LA

THE EFFECT OF IRON AND JRON CHELATORS
ON THE GROWTH OF AN | o ,

IN VITRO PLASMODIUM FALCIPARUM CULTURE D

KARUNA THAKER JAIRAM N

A DYSSERTATION SUBMINTED TO THE FACULTY OF HEDICINE, - }g* —
UNIVERELTY OF WHE WETWALERGRAND, JOHANNESBURG, ¥

FGR THE DEGREE OF MASTER OF BCIENCE IN MEDLCINE.

JOHANNESBURG, 1991

)
k1 W,ﬂi




ABSTRACT

The inflnence of iron on the outcome o varioas

infectiome tave beon  extensively reviewed. Cliniecal

obsesvaiions suggests that irom deficiency wmay | be

protastive against malaria. various researchers have

ghown that certain iron chelators blocked the

proliferation of Plasmodivm faleiparum in vitro and in

vivo. However the exact wmede of walaria inhibition by

iron chelators remains undelined. We have investigated
the effect of iron chelators on thae in vitro growth of

£e faleiparuam .

wwe straing ol P. Ffaleiparum , the FCR-3 and . the RSA-2

straing were cultured Ja witre acuording to the method

- deseribed by Preese et al (1988). The paranites were

'synchronizéd using the methed of Lambros and Vanderberg

(19799,

fhe  mensitivity of both astrains ol parasites was

evaluated againgt varioun ccnaentrationa of the following
ehelating agents, DFO, DFT, BIP, BDTA, BSTA, and DTPA.

Perterrioxaming combined  with ‘unaaturated and  iren

gaturated 2,2"-bipyridyl was tosted on the FCR-3 strain.

The chelator sensitivity tests woere performed in 98=-well

nicrobiter platoes. Ingorporation of [® H1 hypoxanthine

fe.‘ o




thu'antimalarial - offect of

was uged as an index of growth. The parazites weve

haryvested with an automated cell harvester. Resulty are
expressed as & percentage of the controls with no
chelator added, The dose response curves. of the 6

chelators alone and those combined were determined.

I0se wvalues for the chelating agents when tested on both

strains were determined.

3,2'-Bipyridyl at vasious concentrationa when conbined
with ©®FD, showed a relative increase in purasitaemia
compared to the 2,27~bipyridyl alone. Thus sugyesting
that these concentrations of 2,2'-bipyridyl antagonisod
ammoninm

2,2t<bipyridy)l wag saturated with ferrous

sulphate at equinelar concentrations and ¢ombined with

desforrioxamine, the resultant dose responae  curve

reflected the offect of desferroxamine alone.

the 6 chelators inhibited the in vitro growth of both

gstraing of parasites. Iron deprivation was congidered a
posgible mechaniem of inhibition by !ie iron gpecific
clielating agents, However if 2,2%«bipyridyl antagonised
the antimalarial action of DFO instoad of ecombining

aynergistieally or additively with it, other possible

It

desforrioxamine.  When
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mechanisms of inhibition begides iron d.privation exists.

; the effechive concentrations of DFO were compatible with

the therapeutic concontrations used in patients with iron

+*

;
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{ o o o -i - overload, These findings suggest prospacts Loy fLubure.
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PREFACE

avare of the malaria prohlém when I

visited the Eastern and Northern gransvaal and was

advised to vse provhylaxis against malaria. Subsequently

I was made aware of the increaming spread of
chlareyquine-ragistant malaria throughout the malaria

endenic regions where Plasmodium faleiparum is found,

Although chloroguinc-resgistant malaria wos not reported

in South Afrieca, its prescrnce. wag  confirmed  in
riecighbouring states such as.Angola, Ramihia, Mozambicue

and in West Africa. T therefore realized that it was a
time befors thore was an - emergence of
Secuth  Africa.

chloroguine-resintant malaria  within

My awareness of chloroguine~resistance wag further
inereased aftor

on the medisal records of the malaria pationts admi.tiod

£o the Jahaﬁneaburq hospital during 1988, i-To aompound

the ekloroguina~resistant prehlam, a wvaccine againet
malaria scems a long distance away, Thorefore thore is a

need for alternate modalities for the therapy of malaria.

To study the paragites it was esgential to establish an

in vitre culture ‘wystom  of the parasites. With. the

_guidance of Mre. J PFreege of the RIDTE in Durban, Ltwo
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straing of parasites were sucepssfully maintained in

cualture.

Portions of this dismerbation have boen presented at

laeal and international caonfoyences,

Jairam KT, Monteaguda FSE, Moch 8L, Havlik T. Malaria at
Jobannesburg hospital ¢ A retrompochive study. South

African Pharmacological Society Congress, Stellenbosch,

1989.

Jairam KT, favlik I, Monteagude FSE. Plasmodium
faleiparum 1 Inhibition of dn vitre growth by iren

chelators. Sovth  African Pharmncalggical. Socieby

Congrops, Johannesburg, 1950,

Monteaqudo PSE, Havlik I. Moch 8%, Jairam KT. Aspects of
walaria in Johannesbury, British  Souiety of

Darnsitolegy, gleventh Malaria meeting, Londdn. L1990,

Haviik I, Jairam KT, ¥Van &yl RL, Monteagudo  FSE.
combined cffect of iron chelators and antimalarials on an
in vitre malaria parasite culture. Sixth Southoast

Asian/Western Pacific Regional Meoting ef Pharmacology,

Honglkong, 1991.
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parts of this digsertation have been included in the

following publications:

Jairam KT, Monteaguds FSE, Moch 8L, Haviik T . Malaria

at Johannesburg hospital + A retrospootive study. 5 Afr

‘Mod J 1990; 78: 467-469.

Jairam KT, Hﬂvlik 1, Monteagudo FSE. Poasible mcchanism
of actien of desferriokamine and 2,2'-bipyridyl on
inhibiting the in vitro growth of Plasmodium faloiparum

(FCR~3 strain) . Tiochom Pharm 1991; 42(8):1633-1634.
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CHAPTER 1 TNTRODUCTION
gEeTION 1.1 ASPECTS OF MALARTA

1, Digtribution of malaria

Malaria is endemic in more than 100 countries in Asia,

Africa, Oceania , eertain Caribbean.ialands, Central and
South America (WHO, 1988 al. Tt is the most important of
the transmissible paragitic diseases in the tropics,
chusing significant marbzdmty and mortality especially
among children . It is estimated that approximately 505

of the world's population is at pisk from malaria

tailles, 1989).
2., Routes of infection

Malaria is uaually acquired from a bite of an infected

Anophalina masqumto (WhO, 1488 b). ' It g also

xrgnsmitted, although rarely by transfusion of infected

blood, use of conhamxnated syringes amonyg drug ‘addicts,

and transplacental transmission {Harinasuta and Bunnad,

1988},
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3. Typas of malaria _ . i_‘...f..:f ;';

The malaria parasite belongs Lo the genus Plasmodium of ; L R

which 4 species, Plasmodium faleiparum, P, vivax,

T |

P, ovale and P, malarias, vregularly infect man _ ’ 1(Q1”
twarhurst, 1987; Garnham, 1988). P, vivax iz the most

extengively distributed and cauges much debilitating

g

digsage. P. ovale is mainly c.nfined to Africa and is

d : o
" L ) 3 T

less common. P. malariae also cccure widely and causes

' the mogt pergisgtant infections, although the least severe - R

- (WHO, 1988 b). P.  falciparum is the dominant malaria
species and is responsible for the cvérwhelmiﬁg -majoritf
of infections; It ecauses the most sevefe infections and ™
is remponsible fdf nearly all mwalaria related_ deaths ' |
(WHO, 1988 o). Mixed infections.cf P, falciparum and : | '§;¢?}m

~one of the other three qucies' also ocenrs (Izmaacson, i" v

-1987; Harinasuta and Bunnag, 1988).

4 . Dife cycle of the parasite

» P . . .
- »
L e -

The Plasmodium species affiecting wan live in the female

Anopheline species during the sexual (sporogonic) phase

of the cycle . Sporozoites which are produced £rom the B
sexual form migrate to the wgalivary giand of the . . ~
- mogquite. When the sporozoites ara'introduced into the f @

human blood stream after the mosguite has had a blood T

of
e




meal, they rapidl& penetrate the parenchymal cells of the
liver and undergo one cycle of asexual divigion which iy

deseribed ag pre-erythrocytic schizogony .

Many merozoites are released into the blood stream, about
5«20 days (dépending on the species) after infection and
wrade ciraulating erythroeytes, The rapid
intraerythrocytic multiplication of the merozoites (blood
schizogony) is followed by  the rupture of the host
erfthxocytes releasing ancther generation of the
merozoites. These merozoites will also  invade
circulating erythroeytes , maltiply, and raleage  another
generatinﬁ of merozoites into the hlaéd stfeam. The

erythrocytic stages of achizogony are reapohsihle for the

pathological effects of malaris . The rupturing of the

erythrocytes and the release of the parasite mebabolic

byproducts ., produces the episodic chills and favor that

characterizes  several vaviants of - this disease

{WHO 1988 a, Garnham 1988) .

Some merozoites develop into male and female gametooytos

(gegual stages) which fuse to form a z2ygoie once  inside
the stomach of the mosquito, after it has had a bloed
meal from an infected persgon. The zygote or oooyst

develops on  the outgide of the mosguito stomach and

divides to produce sporozoires. These sporozoites will
3

[




travel to the salivary glands of the mosguito apd are
introduced irto the blood'spream of the next human host
during the next blood meal of the mosgquito (Warhurst,

1987 ; Garnham, 1988)}.

the life cycle of the parasite is repregented in figure

1.1 (Moore et al., 1990}.

The tissue forms (hypnozoites) of P vivax and P. ovale

persist in the liver for months or even years and are

responsible  for the relapses of the malaria inﬁedtiun‘_

p. falciparum and I malariae do not generate these
latent forms of palaria. in these species, recrua-

descence of the infection results from the persisting

blond forms in untreated or inadequately treated patients

{WHD, 1988 b).

5. Oenotic and immunologival factors

Susecptibility te malaria may be genebically dotermined .

Pergons originally Erom West-Africa are not susceptible
to P vivax malaria ag they do not have Duffy hlnqd
group determinants. Bugshmen ahd Caucasians, hnwéver.
have these facters which seems to serve as the ﬁpacific
receptor on the arythroeytic surface for the 2 vivix
paragitc. Certain abnormal haemoglobins do not support
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Life oyslo of Plasmodium falaiparum

Figure 1.1
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Figure 1.1t Lifowcycle of PLASMODIUM FALCIPARUM.

P, faleiparum sporozoitss (1)  Jre injected inte the

human host by the bite of an infected Anopheline

mosimito, fporogoites circulate an the blood for not
more than 60 mirutes. An crocrythroeytie phase oteurs in
liver parenchymal cell (2}, The hundreds of merosoites
released from'a liver o¢ll are able to invade red  blood
aeils (1) ond te initiate the erythrooylic eycles No
further development of 2. falciparum takes place in

liver figoucs.  The agexual blood forms are rvespensible

for the pathogenesiu of the discaso. The plasmi mewbrane

of the paragitized oiyihroeyte iu altored as the puramitv'

matures (43, P, Ffaleiparum diffors from other human
malarias ap  the erythreeytec infected with the mature
otages are net pre =t in the peripheral blood but.  are

sequestered (43, Finally, the infectod erythrooyte lyoeo

and merozeitea - (8)  and texins (6} are reloaseda

Mevozaiter anvade crythroeytes within pocondy Lo reprat
the crythrocytie cyele, with an  average of 16+fuld
ingreane  every seecond  day, while others enloy

evythroeyton and differentiate into croacent i nhdped

gametuvyten' {9), the pezual forms which can compiete the

eyele within the nmosquito.
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the developnent of P faleiparum within the

erythroeytes, and thug econfer a dogree of protection

against falwiparum malaria, in these aituations the
fatality rates fond to bhe lower o.y. siekle  eell
ANACTLd + Thalanoaomia and g turopos=hy~phoaithate

debydrogenase deficieney  are aloo protect ive  aguaimet

malaria {Inaacgon, 1987:.

e Qlinical aaspests of malaria

6.1 Diagnogisg of nalarig

Malaria cabnol. be  definitively diagnised elinteally, A
hagtory of travel in g malaria endemie region even a
brief atupuvar.nhauld alert the docter of the pussibility
" of a malaria -infection (Gilles, 1948; Gilles, 1989;
Phillips, 1G988)., Malaria hag alag beoen contracted 'hy

perpong - who  bave nover travelled to any malarieus aresd,

but wha lived near or worked ab airporta an Hesters

Eurunu} Thege easen ﬁf "airport malaria“'aru grenumed biy
have been infeeted by manquitoey tréppﬂd in paris of the
airexaft. luguage , or in freight from a malarig  nndpmie
area  +nd . releaged on urriﬁal ¢1oaacaun, 1987; Philtlipn,
- 194887, Cages of “imported malaria o are  frequent 1y
rOpurfnd from the.vnitnd Rihqdnm in toearigts who vipited

the: tropics. Malaria can and does minie nany digeaura

therefere, the travel hintory i eraeial (Giliea, 1088;
7
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Phillips, 19863,

A ponn an Walarid o sugpected blood smears are te  be
esamined by an experienced microscopints  ( the snear 19
negat ive, malarta should still e eaauidepoed, i

choenotherapy nay suppross the paragitacmia. Thin and

thick smears are coppiderced o naingtay in the diagnusie

of malaria (Shute, 1988 ; WHiy, 1%3 ©), Daguenin of the
ghieeioy of malaria io -wportant  au ¥ 'f’di(simmm 114
rogintant to t_.-.hl('afumn.m! «  The treatnent selectoed ohonid
.hv haocd on  known qeagraphical rvm.::'l-(mf;w pat terns

fGilleg ,1988),
6.2 '!*athuphys-:mlugy of malario

The clinical features of P faleiparam infections are

angoeiated with the asexual antraerythroeytic stageg of

the paragites {Roboon, 1984), shqut_en!:.mt.imi it central

in the pathophygiology of P falcipargm  malariia. The

mature stages of  the parauttized erythrooytea withdraw

feam the cireulation and adhere to popt capillary veanlar

Cendotbelium in deep vasealas  bedu,

Thrae parasitized ﬂrﬁ'thmﬁvi en are tightly paeked in the

microcirewlatary beds of the brain, heart, Kidasye ond

gut«  Thia remlta in orgen dyofunction ag the blowd flow
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ko thege organg ia diminished. Sequegtration is A

feature unigque to P faloiparum infections and is
pussibfy rogponsible for the inercaned virulhncﬁ af this
apecicn comparcd to other specien of human malarian

{Boonpucknavig and Boonpucknavig, 19683 Hall,1977).

mhe alinical aspeets of malaria are reviewed in o  paper
which is a retrospuctive stndy based on the medical
rocords of a1l the malaria patiente admitted €o tha
101 . burg Heppital  during 1983. Thic paper 39
reprinted with the permiscion of the Fditor of the South
African Hedical Journal . '

fi.ed Reﬁfint af artiele: {Jairam KT, Nenteagudo F8E, Moch

8L, havlik I. Malaria at Johannoshurg hespital .+ A

retyonpec:ive study. 8 Afr Ned J 1990:; TR 467-469)

6.3.1 Sumwary

A tetal of 43 pationts diagnosed ag having maluria WOore

admitted to Johannesburg Hompital during 1988:40 (94%)

-~ were infeated with p. faleiparum. Only 24 patinnta wero

rogerded an  having  wsed prophylaxin of  any kind;

ehlarmquinﬁ alage and  in . ecombinakion wag uged an

prophylaxin by 17. patients wore treated with guinine
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(alone and in combination} in 6% of cages. In 4% of
patients, chleroguine-resigtant malaria wan considered a

pongibility.

© 6.+2.2 Introduction

over the last 10-1§ years ghe deteriopation in the

inoidence of malaria in Africa has been partly due to the
inereaging npread of a M faleiparum pipulation that in
regigtant o chloroquine and ether drugo. Thore have
been reporto of chloroquine-reaistant  P. falciparim
aalaria from regionn such &u pthiopia t0latunde et ala,
16771 , Henya (Pogh et ale. 1979), Cast Africa {Jepoon ot
ale, 1983), nerthern Malowi (Wolfe ot al., 1988}, and

Mozambitue (Schwalbach ot ‘ale, 198%) and chlorequine

renigtanco  has alse been confirmed in vit.oo in southern

africa (Ipaaeson of als, 1984 3 Freope ot al . 15861,

The diffieunlby of malaria conkenl  4n ghloroquine

rogigbant papaviten is further compounded by the toxicity
af alternative drugn that malke it diffieult te prepaRe
offoctive and sale medieation for chemoprophylazis and

therapy.
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A selocted Jroup of malaria patients and the druge used
in bhedr therapy is roviewsd . It iz important to note

that Johannesburg Hempital ig a tertiary referral centre

and Lthe patients reportod may not  be representative of

the general pepulation.
6.3.3 Patients and metbods

Johannesburg Hospital han §33 beds at present and during
1088 there were approximately 32051 admiggions.  The
hoapital serxvos as a tertiary reforral contre and imw a
teaching hospital of the Universiby af the Witwatersrand.

The - rocords of the Haematology Laboratory of the South

alrican Institute [or Medical Researach in Johannosbure,

which serves the hnspitai, wore otudied to identify all
patients with pesitive malaria smears admitted during
1888, The medical records of these pationts werce then
obtained £rom the Medical Records Department. '

§.3.4 Resulis

where wore 43 ponitive bloed smears from 32 male and 1l
tomale patienta { nedian age 30 years] rangezanﬁﬁyeara).

phe  incidenre of malaria in the different age groupd is

ghown in Table l.1.
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6.3.4.1 TABLE 1.1

PHCIDENCE OF MALARIA IN DIFVERENT AGE GROUPS

v R i e M i .2 A I T

Age gioup (¥Yrs) No of patients %
0 ~10 | 2 5
11=20 5 )
9130 - 26 46
3140 7 16
4150 3 7
5160 | 4 9
| 2 5

6.3,4.2 Types of malarla

Infaction with P. faleiparum was the mosi common type of

malaria scen and oceured in 40 patients (94%),

‘patients were infected with P, vivax and P.  ovale

regpectively, and in '1 patient the type of malaria wag

nat'identified.

The regions whers the patients were thought to  have
gontracted malaria are listed in Table 1.2. Six patients
Lravelled  thréugh wmany malaria~endemic countrics in

Africa and so a definite nrea where they were infected

.
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could not be determined
feginns where patients most often contracted nalaria werse
Botswana, Malawi and Zimbabwe.

this study were thought to have vontracted the digeaze in

South Africa.

6.3.4.3 TABLE 1.2

ot S U r e v

SUSPECTED,_BEGIONS WHERE MALARIA WAS CONTRAGTED

Region

Botsawaha
Malawi |

% inbabwe
Trans-Africa
Zambia
gwaziland

Unknown'

- Zaire

'_Ghana

Kenya

i

i

No, of patieots

b s A O N &

13

(rrang-Africal. The

None of the patienta in

P

15

16
16
i4
10
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‘papmone + DPyrimethamine

6.3.4.4 Drugs used as prophylaxis

Twenty-six patients (60%) had taken prophylaxis of some

kind, thia 10 patients had used no prophylactic agents

{rTable L.53+)., Data from 7 patients wera not available.

only 13 of the 26 patients who had gaken prophylactic

* meagures had used the right dosage and, of thaese, only 1l

continued taking mediealbion after returning from an

andemio malaria area. ¢chloroguine  alene

combination wag uged by 17 patients.
TABLE 1.3

Dgﬁcs USED _AS ﬁggggggg;;g
Drugs | No_of patients
éhlaroquine

chlorpguine + Pyrimethamine

chloroquine + Proguanil

B e A O3

thloroguine + Pyrimothamine +
proguanil ’ 1
pyrimethaminge & Sulphadoxine 1
prophylaxis taken but details
not avdilable G

Tatal 26

L4

and in

23
100
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6.3.4.5 Presenting elinical features E | 3f : g
| : .
_ * o
E Most: patients spesented with a 'flu~like illness - fever, 1 - ,fifﬁ
f headache and ‘splenomagaly being the major presenting i " '%j
é gigng - Table Ll.4J. Phe median period of duration of f'j
’ i gymptots  before diagnosis was gonfirmed was 4 days 3 | |
? {ranga: 1-30 days). _ ' b s
CLINICA JEATUQ_E_@__QMQ@ISSION 70 _HOSPITAL _ ’ _'
. ' b W |
i pregenting feakures No gf patients % .:. - .
E - Fever _ 38 - g8 T
o Headache ' 31 72 ' B -
! . . . . . . . : . " f .
i Splenomegaly 31 72 S R S
]‘ . ----mwwﬂ . '
g Rigors ' 22 51 _ s 4
s GIT symptome 21 49 ' AN o
Jaundige | 20 | 47 Ll ’
4 Hepatomagaly . 19 44 _ o
Photophobia 10 23 e
5 Myalgia ' 8 19 o
i Paghyecardia -8 | 19 e,
: Conjunctivitis 3 7 Yo .
E Bypstension 1 2
. 15 | .




.

More thq? one sign was present in some patients.

§6:3.4.6 Laboratory abnc&malitien and clinigal
complications

Laburatory abnormalities innluded  thrombooytopenia.
anaemia, bilirubinaim.d and  leucopenia ( Table 1.5}
_ciinical complications included cerehral malacia, acute
renal failure and adalt reapiratﬁry digtress syndrome
(AKDS) o

TABLE 1.3

{ABORATORY ABNORMALITIES AND CLINICAL 7OMPLICATIONS
Gomplicationg No of patienis %
Thrombogytopenia 24 56
Anaenia 20 47
Raised bilirubin levels 19 a4
Leucopenia 16 37
Acute renal failure 4 9
corebral Malaria 4 9
Aduli Regpiratery Diastreas

Syndrone {ARDS) 1 2
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6,3.4.7 Lrugs used fr wapy

In 42% of patients the possibility of
chloroquine—re31stant mataria -~ was considered. This
assessment wak reaehed pecausge the patient had heaome
infacted despite using adequate chloroguine prophylaxis,
oi because the patient did not regpond to initial therapy
neing chloroguine, and wag then sreated with ancther
drug.  Quininc sombined wikth tetrasycline was wmost
conmonly used for therapy tTéble L1.6).

-

TARLE 1.6

DRUGS USED FOR THERADY

bt ek i ] 14 i

g;ggé No of patients %
puinine caﬁbinad witﬁ

tetracycline 23 . 83
Quinine alone . 4 | 9
Chloroguine 4 S _ g
Quinine combined with

other drugs 2 o 5
Dotails of therapy

not available 10 _ 24

¥

17

[ —— L P




rwenty=nine {67%) patients  were treated with guinine

{alone .or in combination) and pidewoffe ste osetwed in 12
{41%) { nausea occured in § (17%), pinchoniom in 4 (14%),
hypoglycacmia in 1 {3%), and einehcnism-ﬁdgethef with

hypoylyeaemia wap seen in TN,

While +the data for the colinical couroe of 11 (26%}
patientn remainn unknown, 11 {720 patients recovered,
with the median time spoent in hospital heing 7 dayo
{raage 2«17 dayal. One death wan  roeeopded in a4 waman
diagnesed as having corebral malaria, who prﬁnnnted late,
ghe waws in rehai failure and cﬁma aﬁ admigoion and

subneeuently died despite vigorows therapy.
5.3.,53 Dircunsion

Three _prahiﬂm arcas beeame apparent whea reviowiny the
data @ (i) timeous dingnosis and coreoot mnnégemunﬁ._aﬁ
malariay (i} offeotive and nafe prophylanin;  and tiiid
degrec of chloromaine resiobanes, |

Major ahorteemingo  in the management of malaria are a

delay - in  diaeanoain and  inappespriato troatment
(Ball, 1976}, Rapid diagnosic ean be made using thiek
and  thin blood ameawrn, but the clinical foaturen with
which the patient presents and . in partieular, @ hiatﬁry

of travel fyom an cndemie area are aloo important elues
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Morbidity duc to npalaria  is  serious, partivularly if
diaygnosis i duia?ed. The median duration of symptoms
bofore diagnesis was 4 davs, with a range of 1 =~ 30 dayn

in our study. Availabde statioties sugyest thal  many

doaths in schort-gtay travellers duc  to malaria oceur

after return to their ocountry of origin as a result of

inadrguate diagquosic and nedical eare {Lobel, 19486},

In thin otudy, 29 patients, including 4 with verebral
malaria, wepre treated with quihinv alune .nr in
combinat1ene  tn 11 of these paiients wvhloroguine therapy
wafy started  but, because of o lack of responge, quinine
will mﬂmmuvnt Ly adpinisterod. ftn 8 watienty aguinine
'thﬁrapy was inutituted immediately, possibly bewcube the
pat;eniu hud'uuntrueﬁed malaria degpite apparently uning

adequate (".hinrr_;qu:nn' propitylaxiz. - Thees appeared to ke

nu  additienal reason why ipine wWag adminiotered

immediately to the remaining 19 membera af thio group.

In 424 of patients chloroequinesreoiatant malaria  wan
confidored poseible. Altheuah 1his wau not proven, the
agoosument 0 in kReeping with eupreat opinion abount 1he

frequency of chlorogquing reniotane. The  implivalinny

19
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regarding prophylaxis and therapy of malaria are

significant. The incidense of side-effects due to

-quinine.in thin grcup'ﬁga low and thoete reported resclved

with dose roduetion.

tur da%a indicata that only 26% of patients uned adequate
prophylaxis, Adeosuate prophylaxis is  lwmportant, gince
sﬁrveyu have indieated that pat.ients with non=fatal
infectioan have a mueh  higher rate of uwme of
chemoprophylazis than thone whe dis {(Lebel, 1985} .
Dotarlas of rocommended prophvlaxis, although contentious,

are available {WHO, 1288 (a) ; Cool, 1988 ; wWiHO,  1989;

Spracklen et al., 1981 ; Spracklen and Monteagude, 1986 ;
Talmud et als, 1989 ; Ross ,1987),

A common laboratory finding was thromboceytopenia, which

wan Bhdrt-lived and was not asgoeiatoed with any bleeding

+*

disorder. Corcbral malaria was oeen in 4 patients. This

_ diagnogi3 wan  based on the alinical featuren with wh&eh

the paticnts prossnted, much  asm  impairment  of
congiounness, asute eonvulmiona, focal cercbral signs

goma  and positive snears for malaria (Warrell ot

al., 1982 ; Sehmutzhard and Gepstenbrand, 19684). ARDS

wag opgarved in 1 paticat who needed to bo ventilated and
wati breated in  thoe rcsp}ratary intenoive oare unit,

Thore wag 1 death in a woman diagnosed ag having coerebral

~ malaria, who presented late.
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3 X
Future recearch in the ficld of malaria could inciude a -i. : ”'3  |
study of the characteristics  of paragitized and. : “
non=parasitized red blood ealls. This may assigt in :
underatanding the mechanisng of resistance te drugg. The : L__f . i
above ebsorvations suggest that the riek of eantraﬂting w 
malaria may be wminimized by programmeé direcked at & :
encouraging the wuse of correct chemoprophylaxis by r Lk
. C Ir
travellers., Travellers sheuld also be educated about the ' é' '
fatal risk of malaria, and knowledae 9£ ‘diaghosig and e
trea*ment of malaria by kealth care practitioners could ' '
be impreved to better achinve this objective. L lg
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SECTION 1.2 THE ROLE OF IRON IN MALARIA
L. .Importance of iron ﬁo man

1.1 e motabolism of frven in man {metabolic,

enzynatic and gtorage iron compounds)

fron 39 abundantly found on earth but because of ity low
solubility in nature, iron depletion ig one ef the oot
common forms of nutritienal  defirienny. Iren 3o
important to man as it eatalynes nnn-eloctroh reactiaﬁa
and iy required for oxygen trancport (Herghke and
Weatherall, 1988). Tron has the ahility to¢ aceept and
denate olectronn ecanily, thug it hags é key role in
biclogically important exidative and reductive procésmea
{Pezv on and Robinnen, 1976 ). Thus : n hag ecffieient
meehanisng  to aequire, transport and store iran {Harahko
and Weathorall, 1588 ).

once diren im  ingested it iz kept coluble by oubstances
puch ap haem or iron binding=proteins c.g.  transforring

lacteforrin and ferritin (Peto and Hershko, 1986). More

rhan 80% of the body iren is  invelved in the gupport

- of grythreeyte preduction as haemoglobin ia the major

iren containing eompound of the body (Billman and Fineh,

1985; Dearson and Rohinson, 1976 ), Tron in aloe  an

42
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important component of myoglobin and various enzymes sush

ag the heme containing enzymes  e.d. catalane,

peroxidages, the netallcflavoprotein , and mitoshondrial

enzymes {Hillman and Fipch, 1985).

Body iron may be differentiated between essential iren
containing compounds and those compounds in which exceus
iron in steored. OQuantitatively hacmaglobin dominates the

esgontial fraction {Hillmoan and  Finch, 1985y,

Approximately 25% of the tetal body iron is storage iron.

This is found mainly within the liver, gpleen, bone

mirrow and musele {Peargon and Rebinson, 1976 ).

1,2 The transport of iron in a mammalian cell

{The role of transferrin and ‘the

rocoptor in a muomalian eelll:

Transfevrin, an irvon binding preotein found in plaamd, has

two binding gitea for ferrie irom (Hillmon and Pinch,

1985).

‘means .of speeifie reecptors found in the eellular plaamé

membrano.

these transierrin vecepters and is baken up by reecptor

mediated endeeytosia..

tranoferrin  in an agidie intracellular ecompartment in a

23
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The 4ivon thon dissociates  from

It trangports iron to  intracellular agitos by

The iren-tranzforrin complox bindo to one . of .

LY
L4
i G
-
i
&
: . .I *
e '
A 3
Lo
iw
;{ R ... i
3
bl
1e Mg, A
T
i’ S
} » o
) T
i »
; ' T
SR
P
1. o o
oal f
L . .
. T
R r—
R
Sl
- .
h '
LI
. P
g -
£ »
a
s
[ -
‘_ - e
!
cooe 2
L
. x
i .
H. e
V-
i )
R
: -
e
AL




; . e i T Tr——rr—
o s
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. i
o . pH dependent fashion (RBrown et al., 1983}, The actual .
steps involved in the removal of iron £rom transferrin | i ' o
are not known, Konopka et al. 1&980, 1981) have L
suggéshmd that the removal of iron from transferrin to
o _ . forrvitin iz possibly mediated by pyrophosphate togethor ; -‘:]gﬂ
'ﬁ-"_ T ' ' with other organie polyphophates, as well as aseorbate . % ' ﬁf y p
. o
R ' : o 1.3 The effeects of iron overlead and irvon doficiency I _
- S L o
- | '
B 1.3.1 Iren overload !
I
. 1‘ # .
~ Iron overload may be due to excess iron accumulabing fvom ;_; _7'.%
inoreaned abgorption via the gastro-intestinal twact, as : "%;“-'
in primary idiopathic hacmochromatosis or as a result of - - .f"f“ﬁgh'_
traonsfusion therapy fer D-thalassaendia tLongﬁevillu et ?' ) - J
al., 1986). BSome of the iron inm the plasma wall also - ?' .'?tg . lww
. . . . "_ ) + -
bind non-specifically to serum proteins  (especially : L
albumin}, forming low meolecular woight iron complexes C T ;fﬁ
. v ;-;« ; .
{Horshke and  Peto, 1987). Thio diron pronotes tho N S
: . S : B d
formation of highly reaccive hydrexyl radicals which ' Py w e "
R gtimulate the poroxidation of the membrane lipids causing L e
' tisgue domage in  hacmochromatosis  (Halliwell and . T
tutberidge, 1984 )y In additisn these low maleeuiar ;' LE
weight iron complexen are ready sowrces of iren to ? - AR X
invading microbes. | / o
B :
_ i 1
. ." i A ‘
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1.3,2 Irvon deficiency : b
vhe main observable effect of iron deficiency is a i  ,.: Ly
- hypochromic mierocytic anacmia. Many measurable non o f- - Q' "";
s - ' haematological effects way also ocour, Zfor instance in ' i.. l:-. o
_“ﬁ. . - espithelial timsues, brain, and cell-mediated immuniby ; o W
_f'; L _  (oppenheimer and Hendrickse. 16883). : Fo 3
.' . .3;‘ |
T . S tren deficiency affects cellemediated imounity via ‘ “
altered lymphosyte morphology (Peto and Hershko 1989). o )
Lympheeytes harvested from iron deficient paticnts show o
duegencrative changes of their nitochondria  on

ultrastruetural studies (Jarvis and Jacobs 1974 3. Tron
deficiency alse  inhibits DNA  synthesis in human
haemopéehie tissuey, ponsib;y by a desrsase in aetivity
of the iren dependent enzyne, ribonuciectide raaudtase
(Bot.1.17.4.1) (Hershko of al. ,1870; Noffbrand et al ¥,
1976 Y.

2, Iren and microorganisms

2.1 Mechanioms ured by micreorganismy  to acscquire iren

from the host

. ;
e Iron ig an essential putrient to all iife formg oxeeph
the one bacteraun, lactohacillus plantarum which utilizes
s
. 25
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cohalt instead of ireon (Peto and Hershko., 1989).

Microorgauiama oan assimi;ate iren frem the suvironment
in many different ways, including incorporating the iron
in solution (Fell, iron c¢itrata, haem iron) or by
c¢helating agdents referred to a1 siderophores

{Bullen, 1981},

Biderophores may be ackively secoreted by the bacterium
iteclf or by other bacteria in the same environment. The
aretuetion of these chelators im genetically determined

and depends on the iren levelr in the environment, ‘By
meang  of  siderophores, wmicrobes gan ovoreome the host's

iron binding faeteors (Poto and Uershkoe, 19%89).

It is not necessary for certain pathogens to  secrete

siderophores to ntilise trassferrin-bound iren.

Neissoria meningitidis, in response %o iren deficlency

~develeps a surface mechanism whieh recognizes tranaferrin

and remeves the iron hound to it (Peto and Hershko,

1 1989), Tt has alse boen observed that smome virnlont

plasmids ohcode iron sequestering systems whieh enable
bagtoria to obtain iron in conditiens of limited iron
availability (Crosa JH, 1980). The genetic location of
thgae ayntems whether chromosemal or extrachromosonal is

unknown {Finkelatein ot ai.; 1983 1.
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2.2 Iron and the malaria parasite

2.2,1 A paragite derived transferrin receptor

The transferrin receptn} is only present on the

retionlosyte membrane and eventually disappears an. the
reticuloeyte matures (Enns e al., 1981).

There have been a nmumber of reports on the possibility of
a parasite derived transferrin receplor. Pollack and
Flemming (1984) have shown that there is a subgt ntially

higher uptake of labelled iron from the extracellunlar

fluid'by p. faleirarum parasitized crythrocvtes comparved

to non-parasitized erythroeytes. Thug the poneibility of

a plasmodial derived transferrin-like receptor exists.

Theze cbgarvations are confirmed by other studies which
reported isolating a prataih in paragite extracts which

had the properties of a transferrin receptor (Rodriguez

and Jungery, 1986; Haldar et al.,l986).

‘In  conbtrast to  the ahove findinga Pollack and Schaelle

f1988) failed te &eﬁeet a transferrin receptor won the

membrane of paragitized erythroeytes. They reported that

“pranaferrin  binding to  the . “transferrvin receptor

idemtified was non-speeific as it was not saturable and

was not limilted te transferrin.

a7

.‘.‘
. L.
-
Bl
IR
SR
e

]

N

T




Suhsequently, the presence of the transmembrane enzvme,
transferrin reductase in P, faleiparum infected
erythrooytes, has suggested the presence of a paragiie

" derived transferrin recepbor (Fry, 1569). ol

Due to these conflicting obmervationas there is still
aonsiderable confusion relating te the sourcde of irbn for
the parasite. The formation of haemozoin, the malarial
pigment, is_Bomé indication of haemoglobin catabolism
(Rudzinska and Trager, 1959 ; Deegan and Maegraith,

1856). However, free hdem ig alleged bo be toxic to the

paragite (Orijh et al., 1977). Mc-eovasr, as tota. haem

in not meagurably changed, it may he that the parasgite

does not utilise hacméqlnhin irun.{Ball et'ala, 1948} .

However controversy still gurrounds the iassme of the
pregsence of a parasite derived transferrin regepbor., Itg
presence i sbtill  not. eonfirmed in paragitized

erythrooytes,
2:2:2 The role of iren in the parasite
2.2.2,1  The role of dron as an  essential

nutrient  (possible role of iron in DNA aynthesis of the

paragito)
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In vitre studies suggest that the trophozoite stage isg
most vulnerable Le the eoffects of iron chélatarep
implying - that they may affact DNA syhthesia (Fritach.and
Jung ,1986; Raventos-Suarez et al.; 1982}, Iron
chelatores probably affect +the functioning of the iron

dependent enzyme, ribonuclectide reductase, which is the

_rate contrelling enzyme in DNA synthesis and reguires

iron as o gofactor {(Reichard and Ehrenberg, 1983),  This
assumption hag been made as ron deficiency also inhibits
DNA  aynthesis  in human hemopoeitic tiasuea.. again

probably by the =mame mechanism (Hoffbrand et al., 1976).

In vitre obmervationz have guggested that it da the
erythrooytic instead of the extrac .lular iron which
serves ag the essantial nutrient as iron deficient serum
was ogually cffective as nermal merum in supporting the
in witre growﬁh of P. fhléiparum ‘pallack and FPlewming,
1684). This is further confirmed Ly the ZIindings of
Fritseh and Jung (1986}, who found that paragitized

érythromytea in the truﬁhozeite'atage conceutrated thrne

times the amount of **C desferriox.wine compared to

non=parasitized crybhrocytes,

¢linical obmervations have reported gimilar £Lindings.
Microcytosis which is secondary to iren daficiency

anaemia, inhibits the proliferation of the parasites
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“{Nurse, 1979). Dufing microvytosls there is a decorease

in the mize 5f the normal eryvthrooytes, thus in the
emaller intracellular environment  there may be a
depletion of the ewsential intracellular nutrients such
ag iron {Nurse, 1979). However a later study showed that
devalopment .of

the invasion by merozoites  and

F.falciparum in iron deficient erythrovytes was not

limited by a deorease in ervthrocyte mize (Tu2zi eb al.,

1990), This suggests that the parasite is not dependent

on hacwaglobin iron.
2,2.2,2 Iroen and free radicals

When the parasites are eaxposed to the gynthetic iron
chelator, L2~0, it forms a complex with the iron found
within the parasite {Theanache ~t al. 1990). This
complex is redox active and it geaserates oxygen de;ived
free radicals by the drem 'adtalyaed Fentor  eecbioh

{rheanacho ot al., 1990 ;

1984). These radicals destsoy the integrity of the

membranes, thug destroying the parasite;

The degtructive effect of the iron~chelator oomplex is
further emphasized by the f£indings of Rice~Evans ot al.
(1988).  The

effeots of the iron chelatay

desferrithiosin, and the ferrated complex forrithiocin,
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warce observed on a model system of erythrocytesz sﬁbjected
to extracellular iron mediated oxidant stress . Mewbrane
wtudsy- ; showed that ferrithiaein.disrupted the structural
ntegrity of the orythrodytin membrane and induoed
haémoglohin oxidation. It is therafore pqaaible that o j : K
ferrithivein has similar effeoets  on  paragitized _ . |
'efythrocytea, egpecially if there is a progressgive
inereage in redox-active iron during the development of o o ‘==5w';
the malaria parasite (Golensor | ot al;, pergonal | «
communication) . The presence of this iron increages the
sengitivity of theae stages to oxidant siress.
Klebanoff et al., {(1989) alse reported that -
desferriogamine im destructive via a mechanizm involving N oo
free radicals. Desferrvioxamine -  promotes the . i-_. #5; """"
anto-opxidation of ferrous .ivon- which regults in the '
formation qf deatructive hydrogyl radicalg. This effect _ . "*fy 0
iz mogt pronounced at a pH of 5,5 + which is similar to ' ' 'h . *ﬁméﬁl
the pH of the parasite food wvacuole  (Ginsbury, 1968),
The pogsibility that desferrioxomine inhihita the growth
of the parasite via this mechanism should be congidered = i
- - . B aven if the study by Klcbanoff et al. (1989 did not r";

invelve the maluria parasite,
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3. Clinieal observations on the outcoms af iron
supplenentation
3.1 Iron supplementation and infectlons {elinical

obgervations)

Bayry and Reeve (1974, 1977) obsorved an  incireased

incidence of Gram-neaative sepzis in infantz who received

u

prophylastic iron dextran. Thig suggests that inereased

availlability of iron to invading pathogens after iran_

adminigtration may have caused the infection to progress.

The converse in hssentially what (Kochan, 1973) doseribes

ag "nutritional immunity® which emphasizes the importance.

of iron deprivation as a heat defense nmechanism  in

_iﬁhihiting the_grgwth of invading pathogens.

*

A group of children received either iven fortificd ov
nen-fortified milk formulas and significantly fewer
respiratory  infeetions were observed in the iren
fartifieﬂ .grnup up to 15 monthe Iater”{nndaiman ang
Bere&; lBﬁG); Burman EJQ?ZJ obgervad no difference in
the rate of infecbions between the contrsl and iron
supplemented groups in a similar studys The impaftanca
of the hogt iron stabtuy on the outecome of infectiony has
been omphasized in many reviews (Broeok, 1986; Bullen,
1981; Nershke ot al., 1988; Xochan, 1973; peto and
Heprshko, 1989; Ward, 1986 ; Weinborg, 1974, 1975),
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i 3,2 iroen Rupplomentation énd malaria felinical ;. ;
) ] ohservations) -;' o
; : L E
? Oppenheimeyr {1989} and Murray et al. {1978!_ stresged : | ] £:1 ¢  f':
; that iron supplementation programmes should be practised : ? N
| with caution in malaria endemie regions where iron | ;‘.' .il
N deficiency anacmia was sommon. Thoy noted that after the - f
) inhabitants 6£ thece regions roceived iren " t
supplementation there seemed to be a .evrudescence of the .
latent ‘parasitacmia ’
3.2+1 Pregnant womoen | _ _ - | ‘u;m _
. . . | . . | .‘_ L . i
e Byles and D'Sa (1970), reported that there was a - P . N
| recrudéacenee qf malaria in some wownen whe received ‘. iiﬁ%y
iron infusions whon “regoant. A subsoguent  smtudy : “ﬁ{-ﬂ_' . )
choerved that only wonen in their first prognancy were at  :% .gﬁﬁlt.
a risk of contracting malaria if they received iroQ '"“f;ifl Y'
infusions during prognancy (Brabin et al., 1983). I | . o f
later reports {(Opponhoimer 1986, 18895} again emphagized ' _ f,éﬂ _ L .
. on the.rigk involved in pregnant women rewedving  iron - .:
gsupplements routinely in malaria endemic regions, o b
t-ﬂ -"
:aa- |
.
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3.2.2 Children
Oppenbeimer (1986n, 1986h) performed a study  anony
infants who received eithor iron dextran or plavche when

2 months eld. After 12 months, there were alwopt 5S0%

‘more patients in thne iron treabted group who were pogitive

for malaria. Althouoh malaria did not prove to be fatal
in either of the two gqroups, Jafants receiving iren
supplements were at a higher risk of developing the
disaaﬂe; These obgorvations give cvidence for a poasihle

protactive role of iren defieiency againsgl malaria.

a study invelving children, between the ages of 6 months
and § yeﬁrm coneluded that there was a highér risk of
foavar associated with severe parasitaenia  in
iron-deficient children who received iron supplements

during the rainy secason {8mith e& al., 1989}, Yol

' ahiidran below the age of 5 yearu are reported o be nost

valnerable te  dreu deficieney anaenia and thus regulre
iron supplements (Akenzua ot al. ., 1985; MoGregor ot

als, 1966).
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Stndies involving children older than 5 years , have
suggested that mild to moderate iron deficiency would be

treated, without an inereased risk of wontracting malaria

~as they are sgemi-~immune (Bates et al.,1987; Hayvey et

al., 1989).
322.3 Adults

Twe studies performed by Murray et al.. 11975, 1978) alse
suggested the protective effect of iron deficiency in

infoetiona, including malaria. Their studies involved

people in ecentral African relief camps. In the first
study, 72 adult patients were given diects supplonented
with vitamine (Murray et al., 1975). clinical ﬁalaria
was bbﬁerved in 23 of  the patients with their
parasitaemia inercasing from 2% to 15%_within 5 days .'
It was suggested that the diet resulted in relative

hyperferracmia  which ¢aused rapid mnmultiplication of

. syisting parasites.

The pecond ostudy showed that after iren eupplementatinn
there were L» cases of maloria in the iron-troated group
{71 subjeets) , while only 1 gage wan obhserved in the
untfcatnd contral group (67 subjects) {(Murray et al..

1978},

<28




In contradiction one study has reported the increased
prevalence of malaria in iron deficiency (Masawe et al.,
1974}, Malaria was ohserved in 24% of the iron deficient
group compared +to 5% in the group who had non-iron
deficiency anaemias. .

-

4 Tron ehelators
4.1 Iron chelators used in man {ireon overload)

Iron toxicity is a major life Jimiting complication of
thalaggaemia - major and othoer dron loading anaemias
managed by repeated blood ¢ranafusions (Hershko and
‘Weatherall, 1988), Phe clinienl manifestations of such
jiron overload can be overcome by treatment using iron
chelating agents.

At préaent, Adesforrviogamine (DPQ) iy the enly iron
' chelator commanly uged £or iron overlead (Porter ot al.,
1989), Desferrioxamine is a naturally aucurang iran
chelator which has an extromely wigh affinity for ferric
iron {Hershko and Weatherall, 1988; Porter et al., 1989),
In hopatooybes, DFO is repnrted to chalake intracellular
ireon, prevent uptake of dron by woells and chelate
transférrin-bound iron in the extracellulﬁr fluid_tﬁaker
ek al., 1985). It is administored parenterally (Cerami
et al., 1980).
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Dieﬁhylenetriamine pentascetic acid {DTBA) inm used as  an
alternate to DFO in patients who are experiencing toxic
side effects due to DFO therapy. It is a asynthetic
chelator which has a low affinity for fLeérric iron
conmpared to DFO (Hershko and Weatherall, 1988). It im
hydrophillie and acts in the extracellular £luid (Baker

et al., 19485%.

Ethylenediaminetetraacetic  aeid (EDTA: has smimilar

 properties ag DTPA (Baker et al., 1985), Although both

EDTA and DTPA caukes significant iron excretion when
administered parenterally, neither is specific for iren

ag DFO (Cerami o aia, 1980).,

2;2'-_ Bipyvridyl has a high affinity for ﬁerrous iren and’

distributes in the membrane apelar phase, It blooksy .the
transfer of iron from transferrin to the "iron acceptor

proteins by hinding with the iren. It has not been used

in humansy (Nunez et al., 1983)
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4,2 The inhibitory effect of iron chelatora on the

growth of P, faleiparum 1in vitro chservations

. . : Raventog-Suarez et al., (1982) showed that DFO inhibited

the in vitro growth of p. faleiparam . Similarly, C ."!:Z:H'

T o desferrithiocin, desferricriocin and lactoferrin have
been shown to suppress the growth of the paragites E: ;.-' . RS

{Fritsch et al., 1987). -

The antimalarial properties of orally active iron
chelators bhave been reviewed ({(Heppner et al., 1988).
" Recently {¥innon et al., 1989) reported the antimaiarial _
effects of the iron chelatar, N,N'uhis{o—hydrnxybenéyl)- _ W,

ethylenediaminewﬂ,ﬁ'-diacetic acid (HBED) in vitro . o v 3315 

It is possible that inhibition of the parasite growth may . '\.:ﬁiﬁk
net be caused by iren chelation or deprivation alwue. . ?h
when L2-9, a sybthetic iven chelator wes cowbined with ; T _xff”:

desferrioxamine, an antagonistic effect was  ohserved

>

instead of the expected additive or synergistic effect ;
{Theanagho et aiw, 19903. There may therefore be another : f}ﬁ#ﬂz:;_...'i
m&chanism involved such a= the generation of £ree ' .  }'J |
‘radicals by an internal redox reaction of the preformsd b --"'L;,‘°‘
L2-9 and iron complex during & Fe*2 to Fe*d tranaition. -a%ij;.
Desferrioxamine and desferrithiocin inhibited Iliver “
schizogony in both human and rodent malavia (Stahel et

: g
al,, 1988). | | .

-~




4.3 The inhibitory effect of iron chelators on the grawth

of P, faleciparum ¢+ in vivo observations

Pollack ef al., (lgﬁ?) reported that congtant bloed
levels of desferriogamine are needed to suppress

P.faloiparum in Aotnhs nonkeys. Similarly, in mice

inferted with Plasmodium vinckei, constant blond levels

of desferrioxamine are required to suppress the parasites

{Fritsch et al., 1985). Interestingly, suppression of

paragite growth by DFO is independent of host iron status

in rate infected with Plasmodinm berghei. The inhibition
ig achiaved witheout redusing transferrin saturation o by
inﬁerfering with haemoglobin production {(Hershke and

Peto, 1988).

The role of 4iren in the malaria parasite is not well
defined , although evidence for ity effects exist, Iron
chelabors may be cengidered as prospective candidates for

antinalarials.

A




.%;._

b L i e ] R R e e e o e oL o L L

CHAPTER 2 MATERIALS AND METHODS

SECTION 2.1 IN VITRO CULTIVATION OF THE ERYTHEOC‘Y‘I‘IC

STAGES OF P. FALCIPARIM

1 Introduction

Prior te 1976 , the study of the immunology, physiology

and biochemistry of the malaria parasite was restricted

due to the difficulty of sintainig the parasite in

igelation from +the host. “he reiativeiy slow rate at

which technigues fox the successful continucus in vitro
oultivation of the parasite were developed, was a result
‘of inadequate knowledge of the biochemistry of the

.péraaite and of blood and ite constituents. During this

period, the maintenance of several smecies of malaria

parasites in laboratory animals greatly advanced many

_aspecﬁa of malaria studies, however knowledge of the

human malar.a parasite was limited .

puring Lthisx periocd there was no complctely successful

method to cultivate the intracellular asexunal and sekual_

stages, of the parasite developing in eirculating
erythrooytes. These stages are vital ag they are
regpongihle for the pathogenesis of the disease, the

immune response of *he host and they are a major targeb
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for antimalarial drugs in the treatment of the diseame
{WHO, 1972). Therefore techniques for the sucsessful in
vitro cultivation of the malaria parasites were urgently

required.

William Trager began to tackle the problem of maintaining
the intraerythrocytic stages in long term cultures in
1541, He began uis investigations with Plasmodium
lqphurae; and was successful over 30 years later .

Together with his assiegtant Jensen, he established the

first long. term cul.ure ol P. falciparum by technical

nodifications of previous methods which were used for
short term cultures (Peters, 1986 a).  The gucceasful

long term onlaoure ~Ff P, falciparum has formed the basis

‘of wmany recent advances in malaria epidemiology,

paragitology, chemotherapy, immunolcgy, and genetics.
2 Cultivation method
The parasites weve oultured in vitro according to the

method desaribed by Freese et al, {1988), which iz a

modification of the method of (Trager and Jensen, 1976)..
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3 parasite imolates’

 The parasite igolates that were cultivated were already

egtablished in culture. Two shrains ox 2 Ffaleiparum,
the FCR-3 and the RSA-2 were cultured. _Thesé straing
were donations frem Mrs. J Freese of the RIDTE in

Durban.

4 Factors affecting the continuous in vitrn cultivation

of the erythroaytic stages of P. falciparum

; 4.1 Medium
The medium used in our studies was REMI 1540,
é which was supplemented with HEPES buffer, glucose ,
: hypdkanthine and gentamycin. |
i routinely, 1 litre of medium was prepared by disselving
the following in 900ml of distilled autoclaved water:
—~
N o _
' 10,49 REMI 1640 powdered medium (Flow Lab)
5,94g HEPES buffer {sigma)
4g glucose (Merck)
' 44mg hypoganthine (Sigma)
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- periataltic pump
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The volame of this mixture was adjusted to 960ml by the

addition of water. In our studies, this nedium was

referred to as incomplete or "waghing" medium. Thig
medium was prepared for cultivation purposes, by adding
4,3mi of a 5% wodium bivarbonate solution and 1L0ml of
pocled human serum to 90 nml of incomplete medium. This

wag referred to as complete modium.

The pE of the inconplete medinm was 6,75,
complete medium (supplemented with serum and sodium

bicarbonate) was 7.4,
4,11 Filtration of medium

The ingomplete medium used in our studies was f£iltered

throngh a 0.22u pore memhrahe {Millipore), using a

(Millipore), and was dimpenged into
100m) aligquots and stered at 4°C «  The medium wag

filtered twice uzing a moparate Lilter cach time,

4,1.2 9reparatian of a 5% sodium bicarbonate golution
Autoclaved distilled water was added'tq 5 grama of NaHCOD;
(Sarchem) up to 100ml. This solution wag filtered
through a 0.22 u pere nembrane (Millipore) and .ﬂiapnnaed
into aliguots and stored at 490,
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s 4.1.3 Preparation of gentamycin solution g :
9 | | e
: Gentanmyein sulphate (Sigmal was uged prophylacticaliy in L oo
our cultures at a concentration of 50mg per 1 litre of. o . .
i . o
medivm. The genbtamyein sulphate stock =olution was - § 3\
prepared at a concentration of 0,25 giams pex Sml of
distilled water. This solution was filtered through a '
0.22u pore membranc and stored at 4°C. _ o L
N
4.1.4 Storage of medium - . [
The magimum storage perieod for powdered medium, l }
) ircomplete mediom and complete medium  {at 4°C) is 12 _ e e
. _ _ ST
months, 5 weeke and 1 weck respectively.. _: e
4.2 Serum reguirements ' b e
. . - m .
Te mointain the paragitoes in oulture, we dged pooled ; L
_ - _ SR IR
~ human sezum . o ‘
;o |
4.2.1 Proparation of pooled human seruom : :
' _ _ e
Human A* blood was eollected £rom moveral denors in 10ml _ S e
silieona ecoated tubes ("red capped" tubeé, Radenm ﬂ‘r" g
Lahoratories) which  contained no pragervatives. | F-*’
1t wag left overnight to clak at 4°C and tha serum wag o 14 
!
. ] ; . r_. » ., .I |
" o - L
- - il!
' v o R
"’ iF & v - o . . '-._‘,;
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T _ _ _ et .
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then separated and pooled. The pooled serum  was S S _".QI";
- ~ inactivated by heating at 56°C for approximately 30 _ .*_ "ﬁ?” f
- minutes., It was centrifuged at 1700 ¢ for 18 minutes _ 3, 4'- *'_ j
and the supernatant wag anil) ad. f ' L
{ N
o M,
_ 4.2.2 Storage of merum _ '
The serum was dispensed inte sterile 0ml tubes and —— “ -“
stored at -20°C. | S DR
4.3 Erythrocytes o
4,%.1 Collection of erythrooyhiig _ ' o A N
. t . ‘ :.‘“.'::k a .
1] » . - . : oo M
v . ' P, faleiparum is maintained in continucns culture, ueing _ B .
. x ‘the erythroeytes from any of the ABO blood groups, _ }f s e R
: . e
provided it is compatible with the serum bheang umed. S #F
Rontincly in our studies O* arythroeytes wore uzed for : B 'f,gj”fwfl
' bl L A e
sulturing. O% blood was collected in Tithium-hep>rin : v A
: _ tubes ("greon capped" tubes, Radem Laboratories) from 7 _' '
- Ll  healthy denaxs, Thin blood was stored as whole blood, oo
" : and was suitable for use 1 weelk after collection. ' |
v L ;
. i | .. 'j,
) 4.3.2 Breparation of erythrocytes for eultivation of L. “ o
parasitos . L .. ;e
The blood was prepared for eculturing by washang with " :
4% s
{ " )
b PR R ;a“ .J'
S - e
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incomplete medium. A cerbain volume {10 nl) of the whale ”i -
. blood was poured inte a centrifuge tube (Comtar), using a = ‘
| sterile dispcséhle pipetbte (8terilin)} .  The blood was ' R L
. gontrifuged at 400 g for 5 minutes to sepurate the plasma S ; f:f '  1€}
{ £rom_the oells, The plasma and buffy coat were removed ' . ?
L by aspiration. The packed erythrocyte 'pellet remaining' : - "  - fif
after aspiration was washed twiece with 10 volumes of -;-. ?},Q -;f
incomplete medium and contrifuged at 490 g for 5 minutes ' ' e
for nach wash, After the zecond wash, the suparnatant
was removed and the erythrocytes were added to the )
culture, | -
| ' .N""‘w.
S The bloed for serum aﬁd_ erythrocytes purposeé waz ! L_?Eﬁq;ﬁ
.'J1U \_. 1 collected by the South African Blood Transfusion Services a -_t” ?j;fuf"p;
. o under the supervisiva of Mr. B. Nortman. ' % ' g,%ﬁf- :
: e .
. 4.4 Gos reguirements | ‘ o - .5:;;:{;“*:“ ;
P. faleiparum parasites have very spacifie gas ' / " h'.;f
réﬁuiremenﬁa. The gas mixtore used to  eulture cﬁr fﬂg' : . )
; ‘paragites consisted of 3% ckygen, % carbon diaxiﬁe and _ '.".-';g\ f
_ 93% nitrogen (Afrox). _ L e j
R _ _ _ o ¢ L :.4
The gag initially passed through a aterile gas filter, | ﬁ_*.; o "é
{Millipore} and than Llowed through & sterile pasteur ; ) f*i C E
h | ;
| 26 o | J_._;_ - ¥gi
P : . }_ o
; g {0
. Lo
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pipette which was inserted inte the eulture flask. Each

culture flask was gassed for 20 seconds each time, and
the cap was immediately replaced and tightened.  Each
time the culture flasgk was oﬁened for any reason , it was
xégassed.

The gasg filter and pasteur ﬁigettes were gterilized by
auntoclaving at 120°C for 20 minutes. The gas filter was

replaced once svery month,
4,5 Parasites cultured in suspension

‘The parasite oultures were routinely maintained in
suspension on an orbital shaker which agitaied -ag 60

paeillations per minute,
5 synchronization

in an -astahlished eulture, all the deveiopmeﬁtal'atages
are generally seen in culture at any one time. Oy
sultures were koutiuely gynchronized using the following

methed described by Lambros and Vanderberg (1979).

A 5% Desorbitol solution was prepared at room Lemperature
uging antowlaved distilled water. This solution was

filtered through a 0,220 pore membranc . A culture
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wag synchronized when it had a higher proportion of
parasites in the ring stage. The culture was centrifuged
at 400 g for B minutes which sepafated the parasitized
aerythrooytes from - the medium. The suparnatant was
remaved by aspiration. Ten wvolumes of Lhe sorbitel
solution was added‘ to the erythroeyte pellet, This
guspension was mixed thoroughly and left to stand at room

tamperature for 10 minubtes. After 10 ninutes  the

augpensgion wag again centrifuged at 400 g for 5 minutes.
The supernatant was removed and the packed erythrooyte

pellet was washed twice with incomplete medium.

Fregshly wastied uninfected cells were added to . the

synchronazed  parasites to increase the hasmatoerit.

- Prevarmed complete medium wag added to the paragitized

erythrocytes.  The parasiteé were then" gagged as

deseribed and incubated at 37°9C,

6 The routine maintcnange of malaria cultures

6.1 The replacing of medium and preparation of thin

EmMoars

Routinely the culbure medium was replaccd and smears were

prepared once every 24 hours.
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SN L _  The shaking platform wae switched off one hour bafore
| changing the medium. The erythiocytes settled on the |

w surface of the flagk which facilitated preparing a smear.

A e i £ o e T P

The medium. waz aspirated and discarded. A wpagteur - L

pipette was moved from the front to the back of the flask e {

ﬁo 1lift cells from throughout the flask. Appraximately
15m} of prewarmed complete medium was added to each £lask o

uging a separate pipette. E o

The paragites were cultured in a 5% guspensien of
erythrdcytés in culture nedium.. Therefore in a tissue
culture flask of a volume of 250ml , 15ml of gomﬁléte
medium was added to 750ul  of packed  parasitized R ﬁ;ﬂ'ff

vl erythrooytas. ' : _ L

6.2 Staining of thin blood smeara . ) . B ;
$.2.1 Proparation of stain

The blood smears were stained with Giemsa stain (Maerck)
" which was dilated by a factor of 1 in 10 using phosphate
buffer-. The phosphate buffer wag prepared by digsolving _
the following in 1 litre of dintilled water: }f 73-“1 ﬁJ -i
5,79¢ KHuPO. (Sarchem) and 7,25y NagHPD, 2HZ0 (Merek). D |
The pl of the buffer was between 7 and 7,4, The Gieman _ fj*'_ ;”‘1 .
stain was freshly diluted wusing the phoaphate buffer _ - :;f

inmediately beforoe usihg. ' ' . o o
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and the smear was air dried.

t.2.2 Brocedure for staining smears

The thin smear was air dried and fixed with methanel for

1 minute. The excess methanol was removed, and the

diluted Giemma was applied for 15 minutes at roe:

The Giemsa stained +thin

smears were preserved by covering in xylene,

8.2.3 Determining the parasitaemia

The smears were ohserved under 1000 - times 'magnifidation

" temperature. The Giemsa stain was then rinsed with water

uging oil immersion. The parasitaemia (the percentage of

parasitized erythroeytes out of the total number of

erythroaytea), was detarmined by counting a toekal of 2000

arythrooytes. The thin smears were routinely prepared '

and mtudied.

| 6.3 Subculturing of parasites

Routinely, 4if the paramitaemia was 5% or higher, the
parasites were subculiured by a factor of 50% or lower,
The paqaaitiaeﬁ suspenaibn wag centrifuged at 400 g
for 5 minutes. The supernatant was removed by aspiration
leaving behind the parasitized erythrocyte pellet. The

volume of this pellet and parasitaemia was determined.
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6.3.1 An example of subculturing of parasites ?; o
Assume that the paragitaemia determined iy approximately i { o '
5 % and the volume of the parasitized pellet is 750ul. ' | f"_“ 2 L A
1f a parasitaemia of 1 % in a volume of 750ul of packed ; ‘ "'}' o
erythrooytes iz required, t+then in 750ul, of Ipacked IR
erythrooytes, a:paraaitaemia of 1 % iz equivaient tq'iﬁﬂ i 'Tf;
ul of = packed arythrocytes. 150ul of the packed 'i ;]
paragitized erythrbcytes is.rémnved and added to 600ul of ? '{ ;
newly washed uninfected eryﬁhrocytea. iBmi of prewarmed i -
qomplete medium iz added to the parasites which are then %?f“;m
gassed and incubated at 379C. . | SR é} s -
1 Cryopreservation of parasites
I o)
| ‘The paragites were eryopreseved  using the method .H ;,1;; w;;
‘described by Freese et al. (1958 ). A solution of 288 | ¥ s -‘-5';;
J ' glycerol in phosphbate huffered saline [PBS) was used ad a o .@ . f
. cryoprotectant, - S - ' ?ﬂfll ;.  .f
7.1 Preparation of phnsPﬁate buffered. galine R L
. 3
The PBS wai prepaved by dissolving 729 NaCl, (Sarchem), _ .
18,553 Naa HPOs .28:0, (Morck) and 4,3g KHuPO (Sarchem), | ,' .
in 1 litre of distilled water. The bulfer was diluted by ¢
3 51 :
. r; ’ o
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a factor of 1 in 10 using distilled water before it was

added to the glyeerol,

7.2 Preparation of 28% glycerol in phosphate bufferecd i fj(.'lﬂﬁk

Baline

The specific density of glycerol (Merck) is approximately
1.25?g/m1. Thus 28g of glycerol was eguivalent to_a.
_ i" #olume of 22,3m! which way diluted o 1U0ml usming the
o prediluted PBS,  This solution was filtered through a

P . E _ 7.3 Parasite stage

i
H
?
§
;
_ P
- 1 ~ D0,22u pore membrane and stored at 4°¢. _ _ i N
!
{
L
!
}

The parasite eultures frozen in our laboratoriss were

, bt b predeminantly in  the ring stage. . The . culture wae N I

% . centrifnged at 400 g for 5 minutes . The supernatant was . e
. | removed and the volume of the . packed c¢ells was : f. | _,. . 'FE
'"m; "i - ;' - determined. The_paéked erythroeyte pellet was mixed with : éﬂ?gJ: Y;IA,-J
| e o | an equal_vdlume of the 28% glycerol in phogphate bulfared ' :'“ ‘-;' w”f
f“3 Y ' _J i _ saline. Approgimately .0.5m1 of this .suapensian was £'  _y31  Q" i
o .aliquqted into NUNC cryotubes (Sterilab services), The ' ; - ;”?  s
parasites were placed into liguid nitrogen within 10 -

. minutes of adding the glycerol mixture. _ | * o -
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8 Thawing of the cryopreserved parasites
ﬂ

The coryopr-~~-.ved parasites were thawed usirg the method

deseribed by Freese et al., {(1988). Using this method,

threa wpolutions were reguired to thew the cryopreserved

parasites. These solutions were 12% NaCl; 1,6% Natl; and

G,9% Natl with 0,2% gloeose. These solut.ions were

prepared using scdium chloiide (Sarchem), glucose (Merck}

and autoclaved distilled water. The solutions wers

filtered through & 0,22u pors membrane .

8.1 Method of thawing {used in our laboratory)

1} - After the frozen NUNC tubex were removed firom the

liguid nitroaen, the blood was rapidly thawed in a

waterbath at 37°C with... 30 seconds. Thae hleod

guapension was immediately transfarred to a wenitrifuge

" tube {Costar).

Z}ITO every 1ml of the blood suspension, 0,lml of Lthe 12%
Na¢l solution was .added « This solution was added
dropwise to the blood guspension, while mixing
eonstantly. The suspension was left at room tamperatﬁre

for 3-8 minmates.

&
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3) Niuve volumes of tre 1,6% Natl smolution was ardded to ' _ S U
the suspension i.e. {9 wvolumes with respect to the : o g“f_ :;
| arythrooyte pellet), This suspension was cenkrifuged at ; = 15
| ; .
E 400 g for 5 minutes. e T
4) ‘The supernatant was removed, and 9 volumes of the i 3
final solution was added to the remaizning erythrocyte ? o :“{“~
pellet . The suspension was centrifuged at 400 g for 5. '; ‘ﬁﬁ.t
minutes. The supu-hatant waa removed and newly washed } ﬁ
_ i
frogh uninfected srythrocytes wore added Lo the +thawed %
parasites to increase the naematosrit. ' g_
- L |
, _ S f- . i
' 5) 15ml1 of prewarmed compleke medium supplemcnted with g S e
s . h oy > .
k - 20ml of serim per 1 litre of medium was added o the ?-? ST
g parasites which were then gassed for 20 seconds and . -3ﬁ~4neﬁgi
incubated at 37°C. ' _ Loy
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SECTION 2.2 CHELATOR SENSITIVITY TESTS

1 Introduction

Iran it an esseplial growkh  autrient Lo vivﬁuully aiI
living argqanismng, with the possible oxeopltion of
Taetobarilli tPehe aml Hershko, 198%): The influonce ol
iron on infections has been well reviewed (Brock, 19865
1988; DIete and Hershko,
1989), Althourh  thr  immune zystoem of tho bost clearly
has a major rele in the defenest against infeetions,
another vital factor is the availability of the hest's
iron to invading pathogons.

The malaria parasite is an  intracelluiar obligate
parasite and in therefnre dependent. on  its  host  for
aagenl dal nutrients. The hout iron status probably  bhas

some »Efecl on the proliferation of the malaria paradgite.

MO L

glinical ohservabtiens sugeask thab iron deficioncy may he

proteclkive agqalast malarin {(Oppenhediner, 106 h, 1986 b;
amith ot al., IQRQ:'Mufrny ot al., 197%, 1e?H), Virienn
regoarehord have  alne shown that cortain iron vhelators
block the proliferation of I faledparam  ir
(Raventos-8uares ok al., 1002; Fritech of al., 1987
leppnor et al.,1988; Yinnon of  al,,1%4%;  Theanacho oL
aley, 19901 and in vive (Frifseh b al., 19857 Pallack

ot al., 1987;: Dershko and Peto o 1988,
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_ We investigated the in - vitro sangitivity of P. ; : R i
g faleiparum to 6 chelating agents. 3” | B
. P ii
: : : LA
'f 2 Basic reguirements Inx the preliminary and E£inal o ‘_l o
experiments : o
2.1 cChelators S
phe . sensitivity of the malaria parasite was ovaluated : Q
. : . ' i
against 6 chelators: 5 ’ ‘
’ ;f . - . -
. : . |y ‘
1. Dcsierri&xamxnﬂ {¢iba=Geigy) . L :
- _ 2. Desfervithiosin {Ciba=Geigy). : ? i f“ﬁQ}:
. 3. 2,2'- Bipyridyl (Fluka Chemikal. e A
. A DTPA. Diethylenctriamine pentaagetic acld . .;_“4 ]
) . . T 3
{Fluka Chemilkal. ' el J
. . . . ) e f‘ N . j
- 5. EDTA. Bthylenediandpetetraacetic acid (BDH). P
. o . . . ‘._‘“‘_ e ‘r\- ‘_\_,‘.
R : - §. WGTA. Bthylemo glycol~bis {B-aminocethyl - S N ﬁ%
AU B other)-N,N,N',N'~tetraacetic acid (Boehringer R
Mannhodim) . | o ' - Lo
2.2 Medium used to disgolve the ehelators i e
. X o
[ 2 ‘,
the chelatory were soluble in the culture mediutm,. e R
b }‘ Toon .
"?{' 4
ss -..b ’ s... ¢
R
.r ‘:}". L }).;;_. X *
(\\‘b Kl ' El': .
uﬁ;‘h - ) f; * .
f s |
[ .}5{\.‘
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Preparation of culture medium

¥
: i
The following were digselved in 900ml »f double disctilled

autoclaved water:

10,49 RPMY 1640 _ (Flow Lab)

5,94q Hepes buffer {3igma)

4g glucone {Marok)

The valome was adjueted tc 960m] with waler. In our

egperinents  thin medium wap referred to as hypoxanthine
free ingumplete mediom. This  hypoxanthine free
incbmplete moeditimn  wayg fiiteraﬂ through a u.aé u filter
(Millipore). When thia medinm iz supplementeoed ﬁith humpan

gorum and NaHCUa.it is hypoxanthine free completse moedium.

- The preparation of the human sorum and -Nanﬁﬂa are

degeribed in Secotion 2.1 {eunltivation muthod};

2,3 Chelatop aennitivity toets fuse of mierotite:

plates)

In our experinments, chelator sengitivity tests wore

performed in 9t-well microtiter plates (Bterilin Ltd).

The method wused is deseribed by Dnainrdinn ot al.

{1979},
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Microtitration tochnigques wers used to measure the } f; !
agtivity of the chelators. The microabiter plates @: y .
consisted of 06 wella. The 96 wells ware arranged in a P i
matrix of eight rows (A to H ! and 12 columns (1 to 12) L . f  ?
ag aghewh in Lhe diagrams of the 96 well nlates. & ( S,
fi |

2.4 parasites 3 Co '
. : 4

. ; ) A
2,4.1 Parasite inecula e
The parasite inocula nsed in Lhe experiments consisted of DR '; i
iwe isolates of P faleiparnn, tho POR-3 and RSA-Z, "y :
o . o . . T .

Both straing were grown conlinuously in atoelk ealtures in S f%yf. .
our laboratories ag described in Section 2.1. v :
2.4.2 dynehronizal ion N §
: . _ : : L e

We required the matere glayrs, i.e.  The trephozseites and gL
sohizonts for the chelator senmitivity studies a8 shown - - ﬁ
_ _ N A

in figure 2.1, The paruiites uged for the exporimenis ﬁﬁwg i
ware  synehronisod uging the wmothod of Lanbros and : o %
Vanderberg (1979) as  desoribed in Section 2.1, which IR ?'j
gselevtively doestroys the mature forme but  leaves  the ; d
. : : ’ j

young ring  form  uneflected.  The ringy were loft for 15 ﬁ
to 17 houra Lo mature to the mid and late  Grophossito . -ﬂ
F i

atagesn, vward in the experiment, ‘. ' 3
s -

q8 ' |

|
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2.4,3 Pfephratian of parasités for experimentz [(dilutions i ) o
of stock culturery _ | ;
The stock ealtnres of the parasites were diluted to a ' LR
: final parasitaemia of 0,5% and haematocrit of 1% using ’ ‘
| newly washed O erythrocytes and hypoxanthine free - g
. “"..‘\_'
, complete mediun. _ 3
2.4.3 (a) An example of a dilution of a mtock culturet .
In all the experiments, fLor each _95 well plate, a **‘a#¢
congtant volume of 50ml of the parasite suspension with a i} K ety
- : paragitaemia of 0.5% and haematocrit of 1% was prepared. el -
f'.: The stock culture {(suspension) wag centrifuged  at v?ﬁy o
' .. 400 g for 5 minutes. The supernatant «as removed and the . _f.ﬁ'
-_f volume and barasitaemia of the remaining pellet wag -f  ;fi;- -
- Assume that the volume of the packed erythrocyte pellet : ’ : -
is 500&1 and the parasitaemia is 6%, I£  in  500ul of gt B
paciked erythrooytes the paraaitaemia ig 6%, then 0.5% %'; <
parasitaemia im equivalent te a volume of 42ul. 458ul of 'l;.fﬁ*
newly washed 0+ erythrocytes and 49,5ml of hypoxanthine o
free complete medium are added to the 42ul of the pellet : Fl -
to make 50ml. Thus 500ul of packed erythrocoytes in 30 ml ' ;
. ’ ‘ -
of medium results in a 1 $ haematocrit.. . ' f
60 _
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2.5 Preparation of an crythrocyta suspension

-

1% @rythreoeyte muspension in hypoxanthine free complete

medium  which sorved as an erythrooyte control  was

prepared for each oxperiment . Por cach 896 well rlate,
approximately 10ml of Lhis suspension was prepa:ed.
100ul of washed O erythrocytos was added to 9,9 ml of

hypoxanthine free complets medium.
3 Banie desmign

The following dereribes the basic design used to study

kha. sensitivity of the parasites  to tho 6 chelakors.
This design was uzed in the preliminary studies and final

- axpoeriments.

3.1 Preparation of the micretiter piate

1 The plates were propared using striot ameptic

techniques inside the laminar {low heod.

2) A Gilson pipebie with sterile tips :as used to add the

chelator soluliens and madium to the designated wall.
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- polutions

parasitized suspension.

3) 25ul of the appropriate chelator solution was placed
intoc each well  as indicated in the apeaific diagfam of
the 96 well plate. The 25ul of chelator sclution was in
a final volume of 250ul therefore the dilution factor is

1in 10 .

4) In the wells denoted a8 ccatrol wells, 25ul of

compiete medium was added.,

5) A ‘constant volume of 2000l of the parasitized
erythrocyﬁe suspension desoribed above in 2.4. was added

to -all the wells hegides the erythrocyte control wells.

parasitized erythrocytes described in 2.5.
These were added using a multichannel pipette with
gterile tips.

gstage wag 225ual.

6) Bach concentration of a chelator waé analvaed in
gquadriplicate. The test wells contained 25ul of chelator
of  different econcentrations and 200ul of

The parasite gontrol wélls

. contained 200ul of parasitized suepenaion'and 25ul of

hypoxanthine free cowplete mediuvm. The erythrocyte

62
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In thege weils, 200ul of the equivalent sugpension of non

was added,

Thus the total volume in each well at this.
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control wells contained 20001 of non parasitized

erythrooytes and 25ul hypoxanttine free complete medium.

7) The plates were prepared as described above and were

placed in a humidified airtight box. The box wag flushed

with the gas mixture for 5 minutes using the gas valves

n the lid of the box. The valves were sealed and the

box eontaining the 96 well plates was incubated al 37°9C

for 24 hours.
3.2 Preparation of isotope

The uptake of G-2H hypoxanthine (Amersham) was used as an

index of growﬁh of the_garasites.

1) The iaatapé waz supplied as a lyophylate (1~5Ci/mmol)

in ampoules containing 1 mCi. The contents of a slngle

. ampoule were dissolved in 2 ml of 50% ethanol to provide

a stoak golution which was stored at -F0°C.

2} In oux eoxperiments for ecach 96 well plate, 200ul of

the stock solution of the isotope was used.  Whea

" preparing the isotope for addition to the microtiter

plate, moet of the ethanol was evaporated ffom_the- 200ul

sanple of the stock solution in & wtreom of nilrogen gas

(Afrox).
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3) Approximately 4,%9ml of ‘hypoxzanthine free complete

medium was added to the remaining isotope. -
3.3 Labeiling of parasites

1) After the 24 hour incubation period as described in

3,1.7 the plate was renoved from the box.

2) 25unl of the isotope solution was added to each well.
Thus the total volume in cach well was: 2%ul of chelator
golution/conplete medium + 25wl  of igotope sulution +

200ul of parasitized /non parasitized suupension = 250ul.

3) The plate was returned to the box whish was then

flushed with the gas mixture for 5 minutew. The gas

valves were mzealed and the box was incubated at 379¢ for

ah additional 18 hcuré.

3.4 Harvesting of parasitos and sointillation counting

1) Bt the end of the second incubation period, the platea

were harvested uming an  automated eell  harvester
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r'. I - £ - T T
: ;E [ | {Titertek, Flow laboratcries). - n
2)  The ¢ell harvester aspirated and depggited the o ,“_,%jﬁﬁ?
particnlate contents of each well onto amall digks of - - ?-i':‘;}';ﬁf
filter'papar. These paper disks  ware than washed _5; 'x
i_ : - o antomatically with distilled water. R
5 ¥ > o F
! & =
3) fThe filter paper diske from the cell barvester Jere ) BT T
dried.in a hot air ovén.' Bach disk was placed in a glas. : :
sci'n{:illa.tinn vial containing 5ml of Aquagel (Chemlab), k
.. ’ . ._".'\_‘. v . ".I_::.-}-
o 4) Each vial was assayed in a liguid scintillation . ”
4 counter for a period of 1 minute. Disintegraﬁiona per . '_ i"%-"“n;“ P
N minute (DPM) values were obtained. :
4, Preliminary studies
Préliminary gtudiecs were performed to assess if G °H
hyposanthine was a suitable index of growth of the - . [ _'fifl 4
; parasites . In these investigations, the senmitivity of o f_fv;;j
; the RSA~2 shrain wag evaluated against the 6 chelators. _ f_._,V
a 4 _ . 5 L _—
i " __.:',; .
L ]
IR ¥
. !.4
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4.1 Preparation of chelators

The following formula was used to caloulate the weight of

the chelators reguired for the preparation of the slochk

“golution of scach chelator. The ptock solution was  Lhon

nsed ko propare further dilutions,
ut = Uoncentration x MW

where,

ug : UWelght of the chelator required in microgramns

Concent.rat jon 1 rﬁquired'ﬂunuentratinn of the stook

golution.

MW - Molecular weight of the ochelater in grang.
Chelator N Molecular weight {(MW)
Degferriozamine | 656,88 g
Denferrithiocin : 260,6 o

2,2~ Bipyridyl | 156,189

ERTA 372,24y

EGTA : 3450, 35q

DTFA 393,0 g
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The stock solutions were prepared in incomplate
hypoxanthine free cultwe madiom. The diluted solutions
were prepared nsing the stock solutiecns and hypoxanthine

free incomplete medium as a diluent. All solubions were
filtered through a 0.22 nu | pore woeliuleme  filter
tuilliﬁore}. The concentrations of a épncifim chulatar
used in the preliminary studies ave indicated in figure:
2.2. The plates were prepared and lncubated as_deacribed
in 3.1.1~  3.1.7. The subzequent steps in  those

experiments i.e. the labelling and harvesting of the

parasites were those described in 3.2, 3.3, and 3.4,

The resulte of these studieg are pfeaented in the Regults

qhgpter.

5;. Finai-experiments

5.1 nnsé ragponge cugvee

The_aengiﬁiviﬁiéa of both shraing of parnﬁitas; the #cnus

and REA-2 were ovaluated against the 6 chelators. The

dope regponse curve of cach chelater was drawn,
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studios.

rigupe 2.21
gonsliivity of tho RSA-
In cach plate,
plato 1 ~ DRO and DIRA
plate 2 = DET and BGTA
plate 3 ~ BIP and EDTA

Concentration range of the & chelators: 0,2-25,6 uM.
waz analysed in quadriplioatc,

tontrol l: Brychrecyte control

gontrol 2! Parasito contyal

petailod plan of the 96 well
5 gtrain to the 6

plates uged te cvaluate tho
chelateys in the proeliminary
the offocts of twe cholatovs ware studled:

Bach concontration
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5.1.1 Preparation of vhelators

The formula mentioned in 4. (preliminary atudies) was

used to caleulate the weight of the echelators required
for +the preparation of the stonk solution of each
chelator.
in incempinte hypexanthine free culture medium,  The
various roncentrations of each chelater resuliing from
shkated on the respeotive diagramg of

the dilutions are

the 86 welle plates. ) .

®,1+4 . ropavation of microtiter plates
The consontratinns af each chelater uged ig stabod on the

follewing Qiagrams

Figure numbey

Cheiator

Desforrioxaming ' 2,3

Doegferrithiocin 2.3

2,2% Bipyridyl i 2.4
EDTA 2,5

EQTA 2.5

DTRA ' 2.8
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The gtock and diluted solutionn were prepared
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sralns 40 ‘deaferrionamine  and desfarrithiocin,.
Concentyation nangod =30 WM. Baeh eoncontration
was analysed in guadripliaato.

" pontrol 1t parasite control
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Plgure 2.4: Detalled plan of the 96 well plate used . RO L
o evaluate the sensitivity of the POR=3 and RSA=Z2 . . F .

. stralng to 2, 2 =hipyridyl. Concentration range: 2= RGN _
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Contxol 1: Parasitc control ; L ' -
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The plates were prepared and incubated as desoribed in
3.1:1-3,1.7. The subsequent steps in these
i.e. the labelling and barvesting of the paramites were

thoge demoribed in 3.2, 3.3, and 3.4,

5.2 Combination of a chelakor with an  unsaturated
chelator
affect of desferrioxamine and 2,2'-

The combined

hipyridyl was evaluated against the FeR-3 strain

5.2.1 Preparation of chelators

The'atock and diluted solutions of desferrioxamine and

2,2' - bipyridyl were prepared in hypoxanthine free
incomplete culture medium.

Y

5.2.2 Praparation of microtiter plates

1Y A defined combination of +the +two chelators was
analysed in triplicate, The two chelators were  combined

ag indlcated in fig: 2.7 .

2}  28ul of each chelator solution was added to a well as

indicated in fig: 2.7 . If the wconuentration of a
chalator was stated az 0 uM, 2iul of ecomplete culture
74
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"madinm wag added, Thé total volume of chelator solutions

in each tosmt well was 50ul, (25ul of each chalator)., In
tha wells demignated an parasite and erythy e contral

wells, 50ul of complete medium was added .

3} 175u)l of the paragite suspension waps added to  each

well, exeluding the ersythrocybe contreol wells in which

175u)l of the wag .dvalent non paraéitlzed wrythrooyte

guggengion way adeed. The parasite and arythrocyte

suspansiony are descoribed in 2.4, and 2.5,

4) The chelator nolubtions and parasites were added ta the

the plates as deseribed in the above mkeps . The plates .

were gassed and incubated as described in 3.1.7.

5) The subseguent steps in this experimer ‘.e. the

'labeliing'and harvaatiﬁg of the parasites were those
desgribed in 3.2, 3.3, and 3.4.

5.3 Combinatien of a chelator with an iren saturated

chalahege

5.,3.1 The speobroscopic titration of 2,2'- bipyridyl aad

ferrous ammonium sulphate
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Thig titration & dned the molar concentration of
ferrous iron  regquired to completely = smalurate
2,2 ~bipyridyl. '

5.3.1.1 Preparation of solutions

The solutions of 2,2'- bipyridyl and ferrous ammonium

- pulphate {Sarchem) were prepared to a final concentration

of 1 mM in distilled water.
5.3,1.2 Spectroscopic titration

3 fixed concenkration of 2,2% hipyridyl {1 mM ) waa
combinad with various concentrations of ferrous ammonium
éulphate. _The abgsorbance of these solutions were
neasured at 520 nm, using the ultraviolet/visible

spectrophotometes (Phillips, PUB70Q series).

5.3.2  Combination of a chelator with an iron saturated
chalator
The sensitivity of the FCR~3 strain was wvaluated against

the following:

‘a) Combinatien of 6 uM dcsferrioxamine and varios

concentrations of unsaturated 2,2'~ bipyridyl.

77




"

b} Combination of 6 uM desferriozamine and varioun

concentrationg of iron saturated 2,2%- binyridyl.
5,3.2,1 Proparation of chelators and {eprous solubiong

The steck and diluted molations of desfervioxamine and
2,2 =bipyridyl were prepared in hypaxanthine. free
incomplete medium, The stoek solution of ferrous
ammenium sulphate was prepared in distilled water, The
diluted melutions wore prepared nging the gtock  golubian

and hyposanthine free incomplete medium as a dijuent,

5.3.2.2 Prepavation of microtiter platns

~a) ComBinakion of 6 uM DFD and varions cnaventrations of

2,2~ hipyridyl.

1) Bach combinaktion of 6 uM DFO with a ecertain

wencentration of unnatufatnﬂ 3,21- hipyridyl whs'analyﬂed

in quadriplicate.

- 2) 2%ul of the spocifie coneentration of 2,2 =hipyridyl

wan added te  the wells ag indicated in fig: 2.8« 306nl
of nomplets medium war added ta the 2,2'~hipyridyl.
251l of the desferrviovanine solution (6 a )} wag added to

the 50ul in the weils an indieated in figr 2.8
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3) 75ul of complete medinm was added to the wells

designated as control wells {eontaining no chelators).

4} 3 constant velume (130ul), of parasite susvenagion wal
added to ocach well besides the srythrocyte contrel wells

in whiek 156ul of the cguivalent non parapitized

erythrooyte suspension-was added. These suspensions are

degoribed in 2.4, and 2.5,

b} Combination of 6 uM DFO and various concentrations of

iron saturated 2,2'~ bipyridyl.

1) EBach combination o©f 6 uM DFO and a eertain
aoncentration of lron saturated 2,2~ bipyridyl was

analysed in quodriplicate.

-

2) 28%ul of a certain coieentration of 2,2~ hipyridyl was
sdded to the wells as specified in fig: 2.8 . 25ul of
the -eguimolar coneentration of tho forrous  ammonium
gulphate solntion was added te the 2,2'- bipyridfl ko
form a complék. 250ul of the 6 uM DFO solution was added

to the complox formed in each well,

3) 78ul of complete wedium was added to the wells

designatod as contrel wells.
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A} A constant velume of parasite suspension = {1%0ul} was
added %o each well besides the erythrocyte control wells
In theze wells, 150ul of the equlvalent nhon paragitized
erythrooyte'sugpenﬁion was added. These susponsions are

deseribed in 2.4 and 2.35.

8) after bouth plates were prepared ag described in .

and b. they were gassed and incubated as dageribed in

3,1.7.

§) The subsequent steps of labelling and harvesting the

paragites were described in 3.2, 3,3, and 3.4,

5.3.3 The spectroscopie titration of desferriozanine and

2,2'~ bipyridyl

rhig titration was performed to determine if a direet
chemical  interaction between 2,2'~bipyridyl  and

desferrioxamine existed.

5.3,3.]1 Maasurement of absorbance using distilled water

£a dizgolve the chelators.
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The absorbance gpectrum  of 2,2'~bipyridyi diggolved in

water was measursd. The changeg i~ Y ig  epectrun  was

Cmeagured atter an egual volume of desferrioxamine

golution in water was added to the 2,2'-bipyridyi

solution.

5,343.2 Measurenent of absorbance using incomplete medium

to dissolve the chelators.

The absarbance gpectrum of 2,2'-bipyridyl disselved in

hypozanthine free incomplete was meanured. The changes in
this spectrum was  neasured after an equal volume of
desferrioxamine solution «nh hypoxanthine free incomplete

medivm was added to the 2,2'- bipyridyl solution.

6, Datc malysis and ogpreassion.

1) Regulte of the seintillation counting were expropgzed

ag disintergrationn per minute (DPM values).

2) fThe mecan 1DEM value ef the orythraeyte contrel walls
was determined. Thimr value was subtracted from the DPM
value obtained {for ecach echelator fieat well and parasite

contrel well,
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d) The mean DPM values were determined for vach

concentration of chelater tested, each combination of

chelators, and the parasite control wells.

47 The mean DPM valuen of the chelator test wells were
exprogsed as a poreentage of the mean DPM of the parasite

pontrol {(non-chrlator controll.

response  curves were gencrated using  the

Fnzfitter Data Analysis proyram (Elgevier Bioseft) using
the following sigmoid doue rosponse oqmation:

Effect (3) = 100/ (L + (8/ICso} ®),

a

whoret

100 reopresents the maxinal effeot achieved,
¢ reopresents the concentration of the chelator used.

ICha repfeﬂentn the 50 % inhibitory cenecntration of the

chelators

P fepreacnts thoe glopo.
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This program ig a non. linear feqression daka analysis . P

program which uses Marguart alogarithm. The reduced chi - . : ) i
square is optimised to achieve the bent estimates of Lhe _ % :
' f .

paramétdra of the sigmoid dose response equation. - : . ﬁ-'l - 1;13

p:5 o E The ICse values are expressed as means with standard ey

: ; o R | deviations. N
@1; : | '?Wr
s 6} The chelator combination curves were drawn uzing the _
. _ . pefeentage DPM values en the y axis and the various - o k 'f .
= ifr_- - 3 | goncentrations of the .chelator added to the one fixed _ A o
1 congentration of another chelator on the x axis. | ' ,%im 5
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| CHADPTER 3
RESULTS

1. The dose responga curves nE the 6 chelators

The sensitivities of both straine , the FCR-3 and the
REA=2 were evaluated againet the 6 chelators.

The results are tabulated and are'_also represented
graphleally. In the tablga, ‘the congentration of the
chelator is stabed in uM, and the_parasite growth is
estimated by [3H#] hypoxanthine incorporaticn.aé measaraed
by DPM. The DPM values of the chelator test wells are
conpared to the mean DPM of the non chelator controls and

expresased as a percentage thereof. These percentages for

each oencentration (ox combination concentration) arve .

expressed with standard deviation in tables .

in the graphs, the X axis represents the logged

aoncentfatidn of the chelator ({log C). The y axis

vepresents the DPM values (parasitaemia) obtained for the

chelator test wells expressed am percentages of the DRM

values (parasitacmial obtalned for the control poarasites

(BEfeat) .
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The results of the preliminary studies in which, the

sensitivity of the RS8a-2 strain was evaluated against the
6 chelators will be presented first in the case of each

chelator. The results of the final experiments will

subgequently be presented. The results of the

sensitivity of the FCR-3 strain will be followed by those

of the RSA-2 strain.
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x i
: l X - oY
1.1 Desferrioxamine : o
pPrelinminary study Co B "f
| . N,
In the preliminary studies, DFG inhibited the growth of . )
' the RSA~2 strain at concentrations of 2 uM and higher 3 - :
~{refer to Figure 3.1). e '
FOR-3 o
Figure 3.2 shows the effect of inareasing concentrations '
of nFo'qn_the paragite counts., DFO inhibited che growth
of this styain at concentrations of 1 uM and ai- /&. L
- % T
R8A-2 R4 - p
Figure 3.3 represents the sensitivity of the RSA-2 strain gt "1:
to various consentrations of DFO, prFo  inhibited the _ : he
: . . . 7 . ; o
RSA-2 strain at goncentrations of 4 uM and higher. . o
e
a -.‘ ‘ . ._‘ .
e .
£ _(f
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1. _
]
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Figure 3.1 : The sensitivily of the RSA-2 strain to various - T .
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concentrations of desferrioxaming.
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: Thae resplis of the preliminary studies show that DFT e |
inhibited the BRSA~2 strain at soncentrations of 0.2 uM o .
and higher (refer to Figure 3.4). e
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Flgure 3.4 : The sensitivity of the RSA=2 strain to various
cancentrations of desferrithiocin (praliminary
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Figure 3,5 : The sensitivity of the FGR-3 strain to varfous
concentrations of desferrithiosin, :
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1.3 2,2'~ Bipyridyl
Preliminary study

tn the preliminary mtudies, 2,2'~ bipyridyl inhibited the
RoA-2 strain at concentrations higher than 10 uM (refer

to Figure 3.7).

FCR-3

Figure 3.8 represents the inhibitien of the FCR-3 gtrain
by 2,2'~ bipyridyl. 2,2'- bipyridyl inhibited this

‘werain at concentrations ahove 10 uM.
REA~2
pigure 3,9 shows the respunse of the REA~2 shrain to

varions concentrations of 2,2'~ hipyridyl" the RSA~2

strain wags inhibited at concentrations higher than 10 uM,
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Figure 3.8 : The sensitivity of the FGR-3 strain to various
concentrations of 2,2'-bipyridyl.
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Figure 3.9 The sensitivity of the RSA-2 strain to various
_ concentrations of 2,2 ~bipyridyl.
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1.4 EDTA

Preliminary study

in the preliminary studies, the highest concentration of

25 uM had ne effect on the parasite growth. The dose

response curve was a straight line (refer to Figure

3.10%.

FCR~3 -

. Figure .11 represents the responge of this atraih'td

“inereasing concentrations of EDTA. EDTA inhibited this

strain at concentrations higher than 170 uM.

RSA~2

Pigure 3.12 represents the inhibitory action of EDTA on

the growth of the RSA—Z gtrain. EDTA inhibited the

growth of this strain at concentrations higher than

100 nM.
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1.5 BGTA

Proliminary study

. The results of the preliminary studies showed that 26 uM

paTA had no effect on the growth of the R8A-2 strain .

The dose resonse curve obtained waz a straight line

{refer to Figure 3.13).

FCR-3

Figure 3.14 represents the sensitivity of the FCR-3

strain t»  inereasing concentrations of EGTA. EGTA

inhibited the growth of this strain at concentrations

higher than 200 uM.
REA~2

Eigure. 3,15 represents the  response of this gbrain to

inc.eaning concentrations of EGTA. BGTA ichibited the

growth of this strain at concentrations higher than

100 uM.
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1.6 DTPA
Prelinminary study

The results of the prelimihary studies indicated that

25 uM DYPA had no effect on the growth of the RBA-2

gtrain (refer to Figure 3,16).
FOR~3

Figure 3,17 represents the inhibitory action of DIPA on
the growch of this strain. The dose response gurve was &
gtraight line indicating that the concentrations selected
had no effect on the growth of this strain. The

goncentration range selected was hetween 0 and 240 uM.

RSA-2

-

Figure 3.18 shows the inhibitory effect of variouns
soneentrotions of DTPA on the growth of the RSA~2 strain.

The dose response curve obtained was a'straight_line.
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2 Combination of a chelator with an unsaturated chelatox
2.1 The dose response curvea of DFO and 2,2'bipyridyl

pigures 3.19 and 3,20 yepresents the response of the

FCR-3 strain to varions concentrations of DFO and

2,2'-bipyridyl respectively.

- The dose response curves of both DFO and 2,2 -bhipyridyl

using the FCR-3 strain was determined independently when
performing this experiment.

ationg in the wonditions of the experiment .
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2.2 The combination of degforrioxaming with

2,2"-hipyridyl

A fixed concontration of 'O was combined with various
gohuenkrations of 2,2%« bipyridyl within the range {0-100
uMl . The effect of the combination of the two chelators

are tabulated and are represented graphically.

The v axiz of the graphs represents the éifect. The
effect is the resultant paragitaemia obtained lag a

percentage of the control parasitaemia), after a fixed

concentration of - DFO was  combined with various

concenkrations of 2,2‘— biyyridyl,

The x axig vrepresents the loggedxaoncentratian of the

'2,2'-bipyridyl with which the fized concentration DIy was

cotbined., If the log soale on the % axis is used, the

consentration of 0 uM (2,2'~bipyridyl) is represented as
1 on tha'x axis and 1 on the y axis. Therefore when 2 uM
DFO was combined with 0 uM 2,2'~ bipyridyl, the resultant
parasitaemia was represented as 1 on the x axigs and y

axig.
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Figure 3,21 represents the combined effect of 2 uM DFO
and wvarious conuentraktions of 2,2'- bipyridyl on the

.pro}liferation of the FCR~3 smtrain,

‘The parasitasmia obbtained after +the FCR-3 strain was
expogsed to 2 uM DFO was equivalent to 80% of the control

parasitaemia values. When 2 uM DFO was combined with &,

8, and 10 - uM 2,2'- bipyridyl , the resultant

parasitaemias were approximately 95% of the control

parasitaemia . Therefore instead of deareasing helow

80%, the parasitaemias increased te 95% of the  control

paragitaemia.

2,21~ hipyridyl alk various concentrationsg when combined
With one fixed concentration of DFO 6.g. 2 M, showed a
ralaﬁive increase inh parasitaemia compared to  the
2,2*~bipyridyl or DFO alone, thus auggesting_that'these
bipyridyl

eoncentrations of 2,2'- ~antagonised

antimalarial actibn of DFO. This antagonistie effoct of

2,2'-bipyriﬂy1' wis lesa pronounead w.bh higher

concentrationg of DFO.
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et i

Phe parasitaemias resulting from the conbined action of
one fixed concentration of DFO and various consenktrations
nfl 2,2'~ bipyridyl within the range (0~100 uM). ig
tabulated and 1is alen repragent.ed graphically. The
results of the following concentrations of DFO, each
combined with the same concentrations of 2,2'- bipyridyi

ig represented in:

Desferrioxamine (uM) Figure no
3 . - 3.22
4 3 3.23
5 - 3.24
5 3,25
7 _ _ 3426
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10 - : . 3.28
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Figure 3.22; The sensitivity of the FCR=3 strain to the combined
effect of 3 uM dasfervicnamine and various concen-
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Figure 3.23:

The sensitivity of the FCR-3 strain to the combined
affect of 4 uM dasferrioramine and various concen-
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Figure 2,31 The sensitivity of the FCR-3 strain to the combinad
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_added. Therefore ferrous iron ecompletely

3 Combination of a chelator with an  iron saturated

chelatar

3.1 The spuctroscopie titration of 2,2'« bipyridyl and
forrous ammonium aulphate

Figure 2.23 represents the absorbance values measured of
a fizxed consentration of 2,2'« Lipyridyl {1 nM) combined,
with various usaventrakinae of forrous ammonium sulphate
The y ax.y of he yraph represénﬁs the abgerbanco
vafieua

mearured, The « axis represents  the

goncentrations ovf ferrous iren added to the fixed

concentration of %,2°'~ bipyridyl.

#When 1 mM ferrous ammonium sulphate was added &o
2,2'-h£pyridfl (1 mM}, the absorbance reached a maximum

value and remained constant at this value even alter

highor coneentrations of ferrons ammonium sulphate were

gaturatod

2,2t-bipyridy) in cguinolar concentrations.
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3 mi BIP added to:

COHCERTRATION GF PERROUS ADSORBANCE
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Figure 3.33: The absorbance values of 1 mM £.2'=bipyridyl
combined with varigus concentrations of forrous
1ron (measwred at 520 mm).
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3,2 The combination of desferrioxamine with iron
Satufatqg 2,2'~bipyridyl
j 3.2.1 The combination of  desferrioxamine  with
1 2,21bipyridyl |
Figure 3.34 represents the combined effect 6 uM  DFO ahd
vaprious eoncentrations T of 2,2'~ bipyridyl. on- the
gurvival of the parasites. 2,2 Bipyridyl antagonised
the antimalarial action of 6 uM DFO.
A
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- ; 0,8 35243 ¥ 4124 61,1 ¥ 7,18°
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: : 4 47986 % 8532 83,2 % 14,80
i 43343 ¥ 4251 75,2 % 7,38
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3.2.2. The combination of desferrioxamine with iren

saturated 2,Z'-bipyridyl

Figure 3.35 represents the sensitivity of the parasites

to  the combined effect of 6 uM  DFO and varlous

concentrations of iron saturated 2,2'- bipyridyl.

Thé dose response curve obtai.ed  wam a straight line
indigating that éonaﬁant DEM values tparaéitaemias} were
obtained when varioué “goncantrations of iron saturated
2,2'~pipyridyl were combined with 6 uM DFO. The slope of

the curve 1is not gignificant from zero., Eszentially the

curve represents the effect of 6 uM DFO alone on the

growth of the parasitey (The effect of 2,2 ~bipyridyl was

eliminatad as it was saturated wikh iron}.

133

f.j_

’
, .
%
h ) >
|
. e
P e B
' .
R AR
i..
T e
*
T
. ey
. N =
i L] S .
i. T
A
L v N L.
* :
: . .‘ﬁ,
l.- . .‘
oy .
o R
. ¥
. . s
b o ‘
Lo .
1 .o s
H .
; rad
s ;
I o
b |
.-.




i o e

et W Pl b i ey e

eyl

6 _tiM DPO &

CONCEN. OF
B,34-
BIBYRIDYL
ALDED [uM)

CONCEN., OF

IRON ADDED

-

MERM DEM X SD

3
=

G OOOoOo O
) - e w
£3 ¢ B b3

=

eI O D OO OO
- om omow
03O O g

el

35842
34490
34046
- 29920
40117
40023
34105
aps7a
044
32183
e

3
1146
3481
1068

630

© 2660
3100
4456
3680

806
3

LIS e P AR LSl £

347

649

S oS T S LT T S B e U
[P T P g0 e e ]
T e W e R W Y My
=1 o At N uwmo o
I+l T+H R R F I+

L

-

L™ §

=1

Elfect
00

80

< of conirel

207

1

bk AL ILE 5 bbbl

b
3.0l

Figure 3.35:

al

BN WAL e db b LI

}

: 10 100
log © (u) ‘

. & uM DFO

The sensitivity of the FCR-3 strain to the combined

effegt of 6 uM ?esferrinxamine and varfous concens
gratwons_of 2,2 +bIpyridyl saturated with ferrous
\"Cm‘ . :

i34

o

.“

(. VA

P A - R, S




.

pY

"igure 3.36 represents the absorbance

3.3. The spectroscopic titration of desferrioxamine and
2,2 '~ bipyridyl
“

gpestyum of
2,2~ bipyridyl in wateyr, using water aa  a base line,
The solution absorbed maximally at 233 nm and 280 nm.
Figure 3.37 rapresents the abgorbance  spectrum of
the 2,2'~bipyridyl solution diluted with an equal volume

of & DFO solution in water. The DFD  golution diluted

.with an egqual wvolume of water was used as a base ling.

The maximum abgorbance was observed at 233 nm and 280 nm.

Figqure 3.38 rEpresants‘the absorbance spectrum of 2,21
bipyridyl in incomplete culture medium, using the
incomplete medium as a bhase line, The golution

abusorhed magimally at 233 nm and 280 nm.

Figﬁre 3.39 represents the
the 2,2'-bipyridyl solutidn-diluted with an egqual volume
of the DFO solution in incomplete medium. The DFO
solubtion ﬁiluhe& with an equal wveolume of ilncomplete
medium way used as a base line, The maximum absorbance

war chgerved al 233 mm and 280 nm.
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CHAPTER 4 DISCUSSTON
SECTION 4.1 DISCUSSION OF METRODS

A) DISCUSSION OF METHODS USED FOR THE CULTIVATION OF
DARASITES '

Prior to 1976 attempts to oltain comtinuous growth of the

p. faleiparum parasite were unsuccessful. Growth of the

parasite was limited to the short term maintenance of

human. and certain animal plasmodia (WHO, 1972). In 1976,
twoe groups working independently achieved the firaﬁ
guecessful continuons eulture of P, Ffalciparum parasites
(Trager énd Jensen 1976; Haynes et al., L976), Thase
studies, {lespecially the findinge of Trager and Jengen,
1976} :evolutioniaed research on human malaria.  Thedir
methods have formed the bamis of many bf the recont
“advanees in malaria biochemistry, imﬁunology  and

. pharmacology.
1 Characterigtics of the parasite isclates used

Two straing of parasites, the FCR-3 and RSA~2 were

routinely eultured in our laberatorien, These wero .

" donationg from J. Freese of the RIDTE in Durban,
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q
Isolate characterigtics as deseribnd by J. Freese:
FCR- 3 | T
\ origin: The Gambia _ ' T {:f o
: Jensen JB and Trager W. Plasmediom faleiparum in o ""E
eulture: establishment of additional strains. ;_F B :
Am J Trop Med Hyg 1978; 27:743~746. | | o
Chloroguine mensitivity: MIC = 0.6 uM (remistant), ' - L
RAA= 2 L
e
Origint  Rwazulu » M
. ' DR Tl
Date of collection: 28-1-~1985. _ _ S Wi
Clinical data: Pationt responded to treatment with 10 '"ff;__ -
- R JRE
tablets of Darachlor (1 500 mg chloreguine base  + e o ];
1 150 mg pyrimethamine base). : ' Y, S
i S ~ chloroguine sensitivity: MIC = 0.06 uM. i '_f
..l. } . J
,i . ;
4 1. :
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143 AR
4 AL o]
L ] ;S % * t a 41‘
| T . ¢ . .
| o “»1 ;' ) . §
3 I » o
= T Ly . ‘ o 4‘“ 3 §
. 1. Lo




: R _%
' o
B _
' { o
- '
f; _ 2 Factors affecting the continvous cultivation of the ;
i £ erythrocytie stages of P, falciparum ' R f
_i 2.1 Medinm S -
e
. [ Ry
The medium used to initiate the f£irst continwous culture } W
: . Lo
oy of B, faleiparom was RPMI 1640 (Trager and Jensen, e -
| 1976). This modium was originally develeped for the in I
“iﬂ o . yitre cnltivation of lcoucocytes (Jensen, 1988), RPMI _;; . ;
. _ 1640 contains a hydrogen sarbenate-carbon dioxide bulfer
) ‘systen which maintains the physiclogical pH of the medium - S AR
{WEO, 1972),  This medium supplemented with 25 mM HEPES - T
puffer remains the medium of cholce. o ﬁ ?ﬁﬂmg__ 5
: : ‘ T, - ;
T [ 2.1.1 Role of HEPFE buffer | - IR N
Tt is erucial that the pH of the medium be wmaintained | - fﬁ_; -

between 7.3 and 7,5 for the suecessful in vitre growth of : . 'f):;;"'m :

i ’ o Ty et
the parasites (Jensen, 1988; WilO, 1872). The paragiten. : _:4
vapidly produccs large concentrations of lactic agsd S N i
& - : Lo . 3 ‘I
i - : which iz a product of glucose metabolism (Trigg. 1985; ;’”J_ CL j
: - 'ff o zolg et al., 1984), This remults in local and gross pH 5 S
® . K changes which is detximental to the dJdevelopment of the i o i
. ‘parasites (Zolg et al., 1984). : - e e i
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Therefore +the long térm maintenance of the parasites in
vitre depends on overcoming the problams of drastie pH
changes. The' hydrogen carbonate = -carbép dioxide
buffering sygtem found in RPMI 1640 is not sufficient to
maintain the p# of the extracellular medimm at 7,4 as the
parasites consume ¢glucose and produce lﬁctate rapidly.

Te maintain the pH of the extracellular medium between

7.2 and 7,4, additional buffers are regquired (WHO, 1977).

In our studies, HEPES, a awitterion buffer, was routinely
used to supplement the hydrogen carbonate-garhon dioxide
buffer aystem of RPMI 1640. The zwitterion buffer
increases the overall buffering capacity  of the
medivm and it does wuot interfer with normal cell

physiology. 1t algo ensﬁxea that +the physiological pH

within the culture f£lask is maintained once the f£lagks '

are opened for inoeunlation and removal of parasites (WHO,

1872},

IHEPES is a suitable buffor as its pk at 37°C i=s

‘approximately 7,3 which im very close to the pH reguired -

for oplimum parasite growth (Trigg, 1835}, - Moreover
fresse ot al., (1988) obsorved that REMI 1640

supplemented with HEPES buffer resulted in a higher peak

paragitaemia in lecal strains compored to gupplenentation

with anotihoxr buffcr.
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2:1,2 Importance of hypoxanthine supplementation

The method  used for parasite ocultivation in our . - ;, '.,
studieg, reeguired that the medium should also Dbe _ ) " L if,
supplemented with hypoxanthine Freese e al, (1968}, | ' g h
. The parasite cannot synthesis purines de novo. - The . _ ; A S
medium RPMI 1640 also  lacks purines, thersfore the ' _ 5 o

parasite depends on its host for these. The cnly sources

of purine precursors available to the parasite are the i AR
human erythrocyte 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, 1975). BSupplementing the medium with a certain

coneenktration of  hypoxsnthine  increases  the peék | o _' t T e,

i parasitaemia (Zolg et al., 1982; " Butcher 1979; Jensen b gjuw;
1879:). The hypoxanthine concentration of 44 mg per 1 o
litre of medium used in our studies was sufficient enough

to enhance the paramitaemia (Zolg et al., 1982).
2.1.3 Gentamyein used as prophylaxis

. p To avoid aceidental contamination, genbamyecin sulph: ie

was wsed prophylactically in the aulture medium.
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2.2 Serum requirements

The continuous ocultivation of P. faleiparum reguires

that the bagic gulture medium, REMI 1640 is supplenented

with poeled human serum for paragite growth and the gerum

type selected is compatible with the erythroeytes being

uged {Divo and Jenszen, 1982). In our studies, merum from
healthy A * donors was used as it was compatible with the
0 * erythrocytes being used and the larger proportion of

the Johannesburg population belong to this blood group.

In pravious studies, 10ml of pooled serum was used to

auppleﬁent 1 litre of medium (Divo and Jensen, 1982). At
thir concventration, most sera supports the growth of

paragiter that are already established in culture { WBO;

'1977). Pooled human serum £rom a2 few donors is always

nere effective compared to serum'ahtained from a single

donor (Dive and Jensen,1982; Jensen, 1979},  Since the
twe straing of the pavasites being ecultured in oux

laboratovies were alrveady established in culture, 10ml of

pocled heat inactivated human serum was roubtinely used to

 supplement 1 litre of medivn.

In our studies the serum from freshly clotted blood was

povled, frozen and used. Reports from pravious studies
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indicate that serum collected under these conditions,
produces optimal growth'cf the parasites {(Zolg et al.,

1982; Divo and Jensen , 1882; Jensen , 1988). 1In our
laboratory the serum was stored at -209C in  aliquots of
volumes suitable for immediate use. Therefore once the
gerum was thawad, ©Ghe entire aliquot was utilized,
Repeated freezing and thawing ig reported to result in a
logs of nutrients ( WHO, 1977). Temperatures higher or
lower than -20°C is reported to be deleterious to the

gerum (WHO , 15972; Jengen ,1979 }.
2.3 Erythronytes

P.faleiparum is maintained in continuous culﬁure, hsing__
the erythrooytes £rom any of the ABO blood groups
provided these are compatible with the gerum being uzed,
There is no biological preference for any of the hloed
groups fJensen_'lgaal. Wwith our experience, fresh or
. mtered erythrouytes appeared to have the same ahility te
.auﬁpﬁrﬁ thé 'ﬁéntinuus _cukﬁivation of the péraéitaa;'
provided  the erythroaytes wefe not  stored  in

lithivm=-heparin for longer than 1 week.
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2.4 Gag requirements

The P.  faleiparum parasite is  an  ohligate
nicroasrcphillic and cannot proliferate under anaerobic
cgonditions. ‘The gas mixture used for the cultivation of

the parasite oconsisted of oxvgen, aarbon diakide and

nitrogen {(Scheibel et al., 1979).

Although Trager and Jensen {1976) observed that the gas
atmbaphere in the weandle jar i.e. (1.3 -3.3 % cafbon
dioxide énd 14.5-17.5 % oxygen), is dideal for the
establishment and maintenance of certain strains o.
parasites, Freese ot al, (1.983) feporteﬁ that it was
unéuitable'for local strains, Therefore an alternate gas

phase was selected.

Carbon dioxide concentrations between 2 ﬁnd 5% are
suitable for the growth of the parasites. Higher
cancentrationa-ofl earbon -dioiiﬂe ~are inhibitery. The
_RPMI 1640_ ﬁedium containg a_hydrhgen ﬁarbanate; caxben
dioxide butfer system  which is affected by high
concantrations of carbon dioxide (Trigg, 1985).  The
carbon dioxide oconzentration should. be suﬁficient Co
balance the bicarbonate content of the medium  and

maintain the sorrect pH ( WIO, 1977).
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The manher in whinh oxygen affects the meta%bolism of the

malaria parasite is unknown., Oxygen concentrationsg agual

to that in air (approximately 21% ) is found to be
inhibitory to the growth of the paragite, although this
effect may take several days to become apparent (Sgheibel

et al., 1979),

Therefore, low oxygen tensions are favourable to the

metabolism of the paragites. The positive effect of JTow

oXygen tensions ig probably related to the maintenance of

low redox potentiala in the parasitic environment ‘Trigy,

19851,

Thé maintenance of the correct pH and low redox
potentials are emsential. These are influenced by the
concentrations of carbon dioxide and oxygen regpectively
in the gas phe 2. 'The goncentration of the two géaea are
compatible and balanee each other. Therefofa, if the

asncentration of oxygen is low, the conaeptration of

carbon dioxide is also low, =o thal the réduced oxygen

supply ig not conmpromised further.

Combining 3 % oxygen with 4 % carbon dioxide resulbs in
the pH of the medivm belng 7.42, which is the
physiclogical pll {8cheibel et al., 1979). In our studies

the coneentrations of 3 % oxygen and 4 &  carbon dicxide
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were selected. This gas mixture proved to be suitable for
the emtablishment and maintenance of the local straina of

.parasites.

2.5 paragites cul*ured in sugpension

U PP I E R L P

o mmt

cultivation of the parasites in suspension results in
imprevad yieids of parasltés compared to mtatic cultures
(Freese ot al., 1988; Zolg et al,, 1982; Butcher, 1979;
Butcher, 1981; Fairiamb, 1985;,  In static cultures only
the parasites at tha top of the erythrocytic layef have
good access +to the nutrients within the medium which
floats on top of the erythrocytic layer.. Those parasites
found deep in the srythrocyte léyer have lems ancess to
the nputrients in the medium and their microenvironment
soon becomes unsuitable for optimal proliferation. Toxic
metabolites cspewially, lactle acid accumulates in  the
parasite microenvironment and this inhibiﬁs the opwimum
development of the parasite resulting in overall lower
parasitaemia {(Jensen, 1988). Furthermore the thin static
layer has limited usefulness, as it cannot be easily
gealed up to produce large guantities of pasasites

{puteher, 19810,

sutcher (2981) veports that in cultures ‘maintained in

suspension (i.e.on an orbital shaker) therc is increased
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contact between the released werozoites and. the
uninfected erythrooytes. There gontact points are more
efficiently distributed in suspgnsion cultures resnlting
in higher peak parasitaemia and multiplication rates. In
stat.c cultures there is reduced contact betwsen the
releaged merczoites and the availlable  uniifected
erytb.ocytes which vields higher percentages of multiple

infected eryvthroeytes oconmpared to susponsion cultures.

The parasites in multiple infected ervthrocytes are less
likely to develop tn the mabure schizont 'stage and
gubsequently release merozeites.
than oue parasite within an erythrooyte increases the
stress on  the mukritional capacity of the exythrooyte.
Purthormore, bthe membrane of & multiple infuoted
erybhroeyte is foo fragile co support the optimum
development of twe or wwere parasites (Buicher, 1931i.

Therefore these parasites rasely sevelop to mcturdty.
2.6 Synchronization

In an established culture , all the developmental gtages
are generally scen in culture at ahy one time.  This
gituation however is not always suitable for studies in

which a speeific stage is required. In a synchronized

sulture, the mabritional and gas regquirements of all the
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parasites are constant as the parasites are in the same

stage. In a no4 sv: chronized culture, the various stages

of the parasite ire present, thus the requirement of each

paragite {(stage) differs. Therefore the early stage of
the parasite (i.e. the ring stage) may be deprived of
nukrition and gas due to the increased requirements of
the mature stages. Due to these factors it is esaential

te aynchronize parasites regularly.

In our studies, the parasites wera routinély
synchronizad, using the method demeribed by Lambros and

Vanderherg (1979), This _method  employs the use of an

‘agueous. sorbitol solution which allows parasites in the

early stages Lo  wurvive. Normal exythrooytes are
impermeéble'to -morbitel, but the developing parasite
causes a change in the permeability of the erythrooytie
membranes Therefore washing the pdrasitized erythroaytes

in the aguecus sorbitol selution lysed the membranes of

the maﬁure gtages of the paramite ag these membranes are
out permeable ta the sorbitollsolution. The .paraaiﬁes
in the early ring stage are ismolated, as the pérasihiﬂ_

membrane in this stage is not ag porous and permeable ag

in Lhe mature stages (Jensen, 1988).
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2.7 The routine maintenance of the malaria cultures

2.7.1 The impcrtance of replacing the medium

It im essential that the medium iz replaced vogularly
e.g. onge every 24 hours, asg it is a limiting factor for
the successful proliferation of the parasites. The
frequency at which the medium is replaved depends on the
parésitaemia. The nutritional capacity of the medium is

exhausted by parasitized ag well as non parasiti;ed

erythrocytes. Therefore if the mediom s replaced once

every 24 hours , a low 9araaitdemia igs egeential , since
the metabolizm of the parasites and erythrocytes limits
the buffering capacity of the mediuwm (Butchér,_lg?gi.

The accumulation of toxie metabolites especially laeti«

.acid in the mediuwm decreames the pH of the medium beluﬁ

7.4 which prevents optimal multiplication of the

parasites, In our studies the medium was replaced onee

every 24 hours at a low parasitaemics, and ance every 12

hours at high parasgitaemias.
2,7.2 The role of thin blood smears -

in our atudiea. thin blovd smears were prepared daily to

determine the parasitacemia. These were carefully

prepared, stained and studied, The thin smears are the
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only indication of the parasitaemia and the condition of
the parasites, Therefore the smears determines whether

sﬁbaulturing of the parasites iz required,

The amears are egpecially crusial when preparing for an

eﬁperiment. These smears indicate if the parasite stage

is appropriate for a specific experiment and determines.

the parasitaemia of the stock culturenm.

2.7.3 The importance of subeulturirg or dilubing of

parasites

In onr sbudies if the parasitaenia of a cultunre was 5%

and higher, it was advisable %o suhcultﬁre'or dilute .the
parasibes. At | high perasitaemias the nutritional
reguirements of the parasiten exceeds the capacity of the
medium, c&peciﬁllf 1 the meﬁium is replaced only once

overy 24 hours . The accumulation of the lactic acid at

high parasitaemias drastically reduces the pi of the

medium which was unfavourable foy the pﬁoliferatioh of
the parasites {(Zolg et al., 1984). Morecover at.high
paragitaemiam there is a reduced number of uninfected
erythrooytes available t6 the reiaaaed meruzdites to

penmtraﬁe.' this has a direet influence on thé new

genaration of parasites.
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In our'auudies the paramites were subcultured by adding
newly washed 'erythracytes and fresh complete medium. . It
wag cornoial that large volﬁmes of packed erythrouytes
wre added when
peroynites to  penetrate. The - additien of  £resh
erythrccytes' is dmportant as eryﬁhrocytes deteriocate in
show Ia

vitro . Afteyr 24 hours in vitreo , erythrooytes

de¢rease in glucose consumption and therefore a decrsage

levels, which will promote the optimal developement of

merozoites which will penehrate these erythrooytas. The

subculturing for the new generation of

in the rate of phosphorylation of (ADP), adenosine
hf={trihydrogen pyrophbsphate) . Lo (ATP), adenosiné_
5! tetrahydrogen triphosphate} (WHO, 1972}, The fféﬂh
'erythrocytes:added when subenlturing will have high ATP

added erythrocytes decreases the overall parasitaemia and

at a low parasitaemia, less toxie mnetabolites are

praduced.
3 Cryqpreservation and.thawing af parasites

3.1 Cryopreservation of parvasites

Contintous cultures of parasites are exposed to the

rizsk of aoccidental bacterial

therefore to aveid the total losg of a

advisable o preserve zome of the anltures.
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it this stage there has been insuffic. mt studies
performed to elucidate optimum conditions for reliable
and reproduéible cryopreservation of  the maiaria
parasites {WHGQ, 1981). In. our studies, the method
employed for the cropreservation of the parasites was a
mndificatioh of the low glyceral method of (Rowe et
al.,1968). The low glyverol method is also recomnended

for the cryopreservation of coultured _parasihes by

Peters, (1988 b); Nguyen Dinh, {(1988).  The method

described by Freese et al, (19333'was suitable for the

crynpreaerﬁatian of logal strains.

In our studies, the volume of the .uryaprcteetahtr_ 20 %
glycerol in PBS added, was egual to the volume of the
parasite auspensian, yesulting in a final concentration
of 14 % glycerai. This concentration was suitable as
only wencentratioasy 'higher than 20 % “glycercl were

reported to be toxic to the parasites (WHO, 1972).

The_giyeerol serves ag a cryoprotectant agent which
preventd ice crystal formation and damage to the p&raaite
membrane. In pur studies only parasites in the ring stage
were frozen . The parasites in the ring stage are frozen
aw the schizont and trnphczoite wtages are less reaiétant

to the' freezewthaw. pirocess (Houba, 1988). This iu also

shaerved in the  ultrastructural shtudies on P
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faleiparum in which a higlier percentage of the rings'

gurvived the freeze-thaw process (Diggs et al., 1977},
The ring stage of the paraéite iz algo smelected becausze
it. san be stored indefinately in liguid nitrogen without
any loss of iﬁfectivitf {Strome et él., 1977 Houba,
1988) . |

In our studies, the paragsites were placed dn liquid
nitrogen within .10 minutes of - adding the  glycerol
mixture., It is advisable to attain the temperature at

whidh the parasites are to bhe frbzen rapidiy, to

. prevest the parasites frem metabolising the glysercl as -

it ig cybtotoxic to the parasites { WHO, 1961}, Storage

of the parasites in liquid nitrogen (~196%C) or in the

gas phage of the liguid nitrogen (-183°C ) results in

optimal recovery of +the paraeites (Christofinis and

Miller, 1983; Houba , 1988).

Parasites are not refrozan once thawed as this results in

a significant loss of infectivity (Strom: et al., 1977).
Therefore, during atérage.- the £rozen samples are not
epraed te amblent .temperéturea. Any elevation in
temperature remults in a substantial loss of viability

(WO, 1981; Houbka ,1988),
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3,2 Thawing of ¢ryopreserved paragites

In our studies, crycpreéerved paragsites were thawed by
adding sodium chloride solutions to the parasites. Thase
goluktions are added to prevent the ecytotoxice damage by

glycerol when the parasites are being thawed (Houba

1988},
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B) DISCUSSION OF METHODS USED 10 EVALUATE THE SENSITIVITY
OF THE PARASITES TO THE CHELATORS. '

1 The use of [?H] hypoxanthine incorperation as an index

of qrowth

in our studinsg, the growth of the parasiles was assesed
Jsing 3 hypogaﬁthine {Amersham} asg an indes of growth,
Using [#]1 hypozan:hine, it is possible te  cvaluate the
chelators directly  against the sensitivity of tThe

parasite, This system olfeprs the potential Lo detect  a

variety * of antimalirials/iron chelators which may not be.

discovered jln an in  wive system hecause of  exeous

toxicity ¢r unfavonrable pharmacckinetics.

Phis method using radiolabelled hypoxanthine iw gqui -,
aceurate and reliable for dvturmining drug affecté. iL

replaces  the method of visual counting of parawites on

" thin smears whioh is tedious, time consuming and

subjected to considerable  error, Farthermore, the
viability of tho parasites cannet be assessed uging light
nigrosvopy and the parasites connted on  Lhe Lthin bloud

smears may bo metabolivally dead. The uptake of labelled

-h?pnxanthine ig an indication of the viability of the

parasites {(deary et al., 1983},

Radiolabelled hypoxanthine is umed as hypoganthine ia dhe
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: major purine base used by the parasite for the synthesis . .
1 : R S :
o of adenosine and guanosine nueleotides and nucleic acids. SO P N
Hyporanthine is papable of ¢rossing Lthe malaria parasite ;‘{"' - “d
? membrane. It is incorporated inte both ribonucleic and - S “;'f ' f?@
deogyribonueloia acid  and Lhus provides an index of the _"" -%j
parasite metabolism. Thus this purine precurxor has o S i s . o
crucial role Lo play in the metabolism of the malaria AT :
parasite (Manadhar and Van Dyke, 1975). - S
; In our studies, the melhod using ) e R hypoxanthine was ’ " ”_f
: based on the scmiautomated mierodilution Lechnique ' i"'_f
; deseribed by Desjardins et al. (1379}, The parasitaemia ;
P ' was determined by [PH] hypoxanthine incorporation. The
. ; l gensitivity of the parasites to a certain  chelator was
determined as a  percentage of © the hypoxanthine
: incorporation by the control parasites.
; "7 pagic re _airements for the preliminafy  and final
'expdriments '
2.1 Medivm used to dissolve the chelators b
' . 5 B
H A
' ' : . } e
The 6 chelators were readily soluble in culture med fuam. 1 i3 o
. _ . [N - {- -
The incomplete medium was used to prepare the stock and L A .
dlluted solutions of  the chelators bo avoid any _ iﬂ_f_, N
incompatibilities with the parasites. The coullwure medium . x4
159 - '
[ N * : _' .
%4‘.'. st [ .I
i..; o 3L.l ’
p.=. ;
. LR .
A I L . '
o _ _ IR ;
C ? : .n-f"’ :
. , - ‘“ L al
. . o _




i B SR
e
; ';;JQIHF :
i I
used for the experiments does not contain the "cold”  -* ;
_ ; hypoxagthime which was rontinely added to it = for N K ;:  ;
dj _f-_ R i culturing the parasites (refer to section 2.1 on ?i ‘ ':
R g. | Cultivation methods). The omission of the "gold® o : 'i%ji;,  f;ri
'z hypoxanthine from the medium eliminated the competition’ .;:  ; ﬁQ;:'>y€
% between the "cold" and labelled hypoxanthine as the _.?*3;;" ”fJ%;
b % paragites are unable to distinguisi between the two and ' 1 _f _,1'

: will thus use either one, Addition of purines e.y. | 'i 1_j;é“ -

; hypoxanthine to the culture ium is shown to decrease | -

t the uptake of labelled hyp.aanthine by the paragites, : :{ f.'f-yt aHE
thusg decreaging the parasite counts by the sgeintillation ' IQC
counter {tunlay et al., 1983). - _ ' 'Fggxﬁ

- : " 'é;%‘y%,
2,2 chelator mensitivity tests (use of microtiter plate) .f‘;éng
. : : . :‘ﬁk“ -
In our studies, chelator sensitivity tests were performed - ' D
in 96 well microtiter plates.  In each plate the : ?  ﬁkff3f;-
sansitmvity cf ore abrain was evaluated agains£ 20 ” i“fﬁfﬁﬂﬁmﬁ::;
different concentrations of a specific chelator. In thia_"", ' %:/i ;f£;  Vﬁ
manner, extremely low and high concentrations of the - ;¢J_ : e
chelator were tested. These concentrations - would ; K
-otherwise be totally unsuitable for in vive studies. . The '£”_ }‘ "
low acncentrafiona may not be sufficient enough to he f: ; o -f
effgctive in'an animal model and thé high concentrations f;,’: ]'_ :
would érobably be to toviec to the animal. | _ i;';:;,f ' ?
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In the 96 weli- plates, ‘microlitregs of the chelator

~golutions were used. Therefore smaller quantities of the

chalators were required, which was economically

advantageous.
2.3 Paramites
2.3.1 Synchrorization of parasites

Previous studies have reported that the mature stages of
the paragite are . susuceptible to  the effecta of
desferrioxamine tRaventoawSuérez et al., 1982; Fritsch
and Jung, 1986). To imolate the immature stages thé
paraéites wers syﬂchronmzed using the method described by
Lawbrog and Vanderberg (1979). Using this method,  the
agueor  sorbitol solution lysed the membranes of the
mature stages i.e. the trophozeites and achizonts, thusg

igolating the young rings. These rings were left for 15

ko 17 hours to mature to the mid and late trophozoite -

stageg whish are suitable for the chelator studies.

2.3.2 Preparation of the parasite sugpension (dilubion of

stock cultures) : .

The parasite suspension which was added to the predosad

96 well micsobiter piate was prepared by diluting the
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| gstock  calturas aﬁpxopriately with erythrooytes and

. complete medium . In the chelator sensitivity studies

the initial parasitaemia required was approximately 0.3%.
The low parasitaemia is c¢rucial as there is a reduced
rate of [2H] hypoxanthine incorporation by parasites that
are cultured at a high initial parasitaemia. The
accumuiatian of acidie metabolites i, the medium at high
parasitaenias _reducea the incorporation of the labelled
hypoxanthine by the parasites (pf less than 7.3). at
high parasitaemiag the incorporation of [2H] hypoxaﬁthine
is rate limiting, hence drug studies cannet be performed

(chulay et al., 1983).

In our experiments, the haematourii of the parasitized

suspengion was maintained at 1 %, It ig important +that

the haeratoerit is maintained at a low percentage. Non

paragitized erythrocytes have a high concentration of

many purines, thus there is reduéed_labelled hypoxanthine

incorporation by the non paragitized arythrocytes, -

" Therefore there is reducad hypoxanthine inecorporation by

the parasites in the presence of a Jarge onuomber of

uninfected erythrocytes (Chulay et al., 1983) .

162

it

wad

i ng b e

e e e

>
o
¥
o s~
kS
3
|
‘
-
4
L
LTS |
K
.
R
!
[T J
i

R SR S 4




AR T

W Tt Lo

2.4 The role of the erythrovyte control

In the experiments, each microtiter plate contained wells
representing the erythfouyta control wells. The uptake
of the labelled hypoxanthine by the non parasitized
erythrooyte  suspension represents the background U
hyporanthine incorporation. When caloulating the
parvasiteamiag, the DPM valuesn (disintegration per minute)

obtained for wells containing the parasitized suspension

represents the DPM values of the parasitized and non

paragitized erythrocytes found within the suspension.
The DPM _valués of the non paragitized suapenaién is
cubtrasted from the DPM values of the. ParaSiﬁizEd
guspension. The finai counts therelore only represents

these of the parasitized erythrocytes.

2.5 Use of the humidified airtight box

In the experiments, the 96 wall plates were plaﬁad in a

humidified airtight box which was incubated at 37°C, The
moisture was retained in the box thus preventing the
contents of the plate evaporating. It was also eagentinl

that the box was kept maintain the

airtight to
specific gasg atmosphera' reguired by' the paragites to

proliferate successiully.
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3.6 Deriod of exposure of the paragites to the iron

chelators

In the experiments, the parasites weve oxposed for 42
hours ﬁu a mpecific chelator or gombinatlon of chelators.
The parasitas are exposed initilally to the chalators
alone for 24 hours and than an additianal 18 hours to the
nhelntaré and isotope . Thua the parasitez were harveafed
prior to schizogeny and the invasion of erythrocytes by

the new generalion of mervzoites . This prevented loss of

radicastivity.
1 Concentrations of the chelators selected
3.1 Dose respohse curves of the 6 chelators

The cowcentrations nf the chelators  were selected

depending on the rewults obtained in our preliminary

studies and thosc reported by other similar studies.

In our oxperiments, the goncentration range studied for

both BFO and DEFT wae between 1 and 30 M.
Raventog-Suarez et al., (1982) reported that: 15 uM DFO
vompletely inhibited the dn vitro growth of the

paragites. TVritsch et al., (1987) concluded that 25-30

uM DPT ecompletaly inhibitgd the growth of the parasites
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“growth of the parasites.

in vitre. The results of our preliminary studaca
suggested that 25uM DFO and DFT completely inhibited the
in vitrb_ growth of the p-ravices. Therefore lower
eoncentrations were effective ¢t inhibiting the growth of

the parasites in a dose dependent manner and highar

~ concentrations would completely inhibit the grawth .

In our preliminary stodies of 2.2°'= bhipyridyl,

soncentrations lower than 10 uM had no eflfect on  the -

The highest concentration,
25 uM inhibited the grdwbh but not completely, Therafore
conuentrationy higher than 25 uM were regquired. The

cgongentration range selected was batween 2 and 40 uM,

The ¢oncentration range selected for _thdse chelators

which had a higher affinity for iron namely, DFO, DET and

BIP were similar.

In the preliminary studies 25 uM EDTA, EGTA and DTPA had

 no efifect on the growth of the parasites. It im asagmed

that because thase chelators have a very low affinity-fnr

iron, higher conwentrations are required to dinhibit the

paragites,

growth of the The concentration range

selected for both EDTA and EGTA was botween 20 and

1000 uM.,
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DTPA has a higher affinity for iron compared te EDTA and
EGTA « DTPA binds to iron with a stronger disscciation
constant (10%9) compared +to REDTA (1022) (Hewshko and

Weatheprall, 1988}, Therefore lower concentrations: of

DTPA are selected compared te EDTA and EGTA, The highest-

concentration selected for DTPA wae 240 uM.

3.2 Conbination of a chelator with an wunsaturated

mhelatoy

From ou results , ﬁe ecbeerved that chelators which have
a high affinity and selectivity for ireon, i.e. Dwo; DFT
and 2,2'- bipyridyl inhibited the growth of the parasites
at relatively low concentrations compared to EDT&} BeTA
and DTRA. It.is assuned Lthat becaﬁse low concentratione
of theéé iron gspegifin chelatory were requifed,' their
mode of inhibiﬁion wan direetly related to the parasite
deer (the pousible site of action was probakly on the

paragite) and to iron.

To elucidate possible mechaniems of inhibition of thage

chelators the combined effect of two irvon specific

 chelators wae atudied. The two chelatora selected to be

~combined were DFO and 2.27- bipyridyl. ¥From the resulis

obtained both DFO and 2,2'- bipyridyl. independently
inhibited the growth of <+the parasites. However their
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possible modes and sites of action differed. DFO has a
high affinity fox ferric ions (Herzhko and Weatherall,

1988). Baker et al,, (1985) used hepatocytes az a model

to describe the possible sites of action of DFO. DFO

probably  bhindy  transferrin  bound dron  in the
extracellular f£luid, it chelates the.iran which was being
transférred betwesn transferrin and the "iron acceptor”

molecules in the plasma membrane and it chélates

intracellular iron.

From our vbhservations, hoth DFO and DPFP had similary

effects on the growth of the parasites.' DFO was selected

‘ag DFT is an experimental chelator and information

relating to its characterispics ig not readily available,
DFO on the other hand dis clinically used as an iron

chelator and is readily available.

2,2t ﬁipyridyl has a high aﬁfinity.fnr'farrcua ilons. It

prevents the transfer of iron from the Eransferrin

- molecule to the "iron acceptor” molecules in the plasma

membrane by chelating the iron . Therefore it inhibits

the intracellular uptake of iron (Nunez ot al., 1883),

I£ both chelators inhibited the growth of the parapites

by iron chelation/deprivation, the combined effect of the

. two is expected to be synérgiatic ar additive, However
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our vesults proved that when'combining the two thelators,

. 2,2;:bipyriayl antagoniged +the antimalavial action of

DEFG. To prove that 2,2'~ bipyridyl, antagonised the
antimalarial action DFO, the iren chelating effect Bf the
former was aliminated by  saturating it with ferrous

ammonium sulphate.

3.3 Combination of a chelator with an iron saturated

chelator

3.3.1 The spectroscopib titration of 2,2'- bipyridyl and

ferrous ammonium sulphate

A titration was performed to determine the melar ratic at

which ferrous iron maturated 2,2'-bipyridyl eompletely'to

form a complex. The absorbance way measured at 520 nm as

the ferrous saburated 2,2'-bipyridyl complex absorbgd.

maximally at this wavelangth.

gaturated 2,2'-bipyridyl

In the experiments, the concentrations

ammonium sulphate selected wers low ag larde quantities

of ferrous ammonium sulphate added to the incomplate
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3.3.2 The conmbination of desfervioxamine and iron
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medium causes precipitation of the iron found in the
medium. This renders the iron solution unguitable for
uge as it is not clear. However lowexr concentrations
dissolve readily in incomplete mediuﬁ forming olsar

golutions.

In tihls investigation 6 uM DFPO waa combined with various
concentrations of unsaturated and  iren saturated

2,2'-bipyridyl. 6 uM DFO was selected as it isg

-apprnximataly the ICse value obtained in this study for

'tha'strain bheing used (FCR=3).

3.3.3 The spectroscopic titration of desferrioxamine and

2,2 -bipyridyl

To exclude the poaséibility. of a direct chemical
" interaction of DFO with 2.2‘&hipyridyl; which resulted in

 the antqgonistid 'effect,' changes in the  absorbance

apectrum' of 2,2'-bipyridyl wera measured after the

‘addition of DFO.
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SECTION 4.2

DISCUSSION OF RESULTS

1 Discussion of +the dome-response ocurves of +he 6

¢helators
1.1 Degferrioxamine

Degferrioxamine has  the desirable properties of a

remarkably high sffinity for ferric iron (Ka = 102%)

coupled with a low affinity for calcium {Ka = 102 )

(Rlaagsen OC, 1985),  Baker et al, (1985)  used

hepatocytes a& a model to suggest the possible sites of -

.action of desferrioxamine as described in wmection 4.1l.A
Desferrioxanine does not remove iron from haemoglobin

(Hershkc and Weatherall, 1988; Porter et al,, 1989;

Klaassen 0¢, 1985).

From the reeults obtained, DFO inhibited the growth of

the #CR-3 strain at concentrations of 1L uM and above.

DFO  inhibited the growkth of the RSA-2 gtrain at

. sonventrations of 4 uM and above., The difference in

sensitivity between the two strains was algo obaerved in

the Ilae values obtained. The ICss values determined for

the FCR-3 and RSA~2 strainsg 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 straina s
gannot be considered significant as 1t was only observed  ;--:::f  §
at concentrations below 5 uM. At concentrations highex = ' _*
~than 5 wuM, +the response of the two strains appeared Lt o
j similar. ot
E R ﬁg
: Other studies have also reported the inhibitory effact of _ _ -E_ SR k
DFO on the in vwvitro growth of P.faleiparum.. PR TR
Raventos-Suarez et al . (1982) reported that 15 uM DFO o Lo
completely inhibits the in wvitro growth of DP. o . " 'j‘
faloiparum. The inhibition is caused by iron chelation ' ;o : w {}
_ f _ as iron saturated DFO has no effect on the growth of the :;x!. "J_-f
_ ;3 ) 2 e - parasites. Peto and Thompabn {1988) conaluded that DFO oo _ ':“%k__;   f
St T . . . . ‘ .. . .""r..,_w’{" . .
inhibits the growth of the parasite without interfering ' . ._-'.'“?%Jj
) : ’ ’ .. o x . ‘!
with the supply of iron from the incubation medium, This L 'ﬂg“*ﬂfgﬂg
implies that the parasite ig independent of the iren- in f'.ii!hﬁ o
. the extracellular fluid. DFO is also reported o inhibit .d”~;;)#,a Co
?; livey =schizogony in witre in human and rodent malaria a ;bnmqrfﬁhm;g.j
A : 5 L e
{(8tahel et al., 1988)., ' - S R
i . ) ) L . .:= . ] v "_I
I3 3 - . . _ . . . . . W, ’ "1
T _ I'n vive studieg have almo reported the inhilbitory efifent T S
RO TR of DFO. - Pollack et al. (1987) veported that uonstant -
o S i | _ L ¥R o
S ST blood levels of DFO supressed P. Faleiparum in  Aotus " * o d
é\-/-{sk.ﬂfnlf S B monkeys.  Similarly, in mice infected with Plasmodium i “_'f;_*_f
';g} vinckéi, congtant blood levels of DFO suppress the . ® g . _pﬁ
, . R 'F
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Y  { : - parasites (Fritech et al., 1985). DFO also supprasses o '_:&3 3 ;,
parasite proliferation in rats infected with Plasmodium '.;‘. :
':é berghed (Hershkaqand Peto, 1988). ' ' . f  ?
\T'z..; vt 1
' ; The results obtained from our studies and those reported I '(}; . "'QE
| by other studies indicated that DFO was effective at ' %1 ' _‘;“' :IWX
inhibiting thé growth of the parasites in vitro and in . . L ‘7;  .:#5;;;
vivo. The mechaniém of inhibition remains undefined. _ ‘ , R
Peto and Thompson, {(1286) conqluded. that it i=m the }f- ¢"f
thelation of the intracellniar iron that dnhibits the '.L; oo
growth of +the parasites am medium supplementated with ' ' c -
iron deficient serum results in the same growth rate as | ff?‘aké_ ; ;“
? P supplementation withznormal serum. It is possible that é :, }ifwi“a;?
- _the chelator crosses the péra.éi’te membrane and chelates | ’ ‘» ‘*:’
with thg intracelldlar'iron. Fritsch and Jung {1986} : o . 'x’gg“ S
" ! repprted the uptake of %*<*C-Desferrioxamine B by P. :f,,  :- '}

' [ 1 faleiparum infected erythroocytes, DFO B probably blocks : ;;’ﬂ;::;;{;gj:
. g ' the iron dependent enzyme, ribonucleotide reductaa§ thus . . ?;' o f]ﬁ
v inhibiting DNA  synthesis. The iahibition is most o 4’ o7
; '“ ¢ﬂ'_% o - ﬁéonounced during the mid to late trophozoite stage when ' rﬁa. :

' ﬁﬂ“' Q?f;' a-%i : the parasites showed high metabolle activity easpecially :, ;
| in DNA synthesis (Fritsch and Jung, 1986; Raventos-Suarez | B J
| . et al., 1982) . R S e
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The pool/nature of intrace lular ixon that is chelated by

DFO remains undelined. DFO cannot remove iron from
haemoglobin {Hershko and Weatherall, 1988), Furiiermore
the parasite canrot use hasmoglobin iron as free haem ig
toxic to the po Jltes (Orijh et al., 1977} and the
erythroeytic haem is not meagurably chansed in the later
stages-i.e. (trophozoites and schizonts) of the pakasite
when compared to the early stages i.e, rings {(Ball et

al., 1948 ).

Perhaps the moda of  inhibitinn is not related
o iron deprivation alone. Klebanoff et al. (1989)

reported the destructive action of DFO. DFO erhances the

autooxidation of ferrous ions by chalation of ferris

‘ions. In this manner DFO and ferrous iong aots as an
‘exygen radical generating system which contributes to the
inhibitory action of DFO, % = effect ig most prongunced

at the. pd of 5,5 . It is pomsible that DFO inhibits the

growkh of the parasite using the same nechanism as the pH

of the parasite £food vacuole ig reported to have a

similar pH (Ginsburg, 1988 3.

Iherefore DFO possibly inhibits the proliferatinon of the
paragite by iron deprivation and by prometing  the

formation of destructive oxygen radicals.
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'E 1,2 Deaferrithiocin : ;
f .  - '_'; ' bDesferrithiocin is an experimental drug . It inhibits the L -
I | proliferation of an ia vitro P. falciparum culture ina _'.'J_._ »
dose dependent manner, similar to DFO (Fritsch et al or I:f:i - _W-gf
1987). When DFT wam tested in mice and dogs it was shown | ;  T
i : to be acutely toxic, thus this chelator is no Jlonger L o | .:{*5
% under investigation (Porter J, 1989). _ ' - Vﬁu_” :h;
1 From our results obtained, DFT inhibited the growth of o _-.
} . the FCR~3 strain at condentrations of 1 uM and higher. . ,f )
| The ICso value obtained for this strain was 2,4 % 0.12 P
- uM. DFT. inhibited the growth of the RSA~2 strain at o -i ff“m“i_
concentrationy of 6 uM and higher. The IC su value - : ) ﬂkﬁ%ﬁ'f
o  obtained for thiz strain was 7,03 ¥ 0,29 M. | LIS
R | -
- H . o
From thege observations it appears that the gensitivity :ﬁi!j L
of the two strains to DFT differed considerably.._ FoR-3 3¥;"ff;;;;wgf
E' appears to be gignificantly more gengitive to the affests - - wwi:.-i%w;
é of DFP. This iz especially seen in the ICup walues _ _ S-I'..' -
é obtained for each of the strains. The incressed fﬁqﬂ B .Jf
5 gsensitivity conld be¢ due to the characteristics of the ) _im o
E styain itself e.g. the mechanism of iron utilization by = d
§ wextain strains of parasites. R | | T
y ; = ’ | 'f
?}f !
Fe
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| The inhibitory effects of DPT has also been reported by é ‘
% other studies. Fritsch et al. (1987} reported that %_ fij
; ? 28-306 uM DPFT prevented paragite multiplication in vitro ; i_ i
| Stahel et al. (1989) roported that DFT inhibited 1liver '
L:-. C o : sochizogony of bhuman and rodent malaria in vitro. What is :;- ffﬂ-=. | ;f
| the mechanism of inhibition of parasite proliferation ; s o
! caused by DFT ? 1 ?».¥_'ﬂ%{“i
_ '%i 5,
} Being an experimental drug, information relating to tha
; characteristics of DIFT iz not readily available, -~ It - '{‘ | ’; N
:z binds to £erfiu iron with the same banding ¢onstant.as : I  ..‘. :
é DFO (Pater,1985), It can therefore be assumed, that like : "__
- DEG, it probably inhibits parasite qgrowth by  diron . ' :fﬁkﬁQm .
@ | .% - ohelation especially since the iron saturated DFT had no .' : ?_: 1 %%?2%,
. E | effect on the growth of the parasites (Fritsch et | =@;ij; B
al.,1987)% | ' | | | o o
é Besideg iton chelation, DET probably inhibits the growth | f" ' iA mq:?i;”ﬂ*; 
: of the parasite by rmeans of another mechaniam. - ' .
Rice-Evang et al. (1988) reported that DFT chelatesy the E s o o
B irnn_within normal erythrocytes foraing » chelator-irvon | fﬂﬂf3*.
g complex. Thig complex induces haembgiobin oxidation and | L;
digrupts the structural integrity of the esythroeytic __'_j"3-4;'j
membrane. Lt is therefors assumed that by means of the 2 "o f
game mechaniam, DFT destroys the parasite, since there is ;'k :.::;-_ J;
a progressive inorease in redox-~active iron during the e 1lk.: -i
L _ ;
- | 175 : *
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develoment of P. Falcoiparum within the parasitized

erythrooytes (Golenser at al., personal communication).

Thoerefore the matvre stades of™ the paragsites contains
inoressed ameounts of thim redox-active iron, which
probably inureases the supceptibility of these stages to
the effeatu of DPFT.

1.3 2,2'= Bipyridyl
rhis chelator distributes in the membrane apolar phase.

1t ‘prevents the transfer of iron from transferrin tc_the

plasma mewbrane proteine by binding with the ivon.

therefore it prevehts_thn iron entering the intracellular

compartment . Tt has a higher affinity for ferrous iron

{Nunez ot al., 1981).

From our results, 2,2'- bipyridyl inbibited the growtu of

she FCR-3 strain at concentrations »f 10 uM and higher.

' mhe ICse volue obtained for this strain wagy 19,98 & 0.68

uM, 2,2'- Bipyridyl inlibited the growth of the R8A-2
gtrain at concentrations of 10 ut and higher. The ICgpu

value obtained for thim strain was 14,35 % 0.25 uM,

although the RSA-2 strain appears to be more gensitive to

tha effecta of 2,2'~ bipyridyl, the diiferchce canhot ba

eonsidered significant. The slight difference in

gengitivity couldl be related to the technical factors.
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~such as  the quality of the erythrocytes and serum used,

The erythrooytes and serum are the only two components
"? that may differ when the sensitivities of the twe strains

are being evaluated against the same chelator at the same

time. The erythroeytes of certain donors are not _ _ “'  ' _ %;

pffoctive at supporting the growkh of the parasites, The

g s
[

gerum of certain donors may contain anti-bodies or other
inhibitory factors. The erythrocytes and serum are - e .
collected from variouz donors therefore these factors may '
influence the resultant sensitivity of a cortain gtrain

of parasites to a chelator. . P

Higher concentrationg of thisg ghelator weré required to S I N

inhibit the growth of both strainsz of the | - T

parasites compared to DFO and DFf. It is pogsible that o - '-;ﬂszi.,

higher woncentrabions are reguired due to the =ite 1:_;[3
N R

and mode of action of 2,2'~- bipyridyl- 2,2'~Bipyridyl L a?é...; :
distributes in the .ipid phase i.e. (the membrane apolar _“]“_ ;$iM f*?
Phase)i_.but bocomes  water soluble when bound to iren b = "; f§
ané water soluble, it binds rapidly to avqilabla jron '
o _ and prevents its uptdké. This change in solubility once
N - K ':é ' bound to iron explainz the rapld onset of inhibition of : ;i ...
?.'f o '_;i _ iron wptake only after a period of time, This possibly e 't_  "5;
axplaing the inhibition of ﬁhe parasite growth oniy aftor O

a4 period of time i.e. ooncsentrations  between 0 }'f - ‘ .

A77 | O

-
v




S L

i
g {
and 10 uM did not affect the growth of the parasites. . f .
Concentrations higher than 10 uM, inhibitg the growth of ; ' ~; 
the parasite probably because the chelator hecomes waker - »
i soluble, inhibits the uptake of iron into the cell and is [ I S
) . oo o L
: therefore effective at higher concentrations only (Nunez i "k}
ot al.,1983 ), ' o
The above machanism of action of 2,2'-bipyridyl was i o
! suggested using reticulocytes as a model, as these have
E © Lransferrin receptors (Nunez et al,.,1983). whether +thig S r'_bf”'
vhelator inhibits the growkh of the walaria paragite by | '
praventihg the intracailular uwptake of iron ﬁaing thisg 5 :
! : o, _
: - mechanism remains uncleax. This mode of inhibition of : : T
f iron uptake is only possible if there is a tranaferrin o -"f_ ; f3ﬂvﬂ_
4 . _ _ . _ e
i receptor on the membrane of the malaria parasite. The ﬁﬁ.;'Qt-:***mQ
:E' pregsance of a transferzin receptor on tlie membrane of the o ]_.;:#% ' 4
i malaria paragite hag not been confirmed, f7, .=.ﬂ
! | - s
S .
. : - Bl -
i 1.4 BDTA . : : - , o
: R . . . . . . . . ﬁl' ! v
-_% EDTA is a synbhetic chelater. It combines with fexvinm il
) 'E irem with o stability ocongtant of 1025 which ig )
3 K .
i low compared to DFO (102%), IDTA has a low szeleotivity ' '
for farric iron and a relatively high affinity for o e ':‘_"
divalent cations such an CaR*, Mg2+, and i_é_"" y
Zn2* {Harshko and Weatherall, 1988y, BDTA is . ”";yf'" -:
l i _ _
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hydrophillic, acts in the extracellular £liuid and
presumably cannot penetrate cells {(Baker e* al.,,1985).

It has been used for many yvearsz as an indushtrial and

analytical reagent because it chelates divalent metal .

ions (Klaassen , 1985},

We obgerved that concentrations lower than 170 uM had  no
effect on the growth of the PCR-3 strain. The ICse value
obtained for this skrain wasg 262,56 + 6,65 wuM.
Concentrations lower than 100 uM did not affect the
growth of the RSA-2 strain. The ICmo value obtained for
thig strain was 294,63 + 0.11 uM,

The sensitivities of both strains to EFDTA appears  to be
gimilar. The differences observed in the ICse values
cannot be considered gignificant., The concentrations of

EDTA required to inhibit the growth of both sbrains are

extremely high compared to Lhose of DFO, DFT and

2,2 ~bipyridyl, This is especially evident in the I
L]
values obtained for these chelators with respect to both

strains.

Righer congentrations -of EDTA are probably réquired-due

to the site and mode of action of the chelabor. It im

asgsumed that EDTA chelates all the available divalent
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o ! |
) g cations in the extracellular medium/£luid, thus depriving _ :f_ o lé' ;3r€
x the parasites of essential nutrients. At low S '}‘ L
concentrations of EDTA, the growth of bhe paréaite is not L *
affected. At these concentrations, EDTA iz not present ' Lo e .ﬂmé
in sufficient guantities to bind the abundant divalent BR SR N
cations presernt in the extracellulacs ﬁedium. Howaever at B _ f
- higher concentrations there is sufficient EDTA available E. ‘ B .
to bind most of the divalent cations in the medium thus L
causing a_deficiency in essential nutrients which affects ;
the normal proliferation of the parasites. | Ei'
1.5 EGTA oo |
' e
) [ .‘_.- \"\‘;,,,_.‘“ ' .
EGTA, like EDTA is hydrophillic and ackts in  the }-: ST f
gxtracellular fluid. It has a high afifinity for calcium [ R .
- . P e
and a low affinity for iron {(Baker ekt al.,1985). S
T
| | ' : S
_ From the results obtained, voncentrations lower  than [ -w;‘“*’ .
! 200 uM had no eaffect on the growth of the FUR-3 atrain. : L  ’; - ' ¥
The ICne value obtained for this strain was 296,76 & 5,26 _  'f: T
uM. Concentrations lower than 100 uM did not affect the | “"--;=; )
3 growth of the RSA-2 strain. The ICss value obtained for ; ;
. this strain was 224,07 =+ 8,7 uM, The RSA-2 strain - - T J
3 " appeared to be more sensitive to the effects of EGTA. ' e o
This difference inlsenaitivity conld be attributed to the e o
previously mentioned technical factors namely, the A :
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qualitjf of ﬁhe erythrocytes and serum used. The . i
: sensitivity of both strains to EDTA and EGTA is similar. PP
: Thig was evident in the Ifse values obtained Ffor both §'f£f  _§;
chelators aftar evaluation against both strains which do o ‘ RN ‘
5..: S - not differ considerably from each other. L o K  . _ {f4
It is assumed that because EDTA and EGfA have gimiley E
gite and mode of action, both chelators have the same | : _ f : C?
effect on the proliferation of the parasites. . ' T
1.6 oTPA - . S M” o
“ ;
Anihal studies have ahﬁwn that the spectrum of clinical ;  l3?LJ.“"M2
effectiveness . of DTPA is =similar to that of EDTA ?f ;:g%-: !
(Klaassen , 19851, | - e
© The concentration raﬁge aelected was between 0 and. 240 %(: _%ﬁﬁﬁbAH‘
M, These concentrations did not have any effect on the | ?Ifhff_ h",;
growth of the parasites.  Tha dose réapnnse curve E 7 : 'J;
_ | ohtained for both straineg was a straight line which _?”f-zx; fi
_E indicated constant parasitaemias ﬁere obtained at all the i | :Y_ J :
o ’ concentrations selected, ' ' ;  *3 ...... ;
DTPA  and EDTA have the same charvacteristics di.e. . ‘ ;
hydrnphillic, acty in the extracellular fluid, cannot ; T ;
penctrate cella and a low affinity for ferric iron {Bakor : j
181 o
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et al., 1985}). It is posmsible that due to their similar

sharacteristics, DTPA has the same effect ag EDTA on the

‘growth of the parasites. This is observed in +the

following vomparisons. At 100 uM of EDTA and DTPA the
parasitaemias obtained for the FCR-3 strain was 86% and
91%.respectively. The parasitaemias cbaerved a£ 120 uM
EDTA and DTPA were 88% and 90% respectively. These

values are percentages of +the control parasitaemia.

Therefore DTPA, EDTA and EGTA probably bhave similar

effeats on the growth of . the parasites due to their

aommon characterigtics.

It appears that those chelaters with a high affinity and
selectivity for iron inhibited the growth of both strains

of parasitaes at relatively low concentrations. Thesge

- chelators were DFO, DFT and 2,2'- Bipyridyl. Chelators

with a low affinity for iron and a strong affinity. for

mebaly egueh as caleium, magnesium and zine reguired

higher conventrations to inhibit the growth of the

paragites. Thepe chelators were EDTA, EGTA and DTPA.
2 Combination of a chelater with an unmaturated ghelator

The chelators of interest would thersfore be DFO, DET and
2,2'« bipyridyl as these inhibited the growth of the
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. parasites at low concentrations. However the mechanism
5 of inhibition caused by these chelators remain unclear, | . _',‘ T ii__. .
L To elucidate possible mechanisms of inhibition of these N -;
o ' chelators, the conbined effect of 2,2'-hipyridyl and c fﬁ” oL
' desferrioxamine wag  studied. These chelators were : ' ':'_" ;jfg 'i-xg
selected as they differed in their aites and modes of. r‘ _"__" . ' ':
action, ilthough independently they both inhibited the h r_ S o "‘. v
Zgrowth of  the parasites. Baker ot al. ! h s
. (1985} and Nunez ef al. (1983} desasibad the possible f
? _ sites and modes of action of DFO and 2,2'- bipyridyl ’
'E" ' .respectively. o : o o : : : e w T
- ' o e o
§ " If both these chelators inhibited the growth of the o ﬂ;: g{g iﬁ“xf@ 
. '~ parasites by chelation of iron alone, the combined effect - apl . L
r . . . e ‘ . J !&‘-: . -
i _ vf the chelators is expected to be synexgistic or o ’J*% g
% additive. ' gﬁ"7
-; P S
. i 2.1 Dose response curves of desferrioxamine and - T e
g ' 2,2'-bipyridyl . o fﬁ-* PR
N The ICso values obtained when evaluating the sensitivity Y
T _ ' S U
3 of the PCR~3 strain 0 DFO and 2,2'~ bipyridyl conpared SN _3f o
i | v . e g
j'f favourahly to the values obtained in our earlier studies ‘ e N
] weing this strain. | | B R T
o c ._b. “:‘I
” L -
w*‘;;" . [n_ ."-. » e L
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j 2,2 Combination of desferrioxamine and 2,2'-bipyridyl 3 S
i * 1~ ’ E
b o .o
i The combined effect of the two chelators resulted in ax:a . - 1
] : Con S
] antagonistic effect on the growth of +the parasites. - oo .
g ' R oA
; 2,2'- bipyridyl at various concentrationg when combined S ‘;3
: with one fizxed concentration of DFO , showed a relative i P": . : Kﬁ
o inocrease in parasitaemia comparsd  to DFOQ or _ _k*"}-' T j;
2,2t -bipyridyl alene, thus implying that these : k
: concentrations of 2,2 =bipyridyl antagonieed the : _ ' . . o
antimalarial action of DFO. This antagonistic effect was L e
f lesy pronounced when higher goneentrationg of DFO wera | ‘ T .'
o1 ' ' L
§ combined with the same concentrations of 2,2'-bipyridyl. L S T S
i . “' o '
4 _ L T
: : : e
; This effect is explained in the following example. ' _ B L
,'l' . : f&‘ S I L~ . . E"'.ag.
! The ocombined effect of 2 uM DFDO  and various : N SR
; | e, T
_j ' concentrations of 2,2'- bipyridyl: The parasitaemia N R
: . ohagrved at 2 uM DFG is equivalent to 80% of the control | ':f?:'.”fa
: a
parasitaemia, However when 6 , 8 , 10 uM 2,2'< bipyridyl - D 3}5‘-*
_ : R . M
are comhined with 2 uM DFO , the resultant parasitaemias T ;
increased from 80 % to approximately 94% of the control S A
parasitaemia. Therefore ingtead of decreasing below 80%, ' 'iéff”J Ce :
Cta - the parasitaemias increased . ' s o
. o
i r -! ¥ K
Lo P 5
[ s f"'.', . I‘
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3 Combination of a chelator with an Airon satw ated

shelator

To prove  that 2.2 -bipyridyl, antagonised the

antimalarial effect of DFO, its iron chelating effect was

eliminated by saturating it with egquimolar concentrations

of ferrous ammonium sulphate.

3.1 "he spectroscopic ‘pitration of 2,2'-bipyridyl and

ferrous amnonium sulphate

A spectroscopic titration proved that ferrous irem,

gaturated 2,2'~ bipyridyl in eguimolar concentrations.

3.2 Combination of desferrioxamine and iron saturated

2,2t -bipyridyl

2r2'— Bipyridyl when combined with 6 uM DFOQ antagoniged
the untimalarial effect of DFO as the DPM  valnes
(paruaitaemias) increasad.relatiﬁa to the effect of 6 uM
DFO or aimnilar concantrations.o£_2,2 t-hipyridyl alone.
This ks in accordance with our ealier findings,

However, when 6 uM DFO was cc ‘bined with vn?ious
coneentrations of ferrous saturated 2,2'~ bipyridyl the

regultant dose response curve was a siraight line meaning

188




that the zlope wag not significantly different £from 0. N ';
The straight line implied <that constant parasitaemias L a

were obtained and reflected the effect of & uM DFOQ alona,

The following assumptions were made to descerine the | P  ff
possible mechanismg by which 2,2'~ hipyridyl anthgnniaed
the antimalarial eifect of DFO.

Bacausge the gsite of action of 2,2'-bipyridyl is within
the cell membrane, it is assened that it perhaps blowks
the paggsage of DFO acrogs the paraaiﬁe membrane thus
antagoniging the effect of DFO . The DPM  wvalues
{parasitaemiag) increaéea as only tho 2,2'~ hipyridyl ism b _ *ﬁ%.“
now _effective atk preventing iron ﬁptake and inhibiting ' B o

2,2~ : Fe - I ' w’

bipyridyl is less effective than DFO at similar _ B

paragsite multiplication. At low concentrations

TP S e

concentrations at inhibiting the grdwth 6f the paraasites
(refer to dose respon.a curves of both chelators) . S ji;” f
Concentrations below 10 uM 2,2~ hipyridyl has no effect _ *ff' S ’k'.;
on.the growth of the paragites and similar concentrations ;“ 7

Ay 'f : of DFO  are effective at inhibiting paragite ' D f*J

proliferation.
The next asgunption, expiaining the antégonistic elfoal ?i. RS

oougaed by 2,2'- bipyridyl is based on the redox shunting : ;; o

of iraon, Iron ig in a continuoug redox eyele, thus it . NPEN
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continuously underyoes. ogidation and reduction forming
forric (Fe®*) and ferrous (Fe?*) iona (Klebanoff et
al.,1988). Therefore, if tne ferric ions are chelated
after DFO inm added, ferrous ions will not be generated
and are thus not available for chelation by
2,2'~h{pyridyl. Miarefore the twe chelators cannot

combine additively or synergistically.

3.3 The spectroscopic titration of desferrioxamine and

2,2 ~bipyridyl

To eoxclude the possibility of a direct chemical
interaction of ULPD with 2,2'-hipyridyl, cvhanges in.the
shyorbance spectrum of 2,2'-bipyridyl were measured aita&
the addition of DFO, The ultraviolet sapectrum of
%,2%-bipyridyl remained congtant after DFO wag added.
Therefore desferrioxamine and 2.2'~hipyridy1 do not

interact chemically.

Both DFO and BIP were independently shewn to inhibit the
growth of vhe parasites . I the inhibition was due to

iron depriﬁation alone, the combined effect of the two

chelators would either be synergistic or additive. Yhe
fact that an antagonistic cffect is observed, implics
that other mechanisme of  inhibition besides  iren

deprivation inhibits the growth of the parasites.
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Frevious studien using various iron chelators suygests
othor possible mechanismg of inhibition besides iron

deprivation.

Theanache et al. (19490}, reported that the cdmbination

"~ of BFO and 12~9, a synthetie iren chelater resulted in an

antagonistic effect, It is suggested that free radicals
are generated by the inﬁernal redox reaction of the
previously formed LZ-9 and jiron complex, during a Fe?™ to
Fed+ tranmition. These Lree radicals destroy the

integrity of the parasite membrane.

Klebanéff et al. {11989) concludes that DFO promotes the
autonxidation of ferfaus ieng ab pH of 5 which genetatea
otygen derived froe wadicals. The possibility that DFO
inhibita the growth of the parasite uming this mechnniém

ig congidered a posgibility heéause the pﬁ'uf the malaria

‘parasite food vaewele is approximately 5 (Ginshurg,

1988),, Purthermore sinwe radio~labelled DFQ har hocn
reported to accumulate in higher concentrations  in
parasitized arythroecytes comparcd to normal erythrmcytes;

this mechanism is a possibility (Fritsch and Jung, 1986).

At this stage the mechanism of inhibition by chelabors in

nat eleafly defined.

progpectn for future research » In the fubure if an iron

158

However these findings suggest
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chelator which is orslly active, occonomical, free of o o
toxio side effects and has a long plasma half life o | B
bacomes available, it should be evaluated against the - _ S TP
sengltivity of the malaria parasite, Iron chelators may ; - _' _ &' ' _;

£arm the basis of a prospective droup of antimalarials. ' o t;?- " “ :
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