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chelators blocked the

ABSTRACT

of variC"'.lS

in.i:ccb .>1Ht Iave been extensively l"e'l!i(~wed.
ob~Dl~at~ons suggests that iron deficiency

Clinical
may be

Various researchers haveprote~ti'l!c againRt malaria.

shown that certain iron

proliferation of Plasmodit1m ftllcj,paX'urn in vitro and in

vivo. However t:hc exact; mode of malaria inhii>ition by

Iron chclators rC1mninfl undefined. We have investigtltml

the ef.fect 0:( iron chelnto):'s on +he in vi.tiro growth of

P. falciparum.

'l'\oJostrninfl at P. falc.ipal'um, the FCR-3 and the RSA-2

strain,s toJCl."C cultured .L1 vitro ,lCcol~ding to the me1:hod

described by Fl.'cene ot: n l (1988). The J:','lrnsites \oJcre

synchronized m'ling Lho method of Lambros and Vanderberg

(1979).

The
evaluated against various concnnt~ations of the following

chalnting agents, DiO, OFT, DIP, EOTA, BGTA, and DTPA.
DCB.tcrrioxaminc oomh:i.ncJ ~oJith unHntllra1;cc1 nnd iron

satm'atoc1 :!, 2 I -hipyddyl \"M1 l~Nll~l~don tho FCR-:1strain.

The chelator sensitivity tests were performed in 9G-woll

micn:ol:.itel' plilt~e!j. Jncol'pornticm of r fI H] hypt)xant,hine

:r:
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was used as an index of growth. 'I'he parasites were

haxveat.ed wit,h an automated coll harvest.er. Hcslll t;s are
expressed as i~ percentage 0:( the controls wi.th no
ehe Iat.or added. Trw doae rcwponse curves of tlw 6
ehelatorb alone and t.ho se eemb ined we re determined.

ICrj() va Iue s for til(' ehelating aqent.s when teHt.ed em bot.h

strains were determ1ned.

2t2'-Bipyrldyl at va ..r.oua ooncent rauLons when oombaned

with ryPO, showed a relative increase in parasitaemia
eompa rnd t;c;, t.he 2,2'-bipyridyl a lone . Thml BUl.mf"!st.in~J
that these ('oncentrations of 2,21-bipyridyl antagonised
the antimalarial Whonof

ammoniumfe1'ro1.1s
sulphate at equilll{")lar conoent.rat.Lona and uomba ned wlth
desferrjoxamine, the resultant dose curve

reflected t.he (!ffoet of dm:d'errol(.amitw alone.

The 6 che l at.cr-s inlubiterl the in vitro Ul'm~thof both

strains of parasites. Iron doprivat.hm Wd.B (~i)nsidl~l.'ed a

possible mechanism of inhibit.ion by ,~ <.' iron spo(dfic'

ahelating agents.
tht) antim,llal'ial action of nrc mst.cad (;)£ c'omhininu

synergistically or ~dditjvely with it. other possible

,
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mechard sma of inhibition besides iron (1-"l?rivationexists.
The effectivD concentrations of OFO were compatible with
the therapeutic concentrations uAed in patients with iron
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PREFACE

I first became at<mre of the malaria problem when I

the increa.CJing spread O:t

virlitcd t.hn Eactorn and NOl'i:hern ~ri1nsvi1al and was

advifwd to usc prcmhylax.i.n agail1l'1t mal ar i.a , Subsequently

chloroqu!nc-rcsiatnnt mnlar1B throughout tho malaria

f
I,

I

endemic regions whero Plasmodium Itdciparum is found.

Although chloroquine-resistant malaria WDB not reported

in South Africa, its presence confirmed in

neighbouring ..,tate!] such as Angola, N,1m:ihia, f.lozambiquc

and in West ~frica. I therefore realized that it was a

matt CU' of time be£()!~e there was on emergence of

chloroquine-resistant malaria within South

My awareness of chloroquine-resistance was further
increnscd aft.er I per.termed n l'etros)?ectivQ study based

to the ,TohanncBhurg hospital during 1900. 'rQ eoml~ound

on the madi~al records of the malaria patients admitted

the cr loroquine-rc.mint.ant )?.t'ohlmn, a vaccd.ne <l.gninsL

malaria Bocms a long distance 3wny. Therefore there is a

i.n vit:.r·o cul tUrf' system of the fillu·as:ttcs. With the

guidance af Mrs. J Freese of the RIDTE in Durban, two

To r;tm1y \;hc p':'Il'asJ.ton it W'Ul cssential to establiGh an

XVII
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strains of pnrnsitcB woro BucceB~fully maintained in

cu l t.ur e .

PortiOnfl 0 r thi!1 dim:nrt,rtion have been prcse'1t(!c1 at
local and international eonferenccn •

•lairam I{'l', Hcmtoa~ludo FSE 1 Hoeh 8t, Havlik !. Malaria at

Johannesburg hospitAl

African Pharmacological society Congress, Stel1cnbosch,

1909.

,Tairam I<T t llavl.ik Monteaglld() rSE. P la smoail.1mIt

£(1.1 c.i pi1rum Inhihitwn ot in vitro t1t'o\<it;.h by i.t.'on

ahclatot"s. sout;h African 1?hurmaco 101] ;i,eill Society

congross, Johannesburg, 1990.

Mont.eagudo FSE, navlilt I, 1>100h ST., Jairnm ItT. AF:pcots of

malar.i,a in !3ritiBh
~arnsitology, alcventh Malaria meeting, tondon. 1990.

Havlil<: I, ,Jairmn KT, van zyl RId, Hont,~ag\ldo FSg,
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SECTION 1.1 ASPECTS OF MALARIA

CHAPTER 1 INTROPUCTION

1. Distribution of malaria

Malaria is endemic in more than 100 countries in Asia,
Africa, Oceania, certain Caribbean islands, central and
South America (WHO, 1988 a). It is the most important of
the transmissible parasitic diseases in the tropics,
causing significant morbidity and mortality especially
among children. It is estimated that approximately 50 %
of the world's poplliation is at risk from malaria

(Gilles, 1989).

2. Routes of infection

Malaria is usually ac~uircd from a bite of an infected
1\nophelirll~mosquito (WHO, 1968 b). It is also

transmitted, although rarely by transfusion of infected
blood I use of contamina:ted.syringes among drug addicts,
and transplaoental transmission (iIarinaslltaand Bunnag,

1988) •
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the most persistant infections, although the least severe

3. Types of malaria

The malaria parasite belongs to the genus Plasmodium of
which 4 species, Plasmodium f.alciparum; P. vivax,

P. ovale and P. mala~iae, regularly infect
(Warhurst, 1987; Garnham, 1988). P. vivex is the most.
ex·tensively distributed and cauaes much debilitating
disease. P. ove Ie is mainly c.,.nfinedto i'\fl:icaand is
less common. P. malariae also occurs widely and causeS

(WHO, 1988 bl. P. f.ldcipaJ:umis the dominant malaria
species and is responsible for the overwhelming majority
of infections. It causes the most saVere infections and
is responsible for nearly all malaria related deaths
(WHO, 1988 c). Mixe~ infections of P. £alciparum and
one of the other 't;.hreespe,cies also occurs (IsaacsonI
1987; Harinasuta and Bunna£lt 1988),

4. Life cycle of the parasite

The Plasmodium species afi:ecting man live in the female
Anopheline! speed.Clsduring the sexual (sporogoni.c) phase
of the cycle. SP01·ozo:i.teswhich are produ(.:e<,lfrom the
sexual form migrate to the salivary gltlnd of the
moaqud.tic, When the sporoaci.t.eaare introduc::ed into the
human blood st.l:Qamafter the mosquito has had a blood

2
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meal, t.heyrapidly penet.rate the !?arenchymal cells of the
liver and undergo one cycle of asexual division which is
cleson,bed as pre-eryt.hrooyt.ict'lehizogony•

Many me roao i.t.es arc released into t.heblood at.ream, about
~-20 days (depending on the species) after infection and

The rapid
intraerythrocytic mult,iplicatic.mof t.he merozoites (blood
schizogony) is followed by the rupture of the hout.

erythrocytes releasing another qenerat.ion of the

merozoites. Th(,~se will also invade
cil;'culatingerythracyt(~S , multiply I and re leaae another
generation of merozaites into the blood stream. The
erythrocytic stages of schiaoqony are responsible f()r t.he

flathological offects of malaria. The rupbu.rLnq of the
erythrocytes and the release of th~ parasite metabolic
byprodu(~lB I produces the (~pisodie chills and ((WOl' t,ha't
characteri.zes several V(l'"l.ants of this
(WHO 1988 at Garnham 1988)

Some merozoites develop into male and female gametoaytcs
(sexual stagt:ls)which fuse to fo);'ma zY90U~ once .i.nsidp.
the stomach of the monqudt,o I after it has had a bIood
meal from an infected person. The zygote or oocyut
develops on the outside of the mosquito stomach and
divides to produce sporozoites. These spon)ZoitAB will

o
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travel to the salivary glands of the mosquito and arc
int.rcduced ir.to the blood strf~;:.m of the next human host

during tho next blood maal of r.he moaqui t.el (Warhurst I

1987 ; Garnham, 1988).

The life cycle of the parasite is represented in figure

1.1 (Moore et: e l «, 1990).

'l'he tissue forms (hypno7.()it,er;;) of P. vilfax and P. oval e

~ersist in the liver for months or even years and are

responsible for the relapses of the malaria infection.

latent forms of malaria.
doacenee of the infection rf~sultB from the 11ersit'lting

(WHO, 1985 b).

5. Geneti(~ and immunological ftH~t:or!:1

suscept ihili.t.y to malaria may be gencl~ical1 y det,(~l'minc'Q •

,...
(",,) tll(~y do not: have Duffy h l ood

have these factors which seems to serge as the specific
vi vax

pill'dHito. Cm.'t'lin ahnormal haemoglobinB do not suppo:rt

4
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human hoat. hy thfl b i.t.e of an in£cctecl Anoplwlinf'
meuqu i.t.o , nXH'ozoit en ci rou.l at.o i n the blood for not

further development of P.

into ('l'NWcmt:in nhaped ..

'1'he aneltual hlood forma d.t·(~ l'Nlpnnn,iblc.>

malarias aB the erythrocytco infected wltb the matur~
otaqNJ .,U'Onot pre ·mt in r.ho ppriplwral blood hut. ,U'{'

nyeln within the monquito.

I
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to those organa i9 diminished. Sequestration in a

I

fellt~Ut'eunique to P. falair'tll'um infeetiono and io

I,

ponuibiy rcoponsibln for the increaoed virulence of thin

(Boonpucknavig and Doonpncknavio, igOR; Uall,1977).

The clinical aspects of malaria arc reviewed in a paper

durin~1 Thin paper in

t'etl"onpec~ivo study. S Cd'r f-lcdJ 1990; is! 461-4(9) •

o,a. t SUtt1If1,u"y

any kind;
and in combincrt:ion \'Jan \lund an



(u,lono and in ('ombinationl in Gi!'J o;f; canen. In. 4',r,; of

patient',(l, ell 1nl'oquino-l'eo i ntant: malil1' in wan conoider('d

pOSGi.bility.

G.~.2 Introduction

over t.he last lO-Hi y('al'll til(> detcl'iol:ation in tho

incidenc(' of maladn in }\tt'ica han b('('n pi\rtly due to the

i,ncl'oaoinct npl'ead of a II, fa,lc:ipal'Ulll f1cipulation that i.o

been roporto of chloroquincMt'cniotant P•

reoiDi'ant; t:,(;) ehlol'{l(lUine and other dl·tl~JO.

•I)a 1;)1'1.11 'cl'om f('Hionr. nueh dO Ethiopia (Olat.uncic ot <11.r

1971) , {{ouya (Fo~lh (.(' a1., 1979), l;iast A:ft'le,\ (Jepoen ot:

al., 1983), nOl'tlwru f.1al.n..ri (\'lol£(~ et: aJ., 1(05), and

~'ointqnco han alna heen confirmed in vit:o in southern
Africa (Ioaacoon ct al., 1984 ; FrcQoc ct al , 1900),

The diffieulty af malaria chloroquine
1

I I

~
)

l'£;f(.J(~t:ivc amI Datt' modleation £(H' chenmtlt'otllwlax:i,n and

therapy- ..
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I
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A selected drouP of malaria patients and the drugs used
in their tlwl'tlPY i&l revimwd. It in important to note

that Johannosbur~~ UOfJrd tal if; a tertiary referral centre

and the patients reportod may not be representative of

the goneral population.

6.3.3 Patients and met~adB

JohannesbUl't;l Ilonpit.ll han 033 heda at tJl'CBentand during

1988 there t>JI.:'re approdmately 32051. admissions. 'l'hc

hospital serveR ae a tertiary referral centre Dnd is a
teachint:t hot1pital (if' the UnivCl;sity of th~ t~it''lat.el.':n'and.

'file l'e~tH'(ln of t.he Hamnatology T,uhoratol'Y of t~ho South

A£l'ieatl Inctitutc fOl.' Ncdi.cal HeFleal:'oh in Johannesburg,

whi(.'h servon tho hospital, \<101'(' st:ucli.ed to i.dontify <Ill
pnLi,(;nts with positive malaria smears i).(lmittad du.ring

1960. The madi(:nl l'ocordn of: thNlC' pat.i cmtn wet'O then

There ware 43 positive blood omears trom 32 malo and 1.1

'rill"' 11)('i<1on(;0 of maliU:ia in the dHf.(,l,'ant ago 91'0\.1118 in

Hlwwn in Tahle 1.1.
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o -10
11-20

21-30
31-40 '
41-50

.) 5...
5 U

20 46
7 16
3 7

4 9

2 5
51-60
61-70

6.3.4.2 Types or malaria

Infection with P. i'aldparum was t.he most common type of
malaria seen and oacured in 40 patients (94%),
patients were infected with P. v:i.vax and P. ovale

resl?ect.iv(.~ll"and in 1 patient the type of milIaria was
not; iderrtified.

'rhe regions where the patients wcn:e thought to hdve

(:ontl:actedmalaria arc>, listod in 'l'uble1,2. ~ix pationts
t~rough many malu~ia-endemic countries in

A£rica and so a definite arDa where they were infected
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could not be determined (Trans-Afriea). three

re(Jions where patient:s most oft.en contracted malaria were

13otfn'lanat f1alaw.i and Zimbabwe, None of the pat.i.ent;a in

this study were thought to have contracted tho disease in

South Afriea~

"".
13()t~l'wana U 19 "
1'1alawi 7 16 ..~•
Zimbabwe 7 16

Trans··Africa 6 14 ~!t

Zd.robia 4 10
..

.<Il!oI

S\1Iaziland s 7 ..
Unknown a 7

Zai.l:'e 2 5

(3him.l 1 2

I<enYH 1 2

SWA 1 ~~
.;11

'#

"j
11
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6.3.4.4 Drugs used as prophylaxis

Twenty-six patients (60%) had taken prophylaxis of some
.kind, whih~ 10 pat.ients had used no prophylactio agents

{'l'able1.::i.). Dat;a from 7 patients were not; available.
Only 13 of the 26 patients who had taken prophylaoti2
measur es had uaed the right dosage and, of those, only 11

continued taking medication after returning from an . ,

endemic malaria area. Chloroquine alone and in

c(,mbination was used by 17 pntients.

Chloroquine + Pydroot.hamine
Chloroquine + Proguani.l
Dapsone '"pYl'imethamine

Chloroquine + Pyrimethamine '"

8 31
4 15
4 15
2 a

;-"' ..t·'~'chIOl.·'')Cluine

iI /
~

!

progmmil
pyr:i.met.hamine & sulphndoltinc

Prap~ylaxi8 taken but det.ails
not available

1

1

~\

4

G 23
100

I

{
{

I
1

j
I
I

14

Total



6.3.4.5 Presenting clinical features

Most r.)ati.ent,sJl'cs(mted with a ':flu-lill:~illness - fever,
headache and splenomegaly being the major presenting
signs (0 Table 1.4). The me::dianperiod of duration of

38

3l
31

SO
72

72

symptoms before diagnosis was confil:med was 4 days
(range: 1-30 days),

Headache
Splenomegaly
Rigors 22

49

47
44

OlT symptoms 21
20

19
10
8 19

19

Janndice
Hel?atomogaly
L1hotophobia

Myalgia

23

Tachycardia a
iconjl:mctivitis

nypotension 2

15

c c,

';

('~ .

I

, ,~

,.

"

()
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More t,h~ one si.gn was present in some patient.s.

abno rma 1i tiOD and clinieal

:\,

complications

r,aburatory ilbnol"maliti~s ane Iuded thrombo~ytopenia,

Table 1.5).

elinicul eompli<::ations included C::f!rl'bral ma Iar ia , acut-e
renal failure and adult re~piratnry distress syndrome
(Ar<DS) •

Nfl of pat i,enl:~l

Raised biJlrubin levels 19 44

I
t

I II
r~
!

'I'hrorobocytopen i a. 24

Anaemia 20 47

ceJ.·cbral Malarb.

16
4

4

9Aeu.t~e r(mal failurl~

Syndrome (ARDS) 1 2

9

Adul t Respil:'at<l:t'y Dist.ress

16

J1 '

1
(\ l. 1



6.3.4.7 urugs use1 i( 't"apy

In of patients ehe possibility of

chloroquine-resistant ma~aria was considered. This

asse'gsmont wa~ reached because the patient had become

inf~ected d(~spite using adequate chloroquine prophylaxis,
or because th~ patient did not respond to initial therapy
UEdng chloroquine, and was then t.reated \dth anct.her'

drug. Quinine combined with tetracycline was most
(Iommonly used for therapy (Table 1.6).

Quinine combined with

chloroquine
Quinine combin(~d with
other drugs
Details of therapy
not available

23 53

4 9

4 9

,, .
2 :;

tet~rncycline

Quin:i.nealone

10 24

Ie

17



Twenty-nine (67~) patients ware treated with quinine
(alone.or in combination) and nldc-effL:ts oa~ured in 12
(4Fu) ( naUOf'1l oceurnn in 5 (1~r,), cinchoniotil in 4 (14(J),

hypnglyeaemia wan ncrn in 2 (7~».

While the data for the clinicnl couroe of 11 (26~)

with the m{'(lian tluw Ilpent in hoopi!:al h(>in~l 7 dayo

G.3.5 Di~cunnion

of

degree of chloroquine renintnnca.

d('lay .in cUagnon:i n tl'eatment~

(naIl, 1976). Rapid diagnnnir can be made ueing thick
and thin b 10011 nll\n(U'fl,but: the eli nicnl ft"ltUl'f·!.1 \'1,1th
which thn l~tiant prancntn ,lnd , in particular, ~ history

.... ;:;::u'.> 4lf1!
I

/)

: Jf
~

j';J
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i :

aftel.' rut.urn to theil' I'l)lmtl.'y of ol'l~iin iH) ,\ relmlt I)f

alu!le 01' Hi

('onoidor~d pJooible.

Tilt' ill\pl1.1~dl ion!)
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I
.~

i

:. ~ • cI'. ',"',



c

(J

l:egarding prophylaxin anel l~herapy of

t

are

aigui.ficant. Tho incidence of Ride-effects due to

({uinino in thi.n 91't:mp ~n 10l~ and t~hCHlO reported rml(')lved

with dODe roduction.

Our data indicate that anly 26~ of patients ueed adequate

prophy.laxi~h Adefluati' prophylaxin in important, ninco

of

(Jhemoprophyla.xin than thone who 1985)

are avallablf} <WHO,1980 (n) ; Cook, 1.986

Srrnclclon of: al , 1901. ; Spracklen and ~1tmtea9Udot 1986 ;

Talmud pt nl., 1989 ; Ross J1981),

1/
1/

A common 1aboratory f indin~:1 toJail th ..·omboClyt.openj a, Nhich

wan uh(H,'t-livml and loJ,lf) not iumocdatecl wi th any bleeding

of

malaria (Warrell at£Ot'

ARns ,..

wan ta:eated in the l'enp.il·ato1.'Y intt~nfJivc ca ee tlni t:.

'1'h01'c' ,~afJ :1 dOo:.lth ina ,~oman (li (It)nonod au 1II\vi og l~ml'elJt'a1

malaria, who prcoonted late •

.;; 17711" I



... "'."""
(]
o

study of t~he of parasitized and
This may' a08iol:. in

n'trt.tu·c research Ln the fiel(l of malada coul d indudo a

non-parasitized red bluod cello.

travellel'fh Travellel"n gheuld ...Lao b(~ edueabcd about the

fatal risk of malaria. and knowledge of diagnosis and
trea~ment of malaria by health cara practitioners could
be impr(W{'d to }.)otter aehreve thin object! ve ,

l)

I

.. (!
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SECTION 1.2 THE ROLE OF IRON IN MALARIA

1.1 Tho met.ahe 1inm of: i l'('H inman f mctnbo 1io f

common fOl'nm nf nut r i t; i.ona 1 Iron io

Weatherall, 1908). Tron hao the ability to accept and
donate eleetronn GaDily, thUD it haD a key role in

(Pc"" on and Hobinnon, 1976 ). 'rhus ' n 114m effic~i(>nt

and Weat~hera.1lrHHJ8 ).

Once i'l.'o1\ in int;lootcdit io kept uo Iub le by fmbutanecn

lact~O£(n:'l'in and fcr,ritin O'el:.o emd ncrnhlto, 19(9). 1>1orc

~han 80% of the hody iron in involved in tho oupport

of cl'yt~h:rocyt(l l'll:'(It1m~~tion an h(lcmot;Jlobin,in telw majol'

iron eont.a tning ("ompound of the be)dy (Ili llman i1 ad I"inf<'!hI

laos: PCaroon and Rchinaon, 1976 ). Iron io nloo a~

M444¥+4F =w ,

I



impc>l."tant component; of Inyt)globin and var Loue enzymes such
as the heme containing catalase,
pcroxidasen, the mctall( flavoprotein f and mitochond.t'ial
enzymes (Dillman and Finch. 19B5).

Body iron may be dif£erentiated between essential iron

(!Ontaining oompounda and tl10SC ecmpounda in which excess

()

1ron is stored. Quantitatively haemoglobin dominates the
,.

N1sential (Hillman and c'inch, 1905) •

Approximat.ely 25~~or t.he total body iron is r~tol.·a~leLron ,

m~rrnw and muncIe (Pearson nnd Robinson, 1976 ).

1. .2 The' tranGpo:rt of iron in a mammal ian C(Jl1

(The 1'01 o ctnd the "

Transferrin, a~ iron binding protein found in plasma, has
two binding oiten for ferric iron (Dillman and Finch,

I
~

memhruno . 'rho ,it'on-tTan~;;f;(>l;.r:in cOlllplnx hindn t:o eno of

thene trannferrin rccpptoro and io taken up by receptor , ,

i; ,

23
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pH dependent fashion (Brown et: a l , I 1(83). Tlw actual

steps involved in t'he removal of iron from transferrin

a re not known. Konopka ei: aI • (19aO, 1981) have...
ElU99cst.<,'d that the removal of Lron from transferrin to

ferritin is possibly mediated by pyrophonphato together

with other organic polYrhoph~test an woll aD ascorbate •

1.3 The offects of iron overload nnd iron deficiency

1.3.1 Iron overlond

Iron over load ma.y be due to eXCCGn iron il(1eumulat~ing from.
..

trilnsfusion t,hm.·'~l?Y tm.' n-thahmmemia (Lon0\1ev1l Ie oi:
)

al.t 1986}, Some of the iron in the plasma w11l also
bind non-specifically to Gerum proteins (e9pecially
albumin), forming low mol(lcul(u~ \V'f.'i ..ght iron complexes

Peto, 19l17). Thin iron p:t'onot:oll the

format ion of. hi~lhly l'(~ilet..ivc hydl.·cxy 1 l'ad.ie:ul s which

otimulat;e the pCl·I,xidation. of t:1w membrane 1i:piUD omwinQ

in

Gutteridgp, 1984 l.

jnvadino miarobes.



1.3.2 Iron deficiency

The main observable effect of iron deficiency is a
hypochromic microcytic anaemia. Many measurable non

degenerative changes of their mitochondria on

'.

haematological effects may aloo occur, for instance in

cpH~hclial tirwuen t brain, and co 11-mediat;oa immunit;y
(Oppenhcimer and Hundrlcksc, 1903),

Iron dc:f.iciCll(~y affe~tB ccll~mcdiatcd immunity via
altered lymphocyte I1lOrvhoh1gy (Pet.o and Hcrohlw 19(9).

Lymphocytos harveat.ed from Lron aef:id(mt patient~r'lshow

ultrastructural ntudics (Jarvis and Jacobe 1974 'f Iron

defit'ioncy ahm inhibitrJ DNA synthesis in human

..

haomopceb i.c t.i.asuos , pOfls.ibly by a d('creanc in activit;y

1976 ,.

2. Iron Bnd m~~roorgnniGmn

2.1, Moe:haninmo used by micl'ool'lJnni.~1mn to aequil'e i.ron
Xl'om the host

the one haetnrlum, tactohacillun plantarum which utili~OA

25
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cobalt instead of item (Pete "ad Her-shlco , 1989).

Microorganisms can assimilate iron frcm the environment
in many different wayr;I including incorporating th~ Lron
in solution (Fell, iron citrate, haem iron) or by
ahclating agents referred as sic3.ero)?hot'cs

t
to

(Bullen, 1.901).

Siderophorcs may be actively sccreted by the bacterium
i,tself or by other baet:~ria i.nthe aame environment. The

~roductiQn of those chelators is genetically determined
and doponds on tho iron l eve Ls in the environment. By

meann of siderophorea. microbes ean overcome the host's

iron binding £actorn (Peto and Ucrahko, 1999),

It is not necessary for certain p~thogenB to secrete
siderophoreg uti 1'i .~(' transferrin-bound iron.

,--....~~,
-.... , .._,'

to

dcvelopo a surface mechanism whinh recognizes tranoferrjn

planmidu enaod0 iran Be~uc9tering systems which ~nable

bactoria to obtain iron in conditions of limited iron
availability (Cl'mlll ,1U, 19(0). Tlw gonetic loo,ltion of
t.hNIQ Byst~emrJ whcthN' ehrcmeaoma l or cxtraehromormmal ,in

unknown (Finkelstein ct al., 1983 I.

"

I
~

I
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2.2 Iron and the malaria parasite

2.2.1 A parasite derived transferrin receptor

The is only prescnt on the
reticulocyte membrane and eventually disappears as the
reticulocyte matures (Enns rt al., 1981).

That'c have! been a number ()f reports on the possibiHty of

a par(uJite dez-Lved transferrin r(~ceptol:·. Pollaclt and
Flemming (1984) have shown that there is a subsb ntiull~{

higher uptake of: Iube lled iron fl"Om the extl~accllulill:'

a plasmodial derived transferrin-like receptor exists.
These ebservat.acnn are confirmed by other nt.udies which

reported isolating a protein in parasite extracts which

had the properties of a transferrin receptor (RodrigueZ
and JUI'\'gOl"Y, 198G~ Ualdtu' ei: ,~d.,19B6).

In contrast to the above finding" Pollack and Schnelle
(1908) failod to detect a transferrin receptor on the
membrana of f.luraniti,zNlt'rythl·ol:lytCl]. They revorted that
t rans!ert'in bi.nding the "transferrin receptor"to

was not limited to transferrin.

27
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Subsequently, the preaence of the transmembrane enzyme ,
transferrin reductase P. fa l ciperum infectedin
erythrocytes, has suggested the presenoe of a parasite
derived transferrin receptor (Fry, 1909).

Due to these conflicting cbservauLons th(~re is still
considerable confusion relating to the source of iron for

The formation of haemo2oin, the malarial
pigment, is some indication of haemoglobin catabolism
(Rudzinska and Trager, 1959 Deegan and Maegrait.h,
1956) .1 Howover, fl'C(> haem i.s alleged C('I be toxic to the
paraSite (Orijh at al., 1977), Me "eov!r, as tota4 haem
is no't measurab Ly changed, it. may be that the parasi.t:e
does not utilise haemaglobin iron (Ball at al., 1948) •

Uowever controversy still surrounds the i.ssue of the

"

presence of a parasite derived transferrin receptor. Ita
presence :is still in pal'asit.izednot, confirmed
erythrocytes,

2.2.2 The 1'010 of iron in the parasite

role of; ironTho ensontialan
nutrient (posoible role of iron f~ DNA synthesis of the
parasite)

28
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In vitiro studies suggest that the trophozoite stage is
most vulnerable to the effects of 1ron chelators,
implying that they may nffact DNA synthesis (Fritsch and

Iron19(2).Jung ,1986; Raventos-Suarez at al , r

.gchelators probably affect the functioning of the iron
dependent enzyme, ribonucleotide reductase, wllich ia the
rate controlling enzyme in DNA synthesis and ,requires
iron as a cofactor (Reichard and Ehrenberg, 19S3). This
assumption has been made as ron deficiency also inh5hits
DNA synt.hesis rn human hemcpce i.t.Lc tissues, again
probubly by the same ml"chanism (Hoffbrand et: el , f 1976).

In vi tro obso:rvat',ionDhave su£mested that it i H the
el:.ythrocytic !nsteild of the extrac .luliU' iron which } ~

~
k, ~
t/
!

serves as the e.t;sent.i.alnutrient as iron deficient SHrum
was equally effective as ncrma l serum in Stll?1?ol'ting t.he

Ln vit,t'o growth of: P. :(alc.'.ipal'uJrI I Po11ack and F.lchlming t

1984). This is ftlrthe:t'conHr.med Ly t.he findinc;)s of
'/
1/

erythrocytes in the trophozoite stage con~c"trated thr~e
times the amount of ~4C desferri~x~winc compared to
no~~par3Bitize~ erythrocytes.

MicrocytOSiS
anaemia, inhibits the proliferation of the pilr38ites

29
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(Nurse, 1979), During microcytosilEJ there is a decr-ease

in the size of the normal erythrC:'1cytes, thus in t;he

smaller intrac(dlular envt rcnmene there may be a

the i.nvasion by meroao Ltea devo Iopment: of.

depletion of t.he ess{~nt;ial intl'acellular nutrients such

as iron (Nurse, 1979). However a lo.ter study showed that

p.falci.pal·um in iron defi('ient er}i:h:l:'ocytes was not

limited by a decrease in erythrc:.cyte size (I.uzzi et ci l , I

1990). This suggests that the parasite is not dependent

on haemaqLobi.n iron.

2.2,2.2 Iron and free radicals

\lTithin the parasite CIheanacho "t ill. 1990). Thi.s

When the parasites are exposed to the Bynth~tic iron
che l abor , L2-9, it forms ,1 c.omp l ex with tht.- iron found

(Ihe~nachD at al., '990 !1(l, ll.well and Gut.\ tH'id~le t

... ;
.,""'" '((.

-

(1900) • '1'he effect,s of the aron

I,

1(84) • These radicals de~~~oy the integrity of the

The deat.ructave t.d'ft.H,':!t of the iron-chelat,ol" cmmplex i~l

£Ul:'ther emphasiZt!<1 by the fimUnSls of Ric(~-Evans ot: til.

desferrithioc1n, and the fmrrated complex forrithiocin,

,30
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,nbgrity of the (,l'ythrocytit~ membrane and Induced
f

wp.re observed on a model system of erythrocytes subj(1cted

:~o extracellular iron medi.at.ed oxidant atl'Ems. Membran(~

~jtudl' • showed that ferrithiod n d i arupt.ed t.he structural

ha(~m091obin oxi.dat.Len , It is tlHll'efol'(~ p()ssibln that

fOl'l:.'ithiocin has similar effo(,~ts on

erythrocyt(.'s I especially if there is a progressive

anerease in redox-aot.Ive iron dur i.nq t.he deve Lopment; of

tIw malarIa (Go}emwr ei: el , t per-sona l

communication). The pr(H3(me(;' of thiH r ron increiuwlil tho

sensitivity of these stages tu o~idant stress.

1\1ebanoH nt til.,

desff.!rl:·itllw.tnill(~ is deat.ruct ive via a mecharu am involvin~l

pl'omot(~sfree radit~als. Des:£errioxamine
..
,[

formation of dest.ru(~tive hydl.'()~ylradical!h 'l'h,iu effect

io most; pr-onounced at il pH 0:( 5,5 , whi.ch lI'l Hirnil.ll:' to

th(~ pH ()f Uw paranite food vaeuo l.e (GinnbunJI 1988) •

The p~Bsibility that desfcrriuxaruine inhibits the urowLh I

~

, I c:

,.
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3. Clinical observations on th(~ cut.come of iron

aupp.l ernenbauf.on

3.1 Iron supplementation nnd infcctions (c:liniNli
observations)

Barry and Reeve (1974, 1977) observed an inc~caBcd

prophyli)ctic~ iron dext.run , This suggests that inc:t'EHlsod
availability of iron to invading pathogens after iron
administrat:ion may have cauocr1.the ~.nfN'tlon 1;0 progreHs.

The eonver se is P8f:ontinlly what (I(ochanI ln73) dCHcribcs
as "nut.r i.t.i.ona l immunity" l>lhich cmphafl:i.3('f:) t:ho importance

of iron depriVation no a host def enne mechanism in
inhibiting the growth of invading pathogene.

A group of children received either iron fortified or

non",fortified mill<:: f;ormuIns and significantly

WHl.'O observed in the iron

f;ort~i.ficdgl'tnl}) up t;o 1.S mont}\Fl later (Andolman and
Scred, 1966). Burmnn (1972) observed no difference in
the ratc of infections between the control and iron
supplemented groups in a similar study. Thc impol'tance
o! tho host iron status on the outcome of infections has
been emphasizcd :tnmany l·cvim...s (Brock, 1986; Bullen,

1.981; nershka ct alt, 1988; Kochan, 1973; Pota and
UOl;'shk<:J, 1989; Warrl, 19H(i ; Wo.l,nlH}l'g, 1974, 1975).

..

,)

f



3.2 maLar i.a (tlI:i niealand
obsc);'vat.ioml)

OPE'cnhoimor (1989) and Hurruy et al. (1970) stressed

with caution in malaria endemic re~Ji()ns \\'hCl'(~iron
do£icicnc:y anaemia t,)<lr; eommen, They notied that aftor the

inhabU:ants thcm~ rece Ived

supplementation there Bocmed to be a 6cerudcBccnec of the
latent 'parafJitaOlnia •

BylCfJ and 1)' Sa <1.97Q), rcpol:tecl that thCl'C was a

i,).·on in:L\wions when ·)l,'cgnant;. A study
observed that only women in thoir first prcnn~ncy wore at

B risk of contracting malaria if they received iron
infusions during pregnancy (Drubln at al., 1983), In
latOJ:' rep()rt~H (Oppf'nlvdmer 1986, 1905} anain emphiHli.'~cd

on the.risk involved in pregnant women receiving iron
supplements routinely in malaria flndemic regions.
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Oppenheimer C1906n, 198Gb) performnJ a study among

i

3.2.2 Children

infants who received either iron dextran or pla~ebo when
2 monthti old. After 12 months, there were almost 50~
more p~tient9 in the iron treated group who were positive
for malaria. Althouuh malaria did not prove to be fatal
in either of the two oroups, infants receiving iron
supplements WOl.'C at a higher 1'5,ok of' dcvcl()ping thE:
disease. These observations give cvidenct for a possible
protective role of iron deficiency against malaria.

fevur associated parasitacmia

A st.uqy involving chilt1r(m, between the Ug(~B of 6 months
and 5 yeul'g conc Iuded tha.'t;, i'.hc:t'e Waf.) a hi,ghOl' l'islt of

during the rainy Reasan (Smith at aJ., 1909). Yet
iron~deficient children who received iron supploments 0;,;, ..

children belo\'l tho ago of 5 yearn are l'opol'ted l.:<:> be most
vulnerablo to iron doficiency anaemia and thus require
iron supplements (l\komma ot: [11. 1985; McGregor ot

«i «, 1%6).
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studies involving children alder than 5 years I have
suggested that mild to moderate iron deficiency would be
treated, without an increased risk 0f contracting malaria
as t.hey al'e semi-immunc> (Bates ot: ~11.t 1987; 11arvoy at:

t11. I 19(9).

3.;L 3 Adults

Two studies performed by Murray et ai •• (1975, 1978) also
Guggented the protective effect of iron deficiency in
infections, including malaria. Their studies i~volved
people in central African relief Gamps. In the first
study, 72 adult patients were given dicta supplemented
with vitamins (Murray ct al., 1975). Clinical malaria

t'lith theirtil(! patients'''as observed in .23 of
pl'u'asitac11Iia incroas3n9 f1"om 2rJ t.o l!FJ within 5 days •

It was suggested that the diet resulted in relative
hype l."£ 111'1'.1 entia which caused rapid multiplication of
exioting parasites.

I
~Tho second study chowed that after iron supplementation

thero '''el'O .1>, mUWFI t}i malaria in the il:on ...t~rcatcd group

..

171 subject.n) while only 1 ease wan abncrved in the
untreated control group (67 9ubjecto) (Murray et al.,
1978) •

..i.~."_ ....'..'O., .....
... :.. o ..
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In contradiction one study has reported the increased

4.1 Iron che Lat.or-auaed in man (Lron ovez-Lcad )

prevalence of malaria in iron deficiency (Masawe et al.,

1974), Malaria was ohserved in 24% of the iron deficient
9.l:'OUP eompar-ed to 5~; in the group who had non-iron
deficiency anaamias.

4 Iron chelators

Iron toxicity is a major 1i.re 1 imiting comt)lication of

weatherall, 1980), The clinical manifestations of such

thalassaemia 'najor and ot.her iron landing anaemias
muna~Jf'J by l'ep(Hlt~d blood ia'ansfunlons (Hc:t'shko and

Lron overload can be overcome by treatment llsing iron

chelating agents.

At ]?rt:sentI tl(~Hfe:rl:.'ioxami.nc(OFO) is the only iron
chelator commonly used :tor il'on over load (Portr:l' at «I «,

1989), Desferrioxamine in a naturally eccuring iron
cholator which has an Qxtremely ~igh affinity for ferric
iran (Hcrohko and Weatherallt 1908; Porter at al., 1909).

j,

In hepatocytBu, CFO in reported to chelate intracellular
iron I provcnt~ upt.ake o:t iron by cells and chelate

transferrin-bound iron in the axtracel1ular fluid (Daker
(It £)'1 , I 1985) ..

at al. r 19(0) •

It is administored parenterally (Cerami



DiethylAnetriamine pentaacetic acid (DTPA) is used as an
alternate to OFO in patients who are experiencing toxic
siae effects due to OFO therapy. It is a synthetic

ei: 131., 1985),

chelator which has a low affinity for ferric iron
compared to OFO (Hershko and Weatherall, 1988). It. is
hydrophillic and acts in the extracellular fluid (Baker

acidEthy1enediamin(~tetl:'aacet:i.c (EDTAI has similar
properties as DTPA (Baker at al., 1985). Although both
EOTA and OTPA causes signHicant iron excretion when
administered parenterally, neither is specific for iron
as D£?O (Cerami et: 131.,1900),

2,2'- 13ipyt'idylhas a high affinity for ferrous iron and
distributos in the membrane apolar phase. It blocks the
transfer of iron from transferrin to the "iron acceptor"
proteins by binding with the iron. It has not been used
in humans (Nunez at a l «, 1983)
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4.2 The inhibitory effect of iron chelatora on the
growth of P. falciparum lin vitro observations

Raventos-Suarez at al., (1982) showed that DFO inhibited
the in v.itro gl.40wt.hof P. falciparum Similal:'lyr
desferrithiocin, desferricriocln and lactoferrin have
been shown to suppress the groNth of the parasites
(Fritsch at Bl., 1987).

The B.ntimalal'jaI properties of orally active iron
chelators have been revi8wed (Heppner et al., 1988),

Recent1.!' (;finnon et: ,)1., 1989) reported the antimalarial
effects of the iron chelator, N,N'-bis(o-hydroxybenzyl)
ethylened:lamine-N,N'-diace+:ic acid (HEED) in y,titro.

It is possible that inhibition of the parasite grot\'chll)ay
not be caused by iron chelation Or deprivation al~~e.
When L2-9, a synthetic iron chelator was combined with
dcsferrioxamine, an antagonistic effect was observed
instead of the expected additive or synergistic effect
(Iheanacho et a 1 ., 1990). Ther~ may 1;hercfol'ebe anobher

mClchanism involved such BS t.he generation of free
radicals by an internal redox reaction of the preformsd
L2-9 and iron complex during a E'c...::l to Fe"''' t,ransit~ion.
Desferrioxamine and dcsfcrrithiocin inhibited liver
schizogony in both human and rodent malaria (Stahcl at
«i., 1.980).
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4.3 The inhibitory effect of iron chelators on the growth
of P. falaipaJ:"um: in V.i1rO observations

Pollack at al., (1987) reported that constant blood
levels of desferrioxamine are needed to suppress
p.faloipiiJ:"um in Aotns monkeys. Similarly r J.[, mice
infected with Pla.smodiutn vinckei, constant blood levels
of desferrioxamine are required to suppress the parasites
(Fritsoh et al., 1985), Interestingly, suppression of
parasite growth by OFO is independent of host iron status
in rats infected with Plasmodium bergbei. 'I'heinhibition
is achieved without reducing transferrin saturation or by
interfering wit~h haemoglobin ~)l;'oduction(Hershko and
Peto(1988).

The role of iron in the malaria parasite is n~t well
defined, although evidence for its effects exist. I)'on

39

chelators may be oons i.der-edas prospective candidates for
antimalarials.
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CHAPTER 2 MATERIALS AND METHODS

SECTION 2.1 IN VITRO CULTIVATION OF THE ERYTHROCYTIC
STAGES OF P. E'ALCIPARCW

1 Introduction

Prior to 1976 , the study of the immunology, physiology
and biochemistry of the mAlaria parasite was restricted
due to the difficulty of
is~lation from the host.

lintainig the parasite in
'...'he relatively slow rate at

which techniques for the successful oontinuous in vitro

CUltivation of the parasite were developed, was a result
of Lnadaquatie knowledge of the biochemi.stry of the
pal'asHe and of blood and its constituents. Durin9 this
period, the mai.ntenance of several sT'locies of malaria

-.\ parasites in laboratory animals greatly advanced many
aspects of malaria studies, however knowledge of
human mC"larJ.apa ....asit~ was limited.

DUring this period there Wi.i.S no completely successful
method to cultivate the intracellular asexual and sexual
stages. of the parasite c1eveloping in circulating
erythrocytes. These stages arc vital as they are
responsible for the pathogenesis of the disease, the
immune response of:~he host and they are a major target

"
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for antimalarial drugs in the treatmant of the disease
(WHO, 1972). Therefore techniques for the successful in

vi.t ro cultivation of the malaria parasit.es were urgently
requil·ecl.

William Trager began to tackle the problem 0f maintaining
the intraerythrocytic stages in long term cultures in
1941. He began l.Ah! investigatim'ls with Plasmodium

.2ophuree , and wa. successful over 30 years later •
Together with his assistant Jensen, he established the
first long term cut cure of P. :falciparum by technical
modificat,ions of previ,Qus methods which were used for
short term cultures (Peters, 1986 a). The successflll
long tel'm cnl,.;ureJ 1), falciparum has formed the basis
of many recent advances in malaria epi&emiology,
parasitology, chemothel'apy, immunology r and genetics.

2 Cultivation method

The par as i,t es were cultured ill vi tJ."O acoo rdd.nq t.o t.he

".\i
method desoribed by Freese et a1. (1~88), which is a
modification of the method of (Tra~er and Jensen, 1976).

'V'~"'~''.D J
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3 Parasite isolates

The parasite isolates that were cultivated were already
established. in culture. Two strains OL P. .falcipaJ:'uID,

the FCR-3 and the RSA-2 were cultured. These strains
were donations from Mrs. J Freese of the RIDTE i~
Durban.

i

I
~~.....

l
I
l

4 Factors affecting the continuous Ln vitro

of the} erythrocytic stages of P. :faldpa.1."um

cultivation

4.1 Medium

The medium used in our studies was RPMI 1640,
which waR supplemented with HEPES buffer, glucose I

hypoxanthine and genl:amycin.

Raut:i.nely, 1 1i,t.('o of medium was prepared by dissc-lving
the following in 900ml of distilled autoclaved water:

10,4g RPMI 1640 powdered medium (Flow Lab)
5,94g BEPES buffer (Sigma)
49 glucose (Merck)
44mg hypoxanthine (Sigma)

I

~
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The volame of this mixture was adjusted to 960ml by the

addition of water. In our ~1t~udiesr thiFl medium \lTtl8

complete medium (supplemented with serum and Hodium

referred to as incomplete or "",ashing" medi.um, This

medium was prepared for cultivation PUl:'POSCfl, by adding

4,2ml of a sr" sodium ht.ca rbcnat;e so Iut.Lcn and l.Oml of

poo l ed human serum to 90 ml of in~!olnplete medi.um, Thio

was referred to as compl et.e medium.

The pH ()f Uv'! a.ncompLet.e medLnm was (), 75. The:pH of Uw

bicarbonate) was 7,4.

!
!
!

I
1

,I

l
I

I
I, I

I
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I
I
I
I
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I
f
i
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4.1.1 Filtratiun of medium

The in(~omplet~e medium used in our Htud:i.es was filtered

through a O.22u pore membrane (Millipore), using a

pcdst,altle pump (Millipore) t and was d i.apenaed into

100mI aliquots and stored at 4°C '1'he medium tlTas

filtered twice using a separate filter each time.

(Sarehem) up tu 100mI. This BO 1ut.i.on \'l<UJ f 11i,('l'pd

thl'OU\lh a 0.22 u poro momhrano (1-li 11 ipol'e) and dj ol'Posod

j nco a.l i(iU()t:,~ and stored at 4°C.
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4.1.3 Preparation of gcntamycin solution

Gentamycin fHllphatc (Si~lma) was used prophylactically in
om: cul bur ee at a concent.rat.i on of SOmg per 1 litre of

medium. The gentamycin sulphate stock solution was

prepared at a concentration of 0,25 gtams per 5ml of
dist:i.ll(~dwat.er. This ee Lut Lon was filtered chrouqh a

O.22u pore membrane and stored at 4DC.

4.1.4 Iitol;'nge of med iurn

period for powdered medium,

il1complete mccUum and comp l et.c mcdaum (at 4°C) is 12

months, 5 Ncelw and 1 toJ('ck respectively.

4.2 Serum requirements

Iro HI mtain tlw PiH'twites iii cu lt~ur(~t we used pooled

human nfi.tum I
~
f
!
\
I
i
i ,

!
f ·

'1.1

4.2.1 l>l:eparntion of pco l ed human serum.
Human 1\'" blood \oJiH.> collected fl.·om sevol;i\ldonol'o in 10ml

911100no coated tubes {"rcd t.Ube.H r Hadem

which conta:ined

44
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'f ,.

then separated and pooled. Tht') pooled sorum was

inactivati.1d by heat.Lnc at 56°C for aplS~roximatcly 30

minutes. It WOB centrifuged at 1700 9 for 15 minutes

4.2.2 storage of sorum

The !'.lex-urnwns dispensed into stariit }Oli1l tubes and

4.3 Eryt.hrocyt;t'W

.
4.3.1 Collection of el'ytlu"ocyt.m3

P. £alaipal'um is maint~oined in cont.Lnuoua culture, using

the cl'ythl"oc'{tes from any of the ABO blood groupElt
provided i.t is compatible \<lith the serum be~ng used.
RClUtincly :in our studiN'l 0'" O.t:ythl'OCly1:CfJ ~~erc uaod :COl'

,,1Ulturin~j. 0'" blood was collected ;i.n lit,hi,um ..heJ,:j"lrin

tubes ("green capped" tubes, Radom Laboratories) from
hcalt~hy dOnOl"e. Thin blood \'l[W st~ol.'cd an wl\(.lle blood,

and was suitable for usc 1 week ufter collection.

'1'heblood was Pl.·cPUl'C'!l;(Ol.' cui tul'i.ng hy wa811lng with
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incomplete medium and {!(:mt:l':if;u~l('(lat 4~1) ~l fOl~ 5 ml.nutes
for each wash , l\!t.cr tho second wash , the supernatant

inc()mpleb! medium. A c(H·tuin volume (10 m l) l1f the whole
blood was poured into a centrifuge tube (Costar), using a
sterild disposable pipette (Sterilin) 'rho blood was

centrifuged at 400 9 for 5 minutes to separate the plaCIDa
fl.'om tht1 ee l l a , 'l'lle plasma and buffy coat ,...er(,~ removed
by aspiration. 'l'ho packed crythrocyt;e pellet remaining

after aspiration was washed thico with 10 volumes of

culture.

The blood fOlo' SC1'tul\ and erythl'ot'lYt.cs purposes \olas.

collnct!od by UlC South Afriean Blood 'J:ri.l1lsfuslon Scrvic!os

under the supervision of Mr. B. Nortman.

very
l'cquirements. The gas mixture uBc1 to culture our
parasites consisted of 3% oxy~cn, 4~ carbon dioxide and

93~ nitrogen CAfrox),

The qas initially passed through a sterile gas filtor,
!
1

1

, '~l
I

(Milli~ore) and than flowed through a sterile pasteur
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pipette which was inserted into the culture flask. Each
culture flasl<:was gassed for 20 seconds each time, and
the cap was immediately replaced and tightened. Each
time the cu It.urc :C:l,wk was opened ,(or any rcaaon , it was
regasscd.

The gas filter and pasteur pi~ettes were sterilized by
autoclaving at l200e for 20 minutes. The gas filter was

replaced once every month.

4.5 Parasites cultured in suspension

The parasite cultures were routinely maintained in
sUBpengion on an orbital shaker which agitated at 60
oscillations per minute.

5 sync~ronization

In an established culture, all the developmental stages
ar e genert"lly S(~Em in cuI ture at any one t~irnc. OUl:'

eu I turon wer(.,~rcmtllwly synchronized using the :Collowing

method described by r.ambros and Vand(:ll;·be.rg(1979).

using autoelaved distilled water. This solution was
£il tared t.hrough a 0,2~~u pore membrane lI. culture

!
I
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was synchronized when it had a higher proportion of
parasites in the ring stage. The culture was centrifuged
at 400 9 for 5 nu.nut.oswhich separated the l?<wa(Jiti2:cd

erythrocytes from tho medium. The supernatant was
~emoved by aspiration. Ten volumes of the sorbitol
solution was added to the erythrocyte pellet. This
suspension was mixed thoroughly and left to st.and at room

After 10 minutes thetompCl'aturc :for ),0 minut.en.
Auspension waB again centrifuged at 400 9 for 5 minutes.
The supnr nabant; was l'cmoved and the paeked el'ythrocyte

Freshly \'lt38hed un Lnfiect.ed cplls WH1'C added to the
parasites to increase the haematocrit.

Prewarmed completl~ medIum was added to the parasitized
The parasites were then gassed

described and incubated at 37°C.

(j 'rhe routine matnt.onancc of malnrl,(1cultures

6.1 The replacing of medium and preparation of thin
smoars

Routinely the culture medium was replaced and smears were
prepared once ever.y 24 hout's.
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surface of the flask which facilitated preparing a smear.

!.,,

The shaking platform was switched off one hour before
changing the medium. The erythtocytes settled on the

The medium was aspirated and discarded. A pal'lteur
pipette was moved from the front to the back of the flask
to lift cells from throughout the flask. Approxi.mntely
15m.l of prewal:'med complete medium was added to each flask
using a separate pipette.

erythrdcytes in cu luure medium. 'fhernfore in a tissue
The parasites were cultured in a 5% suspension of

culture flask of a volume of 250ml t 15ml of complete
medium was added to 750ul of packed parasitized
erythrocytes.

the following in 1 of distilled water:

",.6.2 Staining of thin blood smears

6.2.1 Preparation of stain

Tho blood smears were stained with GiemSB stain (Morck) I

which was diluted by a factor of 1 in 10 uBing phosphate
buffer' • The phosphate bMf:f:erwas pl:epared by dis solving

5,79g r<U:aP04 (Barcham) and 7,259 Na:;)HP04 2H:aO (Mm'ck) •
'the pH o:f t.he buffer t"QS bccween 7 and 7,4. '1'ho Giemaa

stain was freshly diluted uBing th~ phosphate buffer
immediately beforo using.
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smears were preserved by aoveri~g in xylene.

0.2.2 Brocedure for staining smears

'l'hethin smear was air dried and fixed with methanol for
1 minute. The excess methanol t..rasremoved, and the
diluted Giemsa was applied £01" 15 minutes at ro(";·
temperature. The Giemsa stain ,..r11Sthen rinsed with water
and the smear was air dried. The Giemsa stained thin

!
I

:;1
!
i

I
I
I
!

i
I. ,
I
I
!
,I
I
·1

6.2.3 Determining the parasitacmia

The smears ,..rereobserved under 1000 times magnification
using oil immersion. The parasitaemia (the percentage of
};.larasitized erythrocytes out of the t.otal number of
erythrocytes.), was dot.ermined by counting a total of 2000

erythrocytes. The thin smears were routinely prepared
and studied •

6.3 Subculturing of parasites

Routinely, if the parasitacmia was 5% or higher, the
parasites were Bubcultured by a factor of 50% or lower.
The parasitized suspension was centrifug~d at 400 9
fo.l;'5 minutes. The supernatant was removed by aspiration
leaving behind the parasitized erythrocyte pellet. The
volume of this pellet and parasi.t.aemiawas det.e,t.'mined.
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6.3.1 An example of subculturing of parasites

Assume t.hat; the par asLt.aemi.adetermined is approximately
5 % and the volume of the parasitized pellet is 750ul.
If a parasitaemia of 1 % in a volume of 750u1 of packed

"_'.,

a

erythrocytes is required, then in 750ul, oi packed
erythrocytes, a parasitaemia of 1 % i3 equivalent to 150
ul of packed erythrocytes. 150ul of the packed
parasitized erythrocytes is removed and added to 600ul of
newly waahed und.nf ected erythrocytes. 15ml of pr ewarmed
complete medium is added to the parasites which are then
gassed and incubated at 37°C.

7 Cryopreservation or parasites

'1'heparasites were eryopreseved using the method
described by Freese et al. (lQS8). A solution of 28%

7.1 Preparation of phosphate buffered saline

\

1 I
I!~

I
I'

"glycerol in phosphate buffered saline (PBS) was used as a

cryoprotectant.

11- ,,,, .
..

in 1 litt'e of ddst.aLled water. The buffer was diluted by

The PBS was prepared by dissolving 729 NaCl, (Sarch(~m)t
18,559 Na2 HP04, .2U20, (Merck) and 4,3H IW:.,P04 (Sardwm) t
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a factor of 1 in 10 using distilled water before it was
added to the glycerol.

7.2 Preparation of 28% glycerol in phosphate buffer~d
saline

determined. The packed erythrocyte pellet was mixed with
an equa l veIume of the 2SfJ glycerol in ph(a'phat~HImrferf~d

The speci£i.c denslty of glycerol (Merck) is approximately
1.257g/ml. Thus 28g of glyceroJ was equivalent to a

volume of;22,3ml which was diluted to 100mI using the
pred ilut.ed PBS. This solution was filtered through a

O,22u pore membrane and stored at 4°0.

7.3 Parasite stag(~

The parasite cultures frozen in our laboratories were
the ring stage.predominantly in

centrifuged at 400 9 for 5 minutes '1'1Ie supornat.ant; was
r emoved and the vc Iume of t.he packed

saline. Approxiroately 0, 5ml of this auapena i.on \'I1ilS

aliquoted into NUNC cryotubes (Sterilab services). The
parasites were placed into liquid nitl'ogen

minutes of adding the glyt~ol'o1 mixture.
within 10
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B Thawing of the cryopreserved parasites
0IIII\

The cryopr~n-~ved paraHites were thawed usirg the method
described by Freese at a l , (1988). Using t.h Ls method,
throe sol.ut.i.cnswere required t.o t.hc.w the cryopr(!served
parasites. These solutions were 12% NaCl; 1,6% NaCI; and
Org~ NaCI with O,2~ glucose. These solutions were

and aut.oc Laved d iata Ll ed wat.e r , The solutions were

fi 1tar.ed through a 0, 22u pore mombr-ane •

8.1 Method of t.haw i.nq (used in our Laho re.t.orv )

1) After the frozen NUNC tubc~ were removed from the
1:iguid nl.tl.·of'l(:>n, the blood WdS rapidly t.hawed in d.

waterbat.h at 37°c with.... 30 s(~conds. The
suspension was immedlately transferred to a aen~rifuge

tube (Costar).

2} To every Iml of the blood suspension, O,lmi of the 12%
NaCI solutjon was added This solution WMI added

the blood suspension, while mixin~l

constantly. The su~pensiQn was left at room temperature
fot' 3-5 minutes.
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3) Nine volumes of t~e 1,6% NnCl solution was a~dcd to
the ~uspension i.e. (9 volumes with respect to the
grythrocyte pellet). This BUB~ension was centrifuged at
400 9 ~or 5 minutes.

4) The supez-nauant; was retnov(~d, and 9 volumes of the

final solution was added t.o the rema:Uling cl:'ythrocyt:.e

pellet. The suspension was centrifuged at 400 9 for 5
minutes. 'rho sup!''natant~ was removed and newly washed
fresh uninfected et'yt~hrocytcs wr!.t'c added to the that~ed
parasites to increase t.he haemabocr-d.t.,

5) 15m1 of prewal'med oomp le+e medium supp lemenbed with
20ml of serum per 1. lit,re of medium was added to the
parasites whd.ch were then gassed for 20 seconds and
incubated at 37°C.
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SEC1'ION 2.2 CUBLATOR SBNSITIVITY TESTS

:1 Introduction

Iron .in an NlRf'nti.itl ql'\Mth nut.r-Lent: to v t.rt.ual Iy nlJ

\'11.1:,11livinq
1aetobad 111 (Pe t,,1 <llll! Ht!rnhko I 1 \lI)!}), 'I'll" inf l uuneo of

19B!)} ,

anothor vital facior in the nvnilnhility of tho host's

'rho

parasite and in therefore dependont on its host for
ol'J1wnl Lul nnl:.l.'il'fll:n. '1'110 lhlflt iron ntat.lHl probably b.w

V.Il' j lill n

fill t -.J /.Hll'lua i.r v i 1;1'0
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of P.We investigated the in . viiiro sensitivity

£.11c:iparum to 6 chelating agents.

2 BBS~C requirements f~r the lreliminary and final

t'xperiments

2.1 Chelat~()J;:'s

4. D'fl'A. Diethylenctriaminr: pentaacetic acid

Tht"! sensitivity of the malaria parar:litewas evaluate,l

against 6 ahelators:

1. DCBfcr~iOX8minG (Ciba-Geigy).

2. Dcsferrithioain (eiba-Geigy),
3. 2,2'- Bipyridyl (Flulm Chemika).

(Plulm ChemiJm).
;; • EDTA. Bt~hyIcncdiundnetctraacotic acid Wml).

6 • l~GTA. Sthy 1one 9 lyco I-his (B"'uminoet;hy1

cthor)-N,N,N',N'-tetraaactia acid (Boehringer

Mannhoim) •

2.2 Medium used to diooolvo the ahelatol:'o

The ahelators were soluble in the culture medium.

SCi
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Prepa.t'ation of cu l t.uro m=daum

'1The following were disBulved in 900ml 0f double distilled
aut.oo laved \'lat.ol':

10,4g HPNt 1640 (Flow I,a}»

4~J ~ll ucoae (MerekJ

In our

med i.unr. Thin hYPoxdnth i.ne

ineomplet(' medium \~'HJ fi1 tc'l'od through a 0,22 11 filte!'

(I>1illiporo). \'Jhenthi~l medium in £Iu~1fllemented\~ith human

<19"'9).

The preparation of til(> human serum and NanCO:~ ,lrn

dmlCrl.bed in Section 2.1 (cu lt.avat.Lon T,ll'thed).

2.3 ehelator nenoitivity teets (use of mierotitfl

'rhe method unod

A. UWUIlIij
o
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NiCl'Clti t:rat.ion tochniques were used to mcasure the

activity of the chelatorB. 'I'he miel'(Jf~i tel' plates

matrix of ('!ight ro\·w (A to II ) and 12 col umna (1 to 12)

\lG shown in Lhe c;Uaqranu:j of t.ho 96 well platen.

2.4.1 Parasite inocula

two inolatos of P.

in fignrn 2.1.

\ ,
I

! ,
i .... "j
J

! .-
! ~t

\ ,.

I ....
"",,~,~

I ~
.'

l~
I
!

I
i JI

I ,.
I

I ~~I

I 'I
I'

our laboratoricG as described in Section 2.1.

~!.4.2 Hyrwlll.'tHl i 2.1 I ion

Vanderberg (1979) us dOHcribed in Section 2.1. which

to 17 hour n to nmUu'C' to t ho mitl .md 1<\1.1' \.t·(1phn;~ni.tC'
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Figure 2.1: ~hotograph of a thin blood smear
depicting parasites synchronized to isol.ate themature stages used in tho chelator sensitivity
tests.
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parasitaemia is equivalent to a volume of 42ul. 450ul of

nl;~'I'llywashed 0'" erythrocytes and 49, 5ml of hypoxant.h i.ne

£rf!O comph~te medium an' added to nhe 42ul of tlw pe l l et,

to make 50ml. Thus 500ul of packed el'ythr~)('ytes in 50 ml

of medium results in a 1 % haematocrit.

:2.4.3 Preparation of parasites f()r axpe r i.mentrs 'dilutions

of stock cultures)

Tho stock cultures of the parasites were diluted to a

final parasit:aemia of 0, 5!'J and haemat.ccri.t. of 1!~ us Lnq

newly washed 0'" eryt.hro(.~ytes and, hypoxanthine free

complete medium.

2.4.3 (a) An example of a di1ution of a stock culture:

In all the experimenta, far each 96 well plate, a

conat.ant. volume of 50ml of t.he parasite suapens i.on with a

pal'asitaemia of O. 5~J and haematocrit of l!'~ WaS prepared.

The stock cu l t.ure t suspens i.on) was centrif.uged

400 9 for 5 minutes. 'l'he supernatant ,');1(3 removed and t',he

volume and parusitacmia of t.he remaining pellet was
det,ermined.

Assume that t.he volume of nhe packed erythrocyt.e pellet

is 500u1 and the parasitaemia is 6%. If in 500ul of

packed crythroc!ytes bhe pal'asitaemia is 6~~, then o. 5~;
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2.5 Preparation of an erythrocyte suspcnsi0n

"II

1~~ (;!l:"ythrocyt~aunpnnaf.on in hypoxanuh i.ne free complete
mediUM which served an an erythrocyte control
prepared for each Dxporiment. For each 96 well plate.
approximately 10m! of this Buspension was prepared.
100ul of washed o· erythrocytes wa~ added to 9.9 ml of
hypoxanthine free complete medium.

3 nade design

The following doscribes tho basic design uRed to study
the sensitivity of the pn~aRitcs to the G chclators.
This design was uged in the preliminary studies and final

3.1 Preparation oC the microtiter plnte

1) The plates were prepared using sta'ict ascptdc
techniques inside the laminar flow hood.

2) A Gilson pipette with sterile tips ~as used to add the
chelator Bolutiona And medium to the designated well,

61

...... ··~, ... _ ......._ ...... __ ib&IMlIII·~· __ *""ti"".~

L •, '"
t

I·, ,.,~'
{

[ /

l~
I
I

k, ,. ¥ .. 4 MlIJ.I

,.

,.

,

I
,J' ,I

rtRWbl'~.W



3) 25ul of the appropriate chelat.or solution was placed
into each well as indicated in the specifi(~ diagram of
the 96 well plate. The 25u1 of chelator solution was in
a :final volume of 250ul therefore the di Lut.Lonfacto.' is
1 in 10 •

4) In the wells denoted as ce .rt rol \..e110 , 25ul of

complete medium was added.

5) A constant volume of 2QOui of the parasitized
erythrocyte suspension described above in 2.4. was added
to all the wells besides the erythrocyte control wells.
In these wells, ;;WOulof the equivalent suspension of non
parasitized erythrocytes described in 2.5. was added.
These were added using a multichannel pipette with
sterile tips. Thus the total volume in each well at this
stage was 225ul.

6) Each concentration of a chelator was analysed in
guadriplicate. The test wells contained 25ul of chelator
solutions of tUffer(mt concent.eaud.ons and 200ul (J£

parasitized suspension. The pqrasite control wells
contained 200ul of parasitized suspension and 25u1 of
hypoxanthine fl'ee complete medium. Thc~(n:yth1'ocyte
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control contained ZOOul of non pazas.i.t.i.zedwells
erythrocytes and 25ul hypDxdnt~ine free complete medium.
7) The plates were prepared as described above and were
placed in a humidified airtight box. The box was flushed
wit:h the gas mixture for 5 mmuues using the gas valves

Yl t.he lid of t.he box. The valves were sealed and the
bo)'..containin'd the 96 well plates was incubated at 37t:)C
for 24 hours.

3.2 Preparation of isotope

The uptake of G-3H hypoxarrbhi.ne (Am(!rsham) 'lias used as an
index of growth of the parasites.

1) Th~~isotope was supplied as a lyophylat.e (l-5Ci/mmol)
in ampoules cont.aanf.nq 1 mCi. The contents of a sing Ie
ampoule were dissolved in 2 m! of 50~ ethanol to provide
a stock solution which was sto)"edat -~!Ot:)C.

2) In our experiments for each 96 well plate, 200ul of
the stock solution of the isotope was used.
preparing thp isotope for addition to the mi~rotitcr

I
I
I

I,1

plate, most of the et.hano l was evapo raued from t.he 200u1

sample of the stock solut ion in 0. r:1t~l'(MmOt nit roqen gas

(Aft"ox)•
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1) At. the end of the second J.ncubat.Lon period, t.he pla.l.es

3) Approximately 4,9ml of hypoxanthine free oomplet.e
medium was added to the remaining isotope.

3.3 Labelling of parasit~B

1) After the 24 hour incubation Fwriod as described in
3.1.7 the plate was z-emoved from the box.

2) 25ul of the lsolope solution was added to each well.
Thus t.he tot..l vo Iume in each wf'llwas; 2:lulor ehelat()r

25u1 of inotope solution t

200ul of parasitized Inon parasitized Buspension ~ 250ul.

flushed with t.he Ha.s mixtur~! for 5 minutes. 'rhe gas
valves ,'.'e1:'Oaea Led and the box waa Lncubat.ed at 37°G f.or
an additional 18 hours.

3.4 Harvesting of parasites and sC1ntillation counting

were harvested using an automat.ed harveat.er

.--;~~~.:: -~~.-~- ...,.,~--"';!:.~~.-·.f'·.~-~""'.--1!I!/Ij~"..'11111,,: w_~P_, T~
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(Titertek, Flow laboratories).

2) The ce11 harvester aspirated and dep~ited thp.
particulate oontents of each well onto small diHks of
filter paper. These paper disks were than washed
automatically with distilled water.

3) 'the fiIter paper disks from the cell harvester .qerp
dried in a hot air oven. Each disk was placed in a g1as ..
scintillation vial containing 5m1 of Aquagel (Chem1ab).

4) Each vial was assayed in a liquid sointillation
counter for a period of 1 minute. Disintegrations per
minute (PPM) values were obtained.

4. Preliminary studies

~reliminary studies were performed to assess if G 3H

hypoxanthine was a suitabJe index of growth of the
parasi'l;es• In these investigationsr the sensitivity of
the RSA-2 strain was evaluated against the 6 chelators.
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4.1 Preparation of chelator's

'Nw Eol Iowi.nq f:oi'mula wan uced to ca Icu lut.e Ute t"oi~Jht of

801ution of each chelator. The stock solutinn was then
used to pl'Opat'i> further d i.Iut.i.ons,

where,

t,;o!ution.

Chelator Molecular wei~Jht (MW)

i
,>' 656,0 U

2(1(),b \1

156,10g
372,24\3

300,359
:~9;Lo q

El1TA

[1'1'1'1\

1/

#
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filtered through a 0.22 u filter

The stock solution!'; \'101'0 tJrepilrcd in ineompletc

hypoxanthine £reo ou.l tU.l'emedium. The diluted £101ut;iC>r\f1

were prepared using t:hn sbook [,oluticmfJ and hypoxanthine
free incom~lcte medium as a ddIuerrc . All solutions were

(Hill ip(:)l'E»• The eoncerrt.eat.f.ons 01: a opcci:f:icdv",latar
used in the preliminary studies arc indicated in figure:
:2.2. The platen w(~re prepared and Lncubaned as descl':ibed

in 3.1.1-. Tho aubsequent, steps in i~,}mrm

exp(ll.·im(~ntsi.e. the Jubell:b'lg and hal'vcmting af the
para<'litee ,-Jere t.hose describ(~d in 3.2, 3.3, and 3.4,

The restllts of thegn 3tudics are presQnted in tho Rooultn
chapter.

5. Final experiments

doso ronponno curve of oach chelator wan dr~wn.

5.1 DOBe response eurves
I

I
I

I
I

I
I
'!

The senoitiviticB of botb strains Df parusiten, the ~CR-3

'I
j
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Plata 1 Plate 2

Fit.jUt'O 2.2: l)e~ailod. p1,\11 of tho 9C> \·mll plates \wed, t.() ovn.lu~~~Q" tho
Gensitivity of the RSl\r.'2 strain t(l tho G cholat;ol:G 1.1"1. t~hcrn;'ol:J,H\1UUry
s\~udics • In each vlato, tho o:{;fmJts of 1::.\'/0 (~l1elu.toX's,·lOra ~~1::.udiod!
I?luto 1 - UFO and D'r1?A
i?lat(;) 2 .~ Dl:''l' and l~G'.L'l\
l?La \~O 3 ~ 13II? and ElY!;1\.

concentra.i~ion r[mgc of the G ehajat()!~s: OJ ?-2StG ~tH. Eaeh ccm.c:cntrution
\<lLt8' nnuJ..~tHcd in quadriplj>(~t).to.
control 1: r~rythl.·ocyto control
control 2: l?aras.i.tc cont1!'e>l

..
"~~,,\~ 0
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5.1,1 Preparation of ~helatarA

The formula mentioned in 4. (preliminary studies) wan

for the preparation of the Ato~k solution of each
chelator. 'fhn Gtock and d i1ul:('d no lut; Ionn W('l'Q ["'cpa red

in incomplete hypoxanthino free culture medium. The

the dilutions nre stated on the respective diagrams of
tho 96 wellA plntes,

The con~0ntrationB or PAoh chelAtor nand is stated on tho

che:i.ator

DcnlOl'X'immmine. 2.3
ON1.te-rf'i t:hiocin
2t2'- Dipyridyl
ED'l'A

D'l'VA
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rrigurc 2.3: Dctaili'.id ;lo.n of the: 9G \.Jell plate. u~od.
to cvo.l\.\L\te the.} Gcnr.iti'·i":.y of the l:\CR~3 und RS1\-2
strains to 'le~'jfc:r:rio:xamino o.n(.l d(}::;fc:r:rithiocin.
Ccmcontj:uti..:>l1 ra.nt1C! :L""30 !>~t-l. l~uch COnaCl'l.tl:ut5.cll'l.

• I;~t:l.nani:\lyr,ot1. in qua.dr.i,p1i(,mto.
0011.'1:1;011: 'Dilro.uitc contr.ol.
C:ontrol ',.},:F.l:yt~lu:ocytc con\~,:ol
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Figure 2.4: I'K1tniled plan of tb,o 9G ~/(illl 'plate used
.t.o eVillut\\:'o the sensitivity of t.he I,'eR--3 ilnd RSA""2
, strains to 2,2. I "'bi},")yridyl. Conccmt:.ro.tion rilllge: 2-

ilO 1-A1'1. lti.,\ch concentr;;~tioll \'1il1:> analysed in
quo.dril)lica.tc.
Contro). 1: 1:>o.r;'113it.ocontrol
Control 2 ~ Erythrocyto contl~ol
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Figurc 2, S : Detailed plan of the 96 \',,~ll plate used.
to cvaluate the sensitivity 0:5 t.he ;"CR-3 am1. RSh-2
strails; to EDt.rh and ECtTA. concentration l:'f'lngc: '0'"
1000 },IN, Each concentration 'tlU~; amllyt:. ' in
Cl.uo.dril")lioate,
control l! -parasite control
control 2: Erythrocyte control
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Figure 2.6: petailed plan of the 96 well plut~ used
to evaluate the sensitivity of the l:~CR~3and RS]\~2
strains to J)'.rl?A.concentration range: 3"240 llM.
Each oonccntl:'atiI:H'l. was analysed in qua.dr5.plicate.
control 1: l?arasite control .
control 2: Erythrocyte oontrol
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The plates were prepared and incubated OlSdesoribed in
3.1.1-3.1.7. The subsequent. steps in these experiments
i. e. the label! ing and harvesting of the parasii~es were
those described in 3.2, 3.3, and 3.4.

5.2 Combination of a chelator with an unaaburat.ed

chelator

The e1:fect of desferrioxamine and 2,2'-combined
bipyridyl was evaluated aga'itlstthe E'CR-3 strain

5.2.1 preparation of chelators

The stock and diluted solutions of des£errioxamine and
2,2' - bipyridyl were prepared in hYPoxOlnthine free
inoomplete oulture medium.

5.2.2 Preparation of.microtiter plates

1) A defined combination of the two ahelators was
Olnalysed in -triplicate. The two che Lat.or-s were combined
as indicated in fig: 2.7.

2) 25ul of each chelator solution was added to a well as
indicated in fig: 2.7. If the oonoentl'ation of a
chelator was stated as 0 uM, 25ul of complete culture

I
I

-, .1

'1
I
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Concentration range of 2,2'-bfpyridyl

Figu:t:'e 2.7: Detailed plan of the 9($ ~.,rell plate!.{ uaad to eV<l.ll.late.~he
"'cnsitivity of the FCR-3 strain to the combined effect of dCBfer:t;'ioxamlne
~nd·212/-bipy~idyl. Eanh combination was analysed in triplic(';Ite.
contl::ol 1: J?aras:tte control
control 2: Erythrocyte control
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medium was added. 'l'hc total volume of chelator solutions

the wells designated an para3ile nnd erytht rte conbr oI

in each tost wcll was SOul, (25u1 of each chelator). In

wclls , 50ul of complete rneddum Nas added •

3) 175ul of the parasite suspension was add~d to each

weD, axel uding the e"'yt~l1t'ocytc control weILs in which

sus~ension wan ad~cd. The Fnrasite and erythrocyte
175u1 of the Os J.'I1'Cllcnt non paras:i. tued (:;.rythrocyte

suspensions arc described in 2.4. and 2.5.

4) 'rhe chelator solutions and l?,'1l;'at~itcswere addeel t::otho
the plat~cs as dcscl:ibc{l in t~hc. above stCl?s, l'he plates

5) The subsequent, fli:CPS in thi!'1 cxpcrimeX" ',. c. the

wcrc gassed and incubated an described in 3.1.7.

labelling and harvesting of the parasites were those }'30

desoribed in 3.2, 3.3, and 3.4.

5.3 Combination of R chelator with an iron oaturated

5 •3 .J. The !1pocrt:.r()sco:picti tl'a'l:ionof :2 r 2 1 - bipy:d.dy 1 and

..

fe,t"l'OUS ammcrd.um $ulphntc
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ferrous
This titr.ation e lined the molar concentration of

to completely saturate
2,2'-bipyridyl.

5.3.1.1 Preparation of solutions

The solutions of 2,2'- bipyridyl and ferrous amMonium
sulphate t sazchem) were prepared to a final concent.ration
of 1 mM in distilled water.

5.3.1.2 Spectroscopic titrAtion

A fixed concentration of :2,2'" bipyridyl (1 roM ) was
combined \-:ithvarious concentrations or fe:t.'rousammonaun,

sulphate. The absorbance of these solutions were
measured at 520 nm, using the ultraviolet/visible
spectrophotomete, (Phillips, P08700 seriea).

5.3.2 Combinatl.on of a che latio r w~ th an Lron saturated
che Laco r

The sensitivity of the FCR-3 strain was ~valuated against
,

1
I

the following:

a) Combination of 6 uM d2Rferrioxamine and various
concentrat.ions of unsatul'ated 2 I 2'- bipyridyl.

o
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b) Combination of 6 uM dosferrioxamine And various
cencent rattone (If iron fm\:.ut'tlt('d 2,2'- b:i!)yri(lyl.

5.3.2.1 ~rcparatinn of chclntnrn And ferrous solutions

2,2'-h~pyl"id"il in hypoxanthine fron
Incomp l et.e mnd i.um , of: ferr.otH1
ammonium Htllphab' \hW In'('piu'('d 'in d:i.tlt;.ilINt 'oJntC'l'. 'rhe

and hypo;·ant'hin(' fl'('n incoIT.plf'te mod.ium tul a diluent:.

2,2'- hiflyridyl.

l)

in Quadriplicatc.
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fit.AT£ 1

PLATE ?

1:"'i~r\u;a2.13! tl(l'I:, ..~ilccl plan oj: tho % ....i(~ll plat;.ct3 unccl
to cval\w\'.c tho t~cmtd.\:ivity of \.~t~Qn'CR-3 t:t~t'(1i,n to
the combj.l'l.Od o;[f;cci~ of G ~~H dc~,fm=l:ioxnminc and
varj,()uG (;oncontratj,m1S of um~n'l~\ll:c~t~!d2,21 -hipyridyl
(plnl.:',o 1) ~\:\d j.l:on fm1..\u~L\t(~Ll2,? 1 -b:i.i\Yl~i.dy:t (plo.t(}
:t). f:~\ch ct)m'i;)inut:Lon \·mu Ilrl.u:J,ym:d j,n \~u(l.dJ;:\,pl.;'cal~/' .
GOn\':,l~oJ, ,,: rJiu~tI.:;,l,\~neor.t,rol
GClntl:ol :::: Er~:th:t:O(:V\~O oont::::'ol
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3) 75ul of complete medium was added to the wells
designated as control wells (contajning no chelatot's).

4) A constant volume (150ul), of parasite suspension was
added fo each well besides the erythrocyte control wells
in which IS0u1 of the equivalent ~on parBsitized
erythrocyte Buspension was added. These Guspensions are
described in 2.4. and 2.5.

b) Combination of 6 ur-t OU'Oand var i.ous concentrations of
iron saturated 2,2'- bipyridyl.

1) Bach combinnt:ion of G uH D1\'0 and a certain
conc(mtration of iron satul'at:.ed 2 f:>' t.. bipyddyl was
analysed in quadriplicate.

2) 25ul of a certain c01centration of 2,2'- b~pyridyl was
added to the wells as specified in fig: 2.8. 25ul of
the etauimolar eoneentration of tho ferrous ammonium

t.ho I) ')1_..,_,'" bipyridyl to
form i'l oomplex. 250tll 0(' t.ho 6 uM CPO solution was addC'd
to t.he complex formed in oach wo11.

3) 75u1 of (~ompl etc medium wan added to t.he wells
designatod as contral welle.

so
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4) A constant volume of parasite auapenad.on (l~Oul) WiW

added 1;0 each we Ll bCBi(les the eryt.hrocyte cont!;'{)! wells

In these wells, 150u1 of tho equivalent non parasitized

erythrocyte 9uFJpennion was added. These SUH}?E:msi(msU}:c
describod in 2.4 and 2.5.

5) Aftqr b(J\~hplates 'llore prepared as dEwcribed in a.
and b.
3.1.7.

6) The 'mbsoquent nt.eps of labe!lin~ and harv{,~stin9 the

pilrasit~eH were df.~seribetl in :~.2t 3.3, and 3.4.

5.3.3 The spectroscopic t~tration of desferrioxBmine and

2t2t~ bipyridyl

This titration WilR performed to determine if a dire~t
(:hemieal. andbetween

dcsferrioxaminc existed.

5.3.3.1 Measurement of absorbance nnina distilled water
to dissolve the che1atorn.
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The absc rbance spectrum of 2, 2'-bipyridy J. disao! ved in

water was meaaur.ad , The changer; it' ,': a spectrum was

measured an cCjIli'd volume 0;( desfnrl.'ioxamin(:aftci'

solution in watcr was added to the 2,2' -bipYl.'j.dyl

solution.

5,3.:3.2 Ncasm'ement. of absorbance \"sing Lncompl etie medium

to dissolve tho chelators.

The absorbance spectrum of 2,2'-bipyridyl dissolvad in

thin spectrum was measured afte.t' an eque l volume of

d(mfcl'rio:mminc so luti.or, o,n hYt'o~tlnthine :fl'cc incomplete

medium was added to tihe 2,2'" bipyridyl ~mlution.

6. Oat. .nalysis and expression.

1) Results of the scintillation counting were expressed
as diointcrgrations per minute (DVM values),

.
:2) Tht~ mean DtIM val uo l"ll I;ho ('lyt:hl:'(H!yte eontl'{"Ilwallo
wa:-; det~el'mined. 'I'hin val \10 t.,.an rmbtriwt('(l f rom tho l)VM

value obtained for ·each ch01ator tent well and varas5tc
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3) The mean DPM va l ues wc.r o dotermincd for each
concentration of chelator tcstp.d, cach combination of

4) Thc moan DPM valuee of the chelator test wells were f

chclators, and the parasite control wells.

\\

control (nQn-~hnlator control),

t) ) rcsponsc ~"rVeR were generated using the
Enzfitter Data Analysis program (SlsQvier Biosoft) using
the followin9 sigmoid dOll!' l'cstlt)nso ('I1'la'l;1 on:
Effect (%) = 1001 (1 + (~/!C~o) Pl.

100 represents the maximal 0ffect achieved.

C ropresents the concentration of the chelator uscd.

leno repreacnts the 50 ~ inhibitory concentration of the
chelatol".

()

P reproacntn tho alope.

i

03

\\



This program is a non linear regression data analysis
progl.'amwhich uses Marquart alogarithm. The reduced ohi
square,is optimised to achieve the best estimates of
parameters of the sigmoid dose response equation.

the

Thp ICoo values are exprcssed as means with standard
d(.wi.a.tions.

6) The chelator combination curves were dratllnusing the
percentagc DPM values on the ':l axis and the various
ccncerrt rnuf.cns of the. ohe lat.or added to the one fixed
concentration of another chelator on the x axis.
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CllAPTER 3
RESULTS

1. The dose response curves of the 6 oheJ::Itors

The sensitivities of. both strains, the FCR~3 and the
RSA-2 \lIe1'eevalua.ted against the 6 ohelators.

graphically. In the tables, the concentration of the
The results are tabulated and are also represented

by DPM. The PPM values of the chelator test wells are

chelator is stated in uM, and the paraHite growth is
estimated by t 3H 1 hypoxanthine incorporation as measured

("Iompa.redto the mean DPM of t.he non che labo r cont.ro Ls and
expressed as a percentage thereof. These peroentages for

expressed with standard deviation in tables •
eaoh oonoentration (or combination ooncentration) are

In the graphs, the x axis represents
concentration of the ohelator (log C),

the logged
The y axis

(Effect) ,

..,..represents the DPM val ues (pa.t'asitacmia) obtained for th(!
ohelator t.est wells eXJ?resl~edas pClrcentagos of the DPM
values (parasitacmia) obtained far tho control pnrasites ,> '
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The results of the preliminary studies in which, the

sensitivity of t.he RSA-2 strain was evaluoted against the

6 chelators \.,i11 be pre~lented first in the case of each

chelator. The reslllts of the final experiments will
f

subsequently be presented. The results of the
sensitivity of the FCR~3 strain will b~ followed by those
of the RSA-2 strain.
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1.1 Desferrioxamine

preliminary study

In the preliminary studies, orG inhibited the growth of
the RSA-2 strain at ooncentrations of 2 u~1 and higher
(refer to Figure 3.1),

I!'CR-3

rigure 3.2 shows the effect of increasing conce.ntrations
of DE'O'on t~he parasite counus , 0][0 i.nhibited che grcn.,rth
of this strain at concentrations of 1 uM and a~, Ie.

RSA-2

l}'igure3.3 repr€'.sontsthe scnsi:l:.ivityof the IU1A~2 strain
to various concentrations of DPO. OPO inhibited the
RSA-2 strain at concentrat.ions of 4 uM lmd higho.t'.
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ICONCBN'.t'RAT!ON (11M) l>lE1IN Dl?M >I- SD t"q ME1\t~DPM ~ SD-=
0 lG169 ,~ 498 100,0 + 3,070,2 15810 :;: 134 97,0 ± ()t83
0/4 15074 :;: 619 93,2:!:.3,00,0,8 lSGS9 :;: 157. 9G I a·,· 0,97. l,G 15020 '+ GOl !)Z,9 :;3,70
3,2 )'375G:;: 814 05,1 :£ 5,o~G,4 7232 :£ 12S3 44,9 :!:.7,7512,8 719'r 47 4/ <1 ." 0/292S,G 272:E 33 1,7 ± 0,20-

-'-l
,

,I

I
I
I".1\

1
j
I

F'igufe 3.1 The sensitivity of the RSA-2 stNin to vnfious
concentrations of dcsfcrdoxami no (pre 1itoi nary
study) .
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1
J C014CENTlV>,',ClON (1l!o1)_ t1E1\N 'Di?~14' SO ~'I t·lEl'>.N 01!M '" SO

.,__-

0 4525'\ 4' 1825 100,0 '" 4/03
1 35767 + 484 7!J/0 '+ 1,0',.
t. nooo + 232!J 70,7 "+ 5,lS
:I 30713 '+ 2~H1S 67,9 -I' 6,59
3,5 32.58S "+ 124.2 n,o + 2,74
4 :l02?') '+ 429 (jG,9 "+ 0,95
5 19aGG + 341!J 1,3,9 :£ 7, C

,

5,5 199M "+ 1909 44,1 ,~ 4,22
Ii 1611gB + 2913 :lU,S '+ 6,4.4. t,

6,5 OG91\ 71~ 1407 19,2 '+ 3,11
7 6679 '+ 1420 1l\,B '+ 3,14
B 5700 '+ 2SG 12,6 '+ 0,57
9 4635 :; 5l4. 10,2 -: 1,10

10 4347 4- 2G8 ~,G '+ 0,59
13 351\9 .~295 7,0 ~~ O,li5

lr, 29'.6 + 445 G,I\ + 0,90 ~

20 2. 9 + 212 II " .~ 0,1\7,~
24 ld"'] '+ 264 1\,3 '+ 0,51)
28 14!l3 '+ aio 3,3 '" 0,1\6
30 l!Hll '+ Ill<l 1I,Il 7- o,n

"

i
,I

I

I
1
f

I
1

Figura 3.2: it1C sensitivity of the FCR··3s1:r,lin to va"iousconcentrations of dcsfcrrioxamiM.
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~ONC~i\'J:ION ( Itl·1) t1'Cl\N Dt>li1 .. S1) ~\ MB/I.N 01't" t~§£__
C 291\(jl+ 1501 100,0 .~ 5,09
). 29043 :;:1619 9B,6 I 5,1\9
:! '27103 ~: 245 91,9 ~. 0,83
3 25303 :;: 254 !lu,2 I 0,86
3,5 27796 :j:' 722 94,3 + 2,45
4 21933 :j:' %1 74,G I 3,26
5 1!H1G7 + 1207 67,4 ;!: 4,09
5,S 16378 + 1781 57,J .:!:.G,05
6 1:1026 + 844 1\4,2 ;!: 2,86
6,5 :1.035547 1894 35,1.:!:. 6,40
'/ 6535 + l.lS3 ')2,2 '1- 4,01
8 5552 + GGa 18,u I 2,27
9 2013 + 240 9,5.:!: 0,82

10 2';)77+ 383 '.0,1 ;!: 1,29
11 1835 -l- 62 6,2.:!:. 0,20
3.:" 1622 + 138 5,5 1: 0,47
20 1260 ~; 36

I
4,;, ;t. 0,12

24 1030 + 57 3,5 :.t 0,19
23 ,"/5 -r- 35 2,G 1: 0,12
30 lllO ~ 31\ 2,7 :!: 0,12

i
I
r'" ./fr~
I .. ...:. ,1'1'.

I
L;
I
I
I
I
J ..

t
!

-/,

1"'1gUl"C 3. 3: The scnsiti vity of the RS/H! ;trn into var'i OUS
concentrations of desfcrrioxamine.
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and highar.

1.2 Desferrithiocin

Preliminary studies

The results of the preliminary studies show that DFT
inhibited the RSA-2 strain at concentrations of 0.2 utvt
and higher (refer to Figure 3.4).

FCR-3

'igure 3.5 shows the inhibition of the FCR-3 strain by
Dt'T. DF'l'inhibited this strain at concentrations of 1 UL".

I
I RSA -2

Figure 3.6 represents the inhibition of the ltSi\-2 strain
by DFT. Ce'T inhibited this strain at concentrations

higher than 1 uM.
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o

.,

~; MEAN Dl?M +_ED
100,0 + 11,20
116,9 :£ 3,46
116,1 :t 5,4.9
7",!l :t 2.,20
7:1,). .~ 0,49
62,"' :£ 6,40
56,)) :t 4,14
il,). :t. 0,56 .
2,4 :!: 0,01l

HEAN l)l?H .,. SD

14.1538 + 59!)1
137252 '+ 41l!lil
nEii~* n~~1031139 +" Gil">'
ailinG +" !lOGO
l\04n2 + snS!l
57117 +" 7117
3362 '£ 12.7

_._._-- ----------,
I

"

I

I
\
,I

Figure 3.4 : Tho scnt:'itivity of the RSA..2 stl'tdn to variousconcentrations of desfcrrithiocin (prclinrinnry
study) •
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-
_90NCEN'tRAT!ON (11"t>1) • l<1EAN 'OPt·l 01- SD ~i l'1E1\N Dl?M 01- SD

0 ~74n + 71t7 100,0 + l,5a
1 31471 , 3269 GG,It+' G,G!)
2. 2:l~42 :t '/12 49,4 :;: 1,50
3 2G727 '+ 1014 56,4 +' 3,00
3,5 3.0439 :;: 195!l 38,9 01- 4,13
4 163118 '+ 2205 34,S :;: I1,G5
4,'5 15769 + 4035 33,3 :;: 6,51
5 '-4090 :;: 2616 29,'7 '+ 5,50
5,5 13225 :;: 1791 27,9 '+ 3, '7!l
G 14105 '+ 734 29,7 '+ 1,55
6, ~, 113!)!i'+ J.G1G 2.1,a '+ 3,41
7 1002!l '+ 1492 22,G '+ 3,15
a 5821 '+ 143 12,~ :;: 0,30
s 4111 :;: 635 Ot7 '+ 1,34

10 3049 '+ 81l!') G,Il .~ 1,79
13 nGIl :;: 151 2,5 'r 0,32
15 1264 '+ 291 2,7 :!: 2,G7
20 69'3'+ !HI 1,5 -to 0,'1.9
24 GS6 '+ 119 1,4 '+ 0/25
28 476 '+ II:! 1,0 '+ 0,09
30 574 +' 32 1,2 +' 0,07

I
I
1

.~

j

F''i gurc 3.5 Tho sensi 'l:; vi ty of the FCR~3strt\i n to var; ous
concentrations of desfarrithiocin.
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CONCEWrRA'.rlON (Ill·') • t~Et\N OVM ·1· S!) n. I1E7\H Dt'U so'".
0 2G1l:l.+ 95B 100,0 + 1\,33
1 19922 :!.: 1B61\ 90,1 +' B,4.0
2 lB395 .~737 83,2 + ~ 33
3 '" 17091\ :!: 6BO '/7,3 + 3,10~ 3,5 11\35!J 'I' 355 61\,9 + 1,61
I). 11\076 'r 760 G3,7 ~. 3,44
1\ " 13567 +' 61\3 fil,l\ ~. 3,01,:I
5 12275 +' 1202 55,S +' 5,1\0
5,5 11\31\6." 1005 6/1,\) ,I' 4,55
6 13002 ; 1390 5B,8 '+ 6,29
tj,~ 13715 +' 1056 62,0 + 4,7B
7 11\20B -l- 1300 Gr.,2 '+ 5,88 ID 10013 '+ 116 1\5,3 :!: D,S:?

lO B012 '1· 11\513 36,2 ... GtS8
13 1937 + 271 8,B +' 1,43. 1.5 1359 +' 21\6 G,l +' 1. , :J.l
20 6'.8 :r 51 2,8 '+ 0,23
211 623 + 71 4,8 ·f· 0,32~

0.30

Q.20

0.10

I
J 1 I I ( I I 1 1 I

.:; ••\0 ~~. ~O M~.OQ "4.00 • ,,'1. GOl()~' G. (I:IL .J

F'i guY'C 3. 6 : Tho sonsi ti vi ty of the RSIH~ strnin to vari ous
concantrntions of dnsfcrrithiocin.
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1.3 2,21- Bipyridyl

Preliminary study

In the prelimi.nary studies, 2,21- biJ?yridyl inhibited the
RSA-2 strain at concentrations highel:'than 10 uM (refer
to I?igure 3.7).

, '"

by 2,2'- bipyridyl. 2,2'- bil?yridyl inhibited this

,"".... ,.~' ...

FCR-3 .

Xfigure 3.8 rl<!)?rcsentsthe inhibition of the FCR-3 strain

strain at concentrati.ons above 10 uM.

RSh-2

E'i9111'C 3.9 shows the respl.J!lseof the RSA...2 strain to
V<ll'iousconcentrations of 2,2'" bipyridyl. 'rhe RSA-2 "'

strain was inhibited at conecntrations highel.' than 10 uM.

, ", .
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I

95



"

, .

•• r

CONCENTR)\T:tON (IlM) MEAN Dl?M '" SD ?, ME1\N DPM -l- SD
I

o 2000 + 123 100,0 + 6,15
0,2 196~ +' 97 9B,5 +' 4,90
0,4 1915 +' lOB 95,B +' 5,40
O,B 1850 + 34 92,S +' 1,10
1,6 18GO +' 73 93,0 + 3,90
3,2 1832 +' 87 91,6 ~ 4,35
6,4 1761 +' 105 BB,l • 5,25

12,B 1776 +' 70 SB,S ~.3,50
_~ 2_S~,G.__ ~ ~~~ 713 ± 7S __~ ~__3_5~17_~+'~3~,_8_0__ ~

, Co'''''

1
I
!
I'
I

*

I

I
I
tI ~
I •
I
i

•
.....
'0 0,00...~e
8 0.10
'1-
C)

~ <l.£O

.'

9G

II ~
r
I

!
r •

L
I'
I
I'
I
i..
\

.I

jf! ' •

Figure 3.7 The sensit· vity of the RSA-2 strain to various
ccncentrnt+cns of 2,2' ...bipyridyl (preliminnry
study) •
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.___._
CONCENTR}\TlON (I,l~i) MEil.N DVM + SD t'-i I>1Ei\N DPl1 + SO

0 I 15564 'I' 1023 100,0 + 6,57
'2 15;\1\0'+ ~!>l !)!3,6 '+ 3,).6
3 ).3%4 '+ 08), 89,7 + S,GG
1\ 125J.0 :; ~50 80,4 :; 2,94
5 131l'1~'+ 807 BIl,S '+ 5,19
G 136a~ +' 115 117,9' +' 0,74
7 13360 '+ 146 85,8 '+ 0,94. U 13530 '+ 62G IlG,9 + 4,02

I8,5 1'3595 :; "99 07,3 + 3,85
9 11628 '+ 174 74,7 '1' ~,97
9,S 1:t.807:E 722 82,3 + 4,64

10 127.34 ... GOg 81,0 ... 4,43
13 ).2305 :; 710 79,l. '+ 4,56
15 10293 '+ 3!>l GG, , + 2,5l.
18 10419 '+ 222 G(.\,9 -l- 1,43
20 71172 + 1181 40,0 <I- 3,09
28

I
6416 '+ 6~G 41,2 + 4,15

30 4597 '+ !ll0 29,5 '+ S,B9
33 2050 t 77 18,3 '+ 0,49
40 1411G..:!: . 209 9,3 '+ 1,3

l

Figure 3.8: The sensitivity of the FCR~3strain to various
concentrations of 2,21~bipyridyl.
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,~

CO~CENTRl\TION (IJM) L_I~F::.:1>,N DJ?~l -l- SD ~ ~lB]\N DPl~ + SO.
0 50078 '" 3219 100,0 '" 6,43... 1\649:>.-l- 1984 92,8 + 3,96._
3 47558 + 1933 94,9 '+ 3,86
4. ....14.076+' 1160 !l1l,0+' 2,32
5 47572 '+ 2157 94,9 + 4,31
G 465119 '+ 200ll 93,0 +' 4,01
7 43846 '!- 1182 87,6 +' 2,36
B 1\0435 +' l823 SO,7 '+ 3,u4
9 42660 +' 3552 (15,2 +' 7,09
9,5 43893 +' 981 87,6 ,', 1,%

10 3971'3 ,. l574 79,3 '+ 3,11\
13 26497 +' 1653 52,9 + 3,30
15 23819 :;: 2099 47,s -l- 4,19
lS l7850 'r 8GO 35,6 + 1,72
20 1G345 + 560 33,6 + 1,12
24 6343 +' 203 12,7 +' 0,11
18 3500 + 101\ 6,9 + 0,21
30 3291 + 522 6,6 :£ 1,04
35 2000 +' 4"':3 I 3,9 + 0,91\
40 1626 '4: 3:1.7 I 3,2 :; 0,63

"

98

L
I
! ~
I
!
II"
I
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il'Figure 3.9: The sensitivity of the RSA~2 strain to variousconcentrations of 2,21~bipyridyl.
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1.4 EDTA

Preliminary study

In the preliminary studies, the highest concentration of
25 uM had no effect on the parasite growth. The dose

Figure 2.11 represents the response of this strain to

I
Ir
i

I
r
I

I
Ir
I."._ _. \

r

response curve was a straight line (refer to Figure
3.10)•

increasing concentrations of EDTA. EDTA inhibited this
strain at concentrations higher tshan 170 uM.

the growth of the RSA-2 strain. EDTA inhibited the

RSA-2

Figure 3.12 represents the inhibitory action of EDTA on

growth of: this strain at concentrations higher ~han
100 uM.
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+ so
,3.5
,50

2,55
3.,20
,65,25
,75
,'352,25

CONCENTRAT!ON ( l.lt~) M~i\NDPM + SO ~l MEAN OPM
0 2000 '"123 100,0 + 6
0,2. 3.903+' 70 ~9,23.: 3
0,4 1870 3.: 51 93,5 .1-

0,8 19n .:!: 24 99,6 +'
1,6 2024 + '33 101,2 :E 13,2 1970 +' 50 90,9 + 0
0,4 1(100 +' 35 94.,0:E 1

12,8 1961 +' 7 98,1 :!:. 025,6 1964. 3.: 4.5 1. 98,2 '"

.J.Y ? + * + * * +~. +·1.... + :j:
+ ' .-1- +o.sO + "I- -I-

.... 0,000s......
r.:
0
IJ 0.70.... .
0

::! o.GO

oIJ
(.) 0.50III
4.

t1 0.40

O.~O

0.2.0

O.lO

0.00 I I I I .. ~7.00 -G.GO ·C.20 -S.OO -S.10 ·5.00 -4.GO -1.20
).09 C (M)

Figure 3.10: the sensitivity of the RSA~2strain to variousconcentrations of EDTA(preliminary study).
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CONCENTRi\TION ( IlH) ~lEi'lNDl?t1 'I' SO r~ HEAN Dl?I'l + SO
0 5263 ,~ 567 100,0 ~, 10,77

20 4.652 + 16S OS,4 :; 3,1.9
1\0 4(liil1:; 3Gi) 92,0 :£ 6,95
60 46(i$) :; 102 88,7 + 1,94
1)0 4913 -l- 141\, 93,4 +" 2,74
90 4.304 + 131 92,8 +" 2,49

lOa 459!i .~77 87,3 :; l,4G
120 "G09 ~, 36 87 I G :£ 0,69
140 496', ~.25 91\,3! O,4e
180 4).38 + 115 78,6 :!:. 2,40
200 4H8 +" 199 79,2 + 3,77
220 4'1~J71 ... 137

I
84,9 4' 2,60

300 17 '.'1 ,~ 70, 33,8 1,34
350 5::>1.~ ),07 10,5 4· 2,04
400 I\J~ + 10 8,3 'I' 0,20
500 322 :; 83 6,1 :i: 1,57
600 319 ..~" 64 G,l 3: 1,22
BOO 454 ,. 47 B,G ... 0,89

1000 341 +' 41 6,5 -l- 0,78
\1

Figure 3.11: The sensitivity of the FCR~3 strain to variousconcentrations of EDTA.
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f CONCEN'ttt7\'J1~-t1E)\N N:M .~- SD-

o 32925 + 1759 100,0 + 5,34
21 31302+ 1009 ~C/3 t 3,31
40 30393:;:209., 92 3 ~ 0 64
no 30575 '+ 3447 92;9 ~ 10;4"/100 27510 '+ 1940 83,6! 5,09

120 23622 + 4052 71,7 ! 12,~1
HQ 25343+ 82'1 7G 9 ~ 2. 1:,
laO 2891G '+ 2045 87;3 ~ 6;21
200 2G357 '+ 1394 80,1! 4,24
220 24438+ 2374 74,2 + 7,21
250 22590:;:-674 GB, G '+ 2,05
280 21G65; 484 65.0! 1,47
300 20628+ 390 G2 - -\-1,1.8
350 5715 '+ 910 1'/,4+ 2,76
400 6622 ; 1020 20/1"! 3,09
500 7159 '+ 503 21,7! 1,53
GOO aGo'+ 122 2,6 + O/~G
soc 35G + 114 l,l:E 0,35

1000 408 ± 65 1,2 ~ 0,19--~~--~~~--~----~

~ MEl\N 'OPM + SD
.____".___,_

Figure 3.12: Tho Mmsitiv;ty of the RSA..2 stl'uin to variousconcentrations of taTA.
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1.5 EGTA

Preliminary study

The results of the preliminary Btudies showed that 25 uM
EGTA had no effect on the growth of the RSA-2 otl'ain •
The dose resonse curve obtained was a str,d.ght line

(refer to Figure 3.13),

FCR-3

Figure 3.14 represcnto tlH~ sensitivity of the &'CR.. 3

increasing concentrations of EGTA. EGTAstrain t~

inhibited the ~jl:owth of thi~) strain D.t concentrations

higher than 200 uM.

Figure 3.15 represents the response of this strain to

a.ne...easing concwntrationo of EGTA. 1':GT)\i.nhibitccl the

thangrowth of this strain at concentrations
100 uM.
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-CONCEN'l.'RA'.L'ION ( ut4) MEAN Dll!4 '" Sli I'll MEAN DPM ~, SO. "'---
0 141538 + 5991 '\.00,0 -I' 1\,20
0,2 D'lGS9 '+ 1335 \)7,3 ~ 0,9<1
0,1\ 12G605 + 2nD 69,4.:!:1,97
0,8 1261\01\ + 17SG a9 t;) 'I' 1,21\
l,G 132995 +' 2<10 93,9 t 0,17
3,2 12.4421 +' 340 67,g .:!:0,24
1i,4 1313696 :j. 3?21 97,9 ! 2,28

12,8 1271327 4- GiS 90,3 .:!:0,46
25,0 141045 +" 1210 99!..Z_;t 0, DG

'0 -v.oo
I.. .._.
C

S 0.70
II-o
~ O.GO

"

I? o.zo

O.J.O

f-igurc 3.13: Tho sf:lIsitivity of the RSA-2 strain to var tous
concontrations of !!GTA (Prc1im'inm'y study).
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CONCF.H'l'!~_~!!..lIJ.~l_) _L
o 4910 + 337 100,0 ! G,BG20 4765 "+12G 9'1,1 ! 2,57

40 ·17713+3G4 97,3;!:,7,4
GO 4G75"+ 125 05,2 + 2,54BO 4650 + 12( 94,7 + 2,45
DO 4761 '+ (i~ %,9 :E l,Z!.!
100 4759!123 96,9!2,51120 4489 ;!: 21G n,l1 ;!: 11,39140 4795 + 69 97,7 ! 1,39lBO 4714; 99 9G,O ! 2,01
20~ 4119 i 22 B3,9 :.O,rs
220 4514+ 3GD 91,9 . 7,32
250 34B2 '+ 120 70,9 3: : .452BO 3346 '+ B2 G8,1 + 67300 ~920 "+ laB 59,5 ~ ~,B3
350 572 + 182 13,1 ~ 3,71400 G1B r 147 12,6 ~ 2,99
SOD 744 + 40 15,2 ! O,G9GOO .lBO=r:lil3 !),D+2,92BOO 514 ~ 11 10,5 + 0,22

L--_-:l.,;_.o-o-o-.-------5-51_:;! G_B llt2! 1,38

Fi gure 3. 14: Tho senst t'ivi ty of tho FCR-3 strni n to vari ous
concentrations of EGTA.
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ICONCEt~TR)\T10~JJ'ML. t·!El\N Ot_)M + SO ~'I 11~AN DJ:>M.~ SM-......:..M ___ ~ __ --= -a G51\~ '" 351\ 100,0 ,I· S,ill.
20 5671 '4 3.0 nG,7 '4 0,281\0 5450 +" 41.:1 83,1\ + G,n
00 512'3 '4 122

I
'70, '3 '4 1,06

90 5557 '+ l.2 1lIl'9 ;£ Oil!) '\

100 53M + 61 82,3 .'.• 0,93
120 51\0),·1· 343 83,0 + 5,21\
1.ilO S07l '+ 177 139,7 ! 2,71
lao 51134 '+ 3n H!l,l .:. 5,99
?oo 331\9 ;- 251. 51,2 :;- 3,84
220 3236 +' 31"1 50,2 :{:' 4/85
250 2!:iSG '+ laO '3!),l '+ 1,53...200 1909 .~lOS 29,2 + 2,8?
300 1503 +' l03 23,0 :;- J.,57
:ISO 1339 '4 133 20,S 47 ~JOI\
1\00 1417 :r: ll6 2l,7 :; l/7ll
500 1.124 '* 117 1'1,2 ; 0,71
GOO 072 '4 :.lG 14,0 '+- 0,55
000 104~ + iill 16,0 +' o,G8

lOOO 075 '* !it) 13 , 1\ '+ 0,95

M

g ~.Sl)
(I-
(j.

III 0.40

0.20

0.11)

F'igllrc 3.15: Tho scnsit'ivity of the RSAm2 !it.ruin to various
concontrations of EGTA.
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1.6 DTPA

Preliminary study

The results of the preliminary studies indioated that
25 uM DTPA had no effect on the gro\'/th of the RSA-2
strain <refer to Figure 3.16).

~'CR-3

Figure 3.17 represents t.hc inhibltoX'y action of OTPA on
the growth of this strain. The d03e response curve was a
straight lin~~ indicating that the conoentrations selected
had no effect on the growth of this strain. The
CO~lcentration range selected was between 0 and 240 uM.

RSA-2

Figul'e 3.18 shows Lhe inhibitox'y e:t£cct of various
concentrations of DTPA on the growth of the RSA ..2 strain.
The dose response curve obtained was a straight line.
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CONCENTn~TION (~Mj I
o
0,2
0,1).
a, O.l,6
'3,2
6,ti

12,6
25,6

Mm~N Ot>M+ SO
lGl.GD + tiDO
l5(i51). :j:'. 757
lSl309 + 1).90
15730 r. 337
15%Il'I' tin

t~~i~*~~~1.3G31 + 752
1526"] :E 700

~I ME~N PPM :!:....?l'__
100,0 + '3,07
.%,11 :E 4,60
97,0 .~ '3,03
!J7,3 + 2,00!J1l/0 -:;3,OS
!l7,O'+ 2,00
!l7,11 :E 5,21
04,3 '1' 4,65!JI).,I).T: 4,33

. .

0.20

Figur\~ 3.16: The sensitivity of the RSA"2 strain to various
concentrations of DTPA (preliminary study).
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CONCENTRT\TION ( ~lN) HE1\N Ol?M -l- SD ~ MET\N Dl?t4 + SD~. 0 16413 '" saco 100,0 + 19,49
:1 M590 ~~ 805 JD,!) + 4,91
6 13736 -; 6:1.6 83,7 -; 3,75
8 13087 '+ lG6 79,7 + 1,01

10 13093 +' 757 79,8 -; 4,61
-13 14.500+ 1155 88,3 + 7,03
18 1.49281- 401\ 90,';)'+ 2,46
20 146135 '+ 3131 39,S '+ 2,33
25 15293 -; 618 93,2 :;: 3,76
30 15666 -; fl313 95,1\ '+ 5,10 '
40 14253 '+ 854 86,8 '+ 5,U
70 15145 -r 702 92,3 '+ 4,28
80 :1.5827'+ 259 %,4 '+ 1,58
as :1.41357 '+ 327 90,5 '+ 1,99
90 15501 'I' 280 94,4 '+ 1,75
95 14706 +' 230 89,0 '+ 1,40

100 14767 '+ 2M 89,9 +' 1,73
3.20 14.820 -l- 433 90,3 +' 2,64
2·\0 141\29;E 1393 87,9 ! 8,49

0.20

FigUl"e 3.17: The sensitivity of the FCR-3 s;train to variolls
concentrations of OTPA.
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~ONCENTRJ\TION (1.11-1) l1E1INPPM 4- SO ~.l1EAN 0'£>11 + so
-

0 31194 ...233.0 100,0 ... 7,41
3 276011 :£ 1899 B8,5 '+ 6,09
G 2B352 :!: 1251 90,0 +' 4,01
8 25290 ~. 173 81,1 +' 0,55

10 27288 4- 937 87,5 13,01
13 27718 4- 24211 SB,9 ...7,78
lB 2%05 '+ 1025 94,9 +' 3,2(1
20 27708 '+ 2235 80,n +' 7,16
2S 20734 '+ 25'17 92,1 +' 8,26
30 27573 +' 2083 on'4 '+ 6,68
ItO 30283 '+ 526 9",1 :£ 1,69
50 2591n '+ 3'/5 83,1 ...1,20
GO 29259 '+ 1197 93,8 '+ 3,U4
70 28146 4- 670 90,2 +' 2,15. no 20091) '+ 419 90,1 '+ 1:,31)
05 27407 +' 2559 67,9 :£ 6,20
90 2!l4B4 +' lBl 91,:) :!: 0,50
95 29114 '+ 57!) 93,3 + 1,8'"

100 2n214 + 523 90,4 :;:1, ',.1.

120 29345 + 794 94,1 :£ 2,55
240 2ftl109:!: 993 92,4 :!: 3,18-

0.10

Q.ool-~.......,--.--.· ,
~G.(,O -s.se -S.20 ~1.00L......------- :z.o'.J C (~))

I

Figure 3.18: The sensitivity of the RSA-2 strain to variousconcentrations of DTPA.
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2 Combination of a chelator with an unsaturated chelator

2.1 The dose response curves of OFO and 2,2'bipyridyl

Figures 3.19 and 3.20 represents the response of the
FCR-3 strain to various concentrations of OFO and
2,2'-hipyridyl respectively.

The dose response curves of both OFO and 2,2'-bipyridyl
using the FCR-3 strain was determined independently when
performing this experiment. This eliminated any vari-
ations in the conditions of the experiment •
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o 11M BIl=' +

CONCENTRi>.TION (IJ,M) MEAN Dl?lll + SD ~i ME)'>.\'!DPM + SD
2 76778 + 7798 87,2 + 8,85 I
3 78112 4- 9364 8B,7 '+ 10,63
4 739),9 '+ 6446 83,9 '+ 7,30
5 67251 '+ 33Cl4 76,3 +' 3,B2
6 35011 '+ 58n 39,7 '+ 13,67
7 23494 '+ 2204. 26,"''+ 2,50
8 12607 '+ 2595 2(],G '+ 4,23

10 9403 -l- 234 15,3 '+ O,3B
12 9138 '+ 1730 :1.4,9'+ 2,82
18

j
62ilB + 917 10,3 '+ l,49

20 5048 '+ 1047 8,2 '+ l,70
24 3842 '+ 320 6,3 +' 0,52

+

I
10 2 +.

i, ",,'----S
'0 0.00 -I'
I-
+Jc::8 0.10

+ :r.

leso" 5,15 -.I: 0,Z9 uH

+

Figure 3.19: The sensitivity of the FCR-3 strain to various
concentrations of desferrioxatnine (combinationof chelators).



o \.LM DFO +

..,"""",,
CONCENTRATION (iJ.M) MEAN Ol?M 4- SD ~~MEAN Dpt'! + SD

6 6£l108 + 721\3 75,0 + 8,22
8 ,",)93£\ :;:- 1096 69,2 :;:- 1,25

10 ;6l)94 :;:- [1298 63,7 -~9,42
12

I
35666 :;:- 1415 58,2 :;:- 2,31

H 25981 :;:- 1116 1\2,1\:;:- 6,72
;i.!J 23002 + 4712 37,5 :;:- 7,69
tA 16217 :;:- 3700 26,5 "+ 5,04
30 3116 :;:- 3119 4,0 + Of'"'"
40 1672 :;:- 336 I

2,2 + 0,43
80 975 + 47 1,3 :;:- 0,06

100 [133 :;:- 158 1,1 :;:- 0,20

*\\~, ICSO= 12136 * 0)5 uM
+. +

+ \ -I-

0.10

Figure 3.20 : The sensitivity of tM FCR-3 strain to variousconcentrations of 2121-bipyridyl (combination
of chelators).
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2.2 ',1\he withcombination of desferrioxam:ine
2,2'-bipyridyl

A fixed concentration of oro was combined with various
concentrations of 2,2'- bipyridyl within the range (0-100
uM). The effect of the combination of the two chelators
are tabulated and arC represented gt'aphically.

The y axis of the graphs represents the effect. The
effect is the rasul nant; pa.rasitaemia obtained (as a
percentage of the control parasitaemia), after a fixed
concent;.orationof combined with variousOPO
concentrations of 2,2'- bipyridyl.

The x axis represents the logged concentration of the
2,2' -bipyridyl ~\1ithwh:ich the fixecl conoentration Db0 was
ocmhLned , If t~he log scale on the x axis is \lsp.d, the
con'::(mtraticn of 0 aM (2,2'-bipYl'idyl) is rer>resented as
1 on the x axis Bnd 1 on the y axis. Therefore when 2 uM
OPO was combined with 0 uM 2,2'- bipYridyl, the resultant
parasitacmia was represented as 1 on the x axis and y

axis.
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Figure 3.2l represents the combined effect of 2 uM DE'O
and various concentrations nf 2,2'- bipyridyl on tha
proliferation of the FCR-3 strain.

The parasitasmia obtained after the FCR-3 strain was
exposed to .2 11M D(~O was equivalent to Bors of the eont.ro l
parasitaemia values. When 2 uM DFO was combined with 6,

bipyddyl the resultantand uM 2,2'-108,
parasitaemias were approximately 95% of the control
parasitaemia • Therefore instead of decreas1ng belaw
80~r the parasitaemias increased to 95~ of the control
parasitaemia.

2,2'- hipytidyl at variou~ concentrations when combined
with one fir-cd concentrilltionof DE'O e.g, .2 uM, showed a
relative increase in parasitaemia compared to the
2,.2 I -bipyl"idy1 or D!),O a 10M, thus suggesting ·that these
concantrations of 2,2'- bipyridyl ant~a90nised the
antimalarial action of DI:'O. This antagonistia effect of

concentrations of; OPO.
2,2'-bipyridyl was less N....th higherpronouncc~d
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P'igurQ 3.21: The sensitivity of the r~CR~3strain to the combined
effect of 2 uN dcsfut'ri oxontno and vertous concan ..
trattons of 2,21~Uip.YriclYl. '
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The parasitaemias resulting from the combined action of
one fixed concentration of OPO and various concentrations
of 2,21- bipyridyl within the range (0-100 uM) is
tabulated and is alno represented graphically. The
results of the following concentrations of DE'O" each
combined w~th the same concentrations of 2,2'- bipyridyl
is represented in:

f

Fi.gure noDeBfB~rioxamine (uM)

3 3.42
.t 3.23
5 3.24 '\

6 :,.25 "•
7 3.2G

\\
8 3.27 ~ •.''<

10 3.28 '"

"12 3.29 1
" ""~

, ..,.
18 3.30 i

J I
I"20 3.31 l~

24 3.n !
I j

I '"1
I #'i,
I
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)
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I
I
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:I blt~ DFO oJ;

,. ~~~',_~_~_!_r~_~_D_~_~_II_Me •• DPM_! :, __ ~ MBAN_ DPM i SD

o 76112 ., 9364 B8,7 '" 10,63G 87014 +' B112 9B,8 i 9.21
B 83243 =",'" ;.ooZ~ 94,5 +' 1,22

10 80472" G', 9l.,3:£ 3,43
12 50171 t 5936 81,9 t 9,69
14 41436 _ )86 67,6 '" 11,56
13 16690 '"24B7 27,2 +' 4,OG24 12B67 ; 51GB 20,9 +' 8,43
30 7273 :£ 1051\ 9,4 +' 1,36
40 3~01 ~, 411 5,0; 0,53
80 1634 +' 2~3 2,1:£ 0,33

100 "378 3: 69 l,S t 0,09

£Uoet
100 .-- ••-- ... --.~------,,--,.--- ..

~ 60 ~
Q
t•....,~
(J
fJ

.... 4.00 .
ll'l

'\_
o _~~I •.~I_.l."l..t.l.UJ.,."_~'L_.t.~."i':rl. ..•'~""I"••'l ••'L.I~l.lJc.I.

1 10 100 1000
log C (u~!)

20 •

• :3 nM D,FO

;)
II

Figure 3.22: The sensitivity of the F'CR"3 strain to the combined
effect of :)uM dosforriox3mine and vnriou5 conCQn~tl'utions of 2,2 '~b;pYridy1.
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-
COHCEN'tRATlON OF t-1E!I\l'I p..f.>t-l ~tSD I ~J

MEl\N DPM 2: SD
2,21~ DIl")-"RID'lt
1I.Oor::o ( 11m.

0 73~19 + 644£3 83,9 '1- 7,30
6 85412 +' uno !>G,9 :t 4,75
8 7U372 +' %l. :l SS,\) + 6,;)8

:to 84519 +' 3,502 95,9 3:: 1,71
14 32634 +' 7394 53,2 + 12,07
10 28587 ± 2882 46,6 + 4,70
24 10$l!:)2+ 1202 17,9 +' 1,96
30 5360 +' 390 6,9 :£ 0,50
40 3134 +' 594 4,0 + 0,76
80 1414 4= 110 1,S :£ 0,14

100 107S '£ 102 1,4 :t 0,13

RUoel
100 r----,.--":.-: .•.~-..--'--------..- .•-.--- ..- ..--~.-

80 ~

J,....

I0,......
c:
0
I,)

l!-o 40 •'0
~ll

20 -

•

.\..
"_t._l_l..l.J.U.L._ ... t... ~I._L::i::t:T:i1;l" L_"l ...L..J~).t

10 100 1000

log C (ufol)

a
1

"

/
'~

• 11uM DFO

Figl:ll'Q 3.23: The sensitivity of the FCR~3 strain to the combined
effect of 4 u~! desfc\'r.; oxunrine and var; ous concan ..
trntions of 2)2 '-b'lpyridy'.
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J'f""'P:~MIiIIIII
,,;) l

5 UN OPO +

CONCEN~RA~ION OF MEl\N Dl?M :.!: SO " MEl\N DPM ±. SO'.t.,2' - DIP'iRIDYL
1\DDED (f.,lM)

.__ "",--1---- --
0 67251 + 3364 76,3 ±. 3,82
6 77556 +' 3745 88[0 + 4,25
8 G5317 +' 929(1 I 74,1 :;:10,55

10 621tll +' 5908 70,6 :;: G,7l
12 51555 +' 5348 84,1 ! 8,12
111 50%8 + 151\6 03,2 '. 2,52. 18 JA1Sl :;: 1\9'79 23,1 + 8,12
24 13793 +' 3698 22,5 +' 6,03
30 5908 '. 1899 /,6 of< 2,44
40 34G7 + ln7 4,5 '+ 0,25
80 .1448 '+ 120 1,9 + 0,16

100 n8G '+ 142 1,5 ! 0,18

if;

EHocl
100 -------.--~.----"-.--.~-.--- ..,,---.

60 .
....e
cl-

""t::0 4.0IJ .
'I~
(;)

lt~

20

10 100
log C (uN)

1000

I

I, .

• 5 ttM CItO

120

Figure 3.24 : The sensitivity of the FCR-3 strnin to the combinedeffect of 5 uM dosfcrrioxomine nnd various concanM

trations of 2,21 wbipyridy1.
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6 11MOPO +

CONCtNTRAtlON OF t-lEhNDl?M .±. SD Pi) MEM PI?M .±. $D
2,21M DIl?'lRIDYLADDED (W> -~

0 35011 + 5873 39,.'1+ 6,67
6 70:;:G1+' 3038 79,U '+ 3,45
8 61382 '+ 3$13 69,7 '+ 4,33

10 62015 -; 15 70,4 '+ 0,17
12 54774 '+ 1030 89,4 '+ 1,68
14 32554 :j. 655 53,l :£ 1,07
18 9213 '+ 1593 15,0 .:t 2,59
24 7812 '+ 3136 12,8 ~.5,12
30 4399 '+ 363 6,3 +" 0,47
40 3238 '+ 423 4,2 :E 0,54. 80 1402 +" 23 1,8 .±. 0,03100 139.9'+ 179 1,8 .:!:. 0,23

lWoct
100 ------ ..--~- ....-

•

oL-l...u..IJ.I.I.r..... __ ~_t-i_~.
1 10

!;_,_I._l.-W-t..LI.u

100 . lOOO

(uM)log C

• 6 ttM DFO

Pi gure 3. 25' The sensitivity of the F'CR"3 stt'ain to the combi ned
effe?t of 6 uM desferrioxamine and various concan-
trat10ns of 2,2 '"bipyri.dyl •.
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7 I,tMUFO +

CONCENTRATION OF MEAN DPM Z SD
2,2'~ BIPYRIDYL'
ADDED (IJ.M)

o 23494 + 2204
~ ~ig~~* ~~~~10 45184 +' 4378

~~ i!~~~f~i~~
24 u212 + 6'-2

l 30 4227 +' 116
. 40 2947 +' 206

80 1629 +' 194
100 1259 ~ 58--~------------~-- ~------~----------------~

lWecl
100 I

~"MEAN Dl?M Z SD

26,7 + 2,50
49,4 +' 2,04
57,9 "+ 3,73
51;3 +' 4,97
54,1 +' 3,13
31,3 +' 8,59
13,2 +' 0,41
10,1 +' 1,01
5,4 +' 0,15
3,83:0,27
2,1.:!:J,25
1,6.:!:0,08

---------_.----

so •

60 ..

'0
.13cou
~....

20 •

a
1

"p_L., • .J.... ~_LJ.J.J.U_ ..._~L_.l_.l_L.; .':t:l:""__ ••• l_ ..I_.L.l-LJ.J.J.

10 100 1000

log C (uM)

• 7 'lIM DFO

Figure 3.26: The sensitivity of the FCR-3 strain to the combined
effect of 7 uMdesferri oxamine ancl vari OUS concan-
trati ons of 2) 2 I-b'ipyri dy,' •
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CO~CENTRATION OF MEi\~1 DPM .t so n. MEAN DI?~l .t SD'"2,2'~ BIl?YRID'xI..
{\DDED (I-IM)

-_. ~ ......
0 12607 + 2595 20,6 -l' il,23 I

6 24639 :;:2148 40,2 ± 3,50
s 29575 :;:6020 4S,2 .t 9,82

10 24297 '+ 5690 39,6 .t 9,28
12 20339 :;:1047 26,9 .:!: 1,39
14 16843 :;;1617 22,3 :!: 2,14
lS 10119 :;:1573 13,4 4' 2,OS
24 4135 :;: 360 5,5 '+ O,4S
"'0 356!) :r: 1150 4,1 :;:0,09
4\.' 2429 :;; 316 2,8 ± 0,36
SO 1256 :;: 81 l,4.t D,O!:!

100 1059 :;; 139 1,2 ::. 0,16
_.

BUcCi100,-----·----·---··-··--·----

80 •

.... 60·
o
.0g
u

'l; 110 •
t~

20

:: 1.o J_~J. ".I ...l c l,~,L,LI._~......l..__L_.L.~.k!:f" •.•"'..,..L."J ..~l...l_j..lJ..L

1 10 100 LOOO

log C (uN)

• e uM OFO

Figure 3.27: The sensitivity of the FCR~3 strntn to the combined
effect of 8 uM~Qsferrioxam1nc and various concan-
truti ens of 2,2 I -ct pyridyl.
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10 H'" D1[O or

ICONCENTRATION OF MEAN D1?M .:!:. SD ~~MEAN D'l?M .:!:. SD
2,2'~ Bl1?YRIDY'L
ADDED (I-lM)

0 9403 + 234 1.5,3 + 0,38
6 17215 +" 2699 28,l:E 4,40
B 26101 + 2(J~8 42/6 + 3,37

10 2351:1 + 5102 3B,II +" l)/30. 12 17754 "+ 1933 23,5 + 4,60
111 12955 "+ 1343 17,1 "+ 1,78
18 7112 +" 2909 9,4 + 3/85
24 6334 '+ 208 St4 '+ 0,28
30 3728 '+ 8511 4,2 '+ 0/97
1\0 2354 + 211 2/7 "+ 0,211
80 1327 '+ 109 1,5 .:E 0,12

100 1327 '+ 317 1,5 .:!: 0,36

'J

124

RUcCI
100 ---,..~ ...-.- ...- ....---- ..-"".--- ...>'... -

80 -

.- 60·'
o
,Cl
r:o
\J
4.o
~~

~ ... .l;l::.. .••~J-J'"J_.I•.IJ.I.I.o
1 10 100

log C tuM)

1000

• 10 uM DPO

Figure 3.28: The scns'itivity of the F'CR..2 strain to the combined
offer"; of 10 uH desferr;oxumine und VIlr10US conccn~
tru'. 'ens of 2,2 1:~bipyr;dy1.
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If

.11

12 J.,lN.DFO +

':ONCEN'l:R1>.'l:IO~~ OF M81\N Dl?M + SD I
~.;M8)\N DI'M :!:. SD

2,2'- BlI":WIOYL
"DDED ( j.lVI)

...-
o 9130 -i- 1730 14,9 + 2,02
6 13649 '+ .183 22,3 + 0,79
[I 14129 '+ 5e9 23,0 '+ 0,%

10 12166 + 1632 19,8 +' 2,66
12 12637 .j-> 435 16,7 +' 0,58
M 11019 '+ 1500 14,6 .1, l,!)9
18 7173 +' 1935 ~,5 -,- 3,56
24 4938 +' 977 6,S + 1,29
30 JOGD +' 593 3,5 '.. O,G?
40 :;041 +' 21D 2,3 +' 0,25. ," 1338 +' 129 1,5 '+ 0,15
v

.' 1 1309 +" lUG 1,5 +" O,~l._
Elioel·100 .-__..-- ....-.-~-.---- ...-----..------

80 •

e 60 ~
.. .>
Ccu

'*"'"o
.~ 40 ~

I .

t/ :".20"/ : •

a l-W ..l..u.WJ __ .l._'-
10

~ 1:l±:-._ ..L.J.._I •• I..L..l.1

100 1000

log C (uH)

• 12 uM DFO

Fi gure 3. ~9: ihe sens iti vi ty of the FCR-3 stY.11n to the comb;ned
effect of 12 uN desf'err ioxamt no ~,nd vn.ri ous concen-
trations of G,21 ...bipyri'd,Yl.
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COliCENTR1>.'rIOH Ot:' l,lEAN PPl1 t SO !'~ MEAN Di?~l j;, SO
2,21- Bli?'l.1t!D'iL
"JDlm ( 111>1)

-- ~'" """"'~ ~
0 52EHl 4· 917 10,3 + :1.,49
5 12075 +' 370 19,7 '+ 0,60
II 12701 '+ 10!)5 20,7 '+ 1,79

10 !.I567'+ 1545. 1~1,6 '+ 2,52
12 6962 + 12113 11,!.l '+ 1,64
lI\ 8741 ,~ 645 11,6 '+ O,llS
13 77BG '+ 7G6 lO,3 '+ 1,01
24 42G7 '+ 10 5,6 '+ 0,01
30 2737 ! 314 3,1 +' 0,364(\ I 2277 '" 245 2,6 +' 0,28no 1512 +' 54 1,7 +' 0,06

100 1279 +' G!l 1,5 +' 0,00

~\ 60 -

....
(;)

.b 60 -r:...
\J
....e
tq

4.0

20 ~ •~-.-~,.. • .
~ ....

•. • l..o '"....J._._l....l~,LQI"kI.U.,_-1-~:1:l;h_~,_l.-.L-.~w4l.L.
1 10 100 . 1000

log C (uH)

• 10 uM PFO

F'igUl'C 3.30: The sensit'i vity of the FCR"3 strain to the combined
effect of 18 uN dcstcrl'ioxumin(l and various concen-
trations of 2,:('-!~ipyridyl.
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20 liM DFO ,t

CONCBN'.rnA'.t'ION ot"
2, ~ , ~ DU":lRIDYI.
ADDED (!,IM)

~" MBAN DJ.'lt1:!:.SD

o 5043 + 1047 8,24>1,70
6 960G +' 7~7 15 7 +' 1 30

111G'1 -+. "lit. ' - r »n ~'I 18,2:!:. 1,22
10 8773 ; 1700 14,3 :!:. 2,09
12 ~"49:;. DOl 12,5 .:t.: 1,OG
14 ZI~~¥ ~~~ 10,3 + 0,G9
18 •'I?". '+- 107 B,G!0,4124 I" -" G,3 + 0,14

L 30 , 293!'J +' 243 3,3 +' 0.20
40 I 1GIll +' 155 1,9; 0,18
80 1234 ~ 132 1,4 +' 0,15

• 1_0_O i~ 1_0~O_1_:!:. 8_4__ •__ ~ 1_,-1__!_O_,_0_9,__ ~

60 ~

,..
0
I-
oW 60 .au
II.
\":)

r,q

4.0 ..

~-r~.
o ,,"_, """1••.I_'t""I~J.I,t_~.~~~,.t:: .." ""J." L..,,l,J••I.1.1.J

1 10 1,00 1000

log C. (1M)

• 20 uM »ro

Figure3.31: The sons'itivity of thl; FeR,,3 strnin to tho combinedeffect of 20 uN dcsfcrrio:<{\minQ and various conccnutl'ntions of 2121~t)ipyriclyl.

127

r,

"



CONCEN'.CR1\'l'lON 01:'
2,2'" n!l?YRID'!L
1\ODBD (11M)

o
G
a

10
12
:1.'\
18
21\
30
40
80

100 , .I .

,_
e.b 60 •
c:
<::I
1.1
*-'o
l)~

4.0 n

• 24 ttM DFt?

Pigm'a 3.32: The scn~itiv'ltyof th~ FCR-3 strain to the combinedeffect of 24,ut4 dcsfUt'I"ioxumin(~ and VUI'10USccneen-
trut'itms of (.,21 :-b;pyY~idy't.
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3 Combination of a ch~lator with an iron saturated
(,'helate):'

3.1 'the gptlc.t.rofH~op.l.c t.it.ra:Uon of :2,2 I - b:i.pyritlyl and

fCl:rOUtJammonium mllvhatf'

Figure 3.33 represents the abnorbanae values measured of

a fixed eoncenta-at Lon of 2,2'- b.i.pyddyl (1 mM) combined.
with variouR ~~n~entra~innB of ferrouB ammonium sulphate
Tlw y ax ...a rjf "!1o tJ);'~lph r(~pres(mt~s the absorbance

~ {)xitl :t:cpres(.mts t~he various
(It fC"'l'otuJ iron added to the fixedaoncerrtrat.icnn

ooncentration of 2,2'~ bipyridyl.

t~hen l. mf:.l fiu'rous ammonium sulphate was added to
2 t 2' -bipyridyl (1 m1>llr the absorbance renehcd a maxdmum
value Qnd l'omoined eenst.ant at tIl.is value even a£t~cr

higher conoentrat.i.onG of fn);'l":>UG ammendum flulphate were

added. natm.t'uted
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\\

50 0,0112
100 0,036
200 0,062
2'JO 0,OG3
300 0,0611
~',00 0,0611
'} ~l!J 0,067
uno O/OGS

1000 0,078
izse 0,0']4
rsco 0,075
1'1;;0 0,070
200(1 0/0'/0
22~iO 0,.070
2[·00

I
Q,O'lO

3000 0,0'10
:1£100 o,on t

Figura 3.33: The absorbence values of 1 mt·1!' .21"bipyridyl
cambi nod wi til ViH'1 sus c;oncentt'uti ens of ferrous
iron (met\s~rcd at 520 11m).
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'fho combination of dcsferrioxamine with iron3.2
saturated 2,2'-bipyridyl

"""
3.2.1 'fho combination of d(HlferrLoxami.ne with
2,2'bipyddyl

Figure 3. 3.1 rC);lrCS~"nt~s the combined effect 6 uM PE'O and
varioUtJ
survival of the parasites. 2,21-Bipyridyl antagonised
the antimalarial action of G uM pro.
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1

'1

~J }lEAN Dl?l1 :!.: 5D

55,2;!:. a,9851),S;!:.7,8351,3 + 8,95
1\8,1 +' 7,61\
67,7 "+ 15,5561,1 +' 1,15'
(iI\,2. ':j7 6,5a
03,2 '+ 14,80
75,2 '+ 7,38
8"l,!) '+ 3,08
53,4:£ 5,85
53,!l .:t 1l.,13

Effect
100 ---.~--.---~.------

BO'

. 60 •

,....

~ ----
8 1\.0·
'....o

20 •

o _. l.-1,..l...t.1.(,l.I.~,.~•• I.••I."I.J..l.lU.l •• _.l_.J •• I" 1•.1,1,UJ _ •• _I.".l_J..I.lJ.~

0.01 0.1 • 1 10 . 100 .

log C .(ut~)

• 6 'l,lM DFO

Fjgllnl 3.34: The sensitivity of the r:CR-3 stratn to the combined
effect of 6 uNdcsferri oxemt no and Vul'; ous concen-
trations of 2,21-bipyridyl.
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3.2.2. The combination of desferrioxamine with iron
saturated 2,2'-bipyridyl

Figure 3.35 represents the sensitivity of the parasites
to tl'le combined effect. of 6 uM DFO and various
ooncerrbxat.Lona of iron saturated 2,2'- bipyridyl.
The dose response curve obtaihcd was a straight line
indicating that constant DPM values (parasitaemias) were
obtained when various concentrations of iron saturated
2,2''''bipyridylwere combined with 6 uM DFO. The slope of
the curve is not significant from zero. Essentially the
curve repl.·csentsthe effect of 6 uM DFO alone on the
growth of the parasites (The effect of 2,2'-bipyridyl was
eliminated as it was saturated with iron).
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CONCEN. 01)' I CONCEN, 011 t1EAN Dl?M .t SD flo MEAN
2,2'- IRON ADDED Dl?M

BlPYRIOYL I
ADDED (11M) ~. ,-

0 0 35131\2+ 1347 50,0 + 1,813
0,1 0,1 341\90 :;: 111\6 1\8,0 +' 1,59
0,2 0,2 3401\6 +' 2481 47,S -; 3,46
0,1\ 0,4 2!l92!l1- 1068 41,8 -; l,4!l
0,6 D,G 40117 '1' 620 55,9:;: 0,87
0,8 o,a 1\0923 :;: 2G60 57,1 :j:' 3,70
1 1 34195 1= 3100 47,7 :E 4,33
a :2 38S74 '4 4456 53,8 .t G,20
6 (i 35144 '4 36\)0 49,0 + 5,15

14 .. 32183 + 806 44,9 -:;1,:\::>..t.,.'l

113 18 32776 + 3649 45,7 J. :',1]9

: Ji... .____!-J------~--.'_"'---'"
: ,. i It

60 .,...
0s..
4.1
r.:
<:>v1,. ilO .0
~~

• 6 uM PFO

Figure 3.35: The: sensitivity of the FCR"3 stNin to the ccmbtned
effect of 6 u~l ~asfCl'ri oxam;M and vad cus concan-
trati ens of 2,2 -bt PY1'idyl f,ntu\"uted ~/i th fc'tl"ous'
tron.
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fi A4tiA+. ,;:4.1,,,

3.3. The spectroscopi~ titration of desferrioxamine and
2,4 '- bipyridyl

~igure 3.36 represents the absorbance speotrum of
4,2'- bipyridyl in water, uBing water as a base line.
The solution absorbed maximally at 233 nm and 280 nm.

Figure 3.37 represents the absorbance speot.rum o;f;

the 2,2'...bipyr:i.dy!solution dilute1 with an egual volume
of a DFO solution in water. The DFO solution diluted
with an egual volume of water was used as a base line.
The maximum absorbance was observed at 233 nm and 280 nm,

bipyridyl in incomplete culture medium, using the
Fi~ure 3.38 represents the absorbance spectrum of 2,2'-

incomplete medium as a base line. The solution
/1"

Ii\.

Figure 3.39 represents the absorbance spectrum of

abaorbed maximally at 23J nm and 280 nm ,

the 2,2'-bipyridyl solution diluted with an equal volume
of the DFO solution in incomplete medd.um, The DPO
Bolution diluted with an equal volume of incomplete
medium was Ilsed as a base line. The maximum absorbance
was ohserved at 233 nm and 280 nm.
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ll'igm:c3.36: ThGl absorbance
bipyridyl. 2,2'-bipyridyl was
Tho absorbance of water ser.ved

spectrum of 2,21
-

~issolvcd in water.as a baseline.
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C'lr.: 2\;Uw.....
w

00 :>-
'tl

, ::;::::;O~ +

+ +

or

Figure 3.37 : The absorbance spcc'\.~rum of 2,21
-

bipyr:i.dyl solution diluted. with an equal volume ('If
d.csforrioxaminc solution. B~th' ~holators wc~e
individually'disGolved in \<1a.ter bofore combining •'rho
absorbance of the desferrioxamino solution in water
served. a:: J, baseline.
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J:'i.gurc 3.38 : Tl'l.o uboo:d')anoc [;l')OO\:)'·U1'(\ of 2,2
1

...

bil,'yy:ddyl. 21:2 I "'bipyridy:l. waD diSf30lvQ(1 in culturc
medium. Tho cl.l:.~norl:)ilncc of tho c\,tltuJ:c modhtm ncrved.
us a banclino. 'I
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Absorbanco ' (lOC

Il'igurc :3. 39 ~ Tho abr.orbanoe opootrum of 2, 2I ...
bipyridyl solution diluted with an equal volume of
(.lcsfcrrio~aminc solution. 'Soth chelutors were
individ\ta.l:LY cli::l'lolvcd j n culture medium before
oom'bin:Lng. Tho i:Jpsorbanoo of t'ho dosforrio,mminc
solution in culture mcd.i~U1\ scrvccl a~:;a bancl:i.nc.
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CHAPTER 4 OISCOSSION

SF:C'!'ION 4.1 DISCUSSION OF METHODS

A) ~ISCUSSION OF METHOO~1USED FOR TIm CULTIVATION OF

PARASITES

Prior to 1976 attcmptH to oM.iuin continuous gro\"th of the

p. £.llciparum parasite \"e1'Onnsuccess:tul. Growt.h of the

parasite was limited to th(~ she rt; term mai.ntienance of

human and certain animal plasmodia (WHC) , 1972). In 1976,

succossful cant Lnuous cuH:u1'(, af P. f.a1 r..:ij'JQrum p,u'asito9

(Trager and J'en!:lCn1976; Haynes ot: <11" 1.976), These

studies, (especially the findin~s of Trag~~ ilnd Jenson,

1976) revolutionised research on human malaria. Their

me'thoda have formG'd the ba!'l:i.s of many of t.he rcconb

malaria biochemistry, immunology and

pharmacology.

1 Churactcristicn of the paruDito isolateq used

T\"o ntrains of parMi t:~s, the Fen.-3 and nS.1I.-2 WCl'e

r~"Iu'l::.im11y('lUIturod in our laboratories. Those wer{~

donat.ionfJ fl.'mo ;J. l)'rONln of 1~hn RID'rB in Durban.
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Isolate characteristics aA dSBcribad by J. Freese:

FCR~ 3

Origin: The Gambia
.renoen 3D and 'l'ragcrW. PltJ.Slnodi,um £aJciparum in
cul1:;Ul'e: establ Lahment; of additional st.rains.
Am J Trap Med BY9 1978; 27:743-746.

Chloraquin~ sensitivity: MIe - 0.6 uM (resistant).

Origin: Kwazulu

Date of collection: 28-1-1905.

Clinical data: ~ntiont responded to trcatmant with 10
tablets o£ Darao1110r (l 500 rog chloroquine bane
150 mg pyrimethamino baso).

chloroCjuine nenoitiv:tty: MIC'4 0.06 uM.
:;

j
I

J..



- .. ~*A .... eu.:a q

2 Factors affecting the continuous cultivation of the
el,'ythrocytic stages of P. :£alaip;u.'um ..,

2.1 Medium

of P. ,falciptll'um Na~J RPMI 1640 (Tragol: and .Tansen,
The mccli,umused to initiate the first contri.nuoun ctlH~ure

(I

1976) • This modium was origino.lly deve Icped for the Ln

v;:'t.;t.+o cultivat.ion of Icucocy+ea (Jemwn. 1.988). HPMI
164{J contains a hydrogen ca.rbonate-carbon dioxide buffer

system which maintains the physiological pH of the medium
(WHO, 1972). Th:i.!:1medium fmpplcmcnted with 25 mMHEPES

2.1.1 Role of HBPF~ buffer

1>u.£forl'cm,dns the medium of choict:.

the parasites (.rensen, 1.908; wno, 1972). '1'he pal."asiten

:rt is cl'llCial that the pH of the medium be mflintaincd

between 7,3 and 7,S for the successful in vitro growth of

rapidly produces large concentrations of lactic acid
which ,to a product of glucose metabolism ('I.'dUg, 19A5;

Zolg et al" 1904), This results in local and gross pH

changes whiah is dctr~nental to the devolopment of the
paratiitcs (Z01g et B1., 1904).

J
I
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Therefore the long term maintenance o£ the parasites in

vi.tiro depends on overcoming the l?1"ob11mS of drastic pH
changes. The hydrogen cDlbonate carb~ dioxide

J,
buffering system found in RPMI 1640 is not sufficient to
maintain the pH of the extracellular medium at 7,4 as the
par:~sitas consume gluoose and produce lactate rapidly.
To maintain the pH of tho extracellular medium between
7,2 and 7,4, additional buffers are required (WHO, 1977).

buffer syatem of RPM I 1640. The zwitterion buffer

rjIn our studies, HEPES, a zNittcrion huffer, was routinely
used to supp Lemerrt;t.he hydrogen carbonate-carbon dioxide

inc:r.easasthe overall bnffering capacity of the
medium and it docs lIot~ interfer with normal cell

phYBiolo~I!1. It a Lac ensures that the physiolo9i~al pH
within the culture flask is maintained once the flasks

..

are opened for inoculation and removal of ;parasites (WHOr

1972) •

()

HEPES is a suitable buffor as its pic at 37°0 is
Ur?J?l"oximately 7.3 which is vety close to the pH requi:t'cd

? ).J.
for opt.imum parasite growth. ('I'rig9, 3.935). MOl'covct'

ct al., (1988) obacrved that Rft-1I 1640
,.

with. another buffer.
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2.1.;; Importance of hypoxanthinA supplementation

1'hc! method used for parasite cultivation in our
studies. required that the medium should
supplemented with hypoxanthine Freese at al. t

also be

(1988)•
The p"lrdsite cannot synthosis l')urirlcsde novo. The!

medium RPMI 1640 also lacl<:s purines, therefore the
, .parasite depends on its hoat for these. The only sources

of purine precursors available to the parasite are the
human arythrocyt.e and the serum which supplements the
medium • Hypoxanthine is a precursor of adenine and
guanine and it enters the parasite readily (Manadhar and
Van Dyke t 1975). Supplementing Lhe medium with a certain

\;......

concentration hypoxanthine increases the peakof
parasitaemia (Zolg at a1., 1982, Dutcher 1979; Jensen
1979;) • The hypoxanthine concentration Qf 44 mg per 1

litre of medium used in our studies was sufficient enough
to enhance the paraaitaemia (1019 at al., 1982),

2.1.3 Gentamycin used as prophylaxis

,-,

To avoid aac:i.dontal ccnuami.naeLon , gentamycin sulph,.;.e
was used prophylactioally in the culturo medium.
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2.2 Serum requi~ements

~he continuous cultivation of P. f.:.ilc:ipal·um requires
that the basic culture medium, RPMI 1640 is supplemented
with pooled human serum for parasite growth and the serum
type seLectied is compatible with the erythrooytes b(?it1g
used (Diva and Jensen, 1982). In our studies, serum f.rom
healthy A + donors was used as it was compatible with the
o • erythrocytes being used and the larger proportion of
the Johannesburg population belong to this blood group.

In previous studies, 10ml of pooled serum was used to
supplement.1 litre of medium (DivQ and Jensen, 1982). At
this concentration t most aera supports '1~he gl.·owth of
parasites that are already established in culture ( WHO,
1977), Pooled human serum from n few donors is always
more effective comr.ared to serum obtained from a single
donor (Diva and Jensen,1982; Jensen, 1979): Since the
two str().ina of bhe parasites being cultured in our
laborato~ieB were already established in culture, 10ml of
pooled heat inact~ivated human serum was routinely used to
supplement 1 litre of medium.

!n our studies the serum from freshly clotted blood WaS
pooled, frozen and used. Reports from previous studies
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provided these are compatibl~ with the se~um being used.
There is no biological prefe:enae for any of the blood

indicate that serum collected under these conditions,
produces optimal growth of the parasites (Zolg et al.,

1982; Divo and Jensen 1982; Jensen, 1988). In our
laboratory the seru~ was stored at -20aC in aliquots of
volumes suitable for immediate use. Therefore once the
serum was thawed, 'I;.heentire aliquot was utilised.
Repeated freezing and thawing is reported to result in a

loss of nutrients ( WHO, 1977). Tempcratul:'cs higher or
lower than -200C is reported to be deleterious to the
serum (WIlO, 1972; Jensen ,1979 ).

2.3 Erythro~ytes

F.f..tlciptll'um is maintained in continuous culture, using
the erythrocytes from any of the ABO blood groups

groups 'Jensen 1988), With our experience, fresh or
stored erythroaytes appenred to have the same ability to

thecontinous CUltivation parasites,ofthesupport
provided '''el'e not, stored inel'ythrocyte s
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The P. £<'11a ipe rut« parasite is an obligate
."'"anaerobd,c

f

2.4 Gas requirements

roicroaerophillic and cannot prolif.erate under
conditions. The gas mixture used for tht' cultivation of
the parasite consisted of oxygen, darbon dioxide and
nitrogen (Scheibel et"al., 1979).

..

Although Tragc-n'and Jensen (.1.976) observed that the gas
i ,.;

atmosphere in the oandLe jar d.. e. (1.3 -3. 3 ~J carbon
dioxide and 14.5-17.5 % oxygen), is ideal for the

suitable for the growth of the parasites. Higher

establishment and maintenance of certain st:t:'ainstr.:
parasi tea, E'reese et: a I , (1.988) reported that it~ wa"j
unsuitable for local strains, There:tore <Inalternate gas
phase was selected.

Carbon dioxide concentrations bet\V'cen 2 and 5P~ are

concentrations of c<'l.t'bondioxido are inhibitory. The
RPMI 1640 medLum eonnad.ns a hyd:t:ogencarbonaua- carbon
dioxide buffer sY~'l't~m which i~1 affected by high 'j

concentrations of carbon dioxide (Trigg, 1985). Tho

balance the bicarbonato contant of the medium nnd ,.
carbon dioxide concentration should be sufficient co

14'7

,.~
1

:j
l
j

maintain the correct pI! ( WHO, 1977),
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The manner in t·:hi'"!hoxygen affect,s the meta;olism of the
ma Larf a para~dte is unknown. OXY9€.n concentrations equa l
to that in air (approximately 21% is found co be
inhibitory to thA growth of the parasite, although this
effect may ta~e several days to become apparent (Scheibel
at s l , f 1979).

Therefore, low oxygen tensions are favourable to the
metabolism of thE~ parasi tea. The posi,tivo effect of low
oxygen tensions is probably related to the maintenance of
low redox potentials in the paraSitic environment Trigg,
1985) •

The maintenance of the correct pH and low redox
r.
\)

potentials are essential. These are icfluenced by the
concentrations of carbon dioxide and oxygen respectively
in the gas ph. q. The concentration of the two gases are
compatible and balance each other. Therefore, if the
concentl:'ationof oxygen is low, the concentrati.on of
carbon dioxide is also 10\" I so that: the reduced oxygen
supply is nat ccmprom:i.scclfurther.

Combining 3 % oxygen with 4 % carbon dioxide results in
·the pH of che medium being 7.42, which ).' <,

.. "') tho

physiological VR (Scheibel at al., 1979). In our studies
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2.5 Parasites cul~ured in suspension

were selected. This gaB mixture proved to be suitable for
the establishment and maintenance of the local strains of
parasites.

cultivation of the parasites in suspenqion results in
improv.:ld yields of parasites compared to static cultures
(Freese at al., 1988; Zolg et al., 1982; Butcher, 1979;
Butcher, 1981; Fairlamb, 1985i. In static cultures only
the parasites at I;.h~top of t.he erythrocytic layer have
good access to the nut.ri.enua vdthin the mediul"!which
floats on top of the erythrocytic layer. Those parasites
found deep in the erytbrocite layer have less ancoes to
the nutrients in the medium and their microenvironment
soon becomes unsu itablr'?fo1.'optittlalproliferation. Tox:i.c
metl.\bolitee especially t lactic Clt:'idaocumuLabes in the
parasite microenvironment; and this j.nhibits the op",imum
development of the parasite resulting in overall lower
parasitaemia (Jcns('l1,19tHI). J)'urtherm('lrethe thin statio
layer haR limited usefulness, as it cannot be e~Bily
scaled \~P to produce large c:tuantit:iesof paJ..Jsites
(fmtchel:',1981),

I'

Butcher (:981) reports ~hat in cultures maintained in
suspension (i.e.on an orbital shaker) there is increased
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contact between the releasecl merozoites and the

, .

uninfected erythrocytes. These contact points are more
efficiently distributed in suspension cultures resulting
in higher peak parasitaemia and multiplication rates. In
stat.c cultureo there is reduced contact between the
released merozoites and the ava i Iub I» uni1fected
eryth.ocytes which yields higher percentages of multiple
infected erythrocytes compared to Buspension cultures.

The parasites in multiple infected erythrocytes are less
likely to develop to the mature schizont stage and
subsequently release meroaoitcs. The presence of more
uhan e.ie purasit.e t\lithin an erythl.·oC'yte incr-eases the
~tresB on the nutritionul capacity of the ezythrooyte.
Furthcl'mOl.·C, th'" membrane of

iu 1:00 fragile co sur.)!?ort.the o)?timum

al'e genc.t'ullysoon in. cu luure at .my one time. This

2. (j Synclu,·oniz.a'l:ion I

~

In an establishod culture , all the developmental stages

situation however is not always suitable for studies in

\\'hich a Sl?ccific stage is required. In a synchronized

cut t.ure , the nut.ritj.onnl and ~laB l'(lquirements of all tr.c
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parasites a&B constant as t~e parasites are in the same
stage. In a no, ~y;chronized culture, the various stages
of the par<.s;::ei,r8 present~, thus the reg_uircmcnt of.each
parasite (stage) differs. Therefore the early stage of
the parasite (i.e. the ring stage) may be deprived of
nutrition and gas due to the increased relluirements of
thG mature stages. Due to these factors it is Qssenti~l
to synchronize parasites regularly.

:tn studies, the Were routinelypnrasitesour
synchronized, using t.homethod described by Lambros and
Vanderberg (1979). This method employs the use of an
a;ueous sorbitol solution which allows parasites in the
cal'ly stages Normal orythrocytep arCto survive.
impermeable to sorbitol, but the developing parasite
causes a change in the permeability of the erythrocytic
membrane. 'l'hel'efol'ewanhi.ng the parasitized eryt~hl:'ocytes
in the aqueous sorbitol salt.ltionlysed the membranes of

"

th~ mature stages of the parasite as these membranes are
mOBI; pe rmeab le ttlthe aorbi.t.cl solution. The pat'il8ites
in the early ring stage arc isolated, as the parasitic
membrane in this stage is not as porous and permeable as
in Lhe maLure stages (Jensen, 1908).
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2.7 The routine maintenance of the malaria cultures

It is essential that the mediwn is replaced regularly

2.7.1 The impcrtance of repla(!in~lt.hemed i.um

e.g- once every 24 hours, .U1 it is a limit:in9 faetor for

the Bucoessful proliferation of the Ihlrasites. The

exhausted by parasitized as well as non para8iti~ed

freclumwy at which the medd.um is replaced dept'ods on t.he

parilsitaemia. 'l'}le nut~ritional capacity of the medium in

evm.·y 24 hou.t'~{, ,1 low parasitaemia is eSD"mtial t sinew

the buffering oapac i.t.y of th(~medium (Butc:hm.',1979).
the metabolism of the parasites and erythrocytes limits

The accumulation of toxic metabolites especially lact'~

7.4 which prevents optimal multipl i.car.i.cn of tho

In our Bt.udimJ tJw medium WMl l'~plilC(1d once

hours at high par.HJit,i:H'mias.
I

~.
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2.'7.2 The rote of thin blood smears

determine the parasitaemia.
prepared, stained and studied. The thin Hmearu arc the



only indication of the parasitaemia and the conditi~n of
the parasites. Therefore the smears determines whether
Bubculturing of the parasites is reguirad.

The smears are especially cruc i.al when ~Ireparing for an
oX}.Jeriment. '1'hosesmear-s indicate if the parasite stage
is appropriate for a specific experiment and determines
the parasitaemia of the stuck cultures.

2.7.3 The importance of suhcu1turing or tlilut.ingof
parasites

In our studies if t.he parasitaemia of a 0\11 ture was 5~J

and higher, it was advisable !::osubculture or dilute the
highpUl'usites. p~rasitaemiaB the nutritionalAt

requirements of the parasites exceeds the oapacity of bhe
medium, e&paciully ~l the medium:i.e replaced only once
every 24 hom·s. The acournu laud.on of the lactic acid at
high parasitacmias drast.ically reduces the pH of the
medium which was unfavourable for' the proliferation of
the pa:ranitcs (Zolg ei: «I«, 19(4). tlo:r;'coVCl:'at h:i.~lh
parasitacmi.as there is a l'~dllce(l number of uninfectcd
erythrocytes available to the released merozoites to
penetrate. Thin has a direct influence on the new
generation of paras1tftD.
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In our s'.,udiesthe parasites were subcultured by adding
newly washed eryt.hrocytes and fresh complete medium. It
was crucial that large volumes of packed erythrocytes
.\~,e added when subculturing for the new generation of
T.lero~'·'.ltesto pcmetrate. The of freshaddition
erythrocytes is important DS erythrocytes deterioate in

vitro. After 24 hours in vitro, erythrocytes show a
decrease in glucose consumption and therefore a decrease
in the rate of phosphorylation of (ADI'), adenosine
5'-(trihydrogen pyrophosphate) to (ATP) 1 adenosine
5'(tetrahydrogen triphosphate) (WHO, 1972). The fresh
erythrocytes added whon subculturing will have high ATP
levels, which will promote the optimal developement of
merozoites which ~;}ill p(metrate these erythrocytes. 'l.'he

added erythrocytes decreases the overall parasitaemia and
nt a low parnsitaemia, less tOlCic metabolites are
produced.

3 Cryoproservation and thawing of parasites

3.1 Cryoprescrvation of parasites

Continuous cultm:es of parasitc9 are expoaed to the
risk of accidental bacterial or fungal contamination,
therefore to avoid the total lOBS of a strain it is
advisable to preserve Bome of the cultures.
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performed to elucidate optimum conditions for reliable
At this stage there has been insuffic ~nt studies

and reproducible cryoprescrvation of the malaria
Ihlrasites (WHO, 19B1). In our studies, the method
emploY(Jd for the c.t'oprtHJ(~rvat.ionof the parasites was a

modification of the low glycerol method of (Rowe at

a I , ,1968). The low glycerol method is also recomrnended
for the cryopreservatinn of cultured parasites by
Pet.ers, (1908 b); Nguy(m Dinh, (1988). 'fhe method
described by Freese et al. (1988) was Buitable for the

In our studieH t t.he volume of thE'. (.~ry()protfmt<lnt•

glycerol in PBS added, Was mau,\l to tho volume or the
parasite Buspension, rcsultinc in a final concentration
of 14 % glycerol. This nonoentration was sui.t.ahl e
only aonaentratio~B higher than 20 % glycerol w~re
l:'(~~')ortedto be toxic to the pilt'asites(WHO, 1972).

The glycm:ol serves .w a cryoprotect,ant agent wh i.ch
preVGl,t,B ice crystal fm'md.Linn and damage to Lhe parasit.e

membrane. In our studlCS only parasites in t~e ring stage
were frozen. The parasites in the ring stage are frozen

to the freeze-thaw p~ocess (Houba, 1988). This is alMo
u 1tl'astru('t. ura l onin the
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falciparulIl in which a higner percentage of the rings
survived the freeze-thaw process (Diggs et al., 1977).

The ring stage of the parasite is also selected because
it can be atored indefinate1y in liquid nitrogen without
any loss of ipfectivity (strome at aI., 1977; Houba,
1980)•

In our studies, the parasit~s were placed in liquid
nitrogen within 10 minutes 01 adding the glycerol
mixture. It is advisable to atta:inthe temperature at
which the parasites are to be £r01en rapidly, to
prevo~t the parasites fr0m metabolising the glycerol ag
it is cytotmd.c to the l'tu:asitcs( WHO, 1981). storage
of the parasites in liquid nitrogen (-196°C) or in the
gas phase of the liquid nitrogen (-185°C results in
optimal recovery of the parasites {Christofinis and
Miller, 1983; Houba , 19881.

Parasites are not refrozen once thawed as this results in
a significant loss of infectivity (Strom. at al., 1977),

'rhcrefore, dtu:ing storage, the frozen samples axe not
exposed to ambient temperatures. Any cl~vation in
temperature rCl'lults in a substantial loss of viability
(WHO, 1981; Houba ,1980),
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3.2 Thawing of cryopreserved parasites

In our studies, cryopreserved parasites were thawed by
adding sodium chloride solutions to the parasites. These
solutions are added to prevent the cytotoxic damagf' by
glycB.r:olwhen the parasit..~s are being thawed (Houba
1.988) •

>:)
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OF THE PARASITES TO THE CHELATORS.
B) DISCUSSION OF METHODS UfED TO EVALUATE THE SENSITIVITY

1 The use of [:)[11 hypoxanthine ineorporatic)n ,IS an index

of growth f,·

Tn our studi.OH, the growth of lhe parasites was assesed

~Blng I'DI hypoxanthine (Amersham) as an index of growth.

Usi.ng [:IU] hypoxanih.i.ne , it is pC)~H>i.hl(' to r-va l ua t e the

ehelatol's djrect!v d~Flinsi t.he s('rudt i.v it.y of th!'

pal'il~dte. "'hifl sYHLem offnr~; Uh' potential I..) deb·cl.:. it

variety of ;''1'11. Lmal irials/inm che Lat.or s which may O()t:. be

eli ;(!()vo};'f'd in an in td vo f~yst(ro bceutu{(' of C'XCleHS

toxicil:y c r' unfavourable pha rmacok i.ne t Lcs ,

This mo t.hod u s i.rrq r ad Lo Labe I led hypoxarrt.h J no Ls qui

accu rat.e and r(Jliab.lo for df'b.'J'nliningdrug ('fff'ctfi. It

replaces the method of visual counting oC r~:AHite8 on
thin Nhi.ch is LcdLoua , time cou surni.nq and

orror.8ubjoGted to
viability of tho parasites cannot he assessed using light

HmC',U'!3 wily be' I1\Pt.aholit~cllly doad , 'l'h(~ upt.ako of lillJ(>ll(~d

hvpoxant.h i.no in ,'W Lnd icat Lon (If t~}v~vi.ubi 1it:1 of t.ho

parasites (Geary at al., 1983\.

Hi\d:i.olHh(~ll('d hYPOl{llnthim\ i13 tH10d ;If:l hYPol{anLhinn is the>,
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major purine base used by the parasite for the synthesis
of adenosine amI guanosine nuclcotidcs and nucleic acids.
Hypoxanthi~o is capable of crossing the malaria parasite
membrane. It is irworporat<'d into both r Lbc nuo lr-Lc and

deoxyribonuclcl~ acid and thus provides an index of the
pa rus i.te metabolism. Thus t h i s purine precul'Hor has d

crucial role to play in the metabolism of the malaria
parasite (Manadh3X' and Van Dyke, 1975).

In our studies r the method using [!3H1 11ypoxanthillC was

bnsed the semiautomated miarodilution techniqueon
described by Desjardins et al. (1979). The parasitaemia
was determined by [:.in] hYP()ximthinc Lnco r'porabi.on- '1'he
sensitivity of the parasites to a certdin chelator was
determined percentage of the hypoxanthineas a

incorporation by the control parasites.

2 Basic rp_1iremcnt8 for the preliminary and final

2.1 Medium used to dissolve the chelators

The 6 chelators were roadily soluble in culture medium.

Th(~ incomplete medium was used to prnp'i'\l"C tb.!.' B LCl(~J< and

d l lut cd so lut.tona of tho chel at.o r« to avoid any

incompatibilities w it.h the parasites. 'l'hecull urn lilndium
159
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used for the experiments does not contain the "cold"
hypoxanthine which was routinely added to
culturing the parasites (refer to section

it
2.1

cultivation methods), The omission of the "cold"
hypoxanthine from the medium eliminated the competition
between the "cold" and labelled hypoxanthine as the
parasites are unable to distinguisL between the two and
will thus use either one. Addition vf purines e.y.
hypoxanthine to the culture ium is shown to decrease
the uptake of labelled hYPvA.mthine by the parasites,
thus decreasing the parasite counts by t.he scintillation
counter « ..dulay et al., 1983).

2.2 Chelator sensitivity tests (use of microtiter plaLe)

In our studies, chelator sensitivity tests Were performed
in 96 In each plate thewell micl:'otiter plates.
sensit~lTity t.:£ ore strain was evaluated against 20
different concentr,1t.1.0l').Sof a specific chelator. In this
manner, extremely low aud high concentrations of the
chelator were tested. concentrations would
otherwise be totally unsuitable for in vivo studies. The
low concentrations may not be sufficient enough to be
effective in an animal model and the high concentrations
would probably be to to~ic to the animal.
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solutions were used. Therefore smaller quantities of the
In the 96 well plates, 'miorolitres of the ohelator

which was economicallyrequired,ohelators were
advant~geous.

2.3 Parasites

2.3.1 Synohrorization of parasites

Previous studies have reported that the mature stages of
the effectsthe pal~site are sUB~eptible to

desferrioxamine (Raventos~SuareZ et al., 1982; Fritsch
and Jung, 1986). To isol&te the immature stages the
parasites were aynchron~zed using the method described by
Lambros and Vanderberg (1979). Using this method, the
aqueov sorbitol solution lysed the membranes of che
mature stages i.e. the tropholoites and sahizonts, thus
isolating the yaung rings. These rings were left for 15
to 17 hours to mature to the mid and late 'i;rophozoite
stages which are suitable for the chelator stu~ies.

2.3.2 Preparation of the parasite suspension (dilution of
stock cultures)

The varasite suspension which was added to the predosed
96 well micKotiter plate was prepared by diluting the
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stock cultures appropriately with erythrocytes and
complete medium. In 'I::.hochelator sensitivity studies
the initial parasitaemia rqquired was approximately 0.5%.

The low parasitaemia is crucial as there is a reduced
rate of [3H] hypoxanthine incorporation by parasites that
are cultured at a high ini~ial parasitaemia. The
accumu lat.Lcn of ac idLc metabolites i ! the medium at. high
paras:i.taemias reduces the incorporation of the labelled
hypoxanthine by the parasites (pH less than 7.3). At
high parasitaemias the incorporation of [3Hl hypoxanthine
is rate limiting, hence drug studies cannot be performed
(Chulay et a1., 1903).

In our experiments, the haematocrit of the parasitized
suspension was maintained at 1 %. It is important tha~
the hac~ltocrit is maintained at a low percen~age. Non
parasitized erythrocytes have a high concentration of
many purines, thus there is red\lced.labelled hypoxanthine
incorporation by the non parasitized erythrocytes.
Therefore there is r(~d\lc~dhypoxanthine incorporation by
the parasites in the presence of a lar9c number of
uninfected erythrocytes (Chulay at al., 1983) •
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erythrocyte Buspension represents the background 3D

i
'j

1
~'I

2.4 The role of the erythrocyte control

In the Qxperirncmts, each mic::n:otitcl'plate contained wells
representing the erythrocyte control wells. The uptake
of the labelled hypoxanthine by the non parasitized

hypoxanthine incorporation. When calculating the final
parasitcBmias, the DPM values (disintegration per minute)
obtained far wells containing the parasitized suspcnsion
represents the 01"1'1values of the parasitized and non
parasitized erythr~cytes found within the suspension.
The D1"M values of the non parasitized suspension is
cml)trtl.C'Jtedfrom the t)l"M values of the parasitized
suspension. The final counts therefore only represents
those of the parasitized erythrocytes.

2.5 US(~ of the humidified airt:i\lhtbox
i

\,1
1
•

that the box was kept. maintain the

I
In the experiments, the 96 well plates were placed in a
humidifit~d airtight box Nhich Wi).S :i.ncubatedat 37°C. The
moisturo was retained in the box thus pl'cventing t;h(~
contents of the plate evaporating. It was also cJsential

specific gas atmosphere required by the parasites to
proliferate successfully.
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In the expc1'imentst Lhe parasites wct'e exposed for 42

2.6 Period of exposure of the parasites to the iron
chelators

hours to a specific chelator or: combination of chelators.

alone for 24 hours and than an additional 18 hours to the
The parasites are exposed initially to the chelators

chelBtors and isotope • Thus the parasites were harvested '-I

prior to schizogony and the invasion of erythrocytes by

the new generation of meroznites • This prevented loss of
radioaetivity.

3 Concentra'tions of the ehe Iat.or'aselected

The co.\centratiOn!3 nf: the chelators were selected

I
i

I-
I..
\

I..

••
3.1 Dose response curves ~f the 6 chelators

dependin~J on the retlult9 obtained in our 1'1'0.1iminary
studies and those repol'ted by other simila);"studie$.

:tn our experiments, bhe concentrat.ion l'ange studied :for

completely inhibited

was between 1 and 30 uM.
a l , I ( 1 Q02) reported that 15 uM DE'O

the :in vitiro gl.'owth of the

both 131)'0 and DIi'T
Haventos"'Suaroz et:

p~lrasites • Fritsch st al., (1987) concluded that 25-30
uM DE''!' completely i.nh:i.bHodthe growth of. the pru·as:i.tes
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ill vitro. The reau lba of OU1' preliminary stud:"t.<1
suggested that 25uM OFO and DFT completely inhibited the
in vitl'o growth of the p ra....l;.I?O. Thcrefol'C lower
concentrations were ef£ccthtc ~t inhi.biting the growth of

the parasites in a dose dependent, manner and hi.9h~r
c~ncentrations would completely inhibit the grnwth

the

studies of 2.2'~ bipyridyl,In our preliminary
concentrations lower than 10 uM had no effect on the
growth of the parasites. The highest concentration,
25 uM inhibited the growth put not comp~ctely. Therefore
concentrations higher than 25 uM were required. The
concen~ration range selected was between 2 and 40 uM.

The concentration range selected for those chelators
whioh had a higher affini t;y fal:'iron namely f nro , DE"!' and
nIP were simUar.

Xn the )?l:'eliminarystudies 25 uM EOTA, EGTA and. OTDA hdd
no effect on the growth of the parasites. It is assumed
that because them~ che labor.s have a ver.y low a:f:finltyfor
iron, higher concentrations are required. to inhibit

The concentrationgrowth of parasites. range
selected for both BOTA and EGTA WaS between 20 and.
1000 uM.
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DTPA has a higher affinity for iron compared to EOTA and
EGTA. DTPA binds to iron with a stronger dissooiation
constant (1020) compared to EOTA (1025) (He~shko and
weatherall, 1988), Therefore lowar concentrations- of
DTPA are selected comp8l:ed to EDTA and EGTA. The highest
concent'r'ation selected for OTPA was 240 uM.

3.2 Combination of a cheLat.or with an unseuuraned

ohelato:.."

From our results , we observed 'chat chelators which have
a high affinity and selectivity :Cor iroo, i.e. DE'O, DFT
and 2,2'- bipyridyl inhibited the growth of the pal:"asites
at relatively low concentrations compared to EDTA, EGTA
and OTPA. It is assumed that because low concentrations
of these iron specific che.labor-a \-1ore required, their
mode of inhibition was directly related to the parasite
i.e. (the possible site of aation was probably on the
parasite) and to iron.

Tu elucidate possible mechanisms of inhibition of these
obe Lanor s the combined effect of tNo iron specific
chelators was studied. ~he two chelators seleoted to be
combined were DE'O und 2,2'- bipyl'idyl. Prom the results
obtained both OE'O and 2t2'- bipyridyl independently
inhibited the growth of the pal'asites. However tho.ir

1156
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possible mod~s and sites of action differed. OPO has a

high affinity for ferric ions (Hershko and Weatherall,
19G8). Baker at al., (1985) used hepatocytes as a model
to describe the possible sites of action of OFO. OFO
probably l:ransferrin thebound ironbind~ in
extracellular fluid, it chelates the iron which was being
transferred between transferrin and the "iron acceptor"
mo.Lecu.Laa the plasma membrane and it chelatesin
intracellular iron.

From our observations, both OPO and OFT had similar
effects on the growth of the parasites. OFO was selected
as OFT is an experimental chelator and information
relating to Us char"lcteristics is not readily available.
OFO on the other hand is clinically used as an iron
chelator and is readily available.

.
2,2'- bipyridyl has a high affinity for ferrous ions. It
prevents the transfer of iron from the transferrin
molecule to the "iron acceptor" molecules in the plasma
membrane by chelating the iron. Therefore it inhibits
the intracellular uptake of iron (Nunez at al" 1983).

If both chelators inhibited the growth of the parasites
by iron chelntion/deprivation, the combined offect of the
two is expected to be synergistic or additive. Howeve:t'
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2,2'~bipyridyl antagonised the antimalarial aotion of...
DFO. To prove that 2,2'- bipyridyl, antagonised the
antimalarial action DFO. the iron chelating effect of the

our results proved that when combining the two chelators.

formCl'was eli.minated by saturating l.t with ferrous
ammonium sulphate.

3.3 Cqmbination of a chelator with an iron saturated
chelator

3.3.1 The spectroscopic titration of 2,2'- bi.pyddyl and
1,1,

ferrous ammonium sulphate

A t.itration was performed to detel:"minethe molar ratio at •
which ferrous iron saturated 2,2'-bipyridyl completely to
form a complex. The absorbance was measured at 520 nm as
the ferrous saturated 2,2'-bipyridyl complex absorbed
maximally at this \<lavelength.

3.3. :2 The combination of desferri.oxamine and iron
saturated 2,2'-bipyridyl

In the experiments, the concentrations of ferrous
ammonium sulphate selected were low as large quantities

.,'

1GB

e t

of ferrous ammonium sulphate added to the incomplete



medium causes precipitation of the iron found in the

use as it is not clear.
This renders the iron solution unsuitable formedium.

However lower concentrations
dissolve readily in incomplete medium forming clea.r
solutions.

concentrations of unsaturated and iron
In tllis investigation 6 uH DE'O",laGcombined with various

saturated

2,2r ...bipyridyl. 6 uM D1"O was selected
approximately the Ieno value obtained in this
the strain being used (FCR~3).

as it is
study for

3.3.3 The spectroscopic ti.tration of desfel.·rioxamine and
2,2'-bipyridyl

'ro exclude t.he posssibilit.y of a direct
interaction of DFO "'ith 2/2' -bipyridyl, \"h1<::hrasu.Ited in

a.bsorbancethe antagonistic effect, changes in the
spec:trum of 2,2'-bipyridyl were measured
addition of D1"O.
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SECTION 4.2 OISCUSSION OF RESULTS

1 Discussion of the dose-response curves of bhe 6
ohelators

1.1 Desferrioxamine

Dcsferrioxami.ne the desirable properties of ahas
remarkably high affinity for ferric iron (Ka
coupled with a low affinity for calcium (Ka = 102 )

(Klaassen OC, 1985), Bakel' et: ali (1985) used
hepatocytes as a model to suggest the possible sites of
action of desferrioxamine as descri.bed in section 4.1,1.\

Desferrioxamine does not remove iron from haemoglobin
(Hershko and Weatherall, 1988; Porter at al., 1989;

Klaassen OCr 1985).

From the results obtained, DPO inhibited the growth of
the
OFO

FCR-3 strain at concentrations of 1 ut-land above.
inhibited the growth of the RSA-2 strain at

concentrations of 4 uM and above. The difference in
sensi't:.ivitybetween the tv/a strains was also observed in
the reao values obtained. The ICao values determined for
the FCR~3 and RSA-2 strains were 4,25 : 0.12 uM and 5/66

~ 0.07 uM respectively_
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The difference in the sensitivities of the two ~trains
cannot be considered significant as ~t was only observed
at concentrations below 5 uM. At concentrat.ions higher
than 5 uM, the response of the two strains appeared
similar.

other studies have also reported the inhibitory effect of
the growthin vitro of p •.fa 1c:iparum•DPO on

Raventos-Suarez et a1 (1982) reported that 15 uN OFO
inhibits the incompletely vitro growth of P.

.falciparum. The inhibition is caused by iron chelation
as iron saturated OFO has no effect on the growth of the
parasites. Peto and Thompson (1.986) concluded that DFO
inhibits the growth of the parasite without interfering
with the supply of iron from the incubation medium. This
implies that the parasite is independent of the iron in
the extracellular fluid. CFO is also reported to inhibit
liver schizogony in vitro in human and rodent malaria
(stahel et a1., 1988).

In VilTO studies have also report.edthe inhibitory effect
of DPO. pollack et a1. (1987) rel?orted that constant
blood levels of DFO supressed P. .fa1ciparum in Aoi;.us

vinckei, constant blood levels of DFO suppress the
monkeys. Similarly, in mice infected with Plasmodium

.'
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parasites (Fritsch et al., 1985). OFO also suppresses
parasite proliferation in rats ;;'nfectedwith Plasmodium

be.r'ghei (HershkO""landPeto, 1988).

The r~sults obtained from our studies and those reported
by other studies indicated that OFO was effective at
inhibiting the growth of the parasites in vitro and in

vivo. The mechanism of inhibition remains undefined.

reported the uptake of :L4C-Oesferrioxamine B by P.
talcipa.r'um infected erythrocytes. DFO B probably blocks

Peto and Thompson. (1986) concluded that it is the
chelation of:the intracelli..Lsr iron that inhibits the
growth of. the parasites as medium supplementated with
iron deficient serum results in the same growth rate as
supplementation with normal serum. It is possible that
the cheLat.or crosses the parasite membrane and chelates
with the intracellular iron. Fritsch and Jung (1986)

the iron dependent enzyme, ribonucleotide reductase thus
synthesis.inhibiting DNA The i:lhibition is most

pronounced during the mid to late trophozoite stage when
the parasites showed high metabolic activity especially
in DNA synthesis (Fritsch and Jung, 1986; Raventos-Suat'eZ
et e l ,', 1982) •
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The pool/nature of intrac~ lular iron that is chelated by
DFO remains unde·ined. DFO cannot remove iron from
haemoglobin (Hershko and Weatherall, l~On). Fur~~ormore
the parasite can1"o1;.use haemoglobin iron as free haem is
toxic to the p~ Jites (Orijh et al., 1977) and the

al., 1948 ).

erythrocytic haem is not measurably chan~ed in the later
stages-i.e. (troph020itea and schizonts) of the parasite
when compared to the early stages i.e. rings (Ball et

Perhaps the mode of inhibitil")n is not related

to iron deprivRtion alon~. Klebanoff at al. (1989)
reported the destru~tive action of DPO. OPO enhances the
autooxidation of ferrous ions by chelation of ferric
ions. In this manner DFO and ferrous ions acts as an
oxygan radical generating system which contributes to the
inhibitory action of OFO. ". s efface is most prono~nced

at the.pH of 5,5 • It is possible that DPO inhibits
growth of the parasite using the saroemechan:i.smas the pH
of the parasite food vacuole is reported to have a
simBal' pH (Ginsburg, 1988 ).

Therefore DPO possibly inhibits the proliferation of the
parasite by iron deprivation and by promnting the
formation of destructive oxygen radicals.
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1.2 Oesferrithiocin

Desferrithiocin is an experimental drug • It inhibits the
proliferation of an in vitro P. £alciparum culture in a
dose dependent manner, similar to DFO (Fritsch at a1 .,
1987). When Dc'T was tested i"1mice and dogs it.Was shown
to be acutely toxic, thus this chelator is no longer
under investigation (Port~r J, 1989).

Prom our results obtained, OFT inhibited the growth of
the FCR-3 strain at concentrations of 1 uM and higher.
The ICtH, value obtained for this strain Was 2,4 + 0.12

uM. OFT inhibited the growth or the RSA-2 strain at
concentrations of 6 uM and higher. The IC at) value
obtained for this str.ain wns 7,03 : 0.29 uM.

From these observations it appenrs that the sensitivit~y
of the t.wo stl:'ainsto OE'T differed cODbiderably. 1?CH-3

al?l:learsto be significuntly more sen!1itive to the effects
of OFT. This is especiallY sean in the ICso values
obtained for each of the strains. The increasecl
sensitivity could be due to the characteristics of the
strain itself e.g. the mechnnism of iron utilization by
certain stra~nB of parasites.
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The inhibito~y effects of OFT has also been ~eported by
othe~ studies. Fritsch at al. (1987) reported that
25~30 uM OFT prtWent(,,1parasite multiplication in vi.tiro •

stahe1 at ai. (1989) ~cported that OFT inhibited liver
schizogony of human and rodent, malaria in vitro. What is

the mechanism of inhibition of parasite proliferation
oaused by OFT ?

Being an experimental drug, information ~elating to the
aha~acteriBtics of DFT in not readily available. It
binds to ferric iron with the same bl!.ndingconstant as
nFO (Peter,1985). It can therefore he assumed, that like
t:lIfO, it probably inhibits parasit.e growth by iron
chelation especially since the i~on saturated OFT had no
effect on the growth of the parasites (Fritsch at
a1.,1987).

..

of the pal'asita by of anothm: mecha n i SIT! •

Besides it'on chelation, OFT probably inhibits th(~<;p:owth

Rice-Evans at al. (1908) reported that OFT chelates the
iron within normal erythrocytes for~ing a chalBtor-i~on

membrane. It is thcl'cforrjlassumed that by means of the ,.

complex. This complex induces haemoglobin oxLdabLon «nd
d1srupts the structural integrity of tho e~ythrocyt~c

same mechanism, m'T destl'oyS tho parasite, since thcH",'o:i.B
a progresoive increasc in redox-aative iron during the
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develoment of P. £aleipal"um within the parasitizc(l
erythrocytes (Golcnser et al., personal communioation).
Therefore the mature stages of~ the parasites contains
increased amounts of this redox-ac,tive iron, which
probably increascs the susceptibility of theBe stages to
the effects of DFT.

1.3 2,21- Bipyridyl

This chelator distributes in the membrane apolar phase.
It prevents the transfer of iron from transferrin to tha
plasma membrane proteins b:r binding wit:.h the ix-on.
Therefore it prevents the iron entering the intracellular
compartment. It has a higher affinity for ferrous iron
(Nunez at al" 1983),

Prom our results, 2,2'- bipyridyl inhibited the growtu of
the FCH-3 Btl'ain at eOnC!cntrat.ions ''If; 10 uM and higher.
The leBO va Iue obt.ained for this strain was 19,9B :!: 0.68

uM. 2,2l- Bip1l'idyl inhibit~(;d th(~ growth of t~he RS1\...2

strain at concentrations of 10 uM and higher. The leao
value obtained .for this strain was 14,35 ~ 0.25 uM.

the effects of 2,2'- bipyridyl, the dif:tcrcnce cannot be
considered significant. 'rhe slight difference in
sensitivity eould bo related to tho technical fnctors
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such as the qua1i.t:yof th~! erythrocytes and serum used.
The erythrocytes and serum are the only two components

..
t.

o ~..

that may differ when the sensitivities of the two strains
are be inq evaluated agai.nst the same che Lauo r at the same
time. The erythrocytes of certain donors are not

"

e££ectivn at Sl,lPPol'tingthe growth of the parasites. The
serum of certain donors may contain anti-bodies or other
inhibitory factors. The erythrocytes and serum are
collected from various donors therefore these factors may
influence the resultant sensitivity of a certain strain
of parasites to a chelator.

Higher eoncen'\a'ations of this chelator wt:!rc required to
inhibit the growth of both strains of
pdrasi.tes compar-ed to PFO and DFT. It is possible that
hi3her concentrations are required due to the site
and mode of twt.ion of 2,2'- bipYl·idyl. 2,2i ...nipyridyl
distributes in the ~ipid phase i.e. (the membrane apolar
phase) I but; bceemes wate:t'soluble when bound to iron •
once tllatersoluble, it hinds rapidly to available it'on
and p:t:'oventsits upt!alm. 'l'hischange j,nsoluhilit.y ence

bound to iron explains the rapid onset of inhibition of
iron uptake only after a pOrlorl of tim(!. This pO~H.dbly

explains the inhibition of the parasite growth only after
a period of time i.e. ccncerrbr-a '\;.ions between
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and 10 uM did not affect the growth of the parasites.
Concentrations higher than 10 uM, inhibits the growth of
the parasite probably because the chelator becomes water
so'uble, inhibito t:he uptake of iron into the cell and is
therefore effective at higher concentrations only (Nunez
ot .11.,1983 ).

The above mechanism of action of 2 r:2 I -bipyridyJ. was
suggested using retioulocytes as a model, as these have
transfen'in receptors (Nunez et: ,'il.,1983). ~~het.her this
chelator inhibits the growt:h of t:hemalaria parn.site hy

preventing the intracallular uptake of iron using this
mechanism remains unalear. This mode of inhibition of
iron uptake is only possible if there is a transferrin
recept.or on the membrane of the malaria par as Ltie, The
presence of a transferrin receptor on the membrane of the
malaria parasite hus not been confirmed.

1..4 EOtrA

EO'J.'A is a synt~hetic chelator. n. ccmbf.nea ""ith £errir.:
iron with a stnbility constant of 10:;"!Il which i.e

low compared to DFO (103~). mDTA has a low selectivity

mOTA

for :t;Cll':~ic iron and a relativoly high affinity for
such en::!"',divalent cations andas
Wea1~hcrall r 19(8) •and
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hyd.rophd l Li.c , acts in the extracellular fluid and

Bxtremely high compared to those of DPO, DFT and

...,1"
< ,' .. ,

presumably cannot penetrate cells (Baker e~ a1.,1985).
It has been used :for roany year3 as an industrial and
analytical reagent because it chelates divalent metal
~ons (Klaassen, 1985),

We observed that.concentrations lower than 170 uM had no
effect on the gr<H'Yt,hof t.he li'CR-3 strain. Thf~ reaD value

for this strain was 262,56 + 6,65 uM.
concentrations lower than 100 uM did not aff(~(~t the
growth of the RSA-2 strain. The leno value obtained for
this strain was 294,63 ! 0.11 uM.

The sensitivities of both strains to l'm'l'A appear-s to be
similar. The differences observed in the reaa values

.'

cannot be consid(~l:'edsi,gnificant. The concentratj,(.)fisof
ED'l'A requi.red to inhibit t. he growth of bot.h st.ra:l1".siu:e

2,2'-bipyridyl. This is especially evident in the reBO
values obtained for these chelatDrs with respect to both

"

to the sioteand mode of act.Lon of the che Lat.o.r , It. is

strains.

Higher concentrations of EDTA are probably required due

assumed that; BD'rA chelateu all the available d i.va lent:
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cations in the extracellular medium/fluid, thus depriving
the parasites nutrients. A:tof essentl.al
concentrations of EDTA, the growth of t\ilf- parasite is not
affected. At these concentrations, EOTA is not present
in sufficient quantities to bind the abundant divalent
cations preaerrc in the extrac:ellula.cmedium. HO\-1everat
higher conc:entrations there is sufficient BOTA available
to bind most of the divalent cations in the medium thus
causing a deficiency in essential nutrients whieh affects
the normal proliferation of the parasites.

1.5 EGTA

EG'l'A, like ED'rA is hydro}?hillie and acts in the
extracellular fluid. It has a high affinity for c:alcium
and a low affinity for iron (Daker et al.,1985).

E'romthe results obtained, conoentrations lower than
200 uH had no effect on the growth of the E'CR-3 I!ltrain.
Th~ 10ao value obtained for this strain was 296,76 ! 5.26
aM. Concentrations lower than 100 uM did not affect the
growth of the RSA-2 strain. The ICso value: obtained for
this s~rain was 224,07 + 8,7 uM. The RSA-2 strain
appeared to be more sensitive to the effects of EGTA.
This difference in sensitivity could be attributed to the

mentioned technical factors namely, thepreviously
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quality of the erythrocytes and serum used. The
sensitivity of both strains to EDTA and EGTA is similar.
This was evident in the reno values obtaint?d for both
ohe.lat.ors after evaluat Lon aga t.nst; both strains whi.chdo
not. diffel' considerably from each other.

It is assumed that because EDTA and EGTA have simil.u~
ad-te and mode of act.Lon , both ohe lat.or-s have the same

effect on the proliferation of the parasites.

1.6 O'l'PA

Animal stUdies have shown that the spect.rum of clinical
effectiveness of OTPA is similar to that of EOTA
(Klaassen, 1985).
The concentration ran~Je seh~ct:ed \'188 between 0 and 240

uM. 'I'heseconcentrations did not have any e.efect on t.he

growth of the pill'as iteo. curve
straight linnobtained fcu' both strains

indicated constant parasitaemias were obtained at all the
concentrations selected.

and BOTA have the Bamo characteriaticB i.poDTP7\
hydrophillic, acts in the extracellular fluid, cannot
penetrate cells and a low affinity for ferric iron {Baker
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at al., 1985). It is possible that due to their similar
oharacteristics, DTPA has the same effect as EDTA on the
growth of the parasites. This is observed in the
following comparisons. At 100 uM of BDTA and DTPA the
parasitaemias obtained for the FCR-3 strain was 86% and
91% respectively. The parasitaemias observed at 120 uM
EOTA and DTPA were 88% and 90% respectively. These
values are percentages of the control parasitaemia.

Therefore DTPA, BDTA and EGTA probably have similar
effects on the growth of the parasites due to their
cemmou characteristics.

It appears that those chelators with a high affinity and
selectivity for iron inhibited the growth of both strains
of par~sites at relatively low concentrations. These
cheLabora wore D13'OI DFT and 2 I 2'- aipyr:i.dyl. cheLaboz-e

with a low affinity for iron and a strong affinity for
metals such as calcium, magnesium Bnd zinc required
higher concentrations to inhibit the growth of the
parasites. Theoe cheLabora were EDTA, EGTA and DTPA.

2 Combination of a chelator with an unsaturated chelat.ol·

The chelators of interest would therefore be DPO, DFT and
2,2'- bipyridyl as these inhibited the growth of the
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~f inhibition caused by these chelators remain unclear. , .
parasites at low concentrations. However the mechanism

To elucidate possible mechanisms of inhibition of these
chelators, the combined effect of 2,2'-bipyridyl and
desferrioxamine was studied. These chelators Were

growth of the parasites. Bake r et al.

r
i

"~,!
;.
I
I
I

I'I
i"
I'

i
i
I
l

selected as they differed in their sites and modes of
actiol. \lthough independently they both inhibited the

(1985) and Nunez at al. (1983) desczibe1 the possible
sites and modes of action of DFO and 2,2'- bipyridyl
respectively.

.2.1 Dose response curves of desfel'rioXamine and

•
If both these chelators inhibited the growth of the
parasites by chelation of iron alone, the combined effect
of the chelators is expected to be synergistic or
additive •

2,2'-bipyridyl

The Ieso values obtained when evaluating the sensitivity
of the FCR-3 strain i~o DFO and 2 r 2'- bipyridyl compared \ :

favourabl.y to the values obtained in our earlier studies
using this strain.

183

~J
I



2.2 Combination of desferrioxamine and 2,2'-bipyridyl

The combined effect of the two chelators resulted in an..
antagonistic effect on the growth of the parasites.
2,2'- bipyridyl at variolls concentrations when combined
with one fixed concentration of OPO I showed a relative
increase parasitaemia comparadin to DPO or
2,2'-bipyridyl implying thesealone, thatthus
concentrations 2,2'-bipyridyl theantagonisedof
antimaIarial action of OPO. This antagonistic effect was
less pronounced when higher concentrations of DPO were
combined with the same concentrations of 2,2'-bipyridyl.

This e.ffect is explained in the following example.
The combined effect 2 and variollsof uM DPO
concentrations of 2,2'- bipyridyl: The parasitaemia
observed at 2 uM 01"0 is equivalent to 30~~ of the control
parasitaem:i.a. I:lo\...~ver when 6 , a , 10 uM 2,2'- bipyridyl
are combined with 2 uM OPO , the resultant parasitaemias
increased from 80?& to approximately 95~o of the control
parasitaernia. Therefore instead of decreasing below aO%,
the parasitaemias increased •
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3 combination of a chelator with an iron sat1
,' ated

chelator

'.co prove that 2,2'-bipyridyl, cmtagonised the
ant~nalarial effect of oro, its iron chelating effect was
eliminated by saturating it with ec;{uimolarconcentrations
of ferrous ammonium sulphate.

3.1 The spectroscopic titration of 2,2'-bipyridyl and
ferroul.':amn mium sulphate

A sp~ctroscopic titration proved that ferrous iron)
saturated 2,21- bipyridyJ. in equimolar concentrations.

3.2 Combination of desferrioxamine and iron saturat.ed
:,2'-bipyridyl

2,2'- Bipyridyl when combined with 6 uM OFO antagonised
thp ~ntimRlarial effect of OFO as the DPM values
(pa.l.'\.\sitaemias)increased relative to the effect of 6 uM
OFO or similar concentrations of 2,2 '-bipyridyl alone.
This is in accordance with our ealier findings.

)

However f when 6 uM OlrO was cc -b ' ned with vr~'ious
concentrations of ferrous saturated 2,2'- bipyridyl the
resultant dose response curve \'lasa straight line meaning
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that the slope was not significant.ly di£fert~nt from O.
The straight lino implied that constant parasitaemias
Were obtained and reflocted the effect of 6 uM DFO alona.

'rho following assumptions were made to descriL~~ the
possible mechanisms by which 2,21- bipyddyl
the antimalarial effect of OPO.

Because the site of <lction o:E 2, 21-bipyridyl is within
the cell membz-ane , H is aasv ncd that it perhaps b Iocka
the passage of OPO across the parasite membrane thus
antagonising the effect of OFO Th(~ DPM values
(parasitaemias) increases as only the 2,2'- bipyridyl is
now effective at preventing iron uptake and inhibiting
parasite multiplication. At 1m,) ccncenbrutrtona 2,2'-

bipyl'idyl is loss effective nhan l)J)'O at similar
ooncentrations at inhibiting the growth of the parasites
(refer to dose rcspon ..a curves of both chelatol's) •
concentrations below 10 uM 2,2'- hipyridyl has no effect
on the growth of the parctsites and similar concentrations
of 011'0 inhibitingat parasite
pt"oliferat:i,on.

The next asaum};ltion,(~xplaining t.he antagonist~ic effect
cruIsed by 2,2'- bipyridyl is based on the redox shunting
of iron. Iron is in a continuous redox cycle, thus it
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continuously undergoes oxidation and reduction forming
ferric (Pes+) and ferrous (Fe~·) ions (Rlehano!f et

a1.,198S), Therefore. if tao ferric ions are ehalated
after OPO is added, ferrous ion a will not be generated
and t~htHl available for ohe l at.Len byare not

Therefore the two chclators cannot
combine additively or synergistically.

3.3 The spectroscopic titration of dcsferrioxamine and
2,2'-bipyddyl

To exclude tr.e tl08Sibility of dl.teet chemicala

interaction of uro with 2,2'-bipyridyl, changes in the
absorbanee spoct.rum of 2,2' ~bipyl:;'idylwere measured after

the addition of: DPO. The ultraviolet spectrum of
2,:2 ' -bi,pyridy I remained constant after DPO Wt\S added •.
Therefore desferrioxamine and 2 t 2'...bipyridyl do not;

"interact chemically. ,''', ,

t'":\~~.i

!30th DI,iO and nIP were indl~pcndently shewn to inhibit the

~Jl:owbhof '(~hQ pal~i.ud.tcs. 1:1: the inhibition was duo to

I
~.

iron d(~privation alone, tho combine(l (~ffeC't of the two

che labor a ,\lould eH,lu)l,' be syncl:'gis'l;ic 01.' additive. trhf~

fact t.hnt an ant,(lgonist:.;i,(! eHect l,s observed, i,mplies
that other mechanisms of inhibition bcsidNl iron {I .'
deprivation inhib:i.ts the growth of the parasites.

\ 1Ij

I
I
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Previous studios using various iron ahclators suggests
othor possible mechanisms of inhibition besides iron
deprivation.

IhcanOdho at al. (1990), reported that the combination
of UFO and L2-9, a synthetic iron chelator resulted in an
antagonistic effect. It is suggested that free radicals
are 9Qneratcd 1:,y the internal redox react:ion of the

previously :CormC'dr,2~9 and Lron comp lex , during a Fe:.'!'·to
These froe radicals destroy the

integrity of the parasite membrane.

Klebanoff at al. (1989) concludes that OPO promotes tho
autooxidation of fel'l'otW ions at pH of 5 \oJhich gencr",teH
oxygen derived fl'ee l:'adicals. The possibility thai~ OE'O

inhibito the growth of the parasite using this mechanism
is considored n possibility because tho pH of the malaria

19(0), Furthermore since radio-labelled DFO has been
reported 't~o aeeumu Lat;o in h:i.\1her conc('ntl:ations in

pa.t"i.ulitized Ol:yt:hl."ooyt(;~Seom};.\uredt;o normal erythrocyt,(W,

t~his mcehana.sm in a von!ilibilit~y <Fl'i.tsd). and Jung, 1906).

At this otago tho mechoninm of inhibition by eholnto.t'nin
not olearly defined. Howover thoBe findings suggost
prospoot~n .for futm"(l l."CH10ll.t'ch. In the futuro if an iron
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chelator which is orally activo, aconomical, free of
coxic ni('te effects and has a long plr:u:::ma half life

becomes available, it: should be evaluated against the
sensitivity of the malaria parasite. Iron chelators may
form the baai.s 0:.(; a pl.·ospect~ivet;.ll'O'tt};' of ant,imalarials.
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rain forcnt zone of Nigeria. J Trap Pcdiatr 1985;
f
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