.4) with I.ho lca:it poo,lbledisturbancoor the!

erythrocyte button (So!llnu ond 0110!1, 1982). Plat.elct.:i fra, 

4-5 animals \.-ere pooled and the r1nn19w1u::e of the WPS for enth200xlO 
oet was 1. 1n11 w1t.h o count of / per cl (Creenbcr0 oL al 1975). 

-

The plotclct, wcro oo:ipcndod in TBS I.O ovoid a �sible offccL 

or- gluco:io co I.he plnlolct. SA cont.en\. t.O be �t.iclt.ed. Plot.elct.:, 

wore counted by the method of Brct.cher and Cronlcite ( 19SO) u,1.n& 

phase contrast microscopy. 

2, 13.4. Protein e,tt.m.ltion: Platelet. protein was deUn:lined by Lowry•:,

method (Lowry t:!t. ol 1951) previou,ly dc:scribed 111 ,cct.ion 2.11.12.2

wilh bovlno ooru'II albullin a:, standard. Prot.eiJ'I content.:, were

expressed as mg of protein por o.Slnl of WPS. A stllndard curve

was determined for each a,say. A 0.5ml volu::ie or WPS was lyoed

with 125ul of 2°' Trit.on-XlOO (BioRad L3borntorieo, Califon.1a,

1 O __ , salinl!. The lyoate wa:i incubated forUSA) lt3dC up n n ,� 

37oc ---rorc prote1n estir.Jtion l&.1111.in& et. al l978l.
S minutc:i at ""' 

2, 13,S. Tot.al Sialic ncid deteminat.1on: Tot.al platelet s1al1c acid w33

trol ond 1nrcctcd ow:ples by the th1obarbl.tur1c c,ea,urod ill bOth con 

ff l l9611 dc:1cribed below. A 0,5ml volu::ie or
acid rr.ot.hod of Aln1nO 
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the WPS 1-'a!! placed 1n  a heavy walled glass tube containing an
equal volume of O. 2N H2S0

4. After mixing the solution was
incubated in a so

0
c water bath for 1 hour to release, by  mild

hydrolysis, membrane bound sialic acid (N-acetylneuraminic acid,
IIAIIA) without degradation (Warren 19591. The hydrolysed platelet
suspension was centrifuged at 1500g for S minutes at roan
temperature, the supernatant decanted into a clean tissue culture
tubes and stored at -20 °c until analysis, usually within 4 days
of preparation. For total platelet sialic acid determination

in both control and infected saoples.

0.25ml of 25trl� periodic acid (prepared in 0.125U HtcJ4,

pH 1.2) was added to 0.5ml of each sample. A blank (butan-1-oll

or standard ( 1-40ug of IIANA, Sigi:m Che:n. Co. Ltd. USA) dispensed

1n a clean glo-vi tube was included with each nm. Tho tube:, were 
0 

inC\lbated for 30 minutes 1n a 37 C waterbath ond the exce3:1 

periodate 1-'il!I reduced by i:11x1ng without. delay, 0.2ml. of sodium 

arscnite (21. solul.ion of .,odiu:: or:ienite in 0.5:-1 HCll with each 

:sn.�le. A yellow colour was observed. I=ediately the yellow 

colour disappeared, 2rll!I of t.hiob:lrbiturlc ac.ld (TBA, O. 1M solutia-1 

of TBA in di:ltllled \tilt.er, pH adju.5ted to 9,0 with NaOtl, end 11tored

in e da.J'i: bottle at 4oC) w:1!I added and the i:11xt.ure heat.ed to 100oC

("--y et al 19831 to achieve op1.im.1:11 colour for 15 m1nU us """" • 

-.. tube:i \mO!IC cantcnui showed pink coloor wereproduct.ion, .. � • 

coooled in cl'\l!U)Cd icc-p:idc. ,. Seil volu:no of acid but.an-1-ol

,n•-•., .. 5J v/v, of ICll HCl l \O!l olldcd to each tube, ( bu t.c.n-1-01 can ............... 

eapped ond !Sh:lkcn v�ly. ecr,plet,o ph:l=e aeperotlon \r,111

1,_,..,.1.1on of c::ich tube at. t.00& ror 5 ninul�s. 
arrcct.c..--d by c:cntr 1uv-
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The top butanol Phase was Carefully removed and the intensities 

or the colour in this butanol phase read off against the blank 

using a Bausch and Lomb Digital Spectrophotometer (Spectronic 

l!IOdel 21, USA) at 549nm. 

CALCULATIONS: 

The absorption spectN."11 of the colour obtained with tl-acetyl 

neuraminic acid (NANA) was identical with that obtained by Warren 

( 1959). The molar extinctims ratio at 549nm was 70. 7x103 and 

this W33 directly proportional to the concentration of IIANA 

11.minoff 1961). The sialic acid contents of the sartples were 

calculated fran Warrens equation (see below): 

VxO.D549nm
nl-loles of !]iAilg in sai.ples = 

E 

where V : final volume in test. solution 

E : molar extinction coefficient 

" (Aminorr: 1961 I - 7,07x10-

o.o -- optical density at 549m

(2.95 ml) 

b·-·-cd by calculation and these were very close to Values were o ........ , 

tho3e obtained by rcadins off the st.MIW'd curve.
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CiAHGES n� PL.ATEI.EI' COUtfl' DIJRllID P • BERGHEI INFECTIOtlIN MICE: 

In all the 4 """"'PS or · a--� auce stu,11ed (i.e. groups A, B, c
and (D) the baseline platelet counts were within the nonnal range 

or 7 l6-l3 l4x 109 /1. There was no significant. differenc�
t

0�e 

two control groups (C and D) as shown in Table 2.

There was a rapid drop in platelet count with increasing 

parasitae:nia leading to death in 6-7 days if the an1m1s "ll!re 

untreated (unpublished data). Plate 1 shows a typical blood rilo 

free- a P. berghei infected moose. Infected mice on treat.r..ent were 

1n two group,; • Group A anirr..lls received O . 021:lg or Chloroquine 

per g:i body weight for 7 days (i.e. post-infection days 4-lO) while 

group B anic3ls were also treate' wit.h the same dose or chloroquine

but only for 4 days (days 4 -7). A si6fl1.N.cant fall in platelet

count �..s MCOrded by the 4th post-1nfect1oo day for anir..als in 

,group A p < O.()()lj; t:9.S76) as shOl.-:l 1n Table 3. The platelet 

count cont.nued t.o fall up to a day after chloroquine treatccnt 

•"a!S stopped on day 11. It  ..,.15 also ob:lervcd t.hnt for aniclls in

group 1,, the rate of fall 1n platelet c�t free doy O to 11 

(84t,,2!.l.6.8 an day o, to 317.!)!.62.8 on day II) \/all not as steep 

as that. observed 1n gl"OJP B an�ls durinS the llm:'AI 1.J'ltel'llal 

(894 .2!. 1t,6.8 on day o to 81. 5'! 13, 5 an day 11: Table 11l, 

In both 6)"0.IP:, of an1r.3ls IA and B), it W\111 ob:lerve4 lhllt 

t,.._ • , ... ,ea to dl'OP even t� the parnsit.ac:::iln
"" plot.clct count. con�-

va:, graduall:,, fnllins, In 6f"OJP A animle I.hat received trcntccnt

_, wno cleared t,y uio lut day or tre:ilJ!Jtnt, 
fOt' 7 dayzs, paro,sita�B 

1 t.tic ,. c1AYB or trc:iuxnt., a low lC\'el
whlle 1n grc,up B ont.c:l II on 

..,. to U1e 27th po:it-infoct.icn c1ay.
or paras1 t.aa:in pcr:ii:>\.= 
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TABLE 2 

Surrnary of WBC and Platelet Counts in nonnal Swiss albino mice.

CROUP C GROUP D 

DAYS 
PLATELET PLATEI.El' 

(��l) 
WBC �IT WBC CXlUIIT 
(x10 /1) (�ll (x10911) 

0 931,3!41.o 
.. 

10.46-l .27 906.0!32.2 8.26:1.34 

2 , 880.6°!28.9 + 926.0!2&.6,o.23-0.11 + 8.43-1.28 

4 + + 
924.�.1 \0.56-1.32 + 8.04!0.6919.8-53.7

1 
+ + 936.4:29.9888.6-36.2 10.4-1.14 a.J8!1.s1

11 + 11 .61:0:68900.4-19.3 950.0-30.5 8. 74! 1 .89

27 
+ 

850,)-20.2 10.02!:84 
... 901 . 9.:.1i2. 5 

+ 
7 ,95-1.80 

C1'0Up C an1cal!I were i,nnOCIJloted 1ntraperita1eally with non::il 

aiuse red cells while croup D nn1c:11s served the pl.a.in control 

l11'0UP ( see t.eXt. l . 

n = (rn>. of anir,al5 Dt.Udiedl = 7 for cnch O-OUP·

IL 111 seen t.hat. t,herc v.l5 no difference 1n platelet cwnte between 

group:, c lll'ld o uirou�t. the ciurotion or the e.xper!r-.cnlll The

PN?::iencc or red blood cello in t.hO peril()OCl.r. �ver caused a 

Ol1!71t but not. aati0t1callY a1E]11NcanL ll\CrC3'IO in White c 11

count (DCC Cr<lUP c or Dl, Ynlu"a represent � .. an ! S.D. 
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• 

• • 

•• 

, 

• 

t.. blood film of P . b<c rgll!4 1.nf cc ted 1D0Use

crythl'OC:YteS· (,c \ooo)

• 

• 
•
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TABLE 3: Sumnary of Platelet and WBC counts in Swiss albino 

mice infected with P. bergbei (Group Al and treated with 

chloroquine sulphate for 7 days ( 4th - 10th post-infection days� 

DAYS 

0 

2 

4 

7 

11 

14 

PLATELET COUNT W.B.C. COUNT 

(x10911) (x109/ll 

844.2"!.46.8 + 8.21-1.28

+ 794.6-53.4 + 10.03-1.31 

+ + 14 .38-t .04 514.0-78.2 

!ID ND 

348. 1-98-1 12.56!1.57 

+ 

317.5�2.8 t t. t6! t. 22 

521. 9'!6J .9 8. 75!1 .24

a,2.0!82.e 8.9t!o.47 

f --•-1:11 :,tudicdl " 16 
n (no. o '"',..._ 

llD = not. dct.crained •

, PARASI'l'AEMIA 

0 

+ 2.92-2.27 

+ 19.6�.1 

8.3-2.4 

+ 1.8\.:.0.91 

0 
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TABLE 4: Sumary of WBC and Platelet counts in Ms., albino
mice infected with P. berghei and treated with chloroquine

sulphate for 4 days (4th-7th post-infection days) /Group B7.
- -

DAYS 

0 

2 

4 

7 

11 

14 

27 

PLATEIEI' CtAA-1' W.B.C. COIMI' 

(x109111 (x10911)

894.2!146.8 
+ 7 .40-1.06 

+ 665.7:W.1 10.63!1 .26 

326.0!110.3 
+ 

12.38-3.31 

+ 
�.5=-47.7 

+ 15.50� .21 

+ + 11.76-2.9281.5-13.5 

110 10. 12!5.34

347 .J!130.o 7.21!o.91 

,_,ft :,Ludiedl = 16 n (no. or an.u-..... 

110 = not dcumined. 

-�111\. s.o.
Valu•s r�pr�s�nt -

J PARASITAE?ID 

0 

+ 4.02-1.1 

24.23�.5 

+ 1. 70.:.0.41 

+ 2.39-1.3 

IID 

2. 1.:.0.9

I 
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The Platelet count in group A anil!lals had by this time returned
to baseline values. There was no statistically s1!9'11ficant
difference between the mean counts on day O ahd day 27 in this
group (p) O.OS; t=0.895). By contrast, the platelet count 1n
group B animals Which received treat.".ent for only 4 days was still
s1S'l1l'icantly lower than baseline values by the 27th day

(p< 0.005; t:10.4). Fig. 9 sho'., changes 1n platelet count in all 

the anicaJ groups together with i parasitae::ua 1n the Wect.ed 

groups,;it is seen clearly that peak parasitae::i1a Wll3 first attained 

before the lowest platelet count was recorded 1n both infected 

groups A and B tice. 

CHAUGES DI WBC COU!lT: 

With respect to the two cJiitrol groups C (placebo grwp i.e. 

animJs aseptically injected with nonial mouse. blOOcl) and D (i.e. 

Plain control cuce), the WBC levels ..-cs:;dr1ed within non:;:u range 

throughout the experimental period, with the placebo groop (C) 

sha..r:Lng a slisht in�c 1n WBC count on day 11 bUt. this ro :iined 

-.rithin nQn!'.al ranse of 5.0 - 1G.1x10911 obtllincd for lllic:e 

(Archer nod Jeffcoat 1978). 110 si£1l1f1CMt differences 1.erc 

det..eciable bet.\-'eefl the c:icnn daily WBC counts or the srwp:s cc and 

Ill throughout the duration or the eirperir:l!nt. 

In the other two experioent.al gl"QUfl!S of cicc A and B, 1nfccl.<:d

With P. beruiei bUl given different trcat.c...,nt rcgir..e:,, '-'BC�

fra- 8 21�,.2Sxl09/l on day o to 14.JB!1.04xl0911 cin day 4

Ip< .()Qlj; t.:9.90) wtiiln 1n {tJ'QIP B, 11 1 free 7,1,0!1,06x10911

12 • .,a!3•3 ix ,o911 on csay ,. Ip( o 005; ta8,051.
Of\ d.,y O, LO .,.,-

lo _ _..,,.i%e!I the chllnOJS in \,'BC l/1 ·- lhc 11.'liL:ll O'OUPII
Pig. �--

and alao relot.c:1 wee to percmuite pru-u1 tac:1
A, B, C end D,

tl'C!lt.r:icn'-l and e con 4 cuy:i U'CJ!ta:c,tl.
in f70J.P5 A Con 7 c1ayn
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Unlike the fall in platelet count observed in group A an1aals
which persiSted long after initiation or chloroquine therapy, the
WBC count started to drop with initiation or chlol'Oqu1.ne treatment
and by the 14th day had attaine<I baseline level which was
maintained to day '27. However, in group B animals, the WBC count
continued to rise up to the 7th day ( 1s.s!t. .21x109 /l) wt dropped
slowly to baseline values by the '27th post-infection day.

BLOOD roAGOLATION snJDIES:

Results of blood coagulation studies fra:i P. berghei infected
albino mice are su:imar1zed in Table 5 (also see appendix Tables

1-3). The ciean Pr( 11. 1o!2.55 sees) and Am'l45.s!12.s sees) in 

the infected anicals were sie,uficantly longer than those 1n 
+ + control animal o (Pr, 8. 1� 1. 94 sees; Am', 29 ,o;.7 .2 sec:,; Fig. 11). 

F'raii Table 5 (also appendix Table 3) o ne;;iltive correlation llaS

fwnd between para:,1taem1a and the prolJU'Ql)bin til!le. There '-'33

no correlaticri between Am and paras! t:Jmia. 

A aienificant decrea:ie in clottoblc f1brinogen concentration

1n the p. berghc1 infected Cllce pla?tl \fl.S obstrv1>d '-"hen c�

with the valu� rroc p)•-=> or ccntrol animl!. <P< O.QOS; t:J. 771.

A negative correlaticri "'11ch w:i., 11ie,iificant at both lhc 5 and 1i

lcvclo � obsO.l'Ved between parcltacoia and fibrJ.noecn conccntrn

l1an:s 1n the infected Dntmla (Fig. 12).

-·Tiet' 1"c-Clff UPT·-.... ..,., "' , _,. � FU!:tT'ICXI ( AOOru:.u.. 'I � AN. 

OWICES Ill ,-,...,.... r..,.' .....,, ' 

/JID fiE'l..EASEl OORlllO P. BER0HEI DIFfCTia::

lrat.elel afD"CSDl.1cri 11Uru1Jitcd by low
Ul th rcs�t to P 

(0.5ct'II, 1nr«� PRP l!tl0WCd 41f}llf1cantcly
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TABU: 5: Sumnary of some blood c oagulation parameters in
P. berghei infected and in normal m1 ce plasma (platel 
plasma: PPP) 

et poor 

TEST <:nvrROL PPP lllFECTED PPP l>. Value 

PR01lffiG!BIN 8. 1J!1.94 +11. 70-2.55 P < 0.005; 

TD-'.E (Sec) (n = 8) In = 10) t = 3,27 

APIT (Sees) + 
29.0-1.2 45_5'!12.5 P< 0.005; t:5.08 

In = 11 l In : 10) 

CWITABU: +253. 9:.C. 1. 5
+174.7-58, 1 p<0.005; t:3,77 

F1BRI.t KXi!:l 1 In : 10) In = 17)

11:'iVdll 

P = student.a t.-t.c:it. 

Value., given for all teat., are Qe3n or duplicate deter::iirution:,. 

n = no or det.cnri.tnaticns. 

I-lean i parn:sitae:::ta in infected anialo u5Cd was 28.5!17.6� (n:171 

1:eeative correlaL1on cxiatin8 beLIICC:l poro:ataeoio end blood 

coaguloticri prua":l'.ltel'l! (Pf nnd clotuiblo ritrinogcnl IO!I niD'UficanL 

nt. the % level (for PT, r :  -0.560) end SL Sand 11' lcvelo for

clottablc NbrW06f11i (r :: ...o.6751 (Seo ApPC?ldi.x table:, 1 End :n.

Valu�c r�pr�s�nt "ean ! s.o.
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l.s.1. 

in the control mice PRP(20 + .7-7 .(1'J.; P( 0.01; t:2.83; see Table 6).
The differences observed in th e mean percentage 1188r'egation
between that of control mouse PRP and infected mouse PRP induced
by 1.0ul1 ADP 2 Sug d 5 Oug' • an • collagen were not statistically
significant. Representative aggregation tracings obtained for
couse PRP in both control and infected samples are shown in
figures 13 and 14.

There was no significant difference in the " uptake of 
14C-5HT + between control (77. 93-3 .89; n=3) and infected an.1mal!! 

(75. 75!s.o�. n:3). Platelet aggregation induced with ADP 1,a, not 

associated with any appreciable release or 14
e-sHT (control 

'

1.20!1.81%; infected, 1.41!1.0�1. Collagen 151.1g) induced 

49.2!1.� release of 14e-sHT rrocr.i control mice while 48.e!J..�

'-'aS relea:sed fl"CIII infected cice. These value., were e.ssentJally 

:stc:1 lar (Table 6) . 

Rf.SULTS Of ERY1lfi!OCYTE-PLATEU.T llm:RACTIOtl EXP�ITS:

Thricc-wa.,hed tncan erythrocyl.es (shanl cultured control

!,_"f1PS£7, or cult.ured ; . f .. l�iran,c-infected erythrocyte., f!Rs!7

�re interacted with 1-.;11 I tu::-.an platelet SU!lpen.,iCll au dcxr1bcd

in :.ection 2. 11.s end a platelet rich l!IIUpematant. !PRSl devoid er

erythrocyte coot.atutnat.1oo or pl.Aulet nr.greg11tes was su�cnUy

Obtained aft.er differential ccnt.ril\lgation. Tho plAt.clcL ccunt.

,_ ich -•pcnuit.mlt IPRS) ancr interact.ion with
...,, � pllitelet.-r ..... 

9 
caitrol or infected eryt.hrOCyt.c:J Mlflt.-cd beta.:«n 300 to 400.XIO /l.

ic:s 61,. 1100 r,:o 11t Jfc, 11 norol tuHline
On :it.irrins I.he PRS � 

._,.1 tine a�e or oign!Nunt platelet

lest.ins VJ.S ob� ..,.-.. ea 

tion. fill, 15 alio,t.J QQ7'(' tlon a.in a
o::t.i ·llltion ortcr thO 1nt.ercc 
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TABU: 6: Results of platelet Bggre1Y4tion and 14 
C-5HT release studies 

1n P. berghei infected and control mice PRP.

i Aggreation induced with 

0.5uM I.Ml 2.Sug
ADP ADP Collagen 

5-�
Collagen 

OO:ll'llOL. 20.1 37.2 43.5!6.2 88.55!16.2 
+ + 
- -

1.0 15,98 

IliF£CTED
38.45 47 .14 

't5 .• J:6.2+ + 87 .9s!13. 1 
- -

12.86 12. 10

p <0.01; !IS IIS HS 
t=2.83 

C 5 4 10 5 

n 

i 6 5 12 5 

Y. Release
induced with 

1.M! 5-�
ADP Coll� 

1.20 49,20!1 .8 
+ 

0.81 

+1.41-
1.03 48.s!t..J

t:S llS 

5 10 

6 12 

Pr..,"ll.:li l 1 s e rl l"licc PRP v.l!I proplll'Cd t'rCIJ anir:lla '11 th Y. parui taer:11.n

:itJ � nmgc of 5.8-26,01�. p = aw!lent:I t-�I..

n : no. or cxperiocnta u:sins c (control PRPI cr\:1 1 !infected PnPI.

r;s 
" not. otat.1sUcallY aigi1Neat1t. 'lolu•a rr.pr St!nt re,an ! s.o.
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3.5.2. 

- l}:> -

for PRS-e and PRSi Using ADP (0.25u.'1) as sti.mJlant.. Blood film
made from cultured f. falc1paru:n h.l!llan erythrocytes 1s � 1n
Plate 2. ADP-induced I0.25Ul:) aesrec:at.icn 1n PRS1 (90.)!7 -�·
1,;as sie,iificantly greater t.han that 1n PRSc c 16.5�.7'!; p( o.oos, 

t.:::4 l · 7) • Collagen ( 2. Sug) induced i a&;regat1on 1n PRSc ..,-a,, 

62.2:36.()% 1,'h!le acgregation induced in PRSi 1,-a.s 67.1:!:25.� 

(Table 7). These results were essentially similar. 

Effect of interaction tiro!! en PRSc or PRSi !f:e:eF,alian: 

Washed human platelet suspensicn was interacted for 1, 2,

and 5 minutes with cultured P. Falc1pary:.-l)llnlSitized erythrocyt.cs 

or nonnal erythrocyte- frcr.; the sha.':I culture. The results 

surmiarized in Table 8 show that there wa:i no sie;uficant difference 

between the % asgregation after�. 2 or 5 l!linutes int.eraction 

either in PRSc or PRSi cxpericcnts. There Were tio..-ever, sisufi

c1-nt. difference:, between% aggi-egation values of platelet... aft.er 

interact.ion with infected as cmpa.red with control erythrocytes 

at every incubation period. It w;is also seen that the duratioo of 

incubation t� had no effect on 14C-5Hl' upt.akc (PRSc upt.al<e =

90.4.2',1. (n:2); pru,1 upt..lke 93. 1!2.9cn=2); unpubtished results). 

3,5.J. Results or 14C-51fl' Uptake and Relea.sc studies usins

PRSc and PRSi: Toe percentage aggregation induced with 0.25uM

f O 04� hu:!Wl fibr1nogen and that induced by ADP in the presence o · ,. 

PRSc are :ihown in Table 7. Whilr a&P1:o,11tion 2.5us collagen on 

1 telets d1ffered siglificant.ly (p( O.OOS; induced in PRSi p a 

1 PRSc bY ADP (0.2Su'll, no s.igiifictint 1.:41. 7) n-an that induced n 

2 5us collagen"" used u st..lmlus difference w.is ob9erved when 

(Fig. 16). 
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TABI..E 7: 
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Platelet aggregation and 14C-5KT Uptake and release

following interaction with control (PRSc) and P. falcipanu!!-lnfected 

(PRSi) erythrocytes. 

i Assl-etsation induced with • � 14e-5liT Release induced with

ADP Collagen ADP Collasen 
{0.25u!i) 12.Sug) I 1.n..'1) (5.0J,l 

I'

PRS-c 
+ 

16.SJ<.7 62.2-36.0 + 8. 1-7 .8 + 22.3-7.7 

PRS-i + 

90,3-7.5 67. 1:!28.8
+ 17.2-10. 1 ... 40.1.:S,7 

p < ().()(l5;t.:41. 7 t!S < 0.005;t.:3.56 < 0.005;t.:6, 1 

C Z1 15 Z7 15 

n 

1 Z1 
'

16 Z7 16 
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TABLE 8: Effect of incubation time on aggregation of 

PRSc and PRSi. 

Du.ratioo � Platelet Agsi-egation 
of 

incubation 
1mins) PRSc PRS1 

1.0 22.2!18.Jln=lll 
+ 94. 1�.Jln:101 < 0.005:t:12.13 

2.0 + 18.4-14.2(n-:8l 91.1-11.7(n:8l ( 0.005;t:11.17 

s.o 
+ 

17.S:S.71n=9l 
+ 92.a;.s.5 (n:8) { 0.005;t.:21.00 

PilSc = Platelet rich :cuspcnsions Dfter interaction with :sta:

a.ilwn:d crythroc:yt.c:,. 

PRs1 Plat.clot rich �,,eruicru after int.croct.ion with c:ult.ured

�. fnldpanri inf�t.ed o-yt.hrOC"ft,C:S. 

n : no. or cxpcria;nt., perfon:cd 
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3.S.4.

J.s.s.

- 13', -

Unlike the situation 1n  lllOWle PRP' ADP ( l .()..1H) induced a
s1.gniricantly higher release or 14C-SHT fra:l PRS1 prelabelled
pl tel t. !see table 71 8 e s than fra:i PRSc prelabelled platelets,!(PRSc:8. f!7 .a,. vs
PRS-i = 17 .2.:10.1%; P < 0.005, t:3.561. Similar re:.ults weN:

obtained When S · Ous collage.., wa:. used to induce platelet rele:isc
reaction (PRSc, 22.3!7.7'-'; PRSi, 40.\!a.7; P< o.oos; t.::6.l).

Errect or ADP-inactivation on PRSc and PRSi reactions: 

Creatine phosphate-creatine phospholdna.se (CP/CPK) and 

pyruvat.e kinase - phosphoenulpyruvate (PKIPEPI l!l'IZYof! sy:itel:1:1 

were used to inactivate any ADP that might have been present; in 

the rRS samples. The results ar<. sho',.TI in Table 9 and Fig. 17. 

Both enzym-.. sysl.ercs reduced I.he PRS1 &ggreE;i1Ucn sigii f1-

cantly to values :,iroilar to ttuV obs<rved in PRSc agsrcg11tion Md 

indicate that there was significanl. ADP or ADP-llke activity in 

PRSi. Fig. 18 and 19 shoW typical lll!S)'egatlon tracing.s for these 

experments. 

Effect of ni::.ox.1ben, a thra11boXAlle synthetase inhibitor on 
PRSc and PRS1 wrcetion: 

In this study 20uM Da::iox.lben was us!!<! to inhibit thronbox:.ne 

synthetase in platelets interacted 14th cultured P. 1'alciparum

infected human crythl"Ocytes (PRS1) ond in plotclcts interacted

w1 l ....,. ....,•'-'""""t.es (PAS..,. Aggl�i;at.ion '-'3.S induceath !l�-CU w,� e,, ..... -, 

with either. o.25u!·I ADP or 2.sus collagen. The results presented 1n

Fig 20 S� I.hat. t.hra:;boxane oechani!lt:l cont.r1bJt.ed
Table 10 and · '""' 

to the c"lhancc<l plat.clot aeuesat.1on in PRSi reactions �th

P t.ID'lllated aggrcgatia,, dawxibon fo.iled Lo
collagen. \.Ii th AD 5 

PRSc Qlld PR.51 agsrc�tian although o 18.5%
inhibit :,igl'liricWltlY 

d in PRSi nuresat.ian ·
inhibition .. � ob5erve 
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TABLE 9: Effects or ADP-inact1vati"� -'I> enzyme syst.e:ns

(CP/CPK and PK/PEP) on erythrocyte i te n racted platelet aggregation

induced by 0.2SuM ADP. 

ADP-inactivat:lng .,. PR.Sc '1o PRS1 
enzyme systems Aggi-egation l\&)J'<lgation 

BEFORE 
+ 20.0-5. 1 ln=5) 57.6!7.02 (n:5) 

PK-PEP 
AFTER 10.0!5. 7 !n=Sl + 14 .0-2.8 !n=Sl 

(p, NS) Ip< O.OOS;t:12.9) 

BEFORE 
+ 19.4-13.8 (n=6l 62.7!7.2 (n::6) 

CP-CPK 
AFTER 

+ 10.6-t, .O (n=6) 
• 13.2�.7 (n=7l 

lP = NSl Ip< O.OOS;t:12.2) 

'- Parasi taemia of P. falciparu.'11 in erythrocyte culturo Wl1.!I 8. 72!2. 6

8ofoN. = ,-. aggrcgatia-i befOJ"t: incubating PRS with cn;;yme system 

After : '1o asgregaUon il.fUr incubating PRS wit.h enzyme system

CP/CPK = Cl"c�tino phOsphate/creotino phosphokinase

P"/vl'EP = pyruvate kina!lo/phosphonulpynivotc

n = no. of c;cper1r""1lt.:. 

US = rot stuti:,ticollY siglificont ·

Vo.lu,-i, r�p esent M un � .,.D.
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°lo Aggregation 

80 
After ADP 1 nactivation

Before ADP inactivation

60 

40 

20 

f1g. 17. Effect or ADP-inactivatino ent}'m!? syslm., on

PRSC ond PRSi aggregation . 

A = i'RSC nwetation

8 = PJ:-PEP used as ADP inactivating

cnz� .,y.,tem on PRS1 ase;rci;nt.1on

c = cr-Cfi: us� 11!1 ADP inacti votins c.'1:y:,ic

:iysteO on PRSi aggrcsat.ion. 
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Minutt'S 
b 

Fis. 18. Typ1clll �8/lt.lon C\ll"VClJ 4h0Wl.N; effect. of Ci'/Cfi:

on pfi!;c ;ind P.f:51 DW.-DL1cn lnd.aced vlt.h ADP. 

pR,Se Af,6T.'Ci,I t.1 on ., A 1 A 2 

rnss &ED c 11t.lcn s a, 02

13c(or,c �pp.1nDttlVGt.1Cf1

AfWf' /Jlf-iJUltLi\'iiUOll

(CP " � .o-t , Cf't I. .OUIPl: �P

A1, lii 
s A:,, (I

• a. �·u.
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�ight transmiss,cn 

-----

Fis, 19. Typical asuesaLiO!l curve:, :,hoWing cff'cct or PK/PEP

on PRSc and PRSi aa;rccation induced with WP. 

PRSc � g.:) t. ion = A 1 , A z

PJl.51 ag,sre£;1tion : 81 , B2

acrore ADi' 1t111ct1vation = t.1, n1

After ADP 1nact1vnt.ion = A2, Bz 

(p;; ;: 20U/l!'J: PEP : 50,..:I; ADP : 0,2'ju.�I

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



-lllO -

TABL.E 10: Effect of DaZOXibcn on PRSc and PRS1 aggregatioo

induced with ADP or Collagen. 

DAZOXIBEtl 
Y. PRSc 't. PRS1 

aggregation aggregation 

ADP Bl:l-ORE 
+ 17.73.:.S.4 {n:4) 65.0J!15.4{n:4) 

(0.25uM) 

AFTER 14.4!.l..2 (n:4) + 53.0-12.S!n:4) 
(p = llSl (p = llS) 

COLU\GE?I 
BEFORE t.s.6!13. 1 (n:3)

+ 48. 1.:0.75{n:Jl

(2.Sug) 
J\f"J£R 40.0-10,7 (n:3) 32. 9.:.a.6 (n:3) 

(p=NSl Ip< o.os;t:2.54> 

Dazoiuben (�!) was Incubated "1th PRS for 1 minute before inducing

assree;ation with either ADP or CollaSen.

% Parasit.acmio or p. ralciparulll 1nfected erythrOc:Yt.e:i was s.25!1 .83"1.
-

n = no. of experi.oent.'J 

P = at.udent t-teat; NS = not �t.at1st1callY sigJlificant..

Valu•s r�pr sent �-an! J.D,
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After Daz.oxibe n inacti\'ation

80 
Before Dazoxi ben inactivation

oO 

40 

20 

A B C 

Fig. 20. Effect of ThrCl".bOxane aynthetase inhibit.or, DnU>lCJ.bcn,

on PRSc :ind PRSi SEUegation. 

PRSc platelet n_sgrcgaLion = A, C 

PRSi plnt:.elct. ngQ"CfiDL1on : B, D.

ADP induced se,vegation = A, B 

Col lngen j.nduccd 8£N'CSBtioo = C, D.

ID:izoxiben = �I; AOP = o.2su:1: collnsen = :?.5ust.
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).6. 

3.6. 1. 

3,6,2. 

RESULTS o:, EXPERD1Etrrs USDIC ERYrnRocm: 
(EDS) TO INTERACT

DERIVED SUPEIU�TANl'S
Winl WASHED PUTELET SUSPEHSIOlS WPS:

The fol lowing abbreviations are used in this section:
EDSp = 

EDSc = 

supematants obtained !'raD washed infecte<l erythrocytes
supematants obtained !'raD washed control (sha::l-cultured)
erythrocytes. 

Effect of. EDSp and EDSc on WPS aggregation:

nds exper1.ment l.'a3 cooducted with the aim of finding out 

if the activity respoosible for the higher eggregatioo in fRSi 

resided also in th,._ supernatant fracUoo of these infected 

erythrocytes. 

EDSp and EDSc wero prcparod as described 1n section 2. 11 . 10.

lro.tl and 200ul of EDS were added to WPS to check if the fo�r 

could induce aggregatioo on its own. This dem0nStration revealed

that after 4 minutes incubation, 2 c,inutt1s of which was 1.n the 

presence or. 0.04j hUm,Jn N.brinogen EDSp .111d EDSc did not induce

any aggi-egation. Rapid ae.gregation was induced by the add1tJ.on 

of 0.2SuH ADP only in the EDSp+WPS cixture and not 1n the EDSc+WSP 

mixture (Fig. 21), This suggest..ed that the nct1vity(1esl in the 

EDSp primed normal platelets and rendered ther hypersensive to 

la" concentratioruJ or exogenous ADP · 

Volu:,ie-4ependent. effect of llf,9'.!t'.3t.ion of washed plntelets

nfter incubation with EDSp nnd El)Sc:

This experiment \135 perforccd to sec if EDS had MY doso

(volu.'llC)-depcndent. effect. CXl WPS B£grCE;1lUon. Volir:.c:i or 25, 50,

100 and t�lG of EDSc or £DSp tleril r.uxe:! w1 lh WPS :,uch tlUt. the 

_,....,, did not exceed I .Cb.l. The platelet countfinal volu=>e of =---re 

-ed rra:m 350ic10911 to 45ox10911.in t.hc finnl mixture rnn6 
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Light ltClru:mls!>ion • 

0 

�-: 

I 

4 ·� 
, 

ioo·,• .Fib t_ I t

" 
- � ,nuh.- 6

rJ&, 21, [ffc<L Of ll:Q fln(o<l«l and (Ulll'O)) ln\0,-,llln vllh

117:; Cta.mnl m �ucn �cd 11\lh ,._� 

c:e1 atz:"PUcn • A

llC, 11u.n-o um • II

o :-,u,c A!P used lO llld...,od IQ'<c;>ll::n
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3.6,3. 

3.6.4. 

- lllll -

Aggregation was induced in 500u.l of t .. - -•-tu '"" .....,., re with 0.25uM ADP
� the presence of 0.04,. fibrinogen. Table 11 show that no dose
related effect was observed when EDS c was used at. t.hese volur.ies.

25ul-l5CX!l of EDSc caused 14.0-19.3% a&gregat1on respectively. 

tlo significant difference existed between the responses induced 

throughout the dose ronge used with EDSc. 

A dose-related response was hcr .. -ever obtained with EDSp

throughout the dose ranse used (Fig. 22). The 'lg81"eg;at1on induced 

by ADP in the 100ul EDSpt-WPS mixture was similar to that 1n PRS1 

obtained by interacting lOOul of parasitized 

eryt.hrocytes with WPS. EDSc+WPS mixture did not give a s1e;,o1d 

curve suggesting no dose-relat.ed-response relationship. 

Effect of throcbin inactivation fen EDS-WPS aq::regation: 

Torombin was inactivated by incubating EDSc or EDSp ovemisnt. 

at 37°c (Kwaan et al 1972) before m;,ciog tht;:n ,r! th freshly prepared 

WPS. Aw-e6l!tion \..'3!1 induced with ADP (Table 12). t:o significant 

• differences could be shO' .. '!l between th-1 % oggreation before or

after t.hror:ibin inocl;ivat.ion 1n both infec\.ed and contl"Ol S}'Stem:I.

Thi:i indicated that t.hr<l0b1n w3!1 not the prir.11ns activity in the

EDSp supernatant.

Effect of He.it on pl.1t.elet llffl"'!t!?tion after incubat.ioo w1 lh
ED.sc or EDSp:

EDS w:is incub:11.ed for 1 hCUr in a so0
c wstl'rbath aft.er which 

the cooled £D5 W3!I int.crac� , ,;ith rreshlY prepared "'"3!Shed tJ.n:!n

1 ... ...,..egat.ion"" induced vit.h 0.25u.'l ADI'.
platelet !!USpcn!I on. nc.c,-

13) !ll1a,r.l that t.here wa, no difference 1n Y.
The result (Table 

h ddit.iai of fresh or heated tnSp.
ae.gr'Cgll tion wit II 
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TABLE 11: Effect or interaction of washed platelets With 

different volU.'Des of erythrocyte derived supematant.s EDS 

(control or infected) on platelet aggregatioo. 

Volume of EDS 
� EDSc � EDSp 

interacted with 
AggreE_cltiCX'I Ass, -esa tion 

WPS (ul) 

25 13.9 ! 3.8 (n:4) 4.3 ! 3.2 (n:4) 

50 14.7 ! 5, 1 (n=4) 14.3 ! 5.4 (n:4) 

75 17,7 ! 3.6 (n:31 60.7 ! 14.9 (n:3) 

100 15.,, ! 6. 1 ln:5) 91.4 ! 11.7 (n:81 

150 19.J ! 2.7 <n=3l 98.6 ! 5.8 ln=3l 

Interaction was for 1 minute only 

04'.lo fibr1nogen waa used to 1001.lceo.25u11 ADP in the presence of 0· 

.18SJ"ega t.101" 

% Parasitacoia = 5.7.
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- 11,6 _

0 parasitized EDS interacted platelets 

•---.. control ms interacted platelets 

0 

,,,,•- -.-.----
_

___ _,. 

0 
71---------;2-

-------....J�

log-dose 

Ftg. 22, A log�ose response C\lrYC obtained by 1n1.er;>ct..Ln& 1ncree1ns 
volumes of EDS (control or par.uiti:?edl with WPS before 
inducing ugs,-cgat1on with ADP . 

•
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TABLE 12: Effect of thrombin inactivation oo washed hu::nn 

platelet ae.gregat1on induced with control erythrocyte derived 

supernatant {EDSc) or parasitized erythrocyte derived supernatant 

(EDSp). 

Heat treated " EDSc 1' EDSp 

Supernatant AggJ•egation Aggregation 

BEFORE 
.. 

18.4 - 6.2 (n::3) 95.4 ! 5.2 (n:3) 

AFT£R 
+ 

14.3 - 4.7 (n:3) 91-7 ! 2.6 Cn=3)

(US) (tlS) 

n = no. or e,cpericent.s 

8.1'1>P. ted __. cells Wll5 used for this experiment. 
f ulci l)lll"'UI!! inf ec '""' 

to induce uggi egntion 1n the pre:ience of 0.2SuM ADP w;is used 

0.04� fibrinogc.n 

tlS = not st.atist1callY :,ignificant.,

t M ,n + s. D.
Valuen r�pr�s�n r. -
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TABLE 13: Effect of heat at 56oC on platelet aggregation 

after incubation of WPS with EDSc or EDSp. 

Unheated Samples Heated 5a::cples 

), EOOc+WPS 
+ 

22. 1 - 8.0 (n=Jl
+ 

24.5 - 6.7 (n=3) 

/lggref!ation 

% EDSl)WIPS 
+ 

89.7 - 6.5 (n:4) 
� 

90,2 - 7.9 (n=4) 

n = no. or experiments 

Para.sitizcd erythrocytes hod 8. \� parasitae:i.1.a 

0.2SuM ADP \./35 used t.o induce aggregaUon in t.hc presence of

0.04% fibrinogcn. 

P = .:itudents t-test; NS = not st.atutica1ly sisniricant. 

Values r�prrsrnt Mean !s.o. 

p 

us 
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3.7. SOS-PACI:: ANALYSIS:

3.8. 

The result of the SOS polyacrylamidegel electrophoresis of 

PRSi or PRSc supematants is :ih01,n on Plate 3. Lanes 1, 3 and 5 

show the protein resolutions for PRSc supernatant, while lanes 

2, 4 and 6 show protein band for PRSi supematanb, arter ADP 

induced platelet aggregation. A distinct band wa3 visible in the 

PRSi tracts indicating presence of a protein subunit not found 1n 

the PRSc tracts. Simi larl.y, PlBte 4 which shows protein resolution 

for supematants of PRSi (Lanes 1, 2 and 4) and PRSc (Lanes 3 and 

5� before ADP induced aggregation, had th1.s band in the PRSi tracts 

but not in the PRSc. 

PHOSPHOLIPID A?IAL.YSIS: 

PRSc or PRSi cell-free supematants before and after 

aggregatia, were analysed for their phospholipid contents. llo 

pho.:ipholipid was detected in any or the 3al'OPle3 analysed by the 

method u.:,ed. 

3.9. RESULTS ON Pi.Am.El' SURVIVAL. STUDIES DI P. 8£RGHEI DIFECTED 

SUCKLillG RATS: 
51 ·

Initial reccvery or injected Cr-platclets , n normal o.nd 

p. berghei infected rats are sun:iarized in Table 14. In thi:i

experimP..nt hanOlOg<)WI platelets label led w1 th 51cr-NaCl"04 Wl!re

t 1 rat.::i and tt103c at various stages or P.bca;;hc;iinjected .into con ro 

� ...... ""',.,,,"itac::m.a rangt:'d n-a:, o.Blt, - 2.3'£ a, the 1nfectioo. Perccn-.,- ,--

day of labelling, In control an1r,.1.ls, at lime o, 81.2',. of lhe

l c;elels W!l:I recovered in lhe general c1rculotioninjected lobcllcd Pa 

red 1n the infected rat:i. The difference in
while 66 .f1/. was rccovo 

trol and 1nrcc:t.cc1 [U"ltml, at. til'Je o hour-e,
the recovery ror bolh con 

no' otllt.1:iticallY ot�1r1cant..
1-ras however " 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



Plate 3: 

- 150_

1 2 ,, 6 

SDS-PIICE of PRSi and PI\SC cell rrcc eupcm:itants

after ADP-1.nduced B£,grCgj)t1on. 

Lane.s 1 , 3, and 5 :ihOW protein rcsolut.1ons for

PRSc supcrnat .i.nt · 

Lru1es 2, 4 ill'ld 6 !lhDW protein resolutions for

PRS1 supcmat;Mt:J.
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Plate t,: 

- 1,1 -

Lanes } 1 

,� _____ 7 

• 

SDS-PAOE of PRSc Qt'ld PltSi cell free :iupema\.ant.:I
before ADP 1nauced 11£81 eeal1on. 

I.Nle:J 1, 2 �d 4, shOW prototn resolut1Dn!I for
PJlSl :ia,r.pl C:J

!AIIC!I J o.nd 5 :,h," protein re:,olut1on.:i for 
PRSc �ple:i . 
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TA&.£ 14: Me 51 an percent recovery or er-labelled rat platelets

1n nonr.al and P. berghei infected rat:, at �pling time. 

�I J RECOVERY OF 51cr-
SAHPLIHG l.ABEJJ.fl> PLA'JUETS p 

Til!E (COITIIOL Al/0 
llllURS) CXlNI'ROL lllfl:X:'lED J PARASITAEMI.A ltITT:CTED'

(n:11 ) (n:7) (n:7) 

0 81 .2:!:19 .8 + 66.s;.11.1
+ 1.4:.0.6 IIS!p)O.OS;t= 1.58) 

17 .o + 61.7-22.2 JB.s!20.o s.s�.2 NS,p)o.OS;t:1.77) 

42.5 + 41.4-15.2 
+ 

7 ,9.:.S. I 
+ 11.6-J.O P<0,005 i t:4 .82 

66.o + 26.8-15,7 
+ 2. 77:.1;. 1

+ 14. 1-2. 5 p(O.OOS;t:J.99 

Corrclntion between platelet recovery 1n infected sa:r.ples nnd percent

1).1.r'--.,itacmii: ir significant at 5"I (r:-0 · 9789 l ·

Valu�s r�present Menn� s.o.UNIV
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There was a negaltive '°' ,11latiCl'I between para.siuoe:11a and
percentage initial recovery or 5lcr-labelled platelets 1n
circulation lr = -0.9789: s1gn1ricant at 5% level). StaUstica.lly
s1e,11ficant differences were observed between the recovery in both
cootrol and infected rats in the 42.5 and the 66th hour.I sacpllng
times (Table 14). 

Table 15 shows the recovery of 51cl'-prelabclled platelets
as a percentage of initial recovery. The survival pattern obt.ained
for control and infected rats are sto.n in Fig. 23. This is a

plot of percent platelet 51cr-recovery (Tabla 151 again:Jt tit:le of

sampling. The disappearance patt.em 1n normal rat.s was very nearly 

linear with a sligllt. curvilinear- CQ;1pa'lent over the fir:,t 24 hour:J. 

With P. berst)ei infected rats, the patt.em 1.-as linear over the 

first 43 hours arter which a "tail" became apparent. tlean platalet 

aurvival t1� for the control rats ,,a.s 4.3 da,yu while that for the 

infected rats was 2.01 day:,. 

Table 16 su:maru,es platelet survival para.o:ieters determ1ned 

in tho experiment. A typical blood film of P. beret1!i infected 

raL erythroCyt.es Just before labellint 1:, sho\.ln in Plate s.

3. 10. DE'I'ERIIDL'TI01' CF SI.Al.IC ACID DI P. BERCHEI �U:IEO AND

OO�ll'ROL SUC'KLINC RATS: 

Since the stnlic ocid contenl of pl8,S"la glycoprot.cw nnd

the concentration of surCace sio11c acid of plat.elets, leucocyt.es

ft .... •-rtant in deten:unins their survival 1n 
and erythroeyt.es ... - .... ..., 

.._�-- ncce:isar-Y t.o J.nvestignt.e lhc total plotelelcirculation, it..,..__ 

:i1alic acid content during intcrl!Ct.ion with plas.."".0dill infected

red cells. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 151l -

TABLE 15: Mean recovery or 51cr-labelled rat platelets nt

sa.'llpling time as o percentage or initial recovery (1.e. recovery 

at time O). 

RECOVERY AS A PERCENJ'AGE a:' 

SAMPLTh'O TI}I.E DIITI.AL REro\lERY 

(HOURS) 

C'Ot:TROL DIFECIED 

0 100. 0 100.0 

17 76.0 58. 1

42.5 51,0 11.8 

66.5 11 )3.0 2.8 
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TABLE 16: Platelet. survival par-..::ieters from survival studies

in 51cr-lobcllcd platelets 1n P. berpi infected and control

rats. 

Platelet Survival 

Parameter Control Infected 

i Recovery 81.2!19.8 (n:4) 66.a!l I. I {n:7)

Mean Survival TilDe 4.3 2.01 
(dnyi;) 

Half-di:,appcarAnco 11
43.3 21.0 

tiirs 1t12) hours 
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Plate 5: A blood fill:! of P. bcreJlel infected rat erythrocytes.(-,, IC>o o) 
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Total platelet oiaJ 1c acid '-"aS deten:uned e3SentiaJ ly by 

the methods or Warren C 19591 and t.mnorr ( 1961) and results 

cnmmarized in Table 17 ahow that there w:i.:s :lisnificantly dec.reased 

total sillllc acid content or platelets at all level.3 of parasi

tnemio.. The difference 1'r'Qll control values became sign1f1cant 

with '1, para:dtaemia or 14 and above. Fis. 24 is a histograo 

shOwing vo.riation in platelet staJ1i:: acid with para:utamta. 

A negative correlation, sienificant at the SS level mated betweai

the platelet. sialic acid levels and para.5it.Aernla (r : -0.9510). 
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TABLE 17: 

P. bcrghei

CROUPS 

CX>NrnOL 

Th"FECTED 

INFECTED 

-1� -

Total platelet uial1c acid 

1 

content or non:al 

nfeclecl rat�. 

SA nM/ Protein nM 
I 

Stat.1st1-
I,'(). rr-cf 

O.SQl 0.51111 
Platele t cal test 

OF 

EXl"I'S. 
WPS WPS SA/CS 

Platelet ( t-te:,t.) 

Protein 

4 1.51 o. 132 11.43! 
l .3 /IS 

5 1. 31 0.136 9.6.)! 
2.04 

HS 

+ 

5 0.80 o. 114
7.02- P 0.005
1.87 

t :4. 19 

4 .31,! 
IllFECTEO 5 o.504 o. 116 P 0.005

1 .92 
t :6.63 

% Paras! tacmia stiows mcnn read ins rrm 10 01Wlllo.

S1aJ1c acid deton;i.1.nations were carried out 1n duplicate.

1' 

Pll.ra.31-
taemia 

0.0 

s.73!
2.04

14 .o 1! 
3.0 

16.92: 
6. 77 

1 St.ati3Ucal test (t-tcstl catpare:i total sJ.alic acid content

1n control platelets and infected platclot:I at various levels or

paras! taemio . 

llc&at.ivc correlation cxi:it between parwt.ae!!1ia end :ii.alic acid

c�t., nt of the plot.el1:I.:> lr - ..o.9510; si.gnificnnt at 5To level l.

Values r�present Me3n � s.D. 
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D l S C U S S I O :, 

l l i:i sho .. ,i !ir, l-�w( ::it.uClic� t.ha:. thn:r..bocytoi'.lclenill set irj 

rapidly ir, Sid� alt>ino n:.cc expc:-itt.,1.r.lly infect.ed i.ith r. bcrghei. 

l'ni:;. coofin..s f'Urth<'r, ., prevlou!. obscrv11ticr."1 t} S.in.,--cr ( 1954 J 

in r.ice, and Essien and associates ( l9S:. l it Colden hn:".sters. In 

the group or anioals in this stud) that \./er,; t..reat.ed w1 th � of

hl 
!sec tabla 4 l,

c oroquine per �- bod)' 1.eigtt.- of Qte for 7 days (Cr�up Al/ the 
-

fall in plnt.elet cou�t by the , lt.h day 'k"lS not as pronounced l!!l w1 th

the group that was t.reat.e-d w1 th  chloroq1.1ine for only 4 days (Gl"O\lp B) .

In th-.. thira ,voup or P. ber�i-1nfected cice th:lt 1o.�re not treated

at all, platelet count 1..w ver)' low by the 5th day (96 t.-o 107 .4,.10911

er 88.A.6t36.2,-109/l 1n nonral rulcel and all the anil::3.ls had died by

the 7th day (our unp.ibli:med dat.al. However I.he treated groups of

OS.cc survived for longer than 27 days, by which tilr.c platelet count

in t.hOse trcat.ed for 7 days h:ld returned lo baseline levels wi,;,-rcas,

the counts still re::Dined below normal level in thOse that were treated

for only the con\'cntiooal 4 days. This i.-as due to the fact that

P31'1l!11t.acmin of. o.2-2.4¼WBS still observed in this group. 

Chloroquine ria., besides its ant.l.Cl!llarial net.ions, SOI!'!' ant.i

inf'ltl!!ratory properties 1wter et al 1971 l. At cmiccntr:itions that

can be achieved in vtvo chlof'()(l\linC illld it.s anal� h)•d.roxychloroquinc •

can inhibit. platelet. �sat.ion induced by ADP or coll8g\:fl and t.h<: 

�lea�t of i.deninC n1.1c1eot.1des ind1.1ced by low conccnt.rations of 

thranbin or col lasen (Jobin and Tre-:blaY 1969, cart.,r et Ill 19711.

r--t 1 •e l 1971) and carter and £ban ( 1974 l haVfl rcpori;ed

.....,. er and ossOC a .. s 

that t� ad:linlstrat.100 of hydroxYchloroquine t.o patl.ent.s undergoing

i'IUl"Sf?l'Y ,.. ��n• _....1.1ction in the incidence of venous 

major/caused a s1�,,._...,., �v 

-
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by platelet function
As Car as I a""l a--� the rt ilN! no report.s of djre::t. ant1tluv.;oocyto;,..ien1c effect of chlo�Jint. hl l.hcugh this effect

o rv o in th1 r port can t: t>xpl incd lJ) t.hc clcara"lcc or tht
p::irn.,1t. I'. bcr,hej f� th blOOd slrcr, it i� al:;o possible that.
ltl. s:..abilizins effect of chloro:;uin., en platelet ne!:tra..'lc as on 

0thcr biological r.eebranes could also have contrit:uted to rise in the 

platelet. count. This stabilizins effect. en ceribranes ha3 been reported 

tot. at high concentrat.lons (Wcis:;;.'.l."l 19f)t., 1965; \\artMJrst and Hocklc:, 

19571 and 1 t. i.as suucsted t.O be re.,J)t'flsible for the local enr.csthelio 

effect or the dro&.

The occl.Dlla:.ion or chloroquine b)' plat,.lct.:. (D.aPrada a"ld 

Plel.scher 1975, Bc1-quist en:I Daocij-f)'tcrg 1�31 could be a ciechanisi:-. 

seru-ed t01,-ard!l att.a1nin6 the dn.ag concentration at which such ne1nbrane 

stab111z.1ng effects in platelets arc cxh.ibited. TI-a.is, this qu1nid1ne

l1J.:e effect could have protected the plnteleWI frcn. increased lysis 

reported in .. cute 1113laria (�ien ond Ebhot.a, 19!331 and suggesud as 

ll mechanisn of reduced platelet count 1n acute calnria infection (ibid I. 

He-never, !JCl!lC schOOl or thOUShl contend that.. al lcost 1n sa-..e p.3tient.s 
with r:ialarill, the thrOO:bOC)'lOJiaenio i� caused by 1Inlne �chan1SM 

w1 t.h specific If>G b1nd1ns to platelet-bound mlaria antigen and 

sub:Jcquenl lysis (Kcl ton et al 19821 ·

Fact.ors ,-e:,ponllible ror the 1ncr-eased leucoeyt.e counts observed

ports 1n 8J'}im:l1 cnlar.ial infection (Singer1n th1D nnd 1n earlier re 

72 ond Essien et al 1981• I re:r.31n unclear.1954, Welldc et al 19 , 

d HacmobOrtonclla l!llr'ill, which are concOC'T':li tant
EJ)l'l1throz.oan coc:oide!l an _ 

i _-._,.1 ti:ed rodenWI, CBI.UC ci t.hcr reduced
1nfoct.1onis in wild ir.'.llor O .--

carlY death of the an11:lal5.
pla:JmOdiUIII parn!lj tae:111» or
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Ho.e\'cr vi-·"c'" d ' ' ..... "' a.., ricl:ettsia! orEAnis-� hardly h:i\'e any no�iceable
effect. on th<: W!"'�lc b'OOd• ce 11 cO'..lllt 1n 1 ,.__ a ...... ra:.ory animls durin£ 

concor.ii tU!l infccl1� (Cox 19781. 

Lr-uc:ocyt.o::1 r h:l'.I be£-•• found in ra� ar,,:, rJitf' \o."' .. h P. •• ber�1 

infect.ion rr-,mly b<: , ,. caiJ_f' o. a.'l 1ncree!le 1n pcriprn:ral blood nonocytc 

count. !S1n£er 1954), �ellde a.�d a�soci-·e� 1,0�1 b - o .. � • a, , 1972) su&--ested

that. le:ucocyt.o:;.1s d reporle in calar1a 1nfect1ar..s correlated wilh 

� ..... a:1:I tnat its rol1.: 'h7!3 to S\.i1TJJlalia, of recticuloendol.helial sy•• -

handle malar1& pif;",enl!!, and lhe p1-oduct.s of accc-lerat.e:1 dest.rJction 

or infected ond non-infected erythrocytes 1,,hich is a prominent r.,aturc

or th" diseo.se. 

In this study, leucocyt.o::is 1'll!I recorded in t� experiP'>-nt.al
(see tables 2, J and 4) 

groups IA and Bl ond in  the placcbO f"trol group (Cl£ Res:Jlts in

group C, support the su£ScStion tb'lt exQ£enous erythrocytes in

periloneal sp..1;e al:,o give ri�.l.)tucocYtoSis, althoUsh the aY-:h.alliSl!i

invol vcd "'-as not exa:-.ined f\11·:.l).:r. 1n the expericcnt.al group that

IX'<:eived 7 day:i of chloroQUine t.reatccnl (group Al, WBC count fc:11

during therapy ( 14. 3St, .Olix 109 /1 on day 4 t.O ',. 1(>!.1.2,,-,o
9 /1 0n

day l 1) and attained baSeline value� on ttie 14t.h po:,t.-infcct.ion day.

In group B animals, trc.1� c;onvent.ionnllY with chloroquine for 4 days,

WBC counl..:i rose rran 7.2r..0-9 \IC10911 t.O 15.50'!4.2b<t0911 by cay 7 

!lasl day or t.reatoentl althoUfP1 it later fell gradunlly to baseline

values by the 27th daY. In bOth experiClllnt.al group:,' thc leucocyt.osis

3eem3 to have been a canbined effect. of bOt.h I.ho presence or the 

erythrocytes and of. the parasi tc!l, as well as brcakd01-n product.s.

The rc:rulti1 al.SO sl!OW I.hat t.reat,ment with chloroquine for 7 daye "'-u

,ftwtnn: da,:n t.he elevated white.cell count th!ln 

more effective in br�,c,--.. 

ft• no-' leucocYtc counts h.ld been att.ained

treatment ror 4 dDYD, ..... � 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- ,g1. -

in UK 7 dar treatocnt ....,,., ,- ,.._ .,. -P u:, la,_, 14th day whe� this �"il!! acl\l.evcd

only on t.hc 27th day in ttvJ i. day tre:itr..cnt. gro.1p. 

Blood CODE]Jlntion ix;.ra.�te� d�t.cmlncd 1n bo:h the infected 

and the cootrol ani1r.:1l:i gave re5Ul t..s wl\l.ch suggested coextsting 

CO."ltlllllptive coosulopethy 1n the infected anir.lla. Beside!! the 

::1S'\1f'ic:nnt. prolongntion 1n both PT and AP'JT 1n the 1nrec� nniml5 

cai,pared to the control an1c:il!I n stror\g negative correlation existed 

between parasitncmia and fibrino..--en deplet.ioo in the infected an1m.ls. 

In addition, n s1gn1 ficant fall in clotteble t ibrinogcn W3.!I rccoroed 

in tho infected mice ( 17'•. 7t58. l�/dl cf control 253.9U. 1 .�dl l. 

Similar results had been obtained by ot.hcr:i 1n can (Dcnnu et al 1966 

n, b, Devakul et al 1966).

Dioscminnted int.ravaso.ilnr c086Ulati011 (OlCI as n mechani� of 

the thranbocyt.opaenin 1n acute c:ilaria infectioos had earlier bc:en

suggested 1n infections with r. rc.1c1pannn, P. malaria and P. vivax 

in t'l3l'l (Ooval<Ul et al 1966, Dennis et al 1967, 8J'011chowitz et al 19701.

u-. lt ,, _....,, recent studil!.S (�ien et al 1976, 1979;
nuwcvcr, re!IU s o, . .....,, � 

ttoratma.n et al 1981 l did not support. l!llth a view 1n man. By contrast

increased platelet Jysis Wl1S observed 1n associoticn with hypersensitivity

t !..P;...:.fn=lc_i.�--- infection (Es.:iicn and
to exog.::nou:s ADP. during ocu " • · 

..., t?ll· det.4ilod nechaniSIIII :,) involved
Ebhota 1981) . AlthOUo,• 

1 W!I suggested that these findings as well

n:s:ained to be clnri ried, t. 

t the plat.elut!I \.".)re acn:ii ti 7ed 1n vivo

a., later ones which shc1,(ed tl'la 

IEssicn and EbhOta 198Jl cou ld adequately acccunt for the reduction in

1 obSCrvod 1n man. unlike in ot�r 

circulating plntelet..s rei;olnr' Y 
• 

18 was obtained only in 5 r.or the sroup
(l,rornbOCYLOJXlCn 

N"Ports, severe I l r t"-'--- t.o 1 
1bJS the c,;ch:111181!1 s o , ""'·'""'-Y p.ien n

t E 1 C)t. o..1 1979> ·
a udied I SS en 

nnJ.nnlD rffllllln uncertnin.

obs<:rvt.'<1 in oCLlte ma 1 aria of. rnlll1 and
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l.c earlier deion:tt.ra� '-llh p ,�1 1 • u c paM infection in r21l
(Lss1cn cl al 1931) p be -i.-, • · rLJ�. infected �,cc platcle� (as FRPI also

ro.'lifenl.cd h;wrscns1t.iv!.t.y respa'UK to lo.J ccnccnt.ration 10.Sul!) or 

CXOi noun ADP when c.cr:p:ire;S to. lh!' re:ipon:c (ro:, control an1r:alr. 

Hi&I r conccnt.rat..ionn of Af>P '1.0-2.�:1 or other asent.:i cuch a:i

collage11 failed to evoke a ca:parable re:zpc:nsc L P. bcr@i infcct.ed 

rnou:ic platclct.s. ',,'hen dense grnnulc secre:.ory t\lnctions were noni tored 

14 using C-serot.onin upt..akc nnd release as para.-.et.er-s, no difference 

1n uptake and release could be detected bet.wecn platelet� fra:: 
I see table 6 I . 

P. berf)le1 infected rJ.cc and t�c f1'CC norrol nice/ This result. '".:.!I
-

si.:u.w.r t.o thO!IC seen 111 t,c:m plat.('lct!I (£3!ticn and �llhota 1963); 

and lhu:i 1 t was concluded that serotonin release I fl"()r.) ruicc PflP), as

an index of dense granule 50crelicn F.aincd essentially non:w durins

P. ber&h<;i 1nfcction 1n m1ce. Mice dense granule secret.ion slinllaled

by ADP was lo-"· This ws similar t.O results earlier report.. d by

!!unn ( 1981 I and Roocnbl\r.l et al I 19831 al t.houf)l collasen still induced

44.1-52.3o/.Nleasc in platelets rron bolh nom:il and infecl..ed mice.

Changes in saoe platelet l\lncUons such as hypersensitivity to 

101. concentration of cxogencus ADP during malaria para!l1tiuit1on are

probably not. th- rc!ll.111,: of a :,ifl&lc cellular defe<.t bul. result. rrcxt a

seriea or. roolt<eular und biochC!lical al tera1.ions. Plat.elet hyper.K?n!li-

t l..,. 11\ dive�e clinical conditions such as cardio-
ivit.y had 'be<!n repor = 

di ""'tes i:ielll ws, acute renal fa1lur, , P.:r1pher1al
vaacular disorders, a ..... 

i kle cell di_. .. ue and ncphrOtic syndrooe lll¥Jrl6S
v.iscular diseases, s c 

have t,een rcvie.icd by Packham 1978; 1-tl!ltard and
other. . (These 

Packha."l 1984) • 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- lbt, -

These report:: arc ba.!l.."d an resul t!l of 1n v1tro tcs�3 or platelet function and are tm· ,en to reflect in v1vo pl.,telct :11..ltus with s�
unq.iont.ified art.ifocts. Well defined c:cchan.1:::- of platelet
awcgatio:i are t.hrorJEh la) AD? release and (b) synthesis of t.t-.r<r.t.oxnnl'
A2 ITxA2), an arutlrldonic acid ir:etaoolite. Another ill...;jcfined
rrr:?chanis:o ha!! been sus.e;esled by Vargafti& et. al 11951). Toe enhani:ed
awee;at.ory respon� to low conccnt.ra:.1al!l of e>.'Oi;'e!)ou:1 ADP ha., tx-en
observ� wil..h human citrated PR!' ll!I well as PRI' rra: P. berghe1
infected mice,, In bott, inst..ances, serotonin release ha!! remained
norc.al. t.. similar aggNsat.ion re!lpon::c t.o col I� tiaa not beer.
demonstrated probably because surricillfltly low coll�en concentration
had not beer, tested. One probable explanatim for the resporuc to

ADP could be pre-exposure of plalcl!fs to ADP 1n c1rculat.1on likely 

re:n.1lt1ns fran red cell lysis during rmlaria infection !Set>d .ind 

Kreier 1980). HO'�-=ver sUth exposure shOUld desen:lit.1ze th'! platelets 

IBom and cros:s 1963; Hollllc and Hc,Jm,en 1975) · The observat.ion of 

hype�ens1tivit.y 1n this acute malaria could also result !'ra:n increased

nct1v1 ty of the TxA.2 patm-raY. Thi!! is supported by the findins of

enhanced TxB2 1n p. berf!lci infected l\(llll3ters (Essien et al 1984).

A ClDin conclU!licrl r� u,c mouse l!!Odel 1:s t.hllt � S\dss albino

t!lOUse i s  anot.her sUit..lblc animal model which can be u:sed 1n the sLudy

..,.,.,. .. 1 t<' interaet10f\!I 1n add1 tion to the goldenof platelet - lll3lar1a ..--

1� (E:l!licn et al 1984). The golden h:lmstl:!rsl'laJ!lSters earlier descr .,.,.. 
pen:si v1,; and di f'fitul L t.c obtain and bref:'d however proved t.o be more ex 

i_,, nw:J>er!I 1n clre\11115tanCt whm they "'-� needed. 
S\lccess{)JllY 1n roqu 1� 

prC!lcn ted by the U!lP of' the l'lOUSe mod1.tl 
However, the problems

1 blood volu:te (0.5-0.&nl per or,Srn) l l.'h!ch
include the l Smi ted o.ni,m:1 

WU overcOCIC by poolW blood rrcm o nwi:ber or 81"1m)"· In llddit.ion
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tnha.'l:ed erythrocyte f ili raGt ty 1.'hlch causej relali,..ely cild a.'laC:'lia
b;t ndc�ate pla�clet chanses 1.-erc still obscrverl.

Platelet hyperr, �1t1v1ty in acute C:llnr1a COJld nl::o lead to 

nmrtrn� r,lr.telel :-..ir-.iival Which co.:ld res:il t 1n reli'.:tc:1 platelet 

tOU.'lt.S reported l>}· scver .. l \IOri<trs. Becau� or the 11::-.it.ations 

(alren-:ly listed) encountered 1.'it.h race or &olden ha.�ters, I.he rat 

� lar1a r.iodel was u�e:I to :itudy platelet ::iurvival in plaw,oodiu:n 

1nrect.1on. Earlier :itudics hlld :iho\.'!l th3t the' thnx:bOcyt.opar::'da 

recorded in P. bcrehei 1nfect.ed cice and ha."lSt.ers, a:,d r. falciparuo 

infect,"<! Aotus monkeys (Singer 1954, Volle et al 19721 susgested rapid

platelet. clearoncc rran the circulation. In t.h.is study a similar 

f1ndins was observed in suckling rot.s following P. bcrghei infections 
(see t.able 6) 

lour Wl�l>lishcd dat.al. Jt �!I o�e,,·edLLhal there was an 81.2 '7.

initial recovery of 51cr-labelled plat.elet.s 1n nor::i:il rats, s1J:lilar

t.o result.s reported by other:i (Aster 1969, Aster and C1n:ibur,:: 1969). 

The cea11 platelet :iurvi vnl in norrrzil onir.:lls 1.-as 4 .3 days, a reS\ll t 

:iir.ilar to those or Winocour ond associatc:i I 1992, 1983). B} ·  contra.3t
1n the 1nfect.ed onim31s, the cean platelet survival time wL 2.01 days 

and repre!lented a 53 .Jr. reduction 1n plate lot survival rrar. non-ul.

This re:iult repr<?!lcnts, as far ll!I I a:i a1,,-are, the rir!lt study of 
51

cr-labclled platelet !)Urvival s�idy in ra\.5 during acut.e rolaria

infection. 

In addi t.ion to shortened survival decretl.lled platelet product.ia,

1n ld _, nn be rc:iponsible ror the 101.�rcd c;ount:,
acute malaria c;ou ..,..,... 

and in t..,.,., st.udic:s. Since no evidence of dccrca:5l.'<!
observed 1n these O '"' 

in __ ,.,,,10 ha5 been reported ISkUdowil� et al 1973)
platelet producUoo � 

,� and decrea.,ed pl.Atolot ure span have been
excemvo aplcnic p00l.u•8 

lV � in the lowered plat.elot count.s ot)served
ouac:,led a:, a,e,chatliSlll!) iJlVO t: 
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enrmn:e:1 erylhrocyte r , 11 rar; ty -111ch cause:! relat1,·ely mild ar.ae::J.a
t>-Jt adequate platelet. chane:;e:: ... -ert> :still ob�rved.

Platelet hyper�er�1tiv1ty in acute c:.1laria could also lead to
t• ::.rtcnt'11 r llll.<:leL ::Jrvival -�1ch co�ld re�JJl t 1n rc&.:ced plauilet
cou.,t:i rcporl<.-d by several workers. Becaus_ or the: lii:i1 tations
lalrca:ly lisled l encountered "'1 th r.Jit" or cold en ha::isterr., the rat
r-.:ilar1a nodel 1o:as used to :it.udy platelet survival 1n pl�iu:!l
infection. Ear licr sludie!I hsd shoi..., that the throobocyt.op,aenin
recorded 1n P. 'bcrE.he1 infected r.Jce and har,.sters, and P. falcipan.1r1
infect<.'<! Aotus monkeys (Singer l9St., Volle et al 19721 :iusi;ested rapid

platelet clearance from the circulation. ln l.hi:i st.udy a similar 

finding was observed in sucklins rats foll<&ling P. bel"f,hei infection: 
( see I.able 6) 

(our unpublished data). It '-'n:I ob:cfedLlh&t there was an 81.2 I'.

1n1 t1al recovery of 51cr-labelled platelet.., 1n non:::11 rats, llimilar

lo results reported by others (A!lter 1969, Asi.er and Gwb.lrs 1969). 

The roean plal.clet 3W'Vi val in non:-.al anicils ... -as 4 .3 days, a result 

similar to thoso of w1nocour and associates 11992, 1983). By contrast

in t.he 1nl"ect.ed an1c.:ils, th.- irean platelet survival time was 2 .01 days

and represented a 53.Jy. reduction 1n platelet survival from nom::il.

""-• a l" cnt" �• far 8!I I 11."1 a .... are, the first !ltudy ofuu.., resu .. rcprc!l .., , ..., 

5 lCr-labc lled plat.elet survival st.-id)' 1n rats during acut.t- malaria

infection. 

In addit.ioo to shortened survival decl"Cll!led platelet production

1 ld l�n t,e re:Jp01l!liblC for the lowered count.::1
n acute 1113laria cou a .,., 

,ft 1,..,.r studic:1. s1nce no evidence- or de--rc��
Ob!lerved 1n the!lC and,.., 0 '"' 

in iario h:15 been reported (SkUdwlti: et. al 19131
Platelet product.ion � 

1,ft,. nnd dccNased pat.clot uro span have been
excoBsivc oplo.nic poo .... -o 

,ft lVl.'d 1n th,., lowered plat.clot CQ.Ult3 observed.
ausgeot.ed B!I a,echDJliS1)5 �,vo 
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:ir hu..---i.' rodenL. a: :l non-rn..-:.m pr1--.·es 11 ' .._._ , pro !"crati\'e cha:"�s in
llY. !::i l cr. wer .. p..rt.!culw-l} pra-.incnt (l,iknl.':' Suzuki a."Kl Cu.!.t1crc=

wt., onl .� y r,,,-.. erat.c ch:l.� in the ret1culocndoth()l1nl sy::te:-
10 

w.1 t d 1. .. t. d in i . r lcjp. nr infect.ed J.o:.u. nom;r,ys lJer-�1:; et. n1 

lO" I • 0 i 51 J Oil li.."ld l-l}'ler l \9 9) ::hO'� tint Cr-labelled ? • OOrf.hei

infc ctC'd cryl.h1"0()y\.t!:1 "'"r'- n:i.re rapidly cleared fNI:': circulation tna..,

uninfect.ed erythr'OC.ytes. Thi� act"lcraU<! clc:.ra:1cc of 1ofc:tcd 

rbcs appeared to rc:iult fra:i p-cat.er splenic uptake of thl! red cells 

c·:c n in r .. t.s rendered �-ic by prior infection. Sini l nrly, Gins bur.; 

and /..:iter I \969) while st.udyint the ocdl:!ni!Cl of "hypersplenic" 

ltu-clrnbocytopacnia in rat!l, caicludl:'d that splC:liC plat.elct poolin5 

and the n!ISOCia\.ed :ihort.cn1n£ of platelet. life-span were :ruff1cicn� 

to explain the t.hr<X:'bOc:Ytop:icnio obsfrvea 1n splenOOll!galic a.'lir.:tl:i.

It is sur.gested thllt. decreased platelet recovery observed in tilt

infected rat:!' 1n this study, could result. rron 1ncrca:icd :Jplcnic 

poolins. There was no foc111tY to t.csl this s�i;sestion arid this as�t

l.'.i!I \.hereforc not. exa.-J.ncd rurthcr, OJr results arc t.nl:cn to indicate
uw rate of 51cr-labellcd platelets 111 rats previously infected wt th

P. ber.:hei malaria paras! tcs. f\Jrther. work is indicated in this ar"a

to study the kinetic:, of platelets during calerio parasitization ne

point -·t t"'ft 9�e of the acute di:Jell:lc at which
thi:i could help ""' '"' 

splf!nic: sequestration s:.art.s durins 1nrcct.1on ·

llornnl platelet. senescence 1nvo1ves, decrease in circulating

Li in platelet size and lO!ls of surface sialic
platelet. derl!Jit.Y, l"(.�uc on 

l-:!I the cell for removal frccD the circulation
acid, the la Lt.er ch:IJ'ISC r-.-,r 

be..., Pac\dllll!I lllld �wt.ard 19S 1). FurthennoN:
by tlYJ :Jplccn (Rand, crcen • o• 

id C'rCJCI platelets by neura.'111.nidase
removal of lSUrfoce :,iaUc ac 
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(or virJS<'!l w1 t.h nNra:-.1n1da&e-liv. t• 1 • .t- ac ,v ty i;uch as innuen2:
Grc *iberc et. al 19751 Scot.t 1 -' et a 19 81, or prete:>ly1..ic eru:r,,A>s such
o.· t.ryp1in' pcp:.in or ct,}TXl�l"l'P3in ll'nckhaa et Cll 1977 a, bi ha!. been
oh:>-ft· 1 to be an ir:.,,..rt.n."' • • i d ,,., ··� at:.or n ct.er.::in1n;: plal.elet .SU!"\'1\·al in
circulot.ion · Thc::ic reporl.:l therefore necc:.:iitated n s:.Udy of platelet.
t.ot.al s1olic ocid dur111£ P. bl!rciici 1nfect1oo in rat:;. Platelet sial1c
"-10 c 'Xr.es rr.:iinly f rat £1 ycoprot.ein!l n.r.:l he::.-.3t.oside, hav1n& eb:,Jl

in Table 17 
60 '1. l�t.ed on platelet. surface. The re$'Jl \./clearly doon:1t.rat.co o 

-

..... i;n�11canL dt>trea.sc in the tot.al :1inlic 11cid cont.en\. or \.he plat,. lets 

durins P. berl!,hci infection. The tot.nl platelet sinlic ecid content. 

of the uninfected control sutkl� ral!I I l 1.43n."i sialic acid/Co 

platelet protein) obtained in this study, is in clOS" asreCI:lellt. 1,11.h 

\lalucs reported by Wincx:our am! &SSCf latc:i ( 1963). lt is sho'.111 for 

I.he first. t.1.Jlle in p. beret?i;i worla infec1.icn in rats that. a hlshly 

nc&,at1ve correlation cx.isl.S between wt.al pln'.cle,,t. siel1c acid and 

percent.asc pnrll!lit.acraia (r o -0.95).

This result f\wthcr confirm, the role of s1alic acid in dct.cnr.1.ning
platelet life span earlier described by :,cveral 1,-orkers ITerrada ot. al
1966, Scott et al 1978 and Rand et o1 1961 I. Shortffled platelet 

survival in viral inf1.-c:tions involving viruses wlt.h ncura::iinidase

1.._,._. Lo t.hO re110val of nio.lic acid fl'0r:l plat.elet
activity can be aLtr .,.., .• , .. 

· (Scot.t. et al 1978). While no in! or:c-.at.ion on
�.e=.llrane glycoprote1n 

Pla:.:xxtial ncuramin1claSC·l1l<e activity h:ld previou:ily been reported,

Lrlltion of proteolytic and 11polyt1c enzyme:,
an increased pla:s::-.:i concen 

d 1 -larlo 1nrect1on:i IH� 1978; Stlt-n,-.:in
have been demonstrate n .,_ 

nll/\) The:ic olevated en:z:yt>e activities m1E;ht
1979; Seed Qlld Kreier l:,uv 

the c1e.av4gO nod lOS:S of platelet -brane
have been respon:iible for

1 reduced 1ot.al platelet a1allc acid report.eel
t11alic ocid, and :,ub,oqucnt Y 
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he�· Howcvc-r, al tt�t11 tot 1 a pla•e1�t :inlic acid Wa3 dctcrtinoo 

1n this study, 1t. 15 lalo,..n toot. only si.rfacc Gialic oc1d frat plotelot. 

membrane glycoprotcil\5 woold be oo:it. readily affected (Choi et al 1972: 

Oreenbcrs et. al 1977 1979· Sc • • • ot.t e .. al 19781 as no study has as yet 

1.rnplical.cd reduced 1 1 gram, e s alic acid cant.cnt. wit.h shortened plalelot 

llfe-SJ>3t1. 

There is s1.ill ccn:Jider-ablc contro,;ersy on t.hc effects or 

reduced (or incrcaccd) surrncc aialic acid and enh:1.nced platelet 

aggregation (Mester et al 1972; Greenberg et al 1975; Peerschke and

Zucker 1978; Bunting et. al 19,a ll!ld Ran:! et al 1980). In th1.s sLudy

total plalclct nialic acid and platelet hypc�cns1t1v1ty have been

demonst.ratccl dur! ns ncut.c infection wit.h P. ber@!'1 (the lat.tcr rc:iult

1n rats was unJAlblishcdl. C>.ir �lt.:1 which de11:onstrat.ed enhancenent

of platelet nggr�gat.iioo n., \lcll as redUced total platelet sialic acid

dur.ing acute malaria infection SJggt:Sl thst both are relat.ed.

For logi:>lic reasons, suckl1116 rat model W3S used in sone of our

!1lud1es 8!S it. 1-.-a.s difficult for P. bcr§llei to fVO"' in adult rat.3.

(Obi and OkOllkwO worl<in8 independenl.l.Y here have reported s1m1.lar

experience:, 1-pcraonal corruniCJltion,?71. zuckcrca!l and Yoeli ( 19581

-

had observed th3t. with advancit18 asc, 1nt.act. rats became less suceptiblc

t.o P. berghei infections. By c;oot.ra5t 1-\:l�grai th -and co-·..iorker3 ( 1952) 

employing the aamo strain of P. t,erpmi o:i used by Zuckcn:.lll and Yocll

N::portod thllt there 1-,"3!1 0 hiS,, Ql0rtality rate in ir.aturc rat.s infected 

w1 th the p. bcrshO!. obtained by 1ntr�pcr1 Loneal blood passage into 

• 

rat.s. Thi] differ ence in 5Uccpt.1billl.Y 1n these t.wo rcport.s hD.5 been

,. t ... �t. t.hO 1att.er wrkon pu:saged their st.rain

attributed tot.he .ac ,..,.. 

_., -�" ond yocU, CllUOtainod t.he1rs by II0.15e 

in rats, whcr«Ul zu,_c,.-, 

tralfl l{ith reduced viNlffltC for rats

""'"""... • ... ., :iclcct.108 11 9 

..._�, ... ... 
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alt�--Ji it consistently �:!.lled all tt. , � recipient dee if untrea-:.c:j
lZuckcn-..... '1 and Yoeli 19581 .,.._1 • '11 i; que.!.U.cri '-':IS not considered to be

r<;leva.'!it a.'lll wa:i thcrefo.'"'(:e no-:. exa-J.ne:s f\lrthc:-. 

Clia.'lg� in plote>lct. function dur1nf pl�i1n infection in n.'l 

in vit.ro 3Y� \.c:TJ have been achieved in th1:i study. The object1 Y€ w:a!" 

I.O providE a.'l experir.lent.al OOdcl in wn1ch 'wt'll knc, .. ,i lii,J t.atians 

associated with in vivo models can be avoided or ��ed lt •,i. • W3-

also thought that 1t 1.�ld be ell!l.icr to 1::olotc a.'ld investigate t� 

nechnnisro(s) responsible for t.hc platelet char.ses such as e:ihanced 

platelet sens1 ti v1 ty observed. 

An in n.L'!'.an PRP fl"0Q P. falcipwN::. r.:ilar.ia patients (Essien and 

Ebhot.a 19s l) and mice PRP ,,.1 th P. berflle1 reported earlier ( Iny�, 

Okpako and Ensien, 1n press), plate le) rich supernatant obt.a1ned after

interaction of washed nonr.;l platt'let.s i.:ith infected erythro<;ytcs 

(PP.Si) sho'"-cd si1:11ificantly enhanced �gation response t.o low 

conce:itraticns of. exogenous ADP than pletelet.s which interact� with 

norcal red cf'll:i (PRScl. Ho�:ever, unlike the response reported in

human PRP, frall 11Glaria patients, there 1.il!I n.1!10 enhanced serot.onin 

llecret.ion in PRSi cmparcd 1.'ith controls (PJISc:). AlthoUsh the reason
for the differ;:>nce could not be readily obtained, it is su&&ested

that part of tn... reason ror th<? observed c11rrcrenc.es could be in

Procedu_., such a:s t.he use or ir.i pr.>J:line in the 1n vitroceasuren:�nt , = 

model to check serot,.c:,nin rcuptake. This procedure 1/a!I not adopted in

lh 1n di secondly the higncr r. p,ll"asi taemie a\.tainc.-d ine vivo stu cs. 

pa_.._. with what 1., nonrallY Obtained 1n patients
thP in vitro syst,eg caG r,:;"U 

eel t- sensi tiv:1 ty of the modc.l. Failure to obtain
could have 1ncreas '"' 

l ftao in l!liCC with histll-r % paruitacr.ul\ than
a e1.milar serotonin re e .... 

itro sysLer..s l!IIIY be due to :,pcc1� d1ffcrcnce3
was obt.nintd in tho in v 
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between hu.--...n and r.Jcc platelet� k�th res;icet to this ;:.ar:i.-ieter as
fact. that PRP Sci..-;,lcs ;;ere u�:I Ul b:lth llr.a., a."l:I dee

W!-11 as the 

sl.udic_. 

Enluncc: 1x/,2 pro:!uctioo hat been repo:•te:I 1n !.:.. bcrt:hei inrecte-:i
ha. l..:r. (E!'sicri et. al 1!;1£41. A oech:.r.1s:- or the T:.:t.2 pro:luc:tiu1 1, .. ,
in all prol.iabili t.y plat.clf1t act.ivate-1 1nt.erattion vith �tizcd
Pbcs nnd t.h(: parasi les, in addi tlon to produtt.10.1 !'rx.c CIOllocyte::.
;, sk.ilar platelet mechnn!s=. eJco�t. certainly operate:! 111 this syst.e.-o.

On£ great adva:-.t.8.£(.' or the 1n \1tro SYS':.cr. 1, t.hlt. it Q"eat.!}' 
Slr.:pl1f ... � wvesl.•SflllOOS ir,to tne roecl.an!s:::.s of t.he r.ypcr::tn:iti,-t t.) 
rctit.t.ion in acut.e malaria ir,fcctioos. The ac:cept.ed cect.ani:s::i or

platelet. aw-ccntion arc vie ADP, th."CX!lboitn."le A2 l'hcA2l and 11 third 

111-definod pat.ho1ay:i. lt. MS recent�· been sho' ... "'1 !Reimers et. al 19:.,> 

that. sheared riles release ADP ., .. hich enhance:, platelet. nw-eg;;:iUon. 

RBC lysi::i by rupture is a continuou:i and pr<rJ.nent. feature or a::ut.e 

r.alaria infection. It. 1s a \.'llll l<Jl0',,71 ir.cch:1111:: of anaecla of ac:ut.t< 

1"...llar.1o. In eddi tion 1.0 the ruptured er;t.hrocytes, the infected ones,

havins increased pcroe:ibilitY and rragilitY, rell-!a.se ADP and I.hi:. was

thcrcrorc thou,E;nt to 00 one of the likely mcchani�.:, or the enhanced

plal.elet age;rega1.ion in the systClll, It possibl)' ncted by pri.min& the

plotclets. The off eel. of ccnt1nuous prc�cc of ADP 1n Lhe mediu.'11 on

platelets is not la'l<ll'-TI, bUt the platelet.3 were not ref'racl.ory to

b •"P oven wt,,o.n the addition:, were mdo within thesu sequent exogenous ,.,., 
) .... 0n th<.: platelet..s �re expected to be 

interval (30-60 ml.nULCS �" 

-�---nt of odcninc nucleotide: levels 1n the
rerractory . AlLl'IOUSJl me..,_·-

_.... 
in Fig. 21 

l ,.. 1.ic rcas00s, it W3!I dei:ionslratedLl.hat I.he
PRS w:i., not done for 00•3 

d ther og<iniSUI 1n thr system wore not adequate
concentratJ.on or ADP an ° 

R�,,.,.,.p1.1on. The .serol.cnin role� in UlC PRSi
to induce spontonCOU5 UCO' -
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5a.-·•le (a ,. .. � N?sul ls c.;"t ... ., '"'''t: a•• !.'IS s,-e • i • •• '" re;.Sl cally i.i th the ADf
(Lair: • "t.o r ml Be - a: w ,,., • 1965 J release-:! free: 
wi t.h Txit? f r"OCl ect1 vatc::! platcl<'t 1£:isl
riaxir-.al i1l& \.!' l l ,. .. .....,,_' 1 -c.u• �,. ... on �Orded. 

rJpt.ured re-d cells toe-ther 

et al 19S4 I to induce t.ht'

lt is sur.oested that thc-::e thret fa:tors were ttlf.' contributinr

factor:: whicb ovcrccrie th 1 e P otclel rofractory st.ate norr.ally expect..-d 
in the presence of ADP (O'Brien 1962; Ro:i•·1bert: a."ld Hoben 1969).
It is nl:-.o su&;cst..ed that t.ht'se fact.ors \.�"e responsible for t.m,
observed hypcrsensi t! vc re:ipo:n::c of t. '-- P""1 1 ,u.: ,_, P atclet.s to lO'J exogenou�

ADP concentrations. 

Resul t.s of exper.ir.ients designed Lo tc::it the:se SUtJeest.ions support. 

the conclusions rcochcd. For instance, the resulwi obtained fl"ari 

add1 tion of crcatine phosphnte/crc:it1fe phospholdnase CCP/CPKl or

PYruvat.e 1<1nase/phosphocnulpyruvat.e I r�.1PEP J to the PRS1 I t.ablt 9 J

sho..:; that oggrci;.:i•ion of platelet:s fror: PRSi sanples was signif.�antly

reducc-d by about 75 ¾ catpared to us-J:>.l rcspo:is<' wi t.h:>Ut. t.he ai::}ir.e

:,y:,ter.!I. The contro\•c:r:>Y surrouncU.ng i� r.iecl�ni51:1 notwithstand!ni;

(Huang nnd Detwiler 19e.1 i 1:unn ond Ctia."lbcrlain 19831, CP/CPK when addell

to platelet. su:,pension is belleved to inactivate extracellular ADP

prior to platelet. act1 vat:ion by axo.;;enous ADP · Apyrll!lc also perfor.::is

the :same function. Apyrase was added LO both t.he platelet 1,,� and

:suspending nuid 1n which both \ta:lhed infected and c:«1trol rbcs were 

rcau:,pcndcd. PK/PEP 1;;is also used t.o :,tudy the role of secreted ADP

in , __ •- The""' W!I also a reduction 1n tM PRSi pl11tclet.
l!<r..e exp,: r .......,n = . • " 

- c or P'r:/PEP to exogenous ADP stimJlat.im.
-�sponse in the presenc 

P..,, 1 ..,.en sh<*TI to be quite effective on endO£f'MU"
,v PEP en:.� system \11.3 "" 

( ti tion (Hru,lGD 1964) lalt. quite ineffective against.
sccret..ed J ADP 1.ru1c va 

��,di et. al 1984). Tl11J:, the n:sult.s obtained hare
exogcnoui, ADP (Sania� 
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SV£.fe::t:, lh3t scr. or lht wr ln th( mlicu wa:. =r<o:c� ADi' rror.
lh< pla:..•let• possitil d . ., } ur1nr, interaction w1 th inf�tcd red CC'lls or
durint activation. All.llou£:h the relative caiccntral1ons o� secrcuiblc

nnd cryt.hrocyte relca! d I.Di fraction:: ""re not r: a..rur-ed in our 

cxpcrime11t. , resul l usinc ll.C-SH'i rcle.i::e sho"�-aed thal. th!!re '-':l!:

CO:'lsiderable dens£- granule release reaction in the PP.Si sa.-.ple:i. The 

5-HT release was taken os .,_., 1ru!ex of dcr1se granule secrct.icn and

indircct.ly pointed t.o a higher ADP release, as Ute latier shares t.h<!

sa.'!.C otoragc sranule with 5-lfT.

Tl'P. ext�nt. of Tx/,2 aclivaticn 1n this systeo "-as determin,a by 

ooasurins I.he extent or inhibit.ion or ADP-induccd PRSi �lien 

usine Dazoxi bcn, a thr<r.iboxane syn�we inhibit.or, 1n the synte:n. An 

18.S % reduction in ADP-induced epsiation in PRSi sa-:;,lcs wa.:i
(see table 10). 

obtained/ However, dazoxi� si!J!lficantly reduced assrei:PL1on or 
-

PR:Si s:L�plcs when it "-as ind\Jced by a oorc potent asanjst, collll&cn. 

TtrJs, as was reported in ha:"..!llCrs, the threr.boxa.nc pat.h-..-a�· '-oS al5':1 

activated in the in vitro system. 

It is c011cluded fra: this experir.ental oodcl that the platelet 

hyper:icneitivc rcact.1oos t.o exogenous ADP during acut.e ita.laria infect.ion 

was due to platelet octivatic:n by synergistic errect.s or released ADP,

r throcy•-· 5-llT secreted froc activated platelets
l'Cl!!l infected cry .....,, 

and incr"Med TxJIZ product lon b)' the plat.elet.:l. It i s  £1.so .. usi;;esled

that these factors acting sJJaJlt.ancously ovel"Cl1l'l':! 

ld have oeen induced by 
rcrractory stole which wou 

the plat.elel 

the presc.ncc or

ADP in th� syst.c:m. 
_,. t.hllt upto 20 �or the plotolot asgrept.ion

The model also :iho"'-"' 

t � accounted in the t"'O established
inducing activity could no 

Sin�- the Bf.SJ'eglltion-inducin8 activity was located in the
PGt.h·.r.iys. -
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sui,emat.ant after platelet. int.eracti(Xl 1.i th inf-t•d ..... ... re:! celb I PF.!:'i 1
t.oo prel 1.lrJ.nary chara t , _ • c er..::t,cs 0!' this ac Livi t.�· \,ere lJlVl'?;':.:tgatej.
lt war fo-.ind that the plateltt prli:.inc ectivit.y occuren ra.idly an�
r�:.chcj m=ixilll:!l lcvnl i h" � o w L 1r, c:ie runut.e of incuba�ion. lt. was also

foun!l t.o be heat-stable at 56
°
c for one hc,Jr, the a:.t1\'1l� 1,..,s st.111 

pre!:ent after throc:bin inactivat.icn A.'1d cQJld also tx> de�e:t.cd in 

parao1 tized cryl.hrocyt.e ceri ved :;upc;matants (EDSp) in approx.J.II'.at.ely 

equal amounts a s  in PRS1. Q'\ 1 t.s own I.� "factor.ls)" present. in t.hc 

EDSp did not induce platelet assrce;alion but suff1�!ently prime:! the 

platele..s to give r:r.:ixirn:11 aggre531.1on in I.he presence of lo.: AD?. 

to .25uM) concmtrations. Sod1u:n dcdecyl :sulphbt.e-polyacryla:tlde gel 

electroph!'rcsis revcnlcd a band only in the PI\Si cell free su�matant 

sair.ple:i obtained before and aftt1• ,p aggreption. The presence of

this band 1n t.hc sa:-ples before ADP asgregation, sue.;�sl.s, Wt th1. 

"factor" is not a product of the aw-esat.ion proce!IS, but. could have 

been derived either. rru: the inter11ction betw en platelets and infected 

re1 cells, or rrocn the infected red cells the:nselves. Ir> addition 

pho:ipholipid onalysis of: the sa:,ples obtained before nnd after ADP 

aegregation, yielded negaW. ve result!!. ThUs th•- "fact.or" in question

is net a p ho,pholipid. 

All.hough the model described leaves a nu::b.3r of questions

�-•ft ..-ts of lhe p�iu..,-plat.elel. int.eract1on concerning cer ...... , as.,..-

t�h 1e:is 8 very u_:sef\ll, flexible and practic.al unansw1:red, it is none- ,,...-

ld_ .. re3Ults that. are siir.1.lnr to those obtained syster.i that � yie ...... 

1n =n and mice and prob:lblY 1n �ters &nd ral.9, too.

ms1t1vitY reaction during acute r:ialarial
The p}At.olet hypers 

ional phena:,cncn. It involves increased
infection is a 1111ltid1n>ell5 

ulc secroto't"Y !'"('act.ions. It has been
d�e gronule and olph:l grail 
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she, ... ·, here lo invol \'C lht ADf ar d thra:b:lx!ir. pa:.t:-�J)'e, a!' well a!!

a Ulird "fai:tor" that. t13., - no:. been full)' charuc::.trl :ed. � oet.ai led 

�him1S:- of l!U- p!atel<:t. pr1clns I.hat rcs..iltr 11 hypera:Liv!ty has 

llCl be r. inv ::t.!gt:.t.e<I f\Jr-:.htr. Cclciu:- c ;,.li::at!cxi rroc- dense tuoolnr 

syst.( into tho cyt.opla::m forns the caT.IC.f", p:ittrh':l)' for plr.t.t>lot 

act.1vat1on by nost asonists IDet-.nlcr, Charo a.'ld fein=.a."l 1973). 

Ir,vcsligaliO!'l!I or calciur n.,t.abol:!.s::i in acute r.-.alar1 .. needs to bE: 

t'Xa'ldned. This is even r..ore nece=/ n.s it. has b'.!cn sh�-n tha 
4r l• durinc P. bcrgll':)i infections in r..ousc, there is enhanced "� uptake 

into the crytlu·ocyt.es as=oeiat.ed with 1n:reasco &1u:05c upt.ake Olea"tC 

end Hclm<:1woC>:1, 1975, Kruns KD.i o.'ld Yuthllvon,s, 1983). A sWlar increase 

1n calt .ina siucooe uptake in P. ber�1 infect.� l'lOUSC plat.lets

could result. in enhanced platelet ar1vation, 8 situation previously

sh01:n t.o 00 190 (Massini and L.u!lcher 1971, l. f\lrt.hemore, I.his could 

be the Clt'Chani!lt!l of the postulated platelet lysis 1n plas:rl0d1a infection

(Essien and Ebhota 1983) ll!l Ra:icro and Whitt....m ! 19711 have 3ho-,r., that 

h�e:nolysis accoop.inies increased ea-;;+ uptake into erylhroc�•t.es. 
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Thrornbocylopoenia an<! r.ild leucocylosi� acca::pan)· P. berfh<:1 

infection. Ir ..... i cases wus:re the lllOIJSe \/ere not trea te:! there• ... -a, 

severe t.hrornboc:ytopae:,ia and death b;; Lt 7th da)'. Hcrnr\'�r in 

Lhe treated groups or anirols, the)' survived and the platelet 

count ret.umed to the preinfectioo levels by the 27th da} if 

treatment was siven for 7 d:iys (group 1,) or --enaine-:l subopl.ir.al

by trn- 27th day if treab::l,:nl ... -as for 4 days only (group Bl.

Hild leucocyt.os1s was observed with respect to th, infe:cl.ed

groups bUt values returned to baseline count by t.he 1t,th day in

the group A nnir.:ils and sliSht.ly later in the group B oo •s.

The leucocytosis ... -as partiall1 due to IJle presence of fortign

reel cells in t.he peritoneal space of the anu-.als and part.ly due

to the infection. This stud}' shv�'Cd I.hat treat:a!nt of P. bcrsh£1

infection in mite wil.h tt> st.andard dose or chloroquine sulphate

for tile: standard " dey:i w->..S not adequate to eradic�te the

parasites completely and plat.clot count. did not return to

pn:infection levels, unlike t.reauncnt with s.uno dose for 7 days.

The beneficial effect or chloroQU1nc in prot.ectins the platelets

has been ottrib.lt.cd to 1 w, IJll!l!lbrtl1le st.ab1litlng effects.

11) Blood eo:igulat.ion tests carried cut. sho'.ied th!l I.here ... -as

0 gcnar-alized den-aricecent of th" blood c�lation systCl'lS in 

t.hi:i anitn!US (mice) durln& iralar1a. The l"C!!Ul t!I ...,ere can!li!ilcnt.

with a dilJB10sis or disseminated 1ntre�cular coagulat.ion IDICl'

.. ft t,een rcporlcd by :,me worke� in pa\.1en� bUt 

a findillS that , ... 5 

not. by others .
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Platelet hyper•nn�''ivit.· -- w-· � t.o exo-enou� ADD t.... 1. e - . repor = ear 1er 
10 man was also observed in aJ ce.

Platelet. :survival s;.udies s� .. � that there was ::i�ificant. 

C:!l. 53 · 3i..l short.enir1£ or plat.t"let l i fc-span 1n s:icltling rats durin� 

P · berghei infection. Plat.cl et recovery and 1".al r -life w.?re al:;o 

deten::.ined, Platelet. recovery beca!lle siV1ificantly different 

in the infected rats only 42 hours aft.er lnbellint whet ca,:parect 

with the control rats. A nee;ative correlation existed between 

parasitae:nia and total plat.elet. sialic acid con1.ent.. This lal.t.er 

result. SUS&e:sts that. :shortened platelet life span was n 

consequence of changes in platelet. ir.embrane £).ycoprot.ein :sialic 

acid. The reduced platelet sialic acid le,-el during Mllaria 

coold partially be responsibl. for th€ observtSS platelet. 

hyperscn!litivity observed at least in t.hi!J model. 

(v l In this studr, a r.odel for study1ns platelet - plasrod.1ur 

interact.ion which NJpr:,duccs observed effects 1n vivo \laS

succe!lsfUlly developed and successfUlly u�cd to invest.isate the 

i:iechaniSCl3 of platelet-i:.alaria interact.i00S. 11. revealC!(S that. 

'·"P tonin and thr(X:bOXane, a :synergis::i of all, a.'ld another
�, sero 

probable t:,ut undefined 11f3ctor'' wtre involved 1n tht platelet

s1 1 , •y l"t'IIICtion!I ob:lorved, Attel:IJ)l.3 to 1denUfy thehypcrscn t v .... 

f .ft " involved 11h0".ff.d t.h:lt the "activity" was
additional" ac....,r 

rnatnnt fr«. wa:,hcd infected red ccllii aft.er
present. in the :,upe 

. -'th latelet.s before and art.er ADP induced
interaction w.. P 

It; w:i:, neat. stable nnd was st.111 present. aft.er
aegre&4tion, 

thratbin-inDttivat.ion,
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APPEllDIX TABU:: 1: Results of Prothrmbin tioe test (control 

and infected mice l alongside platelet counts (P .C. l and

'- parasitcmia (for the infected Clice only) 

COl,TROL PARASITISED 

TlME 
St.'C 

P.C.

( 10911)
Tn::: sec

P.C.
1109111 

1 10.0 840 13.5 37c, 

2 1.0 982 8.0 720 

3 6.0 1130 1.0 485 

4 9.0 798 14 .5 360 

5 5.0 861 10.5 565 

10.5 820 12.5 590 

13.0 410 
8.5 773 7 

14.5 719 
698 

8 9.0 

11. S 480 

9 -

12.0 650 
-

10 -

11 

534.9-• 
11. 70!2.li 662.8- 1J'j. 1 

8. 13'! 1 . 9t. 13".9 

% PAflA-
SIIDIIA 

36.4 

18.2 

28.6 

39.5 

8. 1

53.4 

31.6 

40.7 

40.8 

41.0 

• 
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t.PPE1:0IX TABLE 2: Results or Am test (fo1• control and

infected mice l al�side platelet count IP .c. I and

% parasitemia (for infected lllice only) 

CONTROL 
SAMPLE 

Tine P.C. Time NO. 
(:,ec) 1sec) (sec) 

1 36.0 8-40 34.5 

2 27.5 982 54.5 

3 20.0 1130 45.5 

4 23.5 798 30,5 

5 37-5 820 69-5

6 40.0 751 66.5 

30.0 863 47.5 

8 24.0 1005 50.0 

30.0 60J lt0.0 

10 32.0 811 45,0 

J6.0 
11 18,0 977 

30.0 
-

12 -

t.2.0 
1) -

-

1,5.r,:!12.4

878,2-

W.AJIS 
28.95-

130-5
1.2 

PARASITIZED 

p .c. 

1x1061a1: 

370 

702 

1.85 

.360 

590 

719 

650 

407 

It 18 

526 

599 

726 

579 

• 
548-5-

131 ,9 

� 
Pru-as1ten1' 

36.4 

18.2 

28.6 

39,5 

53.4 

40.8 

t. 1 .o

73.5 

44.6 

62.6 

12.7 

18.6 

42 ·" 

39.4'! 17 .5 
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APPE.t-'DIX 
TABLE 3. f'ibrinogen clot weight estiD:atia, in nort:.al and 

1n P. btrghcl. infected mice 

tlORHAL PARASITIZED 

SA:-:PLE t,'O • 
f'ibrinogen 

" f'ibrinogen 
clot wt. 

clot wt. Para,! tcmid 
(1JWdl) 

1 200 240 6. l

2 JOO 200 43.5 

3 280 160 41, .6 

4 200 236 7.6 

5 260 200 12.7 

6 300 
180 42.4 

245. 1 5.4 
7 280 

180 18.6 
8 200 

I ' 
100 62.6 

9 
280 

53.4 140 
10 233 

28.2 240 
-

ll 
122 31, .8 

12 
-

141; 28.4 
-

13 
11.4 31.3 

-

26.7 
14 

171 
-

).8 
15 

248 
-

.)I..) 16 
so 

17 
-

.. 

171,.7!58. I �-5-17.6 

253.J:t.1.5
(0 C 17) In : 17)HI'"� 

In:: 101

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 210 -

l'IPPEIIDIX TABLE 4: Deternination or Her-..atocrit Tu!>e rad! U!J.

l:hpty Weight Di rrer..'nce Height 
Weight ;.hen in weight 

( £TI) filled 
or \.'at.er 

(g:i) 
colurn 

water(gJD) (en' 
1,;ater 

1 0. 1175 0. 1420 0.0245 lt 1 

2 o. 1340 0.159:, 0.0250 39 

3 o. 1306 o. 1596 0.0290 44 

4 o. 1276 o. 1470 0.0194 31 

5 o. 1220 0. llt30 0.0210 35 

6 o. 1380 o. 15�4 0.0164 25 

7 o. 1269 o. 1634 0.0365 58 

8 o. 1227 o. 1532 0.0255 41 

9 o. 1220 o. 1505 0.0285 46 

10 o. 1219 o. 1455 0.0236 39 

11 o. 1289 o. 1566 0.0211 42 

12 0.1350 o. 1,00 0.0150 22 

Mc:.ri lmdius • o.044�...0.00095 (n • 121

Dcn:J1 t.y or w:ic.er v.ui g1 ven at 25
°C • o. 9952J GVal

J0°C • 0. 9')707 " "

I lte r. ; Sook of ptiyo teal tnd Chccl ca1 cau uin us 1 •

Vol. of o cylinder !VI • nr¾

V 1/2 
. r : (.«:I 
• • .11n 

Radius 

in 

0.04Jb 

0.0452 

0.0458 

0.0447 

0.0437 

0.0457 

0.0448 

0.0445 

0.0444 

0 ,Ql.:W 

0.0',59 

0.0466 
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APPENDIX TABLE 5: Data J'rcm platolot z,ur,r1 vnl. 

Vol. or Total Length or Vol. or Counts Count ')i Mean 

0 hrs. labeled Radio- blood blood per per ol Recovery ')i 

platelet. activity colu:a:n col1.1:11 cinute of Recovery 

ff . injected inject.ed counted counted of blood 

5-6-64 a. Q (nl) into in tml in (Ul) �le 

g 
- - ll1t ._ 

§ 
an1ml 

.... 

: cst.ilna ted £ ,,., 
fl"Clt'l a; 

standard) 

e , 0.2 23940 28 ,1.12 182 10271 99. I -
.. 44888 

81 .2 

s 
3 0.375 40 25.32 306 12005 62.2

6 0.45 53865 
. 

20.26 460 221os I 97.4 19.82 
-

1 o.i.5 53865 36 32-79 350 15358 65.9 -

' 0.45 53865 32 20.26 311 15350 65.8 1.t.

J 2 0.45 53865 39 24.69 344 15933 59.8 2. I

� 
3 o.so 59850 40 25.32 508 20063 77,4 

66.8 '.26 1,t.4 • 

..s 5 o.45 53865 40 25.32 348 13744 58,9 
-

1. � 
-

11. 13 0. [ •(,
6 0.45 53865 36 22.19 287 12593 5', .o 0.6 

7 0.375 4"888 36 22,79 379 16630 85,6 0.7J 

8 0.375 44888 48 J0.38 389 12805 65-9 2.J
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APPE:!lDIX TABLE 5 (Ca'ltd. J 

Vol. or Total Length of' Vol. or Counts COlmt j Hean 

i7 hrs. 
labelled Radio- blood blood per per ol Recovery � 

C: 

platelet activity COl\J."J1 colU!!Jl t!linl.lte of Recovery 

-; • injected 1njrcted COJl'lted counted of blood 
f? (ml) lJ'lt.o in (r.m) in (Ol) sa:i;>le ..i:-

6-6-84 
� 

.mlmal f} 
u 

(est.it:at.ed 
i.; , >c

�

standard) 

I 44 27.� 152 5433 52.4 -

... 3 38 24. 17
61. 7

247 10219 52.6 

I
-

... 
6 

+ 

§ 
32 20.35 450 22113 94.8 

-

22.2 
-

7 39 24.80 271 10927 46.9 -

I 37 23.53 98 4165 17.9 ,, .. s 

2 22 13  ,99 188 13438 57.6 6.5 

"O 3 33 20.99 393 18723 38.B72.3 J.4 8.46

e 5 38 24 , 17 114 2717 
+

20.2 - 11.5 -

� 6 29 18.44 118 6399 27 .4 20.0
,, • 12 

8.5 

7 39 24.80 l86 7500 38.6 3.9 

8 34 21.62 159 '7354 37.8 10. ll 
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APPE2,T!IX iABL.'7 5 (Contd •. 

Vol. of Total Length Vol. of 

:.2.511r3. 
labelled Radio- of blood blood 

platelet acUvity column colu:m 
• injected injected counted counted 

8 '?... {all into in (ml in IUl I 

7/6/84 a: 

§ 
anir.al 

I.> 
lestimtedl 

rl"OCI • 
3t.and.a.rd) 

l 34 21.62 

-

2 32 20.35 .. 
§ 

3 :is 24. 17

4 39 24.80 

l 39 24.80 

2 33 20.99 

� 
3 38 24. 17

5 

�

J4 21.62 

6 33 20.99 
.s 

7 38 24. 17

8 42 26.7 

Counts Count " 
per per ml Recovery 

minute of

of blood 
sa::::plc 

120 5550 53,6 

120 5897 30.3 

146 6123 26.3 

320 12903 55.3 

20 80'7 J.5

26 1239 5,3 

16', 6785 26.2 

J4 1573 6.7 

22 1048 4 .s 

26 1076 5.5 

IQ ., 12 J.7 

• 
Hean' 

4 1. 4 
+-

15.2 

7.9 
+-

8. 1

C: 

J 
11'-., 

& 
I)< 

-
-

-
-

10. ,.

9.7 

17.J 11.r,
• 

11. l ,?.�
11.9 

'7 .9 

12.9

'II 
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' 

AFT'!:NDXX T AELt: S f C-on t.d. J 

I 
Vol. of Total Lmcth Vol. or Counts Count 
labelled Radio- of blood blood per per- cl 

66 l'lr3. • platelet. activity counted eoll.llll l!linut.e of 

Q injected injected in Cm) counted of blood 
-

§ H
(ell) into in (Ul) sample 

8/6/at. an1ml 

0 (e!!timated) 
f'roc 

3tandard) 

' JO 18.99 92 4845 
... 

e 2 45 28.49 48 16S5 
w

§ J 28 17. 72 97  5474 
4 37 23.42 155 6618 

\ - - - -

2 - - - -

'8 3 JO 19.0 53 2789 
., 

� 
5 40 25,3 JO 1186 

� 6 - - - -

7 40 25.3 17 672 

8 - - - -

• Standard count3 rrcm w;u}-.cd platl!let. .'!Uspen:,1011 10. loll = 11910
Vol. of blood i:1 hell:r.3tocrit tube 1n2hl ill calculated f'l'00 rrr2 = o.633112

Values 1n ocipty coll.ml., remain 38.':)8 as for that at O hr. sar.pl.ing.
•• Hl:!a."l recovery value is est1c3ted for 7 anilrals.

" 

Recovery 
Menn 

46.7 

8.7 

23.5 

28.5 

-

-

10.8 
s. 1
-

3.5 
-

C: 

�� E 
... 

J 
l)( 

-

-

-

-

I'• .6 
12.3 
18.4 
14 .2
13.8 
10.3 
15. I

• 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



!l'otal Phoephollpid determinat.icin (by the n!Ned method
or Fiske and &abarrow < 1925 > :

Principle: the phospholipicb and proteins 1n the ple,na (or any

other medium) are precipitated by addiUan of 1� Trichloro-acetic

acid (T.C.A,). This alao dutroya the ecticn or enz)'IDl!S Which add

to the value of phospholipicb 1n plaSII. The phospholipida are

digested using 6<n, HCL04 (Perchloric ecldl to release the pho3phate.

The phosphate U'Al3 relea.,ed is C0111Plexed with molybydate ron:dng

phosphanolybydate. This cmplex is reduced to  molybder,um blue with

methol. The resulting colour intensity is measured apeetrophoto-

Cheml.cally. 

Procedure: 0.2ml or ploSMO v:is added to 1.Qnl or water in a

digesting tube ond 5,Qnl or T.C.A, (1� :solutlcn or T.C.A.l was

added ond the mixed u,oroughly. The mixture W3.ll centrit\.lged at

3,000 rpm ror 10 1111nutes at  room tea1)8rature, The :iupcmatant =

poured away and the tube was drained on a f1l ter paper. 

o.Sml or 6� HCL()4 was added to the tubes !including J �ty

tubes; 2 ror standnrd and 1 for blank) and di«JC:sted on a heater for

45 1111.nutes. '1\lbeS were then rcooved and cooled to roa:i tanperaturo.

The side!! or all the tubeS, except the 2 ror thie standard wcrc then 

washed down with 5.0ml or distilled water. 
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5 .Om.l of st.Mdnrd :)Olution (SWldarcl Pnosptiat.e (!'04) solution 

or lJl2 P04 ffetw1l.Cl dihydroscn pho:phal!7 W'l.:I prepal'Ed f'l'tn t.he 

de�icator pre-dried salt at o concentration or lr-.gp/cl by dissolvins 

2. 193D"!!I of KHZ POi, in distilled vat.er) \.'3S used to w:J.Dh c.lch or the

2 tubc3 for standard. O. I.Ml of 5l An:t.ln1u::i colybdaU! 1o...s added t.o

oll the tubes ond r.iixed 1o-cll.

0.2ml or tlv.? reducing agent, i:et.ol Ill solution or �LOl was

prepared using � soditr.l r.ietabisulphite a:, diluent) wa:, added to the 

t.ubcs, mixed thoroughly and allowed to st.nnd at NXJc temperature for 

30 minutes. 

The optical den:Jity w;ui oc=red at 700n.'1 usine a blank 

(di11t.illcd water) to set to :cro. 

Ca.lculntiai: 

TC!IL
re;i:ling X � phO:lphollpid per ,� plasrn:i -Canccntration :: standai'dreadinS

(X) 

Not.:: 

diluted 

tian was c;i.dc up or 2!nl or I.he stockWorking CO\tcntra 

to 50<nl with dustilled water 14xl0-31!8J>/l!lll.

Percent.age Ph<>sphnt.e <1'041 1n ptiospholipids = 4

i.e. 1n a ratio of 1 : 25· 

ltipliecl by 25 to convert to �pholipids. :. concentntion (X) is a,.1 
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Cultivation or E.ryt.hroc:ytic 5........, _ � of Malaria t,y the 
pet.ri-:lish-candle jar- cielhod IJ - ensen and Tra;.-cr 1977 

:rrager 1980):

= • 

ce.u.;, were placed Approprinti a."TllUnt.s or 6 or� red blood ,,_ 

in clean, sterile �t.ri di�he� or n.ny desired size to give a 2-m

depth of mediu:n. OJltul"'! IX'di= (described below) was chan&ed once

daily by gently tipp1f1S the dish, draw:tns off the clear fluid and

replacing it with fresh cedllrll. 

A gas phase of 2-:n't co2 and 15-1� � 1,,'U provided b> burning

a candle in 3 dessicator jar hvlding Ulc di:mc., Wlt.11 the r1 ......

goes out, �n the dessicator slo.- cock is closed. OJl t.urc3 started

with an initial parasitatr.iln of o. 1J reach S'l, 1n four days. If

started at. IJ u,ey reached si t."'° days, I.hat ls in one cycle. Higher

para.sitaeml.83 '-".l!I attained by c:h!lnginS the oedilr.l twice or thrice 

daily. 

The mad1\C'l used wn.s ROO 16-40 vith
Medium, sen.llD and cells:

25ct'1 HEPES t,uffer. ll,aUIO hetX>logou:, seN!ll AB, A or O "a:i used.

0 

Fre:shly collected serum "as stored at. -20 c.

The meoium W!lS prepared Crom the po.«lercd RPM! 1640 vith

glut.amino wt withOUt bicarb()llllto. To prepare I UtN.. of l!ll!dium,

10.48 or RPKl l640 powder was dis.solved in 900u or gln.s:s-rcdist.ill.cd

water. To I.hi-' 5.94g or HEPES bUffer w:i.:i added, the solution made 

up to 96Qlll and sterilized by NltraUon thr<lUS)l a Millipore rut .er

or 0•4su1-1
 porostt.Y. n-.c ciedilllll was c(l!]Jllcted just. before use by 

the addition of � 1lllllCOJ solution (steri Uz.ed by HJ.ll1pore 

f1lt.rotion) ot 11 rate or '41111 per 961:ll or the RPHJ t640 medium with

HEPES buffer. Son.If• w:JS t,hell added in appropriate amour1t:1. �lntc

mndium wa5 st.orcd at 4
0C ond used idth11l one week. 
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Hu:rnn erythrocytes were obtained 83 o l.rlit. or. blood collected 

in ncid-ci trale-dext.rose or ciLrate-pho:iphat.e�extrose and could be 

u!led for up to 4 weekz, of storagt! at 4
°
c. The red cells were

prepared by centril'Uf,at.ioo and washed twice in c:,q>lP.tc mcdl= 

without. serum, with n!t"OVal of t.rnt buff)' layer after each or the

three centrifus;lt.icns. The cells were finally �pended at. desired 

concentrations 1n C<Xllpleto mediu::i with sena. 
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