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Research· essentially dialogue with nature. 

The important thing is not to wonder about 

nature's answer, for always honest, but 

closely examine your questions to her ... 

'Albert Szent-Gyorgi 
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ABSTRACT 

A Study of the Antimalarial Action of Pyronaddine and its 

Accumulation into Plasmodtumfalciparum. 

Pyronaridine (PND) , a 

a structural analogue of chloroquine, was synthesized 

1970s as a of a for to 

treat (CQR) Plasmodium Jalciparum J.UeJu.c;;u. It 

a potent schizonticidal agent active against erythrocytic 0'-<1", ... ,0 

of malarial parasites. It efficacious CQR falciparum J..U.ClU.c;;u. 

both vivo and in vitro. In contrast to wealth of available 

about CQ accumulation and its relationship to little known 

about and J.J.no,",.."c;;u."J.>:)J.U action of In 

study, the actions of PND, 

accumulation of PND in Plasmodium falciparum, and the correlation, if 

to were to gam a 

understanding of the mechanism of action of and to better 

the reasons its over CQ. A 

comparison of ability of PND and CQ to bind heme and uuu.u.u. its 

crystallization was ......... " ........ 

PND was shown to have high in vitro 

(CQS) CQR of Plasmodium 

falciparum, with ICso values comparable to values quoted literature. 

vi 
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CQR parasites had 

indicates that of 

altered sensitivity to 

values than CQS 

to CQ may be 

Schizonts and 

which 

an 

were more 

"'''''LL'''''"''''''''''' to PND -"',.""-""'" of the parasite, irreversible 

to within 1 hour of t:X1ClU:SUI to PND. 

PND accumulation, 

to be saturable, telnllleratl 

red blood 

glucose- and 

receptor, which is presented for an 

affmity in the order 

and AMQ inhibited 

10-sM. Competition 

accumulation, 

share the same ..., ................... F. as the 

significant amount 

CQS- or CQR-Plasmodium falciparnm. 

accumulated 14 1-,111''':'''' than CQ, while in 

no significant In accumulation 

Evidence 

binds with an 

showed that CQ 

PND may 

was no 

.... u; ......... u. by either 

PND 

0.<:> ......... '" there was 

between the two 

drugs. The use of batllC)mVCl Al in combination with PND in an in 

a CQS ""t-r"' ...... 

PND uptake 

suggest that 

aminoquinolines. 

than CQ and to 

than CQ. 

PND '-'V"UIJ'::U 

an apparent 

U.Rl,!es;tmlR; that the 

its 

sensitivity of 

component of 

........ Jll'i,J.J.... have a similar ... .1"'O....,.<J .. :: .......... <>" .... 

results 

action to 4-

greater affmity was shown to bind 

a more potent inhibitor of beta-hematin formation 

part, explain nr."""1-",,r in vitro activity of 
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BACKGROUND 

a caused by protozoan parasites of the genus 

Plasmodium, makes ill and kills more people than other infectious 

nsQone:r and 1988}. 

'-'0. .... "' .......... by four soeClles of Plasmodium; .... """" .... ,J .. P. falciparum, P. vivax, 

P. and malariae. falciparum the most troublesome as it 

IJ""L-... \c,." that causes 

destruction of the red blood cells, and the consequent release of 

cytokines. 

1.1 Parasite biology 

The of the Plasmodium which requires both a 

illustrated in figure 1. Mosquitoes 

form of sp,on)zoltesl 

humans, from where the sporozoites travel to the 

liver sporozoite develops tens of 
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1 INTRODUCTION 

merozoites that can each invade a red blood cell (RBC) 

the The once the 

multiplies RBCs. Plasmodium rallClvan develops over 48 hours 

RBCs, producing 20 merozoites mature 

with merozoite able to invade other small proportion of 

convert into that are for 

Anopheline 

bind to 

to 

mosquitoes. with falciparum 

vascular endothelial cells in various organs including the lungs, 

liver, ...... -"' ........ ".1 u;:::o,:.u.c;;:::o and 

leads to much of pathology of the disease (Sherman IW 1998). 

matures to the "''''J'u ... fV' .... 

its erythrocytic it more half of the host 

hemoglobin, which it uses as a food source (Goldberg and Slater 

1992). 

plasmepsins I and II <01."' ......... '" rlHycc,h .. TO food vacuole 

into 

(Rosenthal 

1992, 

fragments that are parasite cytosol for 

al 

et 

to by the 

Goldberg et al 1990, Rosenthal and Nelson 

1994, et 1994). In the of 

hemoglobin catabolism a highly heme species 10 

of IX (FPIX) that is potentially toxic to 

(Orjih et al 1981, Chou Fitch 1981, Mego 

1987). malaria parasite well adapted to the steady-state 

2 
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1 INTRODUCTION 

concentration of transient, form of 

concentrations; otherwise, it would commit 

at tolerable 

by degrading 

it into an 

pigment 

hemoglobin. 

insoluble 

(Zhang et al 

parasite deals 

material 

Sullivan 2002, 

FPIX by 

et al ,). 

pigment is a complex of dimers linked through an 

one heme 

IJVJ........ formed by 

the 

1, Bohle et 

........ ' ....... '.6 of the 

side 

ferric iron 

another 

(Slater et al Pagola et al 2000). The exact 

mechanism hemozoin formation not fully but the Drli)CC:~ss 

resembles a of biomineralisation process that may 

scaffold prot€~m.s and lipids as a nucleation center or a template to 

initiate nrclC(;:sS (Sullivan 

al2001, 

al 1996, al 1999, 

1999, C::U,,",<'U.;;:) et al 2001). levels are 

found to I"'£>T"TPI well 

hemozoin production less at the 

nng and becoming more adept as parasite matures et 

al 1994, Zhang et al 1999). The may have 

the reactive It has 

been that not by the of 

IS hemozoin (Wood and 1993, 

et al 1998, et al Because an 

compound with a great to bind non -specifically 

to and to et all et 

al , it has been that FPIX be able to into 

3 
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1 INTRODUCTION 

across the vacuole membrane into parasite 

cytosol (Ginsburg et 1999), it is to decomposed by 

glutathione in falciparum or heme-oxygenase 

(Atamna Ginsburg 

un; .... J.JlCUJLJ.;;'u,J.J. of 

described. It been 

al 1998, Zhang 

by glutathione 

hydrogen npr ..... 'il'1n 

knowlesi 

1999). 

fully 

also 

involved the degradation of inside the food vacuole (OIjih et al 

, Loria 

detoxification 

only detectable 

al 1999). These two alternative pathways heme 

been disputed on grounds that hemozoin 

trophozoites, and direct evidence 

'<O.l"-,Cll""'<O"" during 

degradation is 2001, Egan et al 2002). 

Hemoglobin digestion and FPIX detoxification are for 

the malaria as will be 

roles the action of 

4 
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1 INTRODUCTION 

Salivary 
Glands 

Sporozoite 

Tissue 
schizont 

Liver cell 

Sporozoite 

Gut 

Oocyst 

i 
Zygote 

i 
Gametocytes 

male I female 
Gametocytes 

Schizont 

i 
Trophozoite 

i 
Merozoite -t--+---. Ring 

Serum Red blood cell 

Figure 1.0: Life cycle of Plasmodium Jalciparum 

5 
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1.2 Antimalarial 

and 

Schizonticidal drugs are 

1 INTRODUCTION 

to their 

of the the parasite 

1990, Munson 1996, Winstanley 2000). 

to treat the acute are 

effective the erythrocytic forms of and 

amodiaquine) , (e.g. 

halofantrine, and . either with the 

(e.g. sulphones) or its utilization pyrimethamine). 

Combinations drugs are frequently used. Antibiotics such as 

above 

artemether, artemisinin 

when combined 

derived from 

artesunate are effective 

as 

The 8-aminoquinolines (e.g. primaquine) are used for cure and 

are against the liver. These drugs 

infection. 

Of the most 

and most 

and well tolerated (Winstanley 2000). during 40 

Plnsmodium /alciparum, 

developed ,-,,,,,,,,,,, .. <:u .. ,,,,-, to chloroquine (Winstanley 2000). 

reported in many the 

6 
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1 INTRODUCTION 

world, however, 

so far not 

eSlsumc~e to artemisinin-based antimalarial drugs 

and treatment of malaria a therapeutic '""u.c.u. •. "' .... ,F.'" (Winstanley 2000). 

In some parts of the world CQ become virtually ineffective, making 

the need for new (Winstanley 

2000). 

1 1 

Pyronaridine was synthesized m 1970 at the Institute of 

~"",",'a.""""". at of as of an 

synthesis program in search of an alternative for 

1990, Chen and 

L.tJ..L'~""K Xianyu 1992). relationship between the structure-activity 

of chloroquine, amodiaquine, cyc10quine and amopyroquine was used 

as a for the of pyronaridine Chang 

Xianyu 1992). PND the following name: 

[3', 5'-bis(pyrrolidinyl-1 

hydroxyphenyl] aminobenzo (b}-1,5-naphthyridine 1.1). 

Pyronaridine lS highly against the erythrocytic of the 

In PND 

against chloroquine-sensitive and chloroquine-resistant strains of 

Plasmodium Jalciparum et al 1988, "'''''''''''0.1''1. Alin et al 1990. 

7 
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1 INTRODUCTION 

Basco and 1992, tia:sco 1994, et al 1996, 

Ringwald et al 1996, 

has been tested 

1992). 

been 

et al 1998, "" .... lIliC"" et 1999}. PND 

malaria; the results activity 

CQS- of Plasmodium 

,-,lUlC;UA.!F<. et al 1992, IJAit""' .... '" Robinson 

in ...... J.JL.u.J.·a the treatment of UJ.c::u.c::u. 

CQR-endemic areas for more than a decade Xiao 

1991, Chen Chang et al ....,A.'~A,F> and LJU.VJ.J'fII<. 

Clinical Cameroon, areas '-'.U .... ..., ..... AA ...... with CQR ...... 'Uu.c.u. 

been pn:>mLlslng 

The World 

clinical 

et al 1996, al 1998). In fact, 

Organization plans to complete preclinical 

of 

areas with a view to replacing 

PND 

with PND as the C>L-·.H.L"" treatment 

malaria in Mrica et aI1999). 

have 

China U,I"PT'''' 

et 

produced 

of to PND of 

has been in use almost 15 (Fan et al1998, 

to can be 1998). 

models QJ.J.,a\"'-·JJdLV 1990, Peters and Robinson 1992). 

to avoid rapid development resistance to PND, 

have been 

interaction of 

out clinically and in vitro to 

and other antlITlallill compounds, 

with aim of identifying a suitable drug for use in combination with 

8 
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1 INTRODUCTION 

PND SO as to ..... r.r>ln,n the of the (Ringwald et al 1999, 

Yang et aI2000). 

PND gametocytocidal Plasmodium Jalciparum 

(Chavalitshewinkoon-Petmir et ai, 2000). dual action of as 

both gametocytocidal drug it for 

clinical application. 

9 
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1 INTRODUCTION 

Quinine c Ine 

HC~ 
I~\~ 
OHH 

Mefloquine Am ine 

CH
3 I 

NHCH(CH2 )3N(C2HS)2 

OMe 

Pyronaridine 

Primaquine 
Bafilomycin A, 

Bafilomycin AI. 

10 
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llNTRODUcnON 

1.3 Mechanisms of action of chloroquine and pyronaridine 

mechanism of action of and other 4-aminoquinolines 

fully understood, points to the 

inhibiting hemozoin as a direct 

the drug and hemoglobin 

catabolism plays a in the action 

being most active parasite stages 

hemoglobin; namely and trophozoites 

1983, Geary et a1 1989, al 1994). 

on morphology the effect 

demonstrated initial '-LQ.U.LC'6'-' to food vacuoles with 

digestive 

swelling, pigment 

hemoglobin (Macomber 

Aikawa 1972, Yayon et 

include digestive food 

and accumulation 

al 1967, Aikawa and 

1984). The major 

1969, 

catabolism plays 

reversible mJ:utllt()rs 

hemoglobin 

et a11998). 

further u.:;uun .,j''''a1r""rt 

ofCQ 

fact that 

degradation of 

Mungthin 

The 

accumulate 

food vacuole 

1984, 

of CQ is specifically au,,,,,-,,, .... to its ability to 

to millimolar 

et al 1972, 

1989). As a UIJ''''IJ'u,J.U''' 

digestive 

al 1985, Yayon et a1 

base, with 

11 
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1 INTRODUCTION 

(PKal = 1, pKa2 = 10.2), CQ to enter 

malaria parasite passive 

species down pH 

Once inside it becomes 

as the uncharged 

UU{",,,,.u..,,,, food vacuole. 

the protonated form 

Based on this model, extent 

of CQ a""A.u,uu.,laLJlVJ.J. depend on pH "'""', ... ,,,.""..... the 

food vacuole and the extracellular en,Vl]~Orlmlen (Homewood 

Ginsburg et al1989). al Krogstad al 1985, et al 

However, extent CQ accumulation of 4-

cannot be accounted purely according to 

model, as the levels of 

pre:QlcteQ by higher 

1991b, 

Hawley aI1996b). It was 

accumulation in pRBCs 

to be 

heme 

components. 

to CQ 

<;J.LCi(1i:li<;JU from 

Comparison of 

FPIX 

accumulation are considerably 

model la, 

et al 1992, et al 

demonstrated by Fitch et al that 

to both saturable non-

saturable component occurs at 

CQ this considered 

Fitch 

saturable 

orooos,ed to 

(Chou et al 1980, Fitch 

and specificities reveal 

aqueous the CQ 

of malaria (Chou et al 1980). The 

constant is eS'Wllal:ea to M for CQ-receptor complex 

12 
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1 INTRODUCTION 

infected erythrocytes 1969) and 3.5 10.9 M the CQ-

In the of 

dissociation constant is '-'''''CLU'''' .... ..., ..... to 2.3 10-7 M, indicating that 

has an affmity the concentration range expected from 

of CQ ... """."' .... 1-£10 ... (Chou et al 1980). !!';xpe1:1men1ts by 

parasite mediated high-affinity binding to released during 

hemoglobin degradation in food vacuole (Bray et al 1998, et 

al 1999, et al 1999). 

which thus 

Bray et al (1998, 1999) were able to block specific and 

CQ Cal)aC:lty of 

CQ IS concentration 

of 25nM is similar to apparent binding affmity of 

in CQS P. (Bray et al 1998, 1999). 

show the UU.l.llJ,eLV.l IS same in 

as intact parasites et 1999). 

CQ is <A,';''',,"V'-,L<A •• '-''-.!. with nelmOZOln in 

shown to beta-hematin during in vitro synthesis a speC1LIlC and 

manner (Sullivan et al 1996, ULL.LHV et al The 

block of 

(Mungthin et al 1998). The effect of the binding of to heme or to 

heme would to remove CQ from solution chemistry 

thus to account its ex(~eS:Slv'e C>..'-''- ... u.J. ....... J.C4.uvJ. ... 

food vacuole (Sullivan 2003). pH <A'-A.L'VL •• '" plays a role in 
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the uptake 

gradient 

1 INTRODUCTION 

CQ into the 

influences CQ 

as ncre~lslng or 

(Yayon et al 1984, Krogstad al 1985, Yayon 

antimalarial "' .... 1~1U·lhT 

al 1985, Geary et al 

1990, et 1992). The gradient the initial 

force for by the 

parasite killing CQ IS not fully 

that CQ a 

parasite, it 

.l.J.UOUJ.,a. ... "",. the 

OU10lllUl of to of 

FPIX into hemozoin ;::)18lIer and Cerami 1 

Egan al 1994, Dorn et al 1995). 

Chou and 

inhibition heme 

with 

1998). 

of 

lzallon by CQ related vVJ, ...... "'.v correlates ..... J.vO ...... 

The inhibition lVIJnelrtZ:6ltlIOn would 

toxic or heme-CQ complexes in parasite vacuole, 

causing damage to the parasite. The lytic 

of be of ...................... ." .. 

~~~v~~~ through a rl~~~Y'n~n effect, ..... '""' .... "" •. ~~F. hemolysis 

1, Orjih et al 

to 

a colloid-

1, Fitch et 

such as 

osmotic mechanism Fitch 

al peroxidative damage to or 

proteases ........ ' .... "' .. J agt et al Sugiokaand ..... "", ... n.J. 1991, 

............. "' ........ """ ... et al 1994). been "'"yo, .... "' ...... the lytic .,.tt,.,. .... 1·"" FPIX 

14 
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1 INTRODUCTlON 

complex would have to occur outside the food vacuole 

(Slater 1993, et al 1999) as the mf~ml:ln3IIle UA .. "F.. ... of the 

food a to 

doses of CQ (Yayon et alI984b). 

Ginsburg r>n_.nyl'1 ..... v' ...... '" have suggested 

of CQ is .u.n,u. ...... of 

degradation (Ginsburg and 1999, Ginsburg alI999). They 

that only 25 30% of FPIX during hemoglobin 

to ....... u'li!J....... and most of the 

food the it glutathione 

(Ginsburg et al 1998). They suggest that inhibition of hemozoin 

formation by would not alone account for drug action as such 

...... u .............. w.v.u would add at most 50% to on 

-dependent detoxification mechanism, with which the parasite would 

(Ginsburg and Krugliak 1999). 

egraal:.:ttlCln of FPIX by CQ 

wherein treatment of intact infected 

and Im[le .. -ae~pe:n(llenlI accumulation 

Inhibition of giu tathione-

aem()n~nr,au~a in vitro, 

with CQ resulted 

in the membrane fraction 

of 1' .. ",,",,,,1"'1 cells (Ginsburg et al 1998, Famin et al 1999, L.l!u .......... p;, et al 

1999). This accumulation is proportional to parasite killing, 

attribu ted to of to 

potassium (Ginsburg et al 1998). 

15 
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1 INTRODUCTION 

It has been of CQ blocks 

the food 

(Loria et al 1999). is based on the observation that only one-third 

of FPIX incorporated in hemozoin (Loria et al 1999), and 

means of getting rid 

et al that FPIX degraded by reacting with the 

hydrogen peroxide formed when FPIX is oxidized from Fe(II) to the 

Fe (III) state on from hemoglobin (Atamna and Ginsburg 

1993). CQ an of al 1999). 

The inhibition of this .. """"'T· ......... could prolong the half-life of hydrogen 

peroxide, and the build-up of hydrogen peroxide may cause 

......... AU<.Afi'" to lipids, would 

of CQ the (Foley and Tilley 1998). 

theory for 

ofCQ the 

of of CQ IS that 

food vacuole causes an 

the vacuolar doing so, metabolic orlocc~s:,;;es such as receptor-

lysosomal and 

mediated hemoglobin degradation (Krogstad et rOJ;!:stsld and 

1986,1987) are disturbed. a 

expected to become protonated in the acidic environment of the food 

vacuole CQ to a high it 

thought that vacuolar protons would be depleted thus 

for this 

however; some have shown an In vacuolar 

16 
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1 INTRODUCTION 

vF,.,,"""' ...... et al1985, rOJ,!:st.aa and , .. ",._.I..u.'O"J..U~'''J. 

not aem()nf;tr:att:~d 

Ginsburg al 1989). inconsistencies 

1986,1987) 

et al 1985, 

due to the 

technical difficulties as:SO(~lal:ea In to measure vacuolar 

ofCQ 

and 

1992, Zidovetzki et al 1993,1994). inhibition of hemoglobin pn)te:aSf~S 

(Gyang et al1982, Vander Jagt et al1986, Gluzman et alI994), and 

inhibition of heme-dependent protein 

magnitude 

growth. 

199 

CQ 

are 

those necessary 

(Suriola and 

from data 

inhibition are orders 

inhibition of 

exact .I.U\_'-.I.JU:U.U,;:)""'. of action of PND is not known. It 

shown that PND able to inhibit the DNA POJl:SOJ[Ilera:~e II of 

P. falciparum (Chavalitshewinkoon et aI, 1993). Topoisomerase 

metabolism 

topological 

for synthesis, ""'-'JLJ.VJlU'-' 

chromosome and decondensation and for 

Sef;treli!:atlon of 

the concentrations required to inhibit 

II are greatly excess of 

were 11 pM for DNA 

2000). 

falciparum DNA 

required to kill 

17 
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1 INTRODUCTION 

2.7nM inhibition of growth). It that 

",,,,,hu·ihr of 

Studies the 

induced the 

Kawai et al 

of PND on 

earliest most ' ... U.~>LU""L 

berghei 

changes 

(Li-Ju Wu et al 

falciparum and 

vacuole, 

formation of membrane-bound containing 

heme in vitro 

1998). 

aI, 1999). 

aminoquinolines. 

pigment, the 

affected by PND. PND 11""11"."'.,."" .... 1"'" 

inhibits polymerization of heme beta-hematin, a 

Hawley et al to .... '-'A ..... 'J'''''''''u.JL (Dorn al 

degradation of heme glutathione (Famin 

on these conclusions, it is possible 

of is to of CQ 

the 

4-

1.4 Mechanisms of drug re~rLS1~an 

The of to CQ and other IS 

unknown the debate, it that 

parasites accumulate parasites 

(Macomber et al 1966, • Fitch 1970, et al 

1974, et 1975, and Warhurst 1985, et al 

1992, Bray et al CQ accumulation compared to 

18 
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1998), 

development. 

clear, but 

into 

1 INTRODUC110N 

isolated food cu. ...... ...,"";;;:> of CQR Jalciparum (Saliba et 

that this might be the for 

physiological basis of reduced uptake is not 

been attributed '-'J.L""'<JJ. to a rate influx of 

to a rate efflux drug the 

or to a reduced or access CQ to 

ultimate intracellular heme. 

The 0 bseIVation verapamil, a calcium channel blocker 

inhibitor cancer as 

to reverse chloroquine 

as other 

P. Jaiciparum 

added to o bseIVation that parasites release 

than CQS parasites, suggest that the mechanism 

ofCQ 

et al Bitonti et al 1988). 

J.J.J.J.j", ...... L be same as that 

(Krogstad et al 1987, 

a number of cancer cells, 

multidrug­

of drugs 

from cells, a function can verapamil (Chen 

and Simon, 2000). Although the protein, P-glycoprotein 1 (a member 

multidrug resistance mediated by an 

'ABC 

vacuolar membrane 

not 

located on the food 

Jalciparum (Cowman et al, 1991), 

an drug ill 

a;;:>.LL'-';;:> (Bray et aI, 1992, 1992, et aI, 

1996) others shown that diminished accumulation, 

19 
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1 INTRODUCTION 

IS for decreased steady-state levels CQ CQR 

et al 

1992a, 

CQ 

(Geary et aI, 

et al 1996). 

UmlU1<lUOln in CQR 

1991, 

1"1""''11'',"" to explain u ... J.uu,u""J.J. ... 'u. level of 

"""' ...... "''''' include: 1) a weakened vacuolar 

VYJ.J.,.", ...... leads to a vacuolar pH (Ginsburg and 

1991, Bray et al 1992b, Ginsburg Krugliak , 2) 

of a proposed amiloride-sensitive Na+ / which 

al 1997, CQ 

LJ.J.J.;",",."'L et 1998), 3) 

/HC03- antiporter) 

the 

resulting changed intracellular or membrane potential (Martiney 

et 1999). attempted to compare vacuolar pH 

ofCQS CQR 

no consensus as to 

vacuolar pH of CQR and 

it has been 

involve ... .,.,n.,.1'""" 

"''''' •. '''' ... " .......... ''' between all weak 

difference in 

and Saliba 2001). 

mechanisms of resistance 

food should 

(Egan 2001). 

cross­

is 

not the case as numerous structural analogs of CQ are highly active 

et al 1996, et 1997, 

Kaschula et aI2002). mechanism likely 

to some specific that 

net build up of CQ the 2001). A 

proposition is offered Bray and co-workers who suggested 

CQ a In 

20 
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1 INTRODUCTION 

function within hemoglobin processing compartments, 

the affmity of CQ-FPIX (Raynes al1999). This idea 

(1985) 

are deficient 

that reduced 

of (1969,1970) and and Warhurst 

that erythrocytes 

CQ high -affmity ... u ..... -.u.up:.. 

ueC:lea with CQR 

al (1998) showed 

accumulation does not result from a decrease the 

number CQ binding sites rather from a reduced affmity of 

FPIX. affinity CQ of 

Jalciparum was to CQ et 

a11998, et al1999). 

Genetically. CQ been to two pfmdrl and 

pfcTt, on nrc)m()so'me~s 5 7 

strongly CQ to the pfmdrl in 

a of P. falciparum Q<04.I .................. "" after isolation of gene et 

al 1990, et al et al Adagu et al 1996). 

have 

with 

1990). 

genetic cross and CQR 

that pfmdrl are not nelce~;san 

m some strains 

et al 

CQR 

CQ 

polymorphisms on chromosome 7 and the cgl and 

(Wellems et aI, 

to complex 

genes In 

were identified as the genes. Subsequent 

that related to bu t 

rather pfcTt located ,-,1.V":"';;.I. to the genes, responsible 

resistance (Fidock aI2000a). pfcrt codes for a new 

21 
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1 INTRODUCTION 

integral lysosomal protein (Fidock et al 2000b). A 

K76T point mutation in pfCRT 100% a<:>,,,,,,-.u.:u.VU with CQR in vitro 

(Fidock et al2000b). 

with P-glycoprotein 1, pfCRT CT",.,tn.r", food 

possesses the mUltiple of parasite and 

membrane-spanning configuration that characteristic of membrane 

LU.,,''-'A.'l>. et al2000b}. The pfCRT n"'/~tp1In n~semblles 

other transmembrane domain proteins (but is not a member of a 

known family) that transport of organic cations. It is 

pfCRT normally efflux of 

or short 

accumulate 

(with hydrogen ion) that otherwise would 

iVS:OS'OIIJle (Warhurst 2001). The physiological roles 

of CQ 

remain to be 

functions 

play in 

and 

include 

po.,..,,,,,.,' put forward to explain their 

of directly 

of CQ accumulated as pumps or 

indirectly by modulating the of the food vacuole (Foley 

Tilley 1998, and 1999, et al2000, Cooper 

et al 2002, Warhurst et al2002, 2002). Dzekunov et al (2000) 

have recently that the vacuolar lower CQR 

than In CQS 

proposal CQ . due to a 

they have provided evidence that CQ binds FPIX 

as a result aggregation of the FPIX molecules. 

support to 

for FPIX, 

at the lower 

22 
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1 INTRODUCTION 

GeneralO/Jlec:nt'es 

The ,,;:, .... 'tnr.hr over CQ 

against 

structurally 

parasites 

'-'J.eu .. '-"..... drugs seem to have 

However, 

two drugs to "' .... ,~'-",;, 

are enough structural 

that their interactions with 

activity of 

two 

~~~._ ... u .. ~~u"" of 

malaria 

might differ.. this was to how 

of CQ, and to mode of of PND to 

and get an J.J.J.''''J.~.U reasons for the activity 

over CQ CQS P. falciparum strains. following 

were set to achieve a) To assess the in vitro 

of PND .... p;, ............. '" VarIOUS ofCQS CQR 

Plasmodium falciparum. b) To characterize the in time-

dose-dependence of antimalarial against 

into 

between 

assess 

of 

of falciparum. c) To use 

the that 

a. ... " u.",;vu erythrocytes 

PND 

heme-binding affinities 

CQ. 

d) To 

inhibitory 
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CHARACTERIZATION OF THE IN VITRO SENSITIVITY OF 

PLASMODIUM FALCIPARUMTO PYRONARIDINE 

2.1 Introduction 

The rum this of the was to assess the In 

to this activity that of 

several 01-... <:>." Plasmodium Jalciparum have maintained 

In our laboratory, in continuous culture or by cryo-

which been their 

to CQ, are 3D7, DIO, Kl, W2, and 1. a 

clone derived from the isolate NFS, which was obtained from an 

worker but have Africa 

(Cowman etaI1991). DIO is a CQS clone derived from isolate 

Papua .......... "...,~ (Ekong et al 1993). Kl is a clone 

pn~"pn from an isolate 

Beale l}. W2 a CQR derived a mlXtl.lI of the ..... ' .. rr'" 
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2 CHARACTERIZATION OF THE IN vrmo SENSITIVITY OF P. FALClPARUM TO PYRONARIDINE 

Leone II and Indochina III I CDC (Oduola et al 1988). 

a CQR clone derived 

199 Finally, RSA11 

CA.L./ ........... Natal, 

2.2 Methods 

1 Drug-sensitivity .o.';::''''''''H 

a Brazilian clone 

a CQR isolate from 

et 1991). 

(Cowman et 

Chloroquine diphosphate (Sigma-Aldrich Co, Poole, England) and 

pyronaridine (a Tom WHO, 

were water. dilutions were 

carried out in medium. Parasitized erythrocytes, 

at set at and 

culture U.L'-,UJ.''''-U.L at a 1 % hematocrit were used for sensitivity 

Exposure pRBCs to drug was carried out in 96-flat bottom 

a 8 rows (A through 12 

columns (1 through Column 1 was used as blank (RBCs only). 

2 was as nTtl'rnl wells (pRBCs in 

columns 3 through 12 were set as the test wells. Experiments were 

100pI of done 

aliquoted each well except column 

at 

column 3. Using a 

concentration of 

w.. ~'~J.A<;.uLl,J.""J. pipette 

medium were 

200plof 

was added to 

10 two-fold 
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2 CHARACTERIZATIOJ'l OF THE IN VI'lRO SENSITIVITY OF P. FALCIPARUM TO PYROJ'lARIDIl'lE 

dilutions were done fr:om columns 4 thr:ough to by la:KHlg 

100pl of from column 3 finally a 

volume 100pI well. 100pI of pRBC suspension was then 

to columns 2 through to 12 100pI suspension 

being au.u.", ..... to column 1, ending up with a final hematocrit of 1% 

wells. The was then rn'llP1"Pri loosely with a lid, placed in 

a desiccator cabinet JO<;."'","''''''-' ...... with a mixture of 93% N2, 

4% C02 and 3% 02. The cabinet was sealed 

hours at 

incubated 48 

the end of incubation period the that had settled at 

bottom of wells were Al ;:sc:aU1IJIC of well was 

to wells on a new 96-well flat bottom 

microplate containing the reagents for detection of parasite viability 

test was expn~ss:ea as a nprrF'n of the 

of co:rr€~s1=,o:rldlng control 

were done using non-linear regresslOn methods with the 

Prism computer C!n·tTn7<101'·p nrn.tTf"'<>Tn nT""T"",nr> 3.0, GraphPad 
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2 CHARACTERIZATION OF THE IN VIrnO SENSITIVITY OF P. FALClPARUM TO PYRONARlDIIIE 

in vitro selnSl.tlviti('~s of the various !'!'tr!::nn of to CQ 

and in Table 2.1. antimalarial 

activity ~c:u.u,: ... CQS and CQR values ranging 

from 8.87nM to 18.26nM. The results PND was less 

potent ~<;uu," ... CQR strains with a mean of 15.5nM ± 

1 (Fac8, K1, RSA11, W2) 15nM ± 0.7 for 

There was an difference 

against CQR and there was 

an v-............ dtlten[!n<:e in the and 

indicating greater activity of CQR 

mean IC50 values for CQ ""fi'''''''''''''' CQS strains 

were ± 1 and 20.6nM ± 0.8, resiPec:;ov'elV 

Clone n n 

3D7 6.41 3 3 

10 21 2.24 9 1 12 

33.27 4 5.67 4 

177.40 29.47 8 1.78 

RSA11 196.40 110.30 2 4.00 4 

W2 46.21 4 1.48 4 

vitro sensitivity of "::.11""" 
Mean IC50 values are in nM 

of P. falciparum to CQ 

27 
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2 CHARACTERIZATIOll OF THE IN WDlO SElISITIVITY OF P. FALCl'PARUM'TO PYROllARIDIlIE 

correlation (r) of 

were used to assess cross-resistance between CQ and 

was a "" .. s ........... "" ...... L positive correlation between to 

a Pearson r-value of 0.93, an r2 value of 0.86 and a P 

0.0074. 

2.4 Discussion 

'The in vitro antimalarial activity of PND that 

previously, (Ringwald et al1999, Childs et al1988, Basco 
! 

1994, et al 1999, Basco Le 

1996, et al1996, Pradines et al1998, 

1992, Chen Chang et al Shao Bao 

confirmed in this study. In this study, 

both CQS and CQR strains of P. Jalciparum 

the world, with ICso values 8.87nM to 

values are comparable to values quoted in the previous 

here also demonstrate PND ICso 

were higher than those for the CQS strains, indicating 

potent against CQR strains. There have 

.......... n.,..,r"" of PND activity against CQS P 

Jalciparum. The study by Childs et al (1988) showed that was 

in vitro against several isolates from Thailand 
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2 CHARACTERIZATION OF THE IN VlT.RO SENSITIVITY OF P. FALCLPARVM TO PYRONARIDINE 

varymg re~nsctarlce levels. 

from artd 

DClLSCO artd 

the hartd, 

showed no 

31 isolates 

by 

et al (1998), Elueze et (1996), Pradines et al (1999), Ringwald 

(1999) artd al (1991) shown a significartt positive 

in response to CQ 

this current 

studies, a correlation was also 

found the in vitro responses to PND artd CQ. 

Although the 

artd PND __ , ....... _ 

to 

chemical structures 

action 

artd PND 

may even act on 

so it that 

CQ artd PND, of CQ 

the '">"1r.n-"h .... .,, of 

loss 

similar features m their 

same molecular 1-<:>'1"' ... ".1- ill 

are 

have that that 

share chemical (e.g. mefloquine 

have 

the 

cross-resistartt patterns (Churchill et al 

halofarttrine, chloroquine 

C04eIIllClC~nl:S for 

artd close 

Bray et al 1996. ,IJ ..... "' ..... .., 

1993, al 

developed a 

lasH:<lv~~ro et al 

artd Robinson 

berghei 

of Plasmodium 

CQ artd other structurally 

Bao-ru (1990) 
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2 CHARACfERIZATION OF THE IN WTRO SENSITIVITY OF P. FALClPARUM'TO PYRONARIDINE 

reports a 

mepacnne 

In '"'V,LJ, ... ,L .... 

falciparum 

strains 

is not 

line of which showed cross-

piperaquine, amopyroquine, 

in vitro 

has been 

activity against all 

sensitive to 

to PND ofa 

PND a 

strains tested. Although, CQR 

CQS strains, difference 

30 
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3 

TIME- AND CONCENTRATION-DEPENDENCE OF 

PYRONARIDIN'E ACTIVITY AGAINST DIFFERENT 

STAGES OF PLASMODIUM FALCIPARUM. 

3.1 Introduction 

The developmental cycle of Plasmodium Jalciparum in blood cells 

48 early to 

small pigmented to large uninuclear trophozoites, and binucleate to 

Mitchell 2003). on 

species of Plasmodium have demonstrated considerable stage 

dependence in 'U""lMr,, aST)eC"ts of U.u.JLlLl'; DNA, 

RNA protein synthesis, and phospholipid turnover (Vial et al 

1982, Allred and 1983, Dean et al 1983, Gritzmacher 

1984, Inselburg and Banyal de Rojas and 

1985, Ben Mamoun et al 2001, Mitamura and Palacpac 2003). Little 

known about any of morphologically 

distinguishable to PND. 
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3 STAGE, TIME AIm STAGE DEPENDENCE OF PYROIfARIDmE ACTIVITY 

could provide important about the mechanism of action PND. 

Any 

chapter were ""'''''''J.I<:.s.''''' 

of ",.u.U.l.'_CU unportc:m(~e 

uoesc:::erlce rates. The studies in 

to characterize the in vitro stage-, time-

and concentration-dependence of PND antimalarial 

Plasmodium talc::rOClru 

3.2 Methods 

1 Time-dependence of PND action 

The trophozoite- and "'.'-JLU.L-<VJLl ue~c[eu .I-".L'>J.J"-'.';> were exposed to a 

concentration of 10ngjml ofPND for 1,2, 6,8 and 10 hours and to 

nh-"l.P1nlP the onset the of drug terms of inhibition of 

The of 1 Ongj ml to 

known IC50 of for the CQS clone, 10, used for this investigation. 

were set at 20/0 1%, 

of IJL,"LJ"''''' at (0 hours), 

hours) or (32 hours) were exposed to culture mceOllurn 

containing PND for the time durations indicated above, in 200ml 

sealed culture flushed with a gas of 93% N2, C02 

3% and incubated at At the designated time points a 

10ml ,;;>CUUIJ.L'- culture was removed from the UD.,"'n. flask was re-
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3 STAGE, TIME AND STAGE DEPENDElIlCE OF PYROlllARIDDIE ACTlVITY 

flushed with gas mixture, sealed and re-incubated at The 10ml 

"" ...... U.IIJ,L"-' was Cel1trllruj~ea at 700g 3 was 

UJl'-.IJ....... pellet with 

medium and resuspended drug-free culture medium 

at 1% hematocrit. 200pl this culture was then onto.a 96-

flat bottom well The plate was set up as follows: the 1 st 

.... V,LI .. U.JlUJ. was ........ ""JlI',Jl .. ClL'-"U. for the (RBCs 

was for control culture (pRBCs not to PND) columns 

3 through to 8 were for pRBCs to for 1 hour 

through to 10 hours. experiment was set up in replicates of 8 

(rows was then covered with a lid, 

a ae:SlCCa1[Or cabinet, "'a.,"'''' ......... LIeu .......... at 37°C. The 

plates were incubated until next trophozoite stage; 

were allowed to go through one cycle of multiplication. Therefore, 

were for hours, for 48 

"' ..... UU'VJ.H.'" for 36 

incubation 1511l samples from well were 

to corresponding on a new 96-flat bottom well 

microplate for parasite viability using the LDH assay 

Appendix A3). test well was expn~SSieQ 

as a percentage the corresponding control well. 
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3 STAGE, TIME AIm STAGE DEPENDENCE OF PYRONARIDDlE ACTIVITY 

concentration dependence of PND the 

the CQS D10; was investigated. synchronized 

cultures were exposed to PND as (0 hours), trophozoites 

hours}. lOOp! of PND solution 

of SOOng/ mI, 

Spg/ml and 10pg/ml were into plastic 10ml 

A 10ml pRBC culture at 1% parasitemia and 1% 

was then added to the tubes, making fmal PND 

concentrations of approximately 2ng/ml, Sng/ml, 10ng/ml, 20ng/ml, 

SOng/lOOng/ were then "",-co,",...,u 

I tubes were "'.u .• """"'-' ....... ·~~£~&f at 

during the incubation period to keep At of 

incubation period the pRBCs were spun at 700g for 3 minutes. 

supernatant was and discarded and the pRBC pellet 

was culture The was 

finally ",\.-J.J.U,,""" in 1 Oml fT_Y1rpp culture UU;;UJ.UUL.l. 

A sample each tube was 

bottom well microplate. The 

on a 96-

column on the microplate was 

blank (RBCs alone), the se(:on.Q was set as the control wells set 

not to PND). 3 through 8 were set as the 

test (pRBCs ex):'os(~Q to PND). Rows A through were set 

replicate ,,"CU .. U.IJL"'" (n == nucr<)Pl;ate~s were <',"""PT-pn loosely a 
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3 STAGE, TIME AIm STAGE DEPEl'IDEl'lCE OF PYROIIARIDIRE ACTIVITY 

lid, p.u:;L'-"'U. ill a desiccator and incubated at 37°C. 

were incubated 72 hours, trophozoites 48 hours 

schizonts for 36 hours to allow to next 

to rnlM"'p,~T'I 

viability 

viability 

incubation, lSpl 

on a new 

LDH (see 

test wells was compared to 

viability in corresponding control wells. 

well were 

A3). 

parasite 
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3 STAGE, TIME AND STAGE DEPENDENCE OF PYRONARIDmE ACTIVITY 

3.3 Results 

3.3.1 Time dependence of PND action 

Exposure of pRBCs to PND for VarIOUS lengths 

of growth. In all stages of the DIO 

were telgte~d. PND were 

seen within 1 hour of exposure to the 

34.3% (±10), 48.0% (±13.2) and 89.0% 

with growth inhibition at 

0.5) for rings, trophozoites 

3.1). Schizonts were most 

1 

hour of exposure, followed by trophozoites maximal inhibition 

within 2 hours; the ring were the least with 

.... U=<AJ.uu;u. inhibition LlU;u. .............. only 4 hours to PND. 

-O-rings 

---III- trophozoites 

-e- sdUzonts 

Length of exposure to PND (hours) 

Figure 3. 

re1Dn~s«:mt:s a mean value, with the error bars representing the 
For rings n 4, for trophozoites n 5 and for schizonts n 3 

36 
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3 STAGE, TIME AND STAGE DEPENDENCE OF PYRONARID:mE ACTIVITY 

3.3.2 Concentration dependence of PND action 

the stl::lIle-St)ecltlc of PND c;.y;<cuu.;:,... the DIO 

clone of Plasmodium falciparum. The estimated concentrations of PND 

for 50% inhibition of viability were 5.0ng/ml and 

10.5ng/ml for schizonts and trophozoites, respectively. A 50% 

inhibitory for ring could not be 

as 50% was not with the 

concentration range employed here. The results indicate that the later 

are more susceptible to PND that 

parasites with schizonts being more sensitive than trophozoites. 

100 

80 

,! 60 
'r;; 
f 
~ 
'$. 40 

20 

8.0 

-III- trophozoites 

--- schizonts 

0.5 1.0 1.5 2.0 

log (PNDJ (ng/ml) 

Figure 3.2: dependent of PND on 

ring 

""La,~\,;"" of D IO viability. to PND for I 
datum point a mean value, with the error bars 
the SEM. For rings n == 3, for trophozoites n == 4 and for 

n=3 
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3 STAGE, TIME AND STAGE DEPENDENCE OF PYRONARIDINE ACTIVITY 

3.4 .ulSCU!~(ItD 

The intra-erythrocytic development of the malarial parasite is 

morphologically by trophozoite 

schizont. Investigation 

would contribute towards the understanding 

to PND 

the mechanism of 

action the ""v1n""'-01T.""..... to 

aelpella<:~n(:e of PND "" ......... ...,....... PND was 

the culture medium at a specified time exposure; therefore, the 

effects on 

function of the ..,~" ..... ""' .. v of 

The degree of 

time of exposure in all 

the life cycle can 

stages exposed to 

seen as a 

activity of PND was dependent upon 

stages (figure 3.1). Incubation of 1 hour 

was .... u .• "" .. ,,, ...... to cause """f:."U.U'l..-C::U" viability. Longer 

times and 

returning pRBCs to culture medium did not the 

the process(es) by PND IS (are) 

of which 

lethal. The increase ill the antimalarial eneC1CS observed at longer 

not to as 

state concentrations of PND within the parasite are """" ..... u'Vu. within 30 

of to the 

washing times of the to 

4.1). 

did not 
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3 STAGE, TIME AND STAGE DEPEl\IDENCE OF PYRONARIDIl'fE ACfMTY 

parasite viability (data not shown), meaning that irreversible 

are not likely to to of drug 

of seen are 

consistent with morphological of the malarial parasite 

after exposure to PND. Wu et al (1988) et al (1996), using 

that 

seen Plasmodium falciparum eXl00~;eQ to PND are seen within 30 

minutes. These include ultrastructural changes to the 

digestive food vacuole and the pellicular complexes. The irreversible 

of PND were seen to be concentration as 

exposure conc.en:tralti(]lnS for just 1 hour produced 

to same effect as longer exposure times at a lower single concentration 

of PND (figures 1 

100% inhibition of 

concentration used. 

of 

3.2). excelouon was 

growth was not obtained at 

show clearly 

different ",'V"~,_,,,,-.. y to PND. The schizonts are the most susceptible, 

followed by seltlsitivity proflle was 

seen in a time- and concentration-dependent manner in all three 

Although the 

and trophozoites is not great, what is clear parasites 

are more to PND than more mature parasites. This 

might by I'hti' ... 1"'''· ..... m rate uptake 

parasite, differences intracellular factors or components 
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3 STAGE, TIME AND STAGE DEPENDENCE OF PYRONARIDINE ACTIVITY 

nece::'SI3IrV to accumulate inside the or changes in 

specifically the "' ..... 1r;""ihT or importance of a metabolic process 

inhibited by PND. It appears general metabolic occurs 

as stages become morphologically distinguishable as 

and this continues for ""':" .... ..,,1 

such as 

A'VAAF,l .. U» of time 

protein 

hemoglobin (Allred 1983, 

and Banyal 1984, Gritzmacher and 1984, de Rojas 

Wasserman 1985, Orjih et al 1994). Of possible targets of 

DNA (Chavalitshewinkoon et al 1993) and 

Wu et al 1988, et al 1996) 

serlsitivi1tv to 

Cl;:>;:>C~;;:>CU as hemozoin production (OIjih et al 1994) 

showed that at the early ring 

catabolism. 

with 

30 and 

is an abrupt 

production 

DNA 

is little or no 

to a high rate of 

a peak 

occurs 

trophozoites to with peak occurring just 

schizogony (Gritzmacher and Reese 1984, Rojas and 

Ben Mamoun et al 200 1). How PND proposed to 

pnl)cc~slS~es has 

to bind heme 

sequestration into nemC)ZOln, 

1. 

and 

of toxic J.J.'V.UJ.'~' 

during as the 

interferences of 

hemoglobin 

causing a 

rapidly 

replication would exoe'cte:d to inhibit c:..""''-'L>.'''~ 
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3 STAGE, TIME AND STAGE DEPElIIDENCE OF PYRONARIDmE ACTIVITY 

development of parasite. 

4.2) PND 

18 and 

trophozoite schizont _"'Tl:~O'P'''' 

of these ;:>I.CU::.":;;;:> to PND. 

and this 

4 (figure 

to 

greater 

Of interest the time- specific of PND 

observed this are similar to actions 

lO(;llUim Jalciparum. more against at 

et al 1983, et al , and CQ exerts 

inhibitory effect on blood cell parasites 

one hour of """v-n" .. "" .... j5 .. n;u ... and Ginsburg 1991). 

Now the in vitro of PND antimalarial 

against Plasmodium Jalciparum IS defined, it is not 

or not would derived 

that 1-""~ .... ,,.1- different of with 

intra-erythrocytic (e.g. parasites or merozoite 

The .. """' ...... ,;<=> of would to be 

into account. 

clues PND .. u'"'" ..... J'CUJ' ...... ,LL of been by 

of the of PND more 

effective ..... F.' .......... ,"'" the more mature and 

are degrading hemoglo bin In 
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production is at This a action PND 

»U".LL.L';A-'. to in which hemoglobin " ............ "'~A ... "' ....... 
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CHARACTERIZATION OF PYRONARIDINE ACCUMULATION BY 

1 

1996b), 

INFECTED WITH ~~~MrM'..,~~~~g-. 

V'-'~~i:)i:) of PND uptake to biological 

of the drug is clear. The cuJ. ... J.u,u::u.:;u 

mode of action of the 4-aminoquinolines 

Krogstad et al 1988, Hawley et al 1 

'-'.Le:;«,,,,,' ...... "" of antimalarials 

et al 2001, Vyas et al 2002} are to 

accumulation in the 

are not 

activity of CQ stems 

more CQ than 

LJ~l.a..IJLi:) of the accumulation 

Although closely 

CQ and PND in the parasite appear to 
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4 CHARACTERIZATION OF PYRONARmINE ACCUMULATION 

shows anti-malarial potency than CQ both CQR and 

CQS Plasmodium falciparum. Assuming that PND and CQ have a 

common primary pharmacological 1-" ... ",,,,,1- In greater 

activity of PND might due to its superior accumulation 

into food or the target site could more sensitive 

to PND. As with CQ, PND a weak with pKa ve;u,"'- ..... '" of 5.9 

8.9 for and side chain nitrogens, respectively 

(Chavalitshewinkoon et al 1993), ..... ""'r .. " with 8.1 and 10.2 for CQ, 

and" like CQ, would be expected to accumulate m acidic 

such as the food to 

lysosomotropic effect. PND should enter the parasite primarily by 

diffusion as an uncharged species. the protonated 

forms of the drug would be membrane-impermeable, PND might 

Oe'COlne trapped the acidic food vacuole. lower pKa 

values suggests that PND should ,accumulate to a lesser extent than 

CQ. However, it demonstrated AMQ, which also 

lower pKa values, accumulates to a greater extent than CQ m 

erythrocytes (Fitch et al 1974, Hawley et al 1996a). 

Accumulation studies might also highlight potential 

pharmacological for CQ and PND. 

,'The availability of radiolabelled drugs that retain their biological 

activity has been useful identifying sites for 

about manner which 

with receotors (Limbird 1985, Kenakin 1997). Radioligand 
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was the approach to characterize 

accumulation of PND in Plasmodium Jalciparum-infected erythrocytes. 

1 l<aalcltaJ'ettea Drugs 

4.2.2 lVl€!aS1Ur€!m€m oj drug accumulation 

post-invasion) 

. bath) 1 

otherwise 

were aliquoted 

started by 

erythrocytes 

rO][llZ,ea at the 

set at a parasitemia 10% were 

reactions were "'''''rt''''lI.,.rI 

JJ.":;~"'''Jl,", microcentrifuge tubes 

the start of the pv ... .,.· .. , 

the micro centrifuge tubes 

a 1000 J.Ll suspension 

comlPu:~te culture at a hematocrit 

- 30 hours 

for drug 

(water 

unless 

reaction was 

or uninfected 

tubes 
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4 CHARACTERIZATION OF PYRONARIDlliTE ACCUlllULATION 

were gently at during incubation period. 

60 minutes the ... ""<>1"',.., ...... was stopped by spinning down the cells 

through a layer of 100til of dibutyl phthalate oil (Sigma-Aldrich Co, 

at 13000g for 60 When a 100111 

of reaction medium was removed and placed a 

scintillation vial, and the rest of the medium was aspirated together 

with of dibutyl 

La.uCUU.1'> the pellet was cutoff 

The tip 

placed in a scintillation 

tube 

and 

processed scintillation counting. For medium samples, 100111 of 

any colour, 

Groningen, 2ml of scintillation fluid (Ultima Gold, Packard J:n<)SC:1erlCe 

The Netherlands) was added. For cell samples, 200til of Solvable (0.5 

molar tissue and gel solubilizer, Packard Bioscience) was added to the 

Mter incubation for 15 minutes at 70"C (heating block), 50til of 

O.IM EDTA was added to the vials. The samples were then 

de colorized with 100til H202 before adding 2ml of scintillation fluid. 

Samples were then shaken vigorously and allowed to sit for at least 2 

hours h""'t ...... ",, scintillation counting in a 4640 

Drug accumulation was 

either as fmoles taken up 

(AR) calculated 

the infected cells compared with 

trophozoites or as 

the amount of drug 

amount of labeled drug a 

vu.<u,C,.., of medium after incubation. The amount of labeled 

46 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4 CHARACTERIZATION OF PYRONARIDIl'ItE ACCUMULATION 

drug taken up by uninfected 

uptake. 

Stage of PND accumulation 

cultures were synchronized at 

as possible to merozoite invasion. 

0.,;:0.1." .... ',;:0 was 6 The 

in complete sorbitol 

was subtracted from total 

early ring st"lR:e~S as close 

difference 

aSJLtelml,a was set 

at 10%, and the culture was permitted to grow under normal culture 

conditions. time intervals, .aliquots culture were 

removed to measure PND o.'-' ___ .... LU' .... U:>.U' .......... 

4.2.4 Glucose temperature dependence of PND accumulation 

Infected and were at the llJ.'CLL,-,a.L,,-,'-J. 

for 15 h""·tnr'",, being exposed to [3H] , 

which the experiment was l"!::ITr1pn out at the indicated temperature. 

was out 

ill Phosphate Buffered Saline (PBS, pH 7.3). the cells were 

ill to remove 

and thenre-suspended PBS supplemented with various 
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The parasite transmembrane 

external pH with Hel 

proton nrl'1n:IRn 

was altered 

NaOH. The 

changing the 

used was 

PBS, with 1 The 

UL.;;;o..LJ, ..... LU was the period and 

was found not to be different. 

perturbed with 

parasite 

proton 

inhibitor 

with a 

transmembrane 

ionophore 

bafilomycin Al 

I6-membered 

gradient was 

(1 pM) and the 

Bafilomycin 

""'''' ...... ,''"' vacuolar 

a macrolide 

ring, isolated from Streptomyces. It an 

potent of vacuolar 

acidification of lYSiOSlomles 

.... u .... ""-•. '" effect and its 

(Bowman et inhibition of 

Al used to acidic 

including the ....... ,"'''-'''' ...... ,,'"' food vacuole Plasmodium Jalciparum (van Es 

al 1994a, Yoshimori et al 1991, et al 2000, al 

2002). Nigericin a carboxylic 

and the 

Nigericin equilibrates both K+ and H+ across 

lysosomal which results 

across the 

et al 1996}. concentrations 

\f ..... ,,.Ui~a.'LLVU have previously 

decrease of the 

Schrevel I 

bafdomycin Al 

shown to "')'-'.un,,, 

food 

a in this 

change 

without 

gradient across 

parasite viability et al 1996a). 
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The parasite '"' ........... u were incubated 
. .. 

nlgencm bafilomycin 

Al for 15 prior to initiation accum ulation 

4.2.6 ""1'1'.0""" PND 

The PND-[3H] was mixed with non-radioactive to a series 

PND-[3H] preparations with lower specific PBS 

10mM ..... 'AJO" was used as reaction medium . 

4.2.7 binding 

The ..... u ........... a.uvJ.J. of a was 

the presence absence of 

of ............. ""' ... ,"" .. ,,"""'" drug. A volume of 10!!l unlabelled was 

the tubes ... <A.L" ........ 5 the radiolabelled 

concentration was adjusted so as to 

the 11"'<:\1T'",11 when the "' .... "'1-'.1.0 ...... ,: .... "" .... was 

added. These experiments were carried out supplemented 

10mM 

8 Analysis of Radioligand binding Dv,no,,.,",, 

analyses of the radio ligand binding pvr'PT1 are based on 

law mass action 1985, Kenakin 1997): 
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+ RECEPTOR!:+ DRUG-RECEPTOR 

form at the same rate as 

x [RECEPTOR] X KoN [DRUG-RECEPTOR] x 

are 

equation 

KD: 

analyses 

analyses were 

With the t 

I 

~oov'v~a.~~~~ and ~~~'OV~L~ constants, 

equilibrium re:::rrnmJl~ed to ..................... .., 

x RECEPTOR] = IKoN = KD 

I or molar, concentration of 

out 

a P value less was conS:la(;~rea 
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4.3 Results 

1 Time course of PND accumulation 

time course of uptake into CQS 10 at an 

of 

of PND was over 1 to 

no significant increase 

permit accurate measurement of 

1 

8000 

2000 

o 20 40 

course 
as .u. ... 'VA.~_ ... 

the mean of 
ret)re:ser,ltlIll~ the SEM. 

1 

60 

Time 

shown 4.1. uptake 

steady or 

within minutes, 

The methods employed not 

at incubation times 

80 100 120 

point 
error bars 
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4.3.2 Stage SD€?Cm of PND accumulation 

PND ac(~urnu.latilon was at selected along the 

48-hour growth period of D 1 0 "'t-.. "' ..... of Plasmodium falciparum, at 

an extracellular concentration of the drug of 10nM. The 48-hour life 

was divided up into 6-hour segments, as there were always a few 

the of lTun", 

This was the 

between parasites. Figure 

with 

18 

shows that 

synonymous with early trophozoites 

parasites accumulated drug. Time points 

age 

uptake into the 

that 

mature 

hours were not 

L ..... U.""" as a proportion of the <A.,."L"", had begun to 

from blood Idet:ern:l1n~~d by 

0-6 6-12 12-18 18-24 24-30 30-36 36-42 
TIme after merozoite invasion (hours) 

Figure 4.2: PND accumulation at different time points the 
of 10. two 
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4 CHARACTERIZATION OF PYRONARIDIlIIE ACC1llltWLATION 

Effect {PND] external on PND uptake 

PND u.u ..... ,u,a.w.u •• into the 10 strain of P. falciparum was measured 

as a function of increasing ""v·t"" ....... medium PND concentration over 

the to 500nM. Figure uptake occurs in a 

manner as the 

rapid (steeper concentration of 

50nM and a second slope) 

60000 

40000 

20000 

%--~---lO~0--~--2~00--~--3~00--~---40LO--~--5~OO--~~6oo 

IPND] ext (nM) 

Figure 4.3: of .... ",-,,,, ..... >./<:. [PND] external on PND into 
DI0 strain of P falciparum. point represents the mean of 
7 experiments done in duplicate, with SEM. 
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4 CHARACTERIZATION OF PYRONARlDIJ!IE ACCUMULATION 

The uptake versus lexteITlJal data were by a computer 

program. an iterative procedure Pad 

"","''''''''''''''-' 3). to an equation that into consideration the total 

uptake '"'VA' ............... of two of saturable a LLV ...... -'''''''' ... 

(Motulsky, 1 This 

(i.e. non-specific) component directly proportional to 

drug concentration over concentration range 

[TD J = (([ED J x Bmax) I ([ED J + KD)) + x [EDJ) 

[TD] binding J.,U<:lI .. U'V the 

drug concentration, AJA.,UOD..l'.L is the """11-'''''''''''' 

KD is the dissociation constant of 

slope of 

equation 

rectangular 

saturable and 

a hybrid 

su perimposed on a 

component. 

[ED] the external 

or concentration binding 

at the binding site, m 

drug This 

consists a 

line, indicative of a 
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4 CHARACTERIZATION OF PYRONARIDINE ACCUMULATION 

Figure that equation described 

containing terms for a rectangular hyperbola and a straight line 

fits data .-. ... 1-1-....... than regression equation for a straight 

These therefore support the "',.,,' ..... t' .... of at two C01ffit)OIleIlts 

PND accumulation, one other which 

15 

± with estimated to 7749 ± 395.7 ...... u ..... '-'''' / 

trophozoites. 

60000 

40000 -.. 
~ 

"0 
! 

20000 

/' 
/' 

/' 
/' 

/' 
/' 

/' 

100 

/' 
/' 

/' 
/' 

/' 

200 300 

(PNDJext (nM) 

400 

m(:re:aslnR: [PND J external on 
datum point 

500 600 

line 
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When PND uptake 

and expressed as 

aspect of PND 

the 

external drug 

significant 

across the drug 

150 

125 

<) ,., 
0:1 

100 ... 
= <) ,., 
0:1 
:; 
e 75 
8 
'" ~ 

f 50 

25 

0 

Figure 4 .. 5: 
unparasitized 
[PND Jexternal. 

5 

plotted as a function 

accumulation ratio 

demonstrated more 

of PND 

Increases from 

was observed in PND 

range used. 

10 20 50 100 

(PND1_(nM) 

In(~re;aslng [PND ] external. 

seen as 

to 500nM. No 

uninfected RBCs 

~pRBC 

IIIIIIIIIRBC 

200 500 

in parasitized red 
(DIO) at 
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Homologous competitive binding experiments 

binding measure binding a 

presence 

the same as unlabeled 

unlabeled competition curves can 

to MPtPT'Tn1 

and also 

the affmity the drug 

receptor number 

iornOiOf;l[OUlS competitive u.u.J.U' .. I.J.~ 1995). 

an 

there 

that LL.U .... U ..... L ... LU. drug depletion 

and that 

concentration of labeled drug. 

The theory homologous 

binding to a "" ......... ~ .... 

;:::)P(~Cn:lC binding = ([ligand] x 

{Ligand] sum labeled and 

binding of drug equals 

the that 

Therefore of labeled drug 

equation: 

the intracellular ...... ''' ......... 1-n, ... 

and capacity 

ua~>vu on the ..... ~,J .......... I-' 

the 

the uptake 

10% of total) from 

proportional to 

starts 

of receptors: 

I ([ligand] + KD) 

drug, and 

of all drug 

(hot I (hot + cold)). 

by the following 
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Sp. binding of labeled == sp. ovu.u .. u, .... F" of all drug x fraction of 

labeled 

= (([Hot] + [cold]) x BromM ([hot) + [cold] + KD)) x (([hot] / ([hotJ + [cold})} 

== x [hot]) / ([hot] + [cold) + KD) 

Total binding equals SP,eC]111C Uti ....... ! ..... ,,", plus non-~me~ClIlC UUH .. U .. li 

non-specific binding depends only on the hot drug (set at 10nM), it 

remains constant. Therefore: 

Total binding = "~jlU<tA x [hot]) / ([hot) + [cold] + KD)) + non -specific 

binding 

The GraphPad software program, Prism, fits 

total versus of 

equation to a plot of 

cold 

through an iterative procedure determines the values for log KD 

SDleCl.I1C binding. 

Homologous competitive binding eXpelnIIlerlts were .... ~?-r11'·rI out for PND 

CQ infected with 10, at an ........ 1-..... ''0""\ 

drug concentration of 10nM. Under the experimental conditions 

depletion drug the medium was considered 

minimal (less than 10%). The homologous competitive binding curves 
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fOT PND and are m 4.6. curve described by 

equation the well with r2 of 

0.9944 0.9994 PND and curves, 

CQ were 68.2nM (95% "'-VJ,U"''''''''J.,l'''-''' intervals 

18.36 253.5) = 106.9 -

384.6) , respectively. Bmax values, at [DRUG]EXTERNAL:::;: 10nM, were 

11710 fmolsJ 106 trophozoites ± 4 and 160500 fmols/106 

± for for 

CQ was approximately times for PND. 

of total binding that was 1011l-Sl)eciilc was 45.28% ± 3.99 PND 

± 1.34 for CQ 
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3000 

A 
2500 

2000 

... 1500 e ,... 

'" III <1> 
"5 

1000 III--.s ----

500 binding 

0 
-11 -10 -9 -8 -7 -6 -5 -4 -3 

log (PND] (molll) 

15000 

12500 

10000 

7500 
.... 
III 

-a 
5000 .s 

2500 

non-specific binding 

0 
-11 -10 -9 -8 -7 -6 -5 -4 

log (CQ] (mol II) 

Homologous competition OJUA.\.UU.Fi. curves for PND (A) and 
datum poin t of 3 separate 
done in triplicate, with error representing 
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120 

A 
:::;- 100 III 
E =: 
o 
'" '-
o 80 
'! 
'-' 

== .S! 
~ 60 
~ e 
8 
at! 40 

20 

------------------------------~-~-~-~-=-~-==-=-~-----

non-specific binding 

OL-~ __ L_~ __ L_~ __ L_~ __ L_~ __ L_~ __ ~~ __ ~~~ 

-11 -10 -9 -8 -7 -6 -5 -4 -3 

log [pND] (molll) 

J20 

:::;- 100 111111------------e 
I:; 
o 
'" '0 80 

20 
non-specific binding 

log ICQ] (molll) 

B 

Figure 4.7: Homologous competition binding curves for PND (A) and 
CQ (B) with accumulation represented as percentage inhibition of 
control uptake. Each datum point represents a mean of 3 separate 
experiments each done in triplicate, with the error bars representing 
the SEM. 
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4.3.5 of glucose on PND uptake 

The 

absence 

10nM. 

erythrocytes, 

glucose on accumulation D 10-infected 

PND uptake was measured in 

prt:~sellce of O.lmM. 1.0mM, 10.0mM 

.... ,,'J"''' (figure 4.8) at an external PND "VA . .!.'--"".!..!. 

did not 

m the of glucose accumulated 

more than with an AR 70.0 ± 

compared with 16.0 ± 1.5 for A"-,-,,,-,"", Increasing medium glucose 

concentration 

uptake (AR = 

1.0mM. 

were less 

PND 

± 16.5) being 

m stimulating 

concentration of 1.0mM. 

into a 

~H."''''''''''''''''' concentration 

and 100mM 

uptake a glucose 

175.--------------------------------------, 

_RUe' 

~pRBC 

1.0 

[Glucose] (mM) 

10.0 100.0 

= 10nM, strain = DlO). 
,",V;'>AA.LAAA. represents a mean value of 3 "''''', .... '''', .. ''''t·'''' experiments done 

with 
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4 CHARACTERIZATION OF PYRONARlDINE ACC1J.lll£ULATION 

4.3.6 ""f"fconf" of temperatu re on uptake 

effect temperature on the ~""'-' ..... "A.A""'A.'04.LA.'U"" by (DI0 

strain) was .u .... ,J""'" ........ PND concentration 

concentration within the for DI0). cre:asllng the 

incubation temperature from O°C to In a progressive 

PND accumulation (figure 4.9). ± fmoles I 

106 trophozoites of PND were at 37°C """,1"" to 

± 252.0 uu","'''''''' I 106 

3000 

2500 

2000 

'" 1500 Q ... 
-. 
'" ..!l 
Q 

1000 .! 

500 

0
0 

Figure 4.9: effect 
10. [PND]ext = 

separate eX1Pelrtnlerlts 
the 

phoZ<)1t{~S at 

10 20 30 40 

Incubation temperature ("C) 

temperature on the accumulation by 
Each point the mean of 2 

The error 
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4 CHARACTERIZATION OF PYRONARlDINE ACCUMULATION 

4.3.7 The effect of external medium on PND uptake 

of the gradient by the 

medium from 6.0 to 8.5 produced a remarkable 

III the amount of PND accumulated by PND 

concentration of 10nM (figure 4.10). The PND accumulation ratio 

;n::;,d:SC::;:S from 40.0 ± at pH 6.0 and !J''Vc:t..n.<:> h .. 1rn7"' ......... pH 8.0 

accumulation of 147.5 ± 8.8 and ± 17.4, 

respectively. No appreciable difference was obsetved the PND 

uptake RBCs across (6.0 -

175 

150 -G-RBC 

-pRBC 
<:> 125 --= 01 .. 
=: 
<:> 

--= 100 01 

= e ::s 
i:l 75 
01 

~ 
50 

25 

6.0 6.5 7.0 7.5 8.0 8.5 9.0 

External medium pH 

(infected with 10). 
point represents a mean value of 4 separate experiments each done in 
triplicate. The error represent the SEM .. 
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4 CHARACTERIZATION OF PYRONARIDIl!m ACCUMtlLATION 

8 Effect of Bafilomycin and n11"1D?"frrrn on PND accumulation 

4.11 shows the use of bafilomycin Al (1 p.M) and nigericin 

(IpM), to or collapse the transmembrane 

PNO 4~k 

No were 

by in the presence or absence of bafllomycin Al 

.S 
-; .. 
;::: 
.S ... 
I!'I 

'3 
E! 
:::I 
<.I 
<.I 
I!'I 

f 75 

50 

25 

Figure 4.11: 

Control Bafilomvcin Al 

_RUC 

~pRBC 

Nillericin 

of bafllomycin Al and on PNO 
into and (010). 10nM. Each column 

values of 2 experiments, each done in 

65 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4 CHARACTERIZATION OF PYRONARIDINE ACCUMULATION 

4.3.9 effect of bafilomycin on pre-accumulated 

effect bafilomycin Al on pre-accumulated into 

'-'''' .... 1':.'''' ... " ..... In to binding on 

Two were run. In the 

a normal course PND over 1 was 

done, In other, baftlomycin Al (lpM) was added to 

at 30 incubation with radiolabel1ed 

PND. 4.12 allloIlrly<::m A 1 caused a 

accumulated from pRBCs, proportion 

release 

'" " 

to 

6500 

"! 6000 
o 
is. 
o 
!:: 

approximately 20% of prle-~lC(:Uln .... J.a..,,-,u. This 

""~LU,HJ. 5 baltlolmycm A 1 being added. 

-l1li- colltrol 

--D- bafilomycin Al 

bafilomycin added at 30 min 

Incubation time (minutes) 

The 
into (DI0). 

of bafilomycin Al on pre-accumulated PND 
== 10nM. Each datum point represents a 

mean value of 4 separate experiments, with errors 
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4 CHARACTERIZATION OF PYRONARIDllIE ACCUMULATION 

4.3.10 Heterologous ~0T11nl'mtirve binding DVlnD'l"f:nnron 

were out to see effect 

CQ, AMQ and MQ uu""" ...... on PND 10). 

was to determine whether these bind the same receptor in 

Figure 4. 

unlabelled 

the competition curve for uptake 

bottom of 

PND uptake. 

uptake with unlabelled PND. 

.......... 1..1.'-" ...... ...., ..... by .......... A."" ... ,....,u,....,u. 

curves appears to plateau at 

CQ not C01nple 

the 

uptake was (100%) 
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4 CHARACTERIZATION OF PYRONARIDINE ACCUMULATION 

100 

:::;. 
g 
I: 80 0 

"" '" 0 

:i{ 
~ 
c 60 
0 

~ 
'; 
E 
::I 40 "" " 01 

~ 
20 

140 

20 

Figu:re 4.13: 
accumulation. 

A 

III 

-10 -9 -1 -6 -5 -4 -3 

log ICQ} (molsll) 

B 

III 

log lPND] (molsll) 

curves for 
A = PND accumulation as a function· of CQ 

lOnM 5). CQ accumulation 
[CQ-H3]extemal =: lOnM 
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4 CHARACTERIZATION OF PYRONARIDINE ACCUMULATION 

maximal inhibition 

into controls) 

not compete with 

range ofMQ 

Figure 4.14: 
(010) byam10ctulq 
= 2nM. Error 

200 

inhibited PNO pRBCs, 

(by approximately to 

at [AMQ] of 4.14 A). 

into pRBCs over external 

(0 1000nM) (figure 

400 600 800 1000 

B 

[me8oquine] ru\1 

in pRBCs 
::= 2). [PNO-H3] 
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4 CHARACTERIZATION OF PYRONARIDINE ACCUMULATION 

11 PND accumulation in various strains of Plasmodium falciparum 

PND CQ were UL'-'''''-.::t ... u CQS and 

CQR of Plasmodium falciparum at external concentrations 

of 10nM. Table 4.1 summarizes the obtained from these 

accumulated 

IllIles more PND however, both U"''''' ..... ""I?L .. "'...... less in 

than pRBCs. mean CQ AR for CQS (D10 and 

3D7) (1857.0±376.0) was significantly greater == 0.0091) than the 

mean CQ for CQR K1 and RSA11) ( 

was not a """'5,"'U"'J.-'-""""'J. between mean PND of 

CQS parasites (131 and the mean AR of CQ R parasites 

1.61), P == 0.26. In CQS ""-<>""""''''. the mean CQ was 

AR (P = 0.05), while CQR rafutt::s there was 

no difference hAi""""''''' .... the mean AR both drugs == 0.4749). 

n n 

10 2233.0 160.7 3 170.7 2.8 3 

1481 490.0 3 91.3 18.9 3 

Fac8 213.8 21.9 4 4 

K1 60.7 6.4 3 104.3 3 

RSA11 95.0 3.0 2 88.0 24.0 2 

RBCs 3.4 0.2 15 7.9 0.5 15 

for CQ PND 
Plasmodium falciparum, in 
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4 CHARACTElUZATIO:R OF PYRO:RARIDIllE ACCUll!ClJLATIO:R 

4 Discussion 

but 

more 

about 

erythrocyte. This 

of PND 

in contrast to what is known of CQ 

indicate that the mechanism of PND 

is closely similar to that CQ, 

are some dl1tte]'erlCC:~S h, .. h."''''''' .... two drugs. 

pattern of 

to the 

concentrations appears to result in a 

accumulation (figure 4.3). The first phase 

to saturate at an 

of 50nM. The phase starts 50nM 

<:on·n"'<" .... "" to slower and not saturable. analogy with and 

AMQ. the first phase would high-affinity low-capacity 

low-affmity 

tJV""' .• L (Fitch 1970, Diribe 1985, 

et al 1996b). 

binding to a 

The high-affinity component would 

low-affmity component would 

binding. The low-affinity, 

component represents non-specific van der Waal interactions 

of PND uptake The 

seems to have a lower capacity CQ and AMQ. which at 

of 100nM al 1996b). 

the homologous binding curves for PND and 4.6 and 4.7), 

of PND involves binding CQ. 
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4 CHARACTERIZATION OF PYRONARIDIlITE ACCUMULATION 

might due to of PND et al 

and the pr;es(~n(~e of a hydroxyl group side 

which would 

interactions with 

IJU,L>..U.U."';; affinities for 

more hydrophobic 

and RBC components. The estimated 

receptor and CQ were of 

order of 10-sM, which to values ... "" .... n ..... t-Arl for a 

CQ receptor (Fitch 1969). 

and were not significantly (95% 

overlap considerably). The ~,,,,,'u.uu:u, ........... binding capacities, at 10nM, for 

PND CQ were with binding for 

approximately 14 

intriguing 

receptor 

stoichiometry 

molecules of FPIX 

greater that of This an 

CQ are interacting with same 

more binding for CQ for PND? 

IS with a 

, a single of PND more 

CQ). It has suggested FPIX as 

a 'U.LJ..LL'v.l. in the en'Vlr,omrnen of the vacuole, drugs to 

the 

this 

other 

1:7 for 

(Dorn et al Dom al (1998a) .... Ki"" ...... :>L that 

.. u..u .... 'v.. stoichiometry 1 for CQ and 1 PND. On 

(2000) 

and PND, 

a drug:heme st(JIlctnolrne 1 

It seems that less ...... "'n.'V .......... 'L'V,;:> of 

PND saturate all 

might eXPl~un 

the form than CQ . 

PND, ..... 01"""rI with CQ, are 

required to Binding drug to prevents 

of hemozoin eventually to a of 
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4 CHARACTERIZATION OF PYRONARIDIliE ACCUMULATION 

or (Sullivan et al 1996b). 

the stoichiometry quoted by Dom et al or Egan (2000). a 

single molecule of PND would cause twice as much build-up of 

CQS of P. ICso 

J:>...U.illJl5 are appn)Xlm~ltel" two ... ,.,....""'''' lower 

than CQ (table 2.1 in chapter 2). could be other factors 

to 

but this 

stage-dependence of 

matures from 

a for the 

CQ. 

uptake into indicates that as the 

to of 

a In 

trophozoites and schizonts (24 hours). Comparing the stage-

dependent of .... u" ...... <A .... ,'"' ... " with CQ a 

in drop 

hours to uptake levels of (OIjih et al 1994 and 

1997). CQ uptake COITellatt:!s the level 

catabolism, which at the trophozoite 

switches in the trophozoite and early schizont stages (Orjih et 

al 1994). it the CQ FPIX 

from hemoglobin digestion (Chou et et 1998a), 

of explained 

the amount of etermlne:d by rate of J.J.,",U.UJ~V 

digestion. 

supported 

might also be pv·np." ... .,'n to bind to FPIX, and this 

with CQ uptake (figure 
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4 CHARACTERIZATION OF PYRONARIDlNE ACCUMULATION 

4.13). PND uptake is not diminished after hemoglobin catabolism is 

switched off. The levels of PND uptake seem to follow hemozoin 

production levels (as measured by Orjih et al 1994), which peak and 

reach a plateau between 30 and 44 hours. Perhaps PND has affinity 

for hemozoin as well. However, this interpretation should be taken 

with caution, as the P. falciparum strain used by Orjih et al (1994) is 

different to the one used in these studies, and it has been shown that 

hemozoin production levels vary from strain to strain (Orjih and Fitch 

1993). Moreover, estimation of parasite age can be different. It has 

recently been suggested that the drug affinity for heme crystals may 

be more important than binding to heme monomers (Sullivan 2002). 

This proposition is based on the evidence that quinolines bind to 

heme polymers in a saturable and specific manner (Sullivan et al 

1998). PND may have a greater affmity for heme polymers than CQ. 

The structural differences (e.g. the presence of a hydroxyl group) on 

the PND molecule might contribute to this. The greater extent of PND 

accumulation achieved by the later stage parasites would explain the 

greater sensitivity of these parasites to PND (see chapter 3). 

There is no significant difference in the uptake of PND in CQS 

compared to CQR parasites, whereas CQS parasites accumulate 

significantly more CQ than CQR parasites. Moreover, the mean CQ 

uptake in CQS parasites is approximately 14 times greater than the 

mean PND uptake in CQS parasites (this difference is similar to the 

difference in the binding capacities of the two drugs). On the other 
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4 CHARACTERIZATION OF P'lIRONARIDINE ACCUMULATION 

...... "'"', .......... there is no slg:nlllc~mt theme~ ofCQ~d PND 

uptake in 

su penor ~·tm:Lal.:rr 

of 

amodiaquine ~d 

~timalarial 

accumulation into 

"'.l.l'S •. LJ • .l.JL.I."''' ........... ..., of these that 

..... h.M1"U of PND over CQ not due to 

This contrast to 

(Fitch 1973, 

whose 

explained by their 

1996a 

CQ, 

Bray et al 1996 b). The fact 

et al 1974b, Hawley et al 

PND acc:;uln ..... ,'.,., ...... ", 

for these (are) more 

Nonetheless, the undiminished accumulation 

CQ. 

by erythrocytes 

a rational with Plasmodium falciparum 

p.l.CO .... .l.O, ..... v'.u for the high of this CQR ......... cu.c:u 

that CQ AMQ compete the uptake radiolabelled 

PND "" ..... F.F.''''''' •. ''' 

binding site. 

(Aikawa 

might 

food vacuole site of CQ 

1998), it is "'"g ........ 'L ...... ""· ...... that this Saliba 

IS also site of PND accumulation. Unlabelled PND 

inhibited the of CQ. 

approximately 54% uptake of that 

CQ is to fully inhibit uptake PND COlnpj.ete:l~ 

Uggelsts one or more following: 

greater access ability to the 

receptor that the the drugs re(~og;[ll~~ the ...... I" ......... !-" ... 
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4 CHARACTERIZATION OF PYRONARIDlNE ACCUJroLATION 

PND more than or that PND another 

receptor within the parasite to which CQ does not bind or have access. 

The structural PND CQ include an 

PND ofa a pu ........ ,vu ..... 

side of PND, to which 2 cyclic 

(see figure 1 These structural 

groups are attached 

make PND a more 

lipophilic compound et 1996a) of 

hydroxyl the PND ..... U .• 1IL... would allow it to 

inter-molecular interactions which CQ incapable. structural 

might also greater proportion of non-specific 

binding seen with PND with CQ 

Mefloquine did not co:mt)el:e with PND accumulation In(llCanng 

the drugs do not share a common receptor or alternatively that their 

uptake might 

results show that PND accumulation in pRBCs 

dependent, to an extent. of lowering of 

"'''''LJ.V .. L temperature reduced LUJ. ......... GLLJ.V .. L of PND A 

of PND uptake occurs absence of glucose, and at 

This would represent 

48% and 36% of maximal 

uptake of PND. 

for no glucose and O"C, 

respectively_ These values are 

obtained with homologous COlmtJleU'll 

to the non-~me:cUlc uptake 

binding curves (figure 4.7). 
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4 CHARACTERIZATIOB OF PYROBARmIBE ACCUMULATIOB 

PND 

on pH 

study, 

Perturbation of the 

transmembrane proton gradient both externally (by altering 

external pH) and internally (using agents to collapse proton 

baJllolmvcm A1 of PND 

uptake 10 & 11). The show collapsing 

proton gradient causes a rapid release some of the bound from 

within parasite ...... u ....... "" 4.12), suggesting a possible electrostatic 

As a weak PND likely to 

vacuole by 

into 

diffusion. This would "'''''1-1.1.<:'''.'''' 

food 

..... "'AA .... '" of the 

transmembrane pH gradient on PND uptake pRBCs. The 

maintained by two of the food P. Jalciparum 

2002). One is a V-type 

pyrophosphatase. Removal 

(a manoeuvre 

alkalinization of food 

et al 

the other is a 

glucose from the extracellular medium 

depletion of .... grg·'" ATP) 

an explanation for the influence energy on PND uptake into pRBCs; 

depletion PND 

food vacuole The effects glucose, temperature and the proton 

are to seen with CQ and AMQ 

accumulation (Fitch al 1974b, Fitch et al 1975, Diribe and 

Yayon et a11985, Hawley et a11996b). 
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4 CHARACTERIZATION OF PYRONARIDIJIE ACC'I:lMULATION 

In conclusion, mechanisms that O"n'tr"'1",," accumulation of PND and 

is how 

two with putative 1"'p,,,,,,, ... t-r.1'" 

access to this 1"'''''1'."".-.1-.... 1''' which turn seems more sensitive to PND 

binding. This might 

falciparum 

_,..._. __ why PND displays ""I',tnl".i-'tr against 

CQ. most 

of FPIX, a by-product of 

degradation has as a """1<''''' ........... ' ...... _1 

binding for the quinolines (Chou et al 1980, 

1999). The PND in with 

might by physiochemical and 

two drugs. this might influence 

FPIX 
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EFFECT OF BAFILOMYCIN Al THE IN VITRO SENSITIVITY OF 

~~~~~~~~~::!!! TO PND AND CQ. 

I Introduction 

In chapter 4 it was that PND erythrocytes 

with 

that 

[a lcipa rum a specific manner.. Evidence was 

~LC:u\'O;::; is pn,prcro deoenden by 

Although there 

4 point to 

as the PND In this 

of PND uptake to antimalarial IS 

techniques 

molecular of / receptor function 

antagonism the receptor response. 4.11 shows that, at an 

PND 10nM, bafilomycin (111M) 

accumulation into by approximately 40%. the of 
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5 EFFECT OF BAFILOMYCIN Al ON P. FALCIPARUM SENSITIVITY TO PND AND CQ 

it was that bafuomycin Al would have an 

effect on PND action by lliniting the uptake PND in the ..... .1.1';'"'''' ....... " 

food vacuole, the proposed of PND action. In the 

on 

Al on the in vitro .,'-d,""J.U 

comparison between 

sensitivity to PND and CQ. 

of JaZciparum to 

effects of bafilomycin 

was made, 

addition, as such comparison might highlight or 

action of the two drugs. 

5.2 Methods 

10 P. were OVA,J.LJ.J.J.V.l.U"AO" 

at the trophozoite set at asttemla and suspended 

complete medium at a hematocrit of 1%. 

cultures were prepared, a control culture with 

parasite 

1.1.1. .............. '0 suspended in 

and four 

complete medium were supplemented with four concentrations of 

(10nM, 50nM, 100nM 200nM). 1.1 .. ", ..... ","" were 

to stand in the medium containing bafuomycin Al for about 

10 being exposed to drug to allow bafuQmycin 

act. 

was out in 1.5ml 

tubes. volume 20pl drug was aliquoted 
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5 EFFECT OF BAFILOMYCIN Al ON P. FALClPARUM'SENSITIVITY TO PND AND CQ 

into the 

that when a 

tubes, the 

concentration. 

50,100,200 

was 5, 10, 

also set, 

tubes. The 

volume (lml) of pRBC was added to the 

drug concentration would the desired 

[mal PND concentration 

and the [mal ,",-VAA,",-'-,"" 

was 2, 5, 10, 20, 

range for CQ 

Control tubes were 

fT_T1rpp medium at 

100, 200, 500 and 

Ui'LLJ,"--,,,," were suspended 

concentration bafilomycin A1. 

The pRBCs were 

cen trifuge at 

and the IJ"" .... "" ... VYCJI'''''U,''-'LJ. 

to drug 

pRBCs were 

30 seconds. 

times in 

1 at 37°C. Mter 

pRBCs were ...... " ....... ,.y 

on a bench top 

was aspirated 

lY_y,r"",,,,,, COJm]:Helte medium. 

fT_'t,rPP COlmp'lel:e medium. suspended in 1ml of 

Aliquots of 

bottom 

LDH """",,,;>a.v 

drug 

exposed to 

combination 

of the VAeL .... A ..... 

of the pRBC culture were then onto a 

incu bated at 

of 

a.tJ~J'V""""''"'" A.3). The 

eXlpn~ssed as a percentage 

while the 

and bafilomycin A1 

48 hours. Mter 

was tested using the 

of parasites exposed to 

.U;U;AAAL..1 of parasites not 

~"" .... ""~ exposed to a 

exon~ssea as a ,",,,,,,,rr>;t>.?,\ 

exposed to ba111c)mVCltn alone. 
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5 EFFECT OF BAFILOMYCUI Al ON P. FALCIPARUM SEl'fSITlVITY TO Pl'fD AND CQ 

5.3 Results 

5.3.1 Effect of bafilomycin A 1 on 

exposure the viability of D10 

falciparum to various concentrations of batllclmycl were \J"",cu,eLUJ.\J'.I.. 

summarized in figure 5.1, show bafilomycin 

no on parasite viability over the concentration range te:ste:Q. 

200.-------------------------------------------, 

]' 
150 .... 

IS 
C.l 

to. 
0 

~ 
" "'" 

lOnM 50nM IOOnM 200nM 
[Baf'domycill All 

Figure 5. Bar chart showing the 
concentrations bafllomycin Al over 1 hour. 

mean value with the error bars T''''''''T'~ • .,,,,,T'I 
(for 10nM n = 31, 50nM n = 32, for 100nM n = 28, 
n 8). 

82 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5 EFFECT OF BAFILOMYCIlf Al ON P. FALClPARUM SENSITIViTY TO PND AND CQ 

Effect of bafilomycin Ai on parasite to 

batilclmyciln Al on the ,",VAA""'-'.!..!. -H:::SlJ'UIll~ of PND on 

D I 0 shown figure Bafllomycin Al at concentrations IOnM 

and had no significant effect on DIO sensitivity to PND. At 

IOOnM bafilomycin the concentration-response shifted to 

the and 100% inhibition parasite growth is not with 

the concentration range indicating that 

",1:1:",.,,1:0 of PND. At 200nM, Al 

completely inhibited a\/uv.u of PND on I 0 exc~et)t at the dose 

ofPND (SOOng/mI) viability was at 6Io/o±l6. 

125 

~ 100 .. 
= <:> y .... 
<:> 

<f.. 75 
'-' 

50 .. 
::: 
'" f 
«I ;:;.. 

25 

-o-control 

______ lOnM brAt 

-11'- 50nM brAl 

-l1li- lOOnMbfAl 

-0- 200nM bfAl 

1 2 3 4 

log (PND] (nglml) 

bafilomycin Al on 
relpn~st:mt:s a mean value 

SEM, control n = 6, 10nM n 
for 200nM n = 

PND 
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S EFFECT OF BAFILOMYCIN Al ON P. FALClPARrJ.ll!rSENSITIVITY TO PND AIm CQ 

5.3.3 U:TTDI"'T of bafilomycin Ai on 

5.3 effect of bafl10mycin on DI0 seIlsi1:ivi1tv to CQ. 

Mter 1 exposure to CQ, 100% OJA'-"VAA of growth was 

not obtained, even in the control experiment. Perhaps 

longer to exert action or a 1<::>1-al"r concentration range 

needed 100% As of batilo'mVCl Al 

from 10nM to IOOnM is a urO""""""I" delpre:SS1Lon ·of 

curve, complete inhibition of action at 

IOOnM. 10 to the bafilomycin 

considerably in a dependlenlt manner. 

125 

T 
~ 100 ... 
i ... .... e 
;,!'! 
" 

75 
'-' 
Ii» 

~ 
'" .~ 50 -o-control .. 

::::: ., ___ lOIlM bfA! 
f 
~ ~50tlMbfAl 

25 
_i��__ lOOIlM brAl 

0 
0 2 3 

log [cQI (nglmJ) 

npre Al~ ~ 

CQ for DI0. represents a mean value 
bars representing the (for control n ::::: 4, for 10nM n 

n = 4, for 100nM n = 4). 
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5 EFFECT OF BAFILOMYCIli Al 011 P. FALClPARVMSENSITIVITY TO PlID Al'lD CQ 

across 

plays a part extent of 

accumulation in parasitized erythrocytes, mode of CA.'-w."" .... of PND 

was assessed by study the the 

proton gradient the susceptibility 

proton pump inhibitor, bafilomycin 

(Bray et al 1992b), 

In study had no viability (figure 5.1). The 

vitro sensitivity of the ""t-.. .." ..... D 10 to and CQ, respectively, 

was measured in presence absence of bafilomycin AI. The 

sensitivity to both was reduced the of 

bafilomycin 

measure 

Although no attempt was study to 

the effect of bafilomycin Al on vacuolar the 

reduction parasite sensitivity might a direct result of an lTH~rp'~ 

the vacuolar pH the pnesc:mc:e of bafilomycin AI. The effect 

the food be of 

into the food vacuole. These demonstrate the of 

the of food vacuole in 

of "'r~><:!11'p food vacuole 

demonstrated for action (Yayon et al1985, Bray et alI992b), 

but is new PND, the PND 

related to its ability to concentrate inside parasite vacuole. 
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S EFFECT OF BAFn.OMYClN Al ON P. FALClPARUMSENSITIVITY TO Pl\ID AIm CQ 

Comparing the effects of Al on concentration-

re~:;D()nl.';e curves of PND CQ, it that bafilomycin Al has 

a more on CQ than on PND 200nM 

100% of PND the 

while this was achieved at IOOnM bafilomycin Al for CQ. 

J..J.l>.''''''''' quantification of the difference in the of bafilomycin Al 

on CQ o"...t·1"lri1r~r was as cOlnpJle 

re~;;D()nl.';e curves were not obtained In 

chapter 4 it was shown 

into ....... '-LJ'-,.., by 

I pM bafilomycin Al reduced PND uptake 

40%, and another study carried out as 

part of work the CQ same 

of Al was approximately 80% (data not 

shown). Both CQ and PND ate (with pKa values of 5.9 

for ring and 

8.1 

chain nitrogens, 

10.2 for CQ) are eX1Pe(~tea to 

for PND 

down 

gradient into the acidic food vacuole primarily as uncharged 

they are protonated and become inside the 

vacuole 

(Yayon et 1984a, Krogstad et 

PND predict that its accuml11a.t:Ioin 

are not 

1985). lower pKa for 

"""''''u. ....... food would 

affected by a change in the pH gradient than CQ accumulation, 

to (Hawley et al 

1996b). 
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5 EFFECT OF BAFILOMYCIN Al ON P. FALClPARUM SENSITIVITY TO PND AND CQ 

The greater of bafilomycin Al on CQ action also 

l.nc:uJ.J.'\.Ou. by the target in the vacuole being more to 

the In food vacuole thought to be 

from (Chou et 1980, 

1998a, et target et 

al 1998a). 4 un.u.'V ..... L'-' 

PND CQ .a common rp."p~ ... i"l'1.r .and PND has hpi"i"pr 

access to this rp."p~ ... i"...,.r CQ. binding to ...... "".LU\..,- with 

a stoichiometry et al 1998a, Egan 200 • 

making heme more '::''\.OJ, .. .::."LJ.'' to beta-hematin inhibitory of 

PND. to this ar~nlInen extent of accumulation 

a access to and 

sensitivity to or nature the drug-heme 

Another reason bafllomycin had effect on 

se]J.sitivity to than CQ is PND have an site 

action 

vivo to 

from 

revealed 

of the vacuole. Exposure of berghei 

PND causes an early change the 

on food vacuole, 

ultrastructurally as the formation of J.J.,t' .... .I.LUauJ.',uc .. '-'-' whorls In 

pellicular complexes of trophozoites, schizonts 

et 1988). action of on both food 

complexes would to be somewhat different from 

complexes are not 

(WU 

pellicular 

of CQ which 

et 1969). An 
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5 EFFECT OF BAFlLOMYCIN Al ON P. FALClPARUMSEl'fSIT'IVlTY TO Pl'lD Al'iD CQ 

of PND on complexes might well 

to overall CU',w.J.,u.C>.J.CU 

data that an inhibitor 

speCllilC to vacuolar ATPases ..... a.uJ. ... ,J.J.J. Inl[lUen:ce:s the sensitivity 

to PND. involvement of 

digestive food vacuole action of PND 

highlight the similarities and with CQ antimalarial 

Further investigations a.AV'J. ... "" could include studies on 

a strain. 
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A COMPARISON OF THE HEME BINDING AFFINITIES AND BETA­

HEMATIN INHIBITORY ACTIVITIES OF CHLOROQUINE AND 

PYRONARIDINE. 

6.1 Introduction 

Although of chloroquine on 

not the ImlPor·t811Ce of J. ....... 'LU ..... 

heme is generated inside food vacuole parasite during 

1981,Orjih cell 

et al 1981, Fitch 1989). One of the which 

the toxicity of to convert it to the harmless insolu ble hemozoin 

(Slater et al 1991, LJ'IJ'UL ..... et al 1997, 2002). action of CQ 

against malaria Q.>:>LL'-'O relies on ability to accumulate inside the 

... "".,t-.,,,,,, food to 

inhibiting the formation of hemozoin 8l1d doing so, allowing 

FPIX to exert CQ 

production in vivo (Chou 8l1d Fitch 1993, OIjih 8l1d Fitch 
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6 HEME BINDING AND BETA-HEMATIN IlI1BIMTORY ACTIVITY 

al1994, Orjib et 1994, Orjih 1997). The heme 

polymerization can 

extracts and 

hemozoin nucleation (Dorn 

carried out vitro using 

1992, Dom et al 1998a), 

al 1995, 1998b), chemical 

(beta-hematin) (Egan et al 1994, and Akkawi 1995), synthetic 

lipids et al 1995), or P. Jalciparum ...... ~ ........... 'u ... v 

al 1996a).. CQ inhibits ....... ".u ... " IJVJ..y .......... ..., .... 12:atl.on 

each of these methods. 

1S evidence that PND acts a similar manner to CQ and 

ill 

this, although there could be 

It has previously been shown that PND 

to inhibit polymerization of .... "', ..... ...., 

,-,Lun ... ", seem to .......... ' .. LI.H 

action PND. 

'l"P .. "",-.1-.., with heme and is 

et 

1998a&b, Hawley et 1998). In this the was to 

antimalarial potency than 

f-IJ.c> ......... 'C'uby 

inhibitor of heme polymerization to CQ? 

.. , .... _u ..... '" have 

reveal why PND has nrr",.",T~> ... 

greater potency of PND 

heme? PND a 

et al (1998a) 

showed that PND bound to heme more weakly than CQ, 

as:soc:aano'n constants of 3.0 X 10 -5 M 4.0 X 10-5 M, 

and PND had a IC50 (3Op.M) than CQ (45pM) for inhibition 

Hawleyet (1998) showed 
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6 HEME BINDING AND BETA-HEMATIN INHIBITORY ACTIVITY 

CQ had a ICso (24.4pM) than (64.4pM) for the for 

polymerization. were carried out m different 

laboratories the same were for 

beta-hematin inhibitory 

by Dorn et al 

Under 

{experiments were done predominantly 

aqueous heme as of p-oxo 

constants ootalneo CQ and PND were for 

this "'IJ'<:;;LJ,'VL> with a drug:heme p-oxo ......... , ... "-' .. binding stoichiometry of 

1:2 and 1 

unreliable difficult to 

tItlratlOI1lS of heme 

media, little 

these conditions, results can be 

spectrophotometric 

.............. ,u ........... '.., are done 

between the 

resulting complexes hematin 

of olIlneI's (Egan et Kaschula et al 2002), 

study was to measure the binding constants CQ and PND 

strictly m()nC)mlerLC heme to for comparison of 

Heme was maintained and of the two 

unaggregated state a mInImUm 40% aqueous DMSO (Egan et al 

1997, et al 2002). A good of 

constant 

of e>."'>:>""'" ... g,w.v'..... of heme 

to occur 

known 

obtained 

free Prtpr,IT1""" 

.............. ,u ....... "-' antimalarials are "" .... ,<,LJtJ..;,u. 

~~., ....... both methods ,_"., __ and Marques 1999, Kaschula et al2002). 
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6 HEME BIImING AIfD BETA-HEMATIN INHIBITORY ACTIVITY 

The beta-hematin inhibitory activity of CQ and PND were .. A.A.,"'_,,, ....... 

using an assay different from that employed by Dom et al (1998), one 

optimized for the 

U'-'U.L'c<u.u inhibitory activity of (Parapini et al2000). 

6.2 Methods 

6.2.1 Measurement of beta-hematin inhibitory activity 

The CL';'"'''''''' to measure .l.l"',<L.l"- polymerization inhibitory activity 

ofCQ same as ""A"" .... · .... by et al (2000). 

a spectrophotometric assay that based on the characteristic 

In at a walvelerlgth of 

amounts unpolymerized are 

determined, based on solubility in DMSO. method has optimized 

and conditions for the 

InllHll!tC'rv "'I",hit"ihT of antimalarial 

of a 8mM solution of .... '-'uuu chloride dissolved DMSO was 

distributed in 96-well U-bottom microplates (OApmol/well). SOp.! of 

either chloroquine 

in water, in doses ranging from 3.91p.M to 16mM was added to test 

wells wells, SOpl of water was 

Beta-hematin formation was initiated by the addition of lOOp.! of 8M 
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6 HEME BINDING AND BETA-HEMATIN Il'lHIBITORY ACTIVITY 

acetate buffer 5) to pl~"1te's were then .uJ.'~""'Jalc", at 

then at least hours to allow for complete reaction 

centrifuged at 3300g for 15 minutes. The soluble fraction of 

unprecipitated material was aspirated. The was 

200pl of "-' ... , ....... )"our to remove 

were 

DMSO-soluble fraction was 

at 3300g for 

and the 

and 

minutes. The 

~VlL.h"J."'''J.''''JI<. of pure precipitated beta-hematin was dissolved 200p! of 

O.lM lOp! of fraction was then transferred to a new 96-

well microplate, 200p! O.lM / well, 

The amount was 

etermme:Q by the IJSjDrt)arlCe at a wclveleIlgl.fl of 

with NaOH a blank control, in a microplate reader. The amount 

hematin in the test wells is eXl0n:~SS~eQ as a percentage the amount 

of J.J.~'J.J.J.'Cl.w.J.J. In ICso for inhibition 

... LAD ...... "' ..... was by curve fitting ..... "' ..... -'U. ....... vDLL re~lressl.on 

6.2.2 heme-binding 

The method described by Egan et al (1997) was used to measure the 

(FPIX). FPIX-

drug interactions are m()nlt01~ed spectrophotometrically by titrating a 

heme with a drug solution and measuring characteristic 

at a wavelength A ............ u ...... was 
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6 HEME BINDING Al!m BETA-HEMATIN IRmmTORY ACTIVITY 

(Sigma) in 10ml DMSO. 

4pl of stock was to of a 

of 800pl DMSO, 200pl of 0.2M buffer and 

1000pl water, making a final concentration of of 2.611M. 

this concentration hemin is monomeric 40% DMSO solution. 

Chloroquine diphosphate 

were ........ ,,."",,,,. In DMSO, 1ml 0.002M HEPES buffer 

water to ....... "" ........... 

1.93mM, respectively. 

Spectrophotometric titrations were performed at 

a DV-68 

the 

7.4} 

1.94mM 

a 

with either or the solution and measuring absorbance of 

band at 402nm. case, absorbance data were 

.... n',..,. ....... Tp'n for PND in color 

it exhibited "'&F,LL ................... ... 

was performed with PND solution absorbance of was 

the resulting titration curves were 

analyzed square non-linear curve fitting. were 

performed ~~'~L'" a 1: 1 complexation model of drug:FPIX interaction. 

In model as a drug 

concentration ([DRUG]free) is given the following equation: 

A (Ao + AK'[DRUG]tree I (1 + K-[DRUG]free) 
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6 HEME BINDING AND BETA-HEMATIN INBIBITORY ACTIVITY 

Where Ao the absorbance without absorbance 

for the FPIX-drug complex K the as:SOC:latlOn constant. 
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6 HEME BINDING MID BETA-HEMATIN INHIBITORY ACTIVITY 

6.3 Results 

1 Beta-hematin inhibitory activity of andPND 

CQ and PND 

1n 1. Both CQ the formation of 

hematin, with PND showing inhibitory activity than CQ, with 

IC50 values of 98.45 ± 7.82 pM and 51.70 ± 3. pM for CQ and 

150 

125 

100 

== 75 .S: .... 
:s 
:a 
.e 50 
~ .. 

25 

0 
0 

0 

" 

t test these mean 

(P 0.0002). 

2 3 

log (DRUG] (J.lmol/l) 

" PND 
o CQ 

4 

.... icft1l1l"..,. 6. inhibitory activity of CQ 
datum point a mean value 6 <l;!P1"1~1-~ 

in quadruplicate, with the error bars .,.&>.-. ... "',,"'.,..,.., 

5 
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() HEME BIRDING ARD BETA-HEMATIIlIImIBITORY ACTIVITY 

experiments were for each 

shown in figure a sample of one 

OA 

0.1 

2.0><10'''' 

OA 

0.3 

0.1 

4.0xlO~ 6.0xl0·0' 

(pNDJ (mol/I) 

3.0><]0'''' 

[CQJ (malll) 

A 

&.Oxl0"" 

B 

4.5xl0·'" 

at 402nm as a 
fits of 

for 

described above to 
curve for CQ. 

PND, B == hh-""l""I"\"'" 
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6 HEME BIRDD!I'G AIm BETA-HEMATIN UWIBITORY ACTIVITY 

The is an In(llCaOOn both CQ and PND 

with data for both drugs the 1:1 

complexation model closely and the association constants (expressed 

as log K) from AU...,· ..... ""A were 4.963 ± 0.018 (n ::: 

5.797 ± 0.389 (n 3) 

value for PND PND binds FPIX with 

K 

affmity than. 

CQ. 

6.4 Discussion 

In of 

polymerization might play in the superior action 

over CQ it to understand the mechanisms of 

The complexes formed hP1:tu"· ... n 4-aminoquinolines and other 

or """;<:lLn..' v a.'-.luJ' ..... 

as a p-oxo dimer, and in aqueous-DMSO where 

(n-n) 

quinoline ring I acridine ring of drug and the macro cyclic heme 

J.uvJ. .... ""._U'IJ (Dorn et al 1998a, et al 1998, Egan 2001). 

It was that quinoline inhibit hemozoin 

production by acting at a putative enzyme 
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If.) HEME BIl'IDDlG AND BETA-HEMATIN IlIfBIBITORY ACTIVITY 

for hemozoin formation (Slater and Cerami 1992); 

however, subsequent investigations showed that 

polymerization In of by directly 

with heme et al1994, et al1995, Sullivan et al 

1996b, Basilico et al1998, Hawley et al1998, Sullivan et al1998). 

The current theories that explain how drugs inhibit heme 

a) to ...... ",L ..... ""' nr."'!;l""" 

incorporated b) the 

complex confines the heme polymer and doing so stops its 

Since hemozoin a crystal, are thought to block 

face the ......... ,""i-,'" 1 al1996b, et 

al1998, Egan et a1200 I, Sullivan 2002). 

The 

with 

here show PND binds m(mClml~I 

affinity CQ and that PND the more potent 

inhibitor of beta-hematin formation. The ...... "'."'1"& ..... affinity of PND for 

be to of 

R:eClmerrles accommodated by the larger acridine 

binding 

PND 

1998a). n'-'l"-..... with the quinoline 

Although other 

lipophilicity playa role, 

proposition that the strength of 

CQ (Dom et 

as shape and 

CO]tlSlstc::nt with the 

IS important 

potency of a compound In inhibiting heme 

polymerization and growth (Dom et al 1998a, et al 

2000, et al 2002). It can be concluded the greater 
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6 HEME BINDmG AND BETA-HEMATIN INHIBITORY ACTMTY 

antimalarial activity of over CQ part due to the 

ability of former to inhibit heme polymerization. Other factors 

of to overall action of 

the 

been 

1, .l.I.J.<:>L.I.'.UU~-.1. 

hemozoin formation 10 the 

(Sullivan al 1996a, Choi et al 1999, Lynn et al 1999, Papalexis et al 

2001, Pandey et 2003); therefore, investigations into how PND and 

quinoline with 

10 effect on heme polymerization are a fuller 

understanding of how drugs work. It has already been 

CQ able to inhibit formation the of 
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7 

CONCLUSION 

of the 

Jalciparum is 

as mepacrine 

1992, 

of 

blood cell parasites cross-

4-aminoquinolines, with compounds 

the side chain 

and Ward 1998). cross-

In some cases, clinical 

.... LJ ... J.J. ...... r:u.\C'.. that a.u ......... .:.... cure can be 

which 

(Kotecka et 

other Mannich 

In 

"".L.LlU.a. and more 

co ... ,,!.",,,,,,.,,,, of PND 

among 

in Africa (Fu 

published data 

,;:oUJ,J.U<;u, to that 

structures not 

many 

was found to 

falciparum 

Xiao 1991, 

with 

for 

highly 

m 

et al 

that the mechanism of 

AMQ. 

mean 

action, and further investigations are u .......... " ..... to fully 

of 

the 
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'1 CONCLUSION 

of the of action of 

to its uptake by toxicity of CQ 

parasitized red blood 

investigate the 

Plasmodium falciparum 

the main focus of 

of PND In 

was to 

infected with 

order to gain a understanding of the 

mechanism RadiolabelIed was used to 

characterize control the pRBCs 

and to relationship between a ..... ' ....... 1.lH ..... c::oew<J'J.J. and 

antimalarial drug. The in vitro ",..-... ,,,,,..,.- and 

erythrocytic fonns dependence of PND action """"";:;U,LJ"" 

of Plasmodium was characterized. addition, the heme­

binding beta-hematin J.'-J.Jeu .... '.I.l .... ,J. of PND and 

CQ were compared. 

of PND was 6 strains 

Plasmodium falciparum, with the CQR less sensitive to 

than The antimalarial activity 

against 

dependent 

times having a 

cell 

duration of CX10O:SUI"C 

effect on nJ::l1rJ::l.""1.'tP 

fonns of the erythrocytic stages 

trophozoites) are more susceptible to 

Pyronaridine 

and "' .... Ju ...... V,L,L 

falciparum 

The more mature 

parasite (schizon ts 

the ring fonns. 

in the 
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7 CONCLUSION 

between p-..rh.?' ..... PND concentration and 

PND accumulation in IJJl"-Ll ...... ,>;> follows an equation describing closely a 

re(~tanf:!uHu hyperbola superimposed on a straight line, indicating 

PND both a and 

components. COml)etltnre homologous ULL ..... U ...... O curves 

that PND binds an 

receptor, that binding may also have 

CQ and AMQ. The latter suggested by the competition 

for drug accumulation that has been demonstrated. In the CQS D 10 

IS no CQ-

binding C<.u ........ " ........ "" for 

a CQ for no 

significant m PND accumulation by and CQR 

respectively. The pH-dependent component of uptake 

was to play a role the as 

....... "'·""1"1'" reduced ..... a ... <:>"" 

it been shown PND binds 

to PND. In 

with .,..,.."' ...... i-"' .... affinity 

and that it a more .... ~'c"' ...... inhibitor of heme crystallization CQ. 

p",""'r",,. conclusions ......... "' ... " ... be drawn 

PND ""'5'<OUA""" Plasmodium jalciparum, ... h·'''''''' ..... 

and data in study. As a weak 

PND would the food 

pH 

vacuole membrane the medium. 

of the mode of 

published rp,n""r'T", 

........ P .... ,I"1'P .... that 

food 

food 
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7 CONCLUSION 

PND would ~"".AI-"'''' molecules of ......... j'u ..... 

degradation of hemoglobin and, m doing so, prevent heme 

incorporation into ne:m-oz<)m " ..... ,,"'-r.Q a build up of toxic 

nplmp or PND:HEME complexes within the parasite, which eventually 

destroys the integrity of the parasite membranes or inhibits key 

metabolic pr,occ~s~;es 

GaH· 
dependent <18-- X 
degradation ~ 

, 

PND 

Figure 7.0: 
red blood cell cytoplasm, yellow -
vacuole. AA - amino acids, - hemoglobin, 

glutathione. 

PND 

- food 
~v"'.vu~·. GSH -

104 



Univ
ers

ity
 of

 C
ap

e T
ow

n

7 COl'fa.USIOl'f 

might inhibit 

cytosol, accumulation within the parasite 

membrane-associated, heme molecules. entire drug action 

of be 

additional 

crystallization could 

sum PND on 

exist, and the 

dominant mode of action of the drug. 

possibility that a ':UUt;J.'" molecule PND UUj,,,,,;::' more UJ.'.H"'·"" 

as 

of 

heme than does an equivalent mass of CQ might a significant 

LeA"" ......... when of PND over 

up of 

over CQ 

PND would 

heme to lethal levels. 

to cause an equivalent build 

greater lipid solubility of PND 

lipophilicity would 

an.SDlelnrlrane movements of 

allow the drug better access to target Structure-function 

correlated with enhanced activity (Chavalitshewinkoon et 

et a11996a, Hawley et aI1996a). 

The fact that PND accumulation is not rI"i·f-.,.~·.,." either CQR or CQS 

that the CQ it 

might be, and which associated with reduced CQ 

accumulation) not affect PND accumulation. This is contrast 

to vitro susceptibility which that PND is 

Perhaps the techniques used to measure drug 
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7 COllTa:,.USIOllT 

accumulation were not to detect a 

studies measured drug 
. . 
In vanous 

Jalciparum at only one concentration. A companson PND 

with a of 

more 

Another limitation to study has that the 

binding affmities of PND CQ have not compared in various 

CQS be to 

binding "'-L.L .... ,u~,' to the 

This gives support to suggestion that the mechanism of 

actions of PND CQ, and other 4-aminoquinolines, are similar. 

the pn:~sel1ce drug the 

h""i+", • ..- undler:stStnCUnR of how 

the mechanism needed. would include further 

of 

Although ability of drug to concentrate 

food IS antimalarial activity of 4-

to a 

stoichiometry might also important in determining antimalarial 

potency. A exammlng correlation 

activity would to 

106 



Univ
ers

ity
 of

 C
ap

e T
ow

n

7 CONCLUSION 

and provide a the design 

for 

llJ. .... llJ.Jl'-' drugs. 

radio ligand binding 

that PND binds to an 

this 

degradation 

reported ill this 

receptor. 

released as a 

food vacuole. 

of PND accumulation its 

in the ........ ",u.cu. (Chou et a1 1980, 

is needed to However, more direct 

heme as the receptor. :l.ern021C.Oln protease inhibitors would 

new 

of 

lends 

at its 

CQ and 

receptor 

1999). 

identifY 

useful 

in this regard. 

PND PND 

inhibitors might 

PND. 

\.J.p;.,a.w.vu.:> which measure 

.... .LClL .. .LV.L.L in the presence of 

the importance of ...... VJL ..... "" 

sensitivity to 

protease 

the action of 
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APPENDIX 

1 Cultivation of Malaria 

Stocks of Plasmodium falciparum cultures were J.J..u:u.u .... cu .. I,J • ..,· ... 

essentially using the method described by and Jensen (1994), 

but with a 

maintained 

modifications. The CO'<:>.L-......... cu. form of the 

._ ..... """"'Tni"" erythrocytes 

medium, which consisted of 1640 with 

was 

(GIBCO) 

supplemented with hypoxanthine (44mg/I), buffer (6g/I), 

glucose (4g/1), (2.1g/1), (SOmg/l) and 

ALBUMAX II (Sg/l). ALBUMAX II (GIBCO, Life 

serum albumin and was used as a 

for human serum. Parasitized erythrocyte suspenSlOns were 

maintained at parasitemias 20% dilution 

with 

without ALBUMAX II to remove buffY 

with 

The were 

...,0.._"' .... at In ",,,,,::u.,,,.u. SOml culture flasks, flushed with a 93% 

N2, 4% C02 and 3% 02 was ,-,.uc.u.'.F.'-''''' 

daily the observed using thin blood smears with 

... <-<..L ..... '--"" with 10% 'U ............... ,;"'" (BDH) m 

under a light microscope with a 100X objective. 
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APPENDIX 

Synchronization 

Parasite cultures were VJ.>.J.LA;U using the method developed by 

and method eXlplollts the 

D-sorbitol to infected with later 

Briefly. pRBCs containing mostly parasites were 

incubated with 5 volumes of 5% D-sorbitol at room temperature for 

minutes. Mter the incubation period pRBCs were spun 

700g 3 the 

at 

pRBC 

without ALBUMAX II 

.U.""-L<:u'''L was dH[;Cl:trdled 

was then WCl'''''U.''''U once in culture 

returned to normal culture conditions. 

A. 3 Lactate Dehydrogenase Assay 

lactate dehydrogenase assay was developed by Makler 

Hinrichs (1993) as a means to measure Plasmodium /alciparum 

parasite This exploits the fact that the Plasmodium 

/alciparuffl 

NAD (APAD) as a coenzyme, in the oxidation of 

~~1rnrlrulS of 

increased enzymatic "'£'1rl~T1ih:T of Inlec1ted 

the enzyme content 

the 

The 
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APPENDIX 

culture-adapted of Plasmodium Jalciparum with comparable 

results to other established methods (Makler et alI993). 

An to 

Flow· Inc.) was made up for the detection of 

activity. constituents were 400pl of XI00, of 

Malstat 

lactate, 1 and ",,,,,-,eulS up to 200ml with 

distilled water pH set to 9 HC!. 

,",VA.U.UA.UUJl5 NBT (160mg) PES (8mg) was 

A 100pl 

up 

water. 

200pljwell aliquoted onto a 96-

flat bottom well 25pljwell of 

solution. 15pl of RBC or pRBC sample is then added to the 

l.cu.'CHUl'j, the 

NBT a blue 

detected visually and is an indication of parasite survival. pLDH 

activity quantitated measuring the absorbance of this blue color 

in well at 620 nm a 7520 

Inc.}. The readings are automatically 

.n.-u.,Lu,"" ...... on the IVUllLLCllJ..U,llJ.J.5 RBCs 
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