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Abstract

Ferfluridol , a neuroleptic drug, considerably reversed halofanirin:
resistance in Ty, HF halofantrine resistant strain of Plasmodium  faleipanin
ionginally chloroguine sensitive parasites), but not in K,HF halofantrine
resistant strain (originally chloroquine resistant parasites).

Introwdu:om

The rapid spread of chloroquine - resistant strains of Flasaodium
falcipanum i most of the malarious areas has led to a need fur new antimalarial
drugs. A number of authors have shown that halofantrine {a 9-phenanthrens
methanol) is highly active against both chloroquine - sensitive and chloroquine
resistant strains of P falciparum {(3.5,6,13,14), although some recrudescences
have been reported by a number of investigators (3,11,13).

The development of resistance to  halofantrine in chloroquing - resistan
K, and chioroquine - sensitive Tsss of Pofalciparum wn vitro indicates 1o
extension of resistance of P.faleiparum to halofantrine is most anbicipated (o

Io this study we have demonstrated that penfluridol, a poen
acting newropleptic drug (8), was capable of reversing halofantrine 1o
i Ty o HF halofantrine resistant parasites.
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Materials and methods

a} Parasites and cultivation : Three halofantrine - resistant K HF, T, HF, T, HF,
and two halofanirine - sensitive K| and T, ;. strains of Plasmodium flcipanim were
used during this study. Cultivation of the parasites was conducied as described
by Trager and Jensen with some modifications (15), Briefly, the parasites were
cultured in a 5% haemalocrit containing complete culture medium including 10.4
g BPMIUT640 in | lire of double distilled water, 0.2% (W/V) sodium bicarbonate,
SOmg hypoxanthinen | litre of culture, 25mM HEPES buffre, 10 mg/ml gentamicine
and 10% haman AL type serum and human O+blood. Cultures were maintained in 50 ml
flask (Mune, Denmark ). Fresh media were added until the desired haematocrite was
achieved. Subsequently, the cultures were flushed with a gas mixture consisting
of 3% 0, , 4% 0 and 93% N, (Boc, special gases). All cultures were regassed daily
alter changing the media, Parasitacmia was monitored every day using Giemsa-
stained thin blood smears. The cultures were usually diluted 1o a parasitaemia
ol 1% every 2-3 days, or when the parasitaemia exceeded about 8%,

by Assessment technigues @ The drugs employed in this study (ie: halofantrine,
mefloquine | guinme, chloroguine and penfluridol) were  prepared in  70%
cthanol. The drugs were dissolved in the solvent to a concentration of 107 M. The
stock solution of the desired drug was diluted in the complete culture medium 1o
wive appropriste concentrations. The  dilutions of drug were arranged in
iripheate wells starting from lowest  towards  highest.  Two-fold  triplicate
control wells were set up near the centre of the plate. Fach test well received
L ul of & 50% mfecied erythrecyte suspension producing a 4.5% haematocrit in
complete culture medium at 1% parasitacmia  (mostly ring  stages), After
preparativn as above | the plates were covered, shaken gently, then placed in a
mudular incubator chamber ( Billups - Rothenberg) and flushed with a gas mixture
ol 3% 0, 4% 00 and 93% N, The gas chamber then was incubated at 37°C for 24
howrs Alter the first aneubation period, 0.5 uci of [G-3H] hypoxanthine
tAmersham) was added o each well, The radiolabelled plates were then briefly
shaken, regassed and incubated as before. After the second incubation period, the
vontents of the wells were collected onto a glass fibremat (Skatron - Lid) using
a Titertek cell harvester (Skatron, AG). After drying |, each of the individual
dises was suspended into a 4 ml of optiphase’ safe' scintillation fluid (LKEB) and
then preparcd for scintilfation counting
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Radicactivity was determined by means of a scintillation counter (1R
1219 Rock Beta) linked to an Olivett personal computer M24 which was programmed
1o calculate DPMs (disintegration per minute), DPMs were caleulated from CFM-
{counts per minute) of each tube either control or drugged and background. The
results were expressed as a percent of the control. The 1C50 (50% inlubitury
concentration) and 1090 values were determined visually on the basis of the prapl
of the log drug concentration against incorporation of radiolablelled
hypoxanthics by parasites (as a percentage of control value). The inleraction of
penfluridel with halofantrine, mefloquine, quinine and chloroquine was assessod
by means of the method deseribed by Chawira & Warhurst with some

modifications(4),

Hesults
|- Comparaiive dose response of K HY | T, M, K and T, parasites o penllursdel
('F), halofantrine (HF), mefloquine {MF), quinine (N} and chloroguine (1740

The 1050 values for PE, HE, MF, QN | and C0) against B HF, T 80000 5 an
Ty, strains are tabulated in Table 1. The K,HE and T, 1F parisite b
significant decrease in sensilivity 1o penfluridal | halolantrne, oetlo o
amd yuimne. A significant increase i sensiivity o chlorogquine exiubad by
the K HF parasite.

2- Combinations of halofantrine, mefloquine, guinine and chloroguine wih
penflundo! 2gainst K HE, T, JF (K, and Ty,

The results are tabulated in table 2. A combination of penfluidal wiil
halofantrine = chloroguine exhibited an antagonistic effect apainst the K
strain. The combination of penfluridol with halofanirine was associated watl
antagonism against K HF parasites similar to the Dodings {or penllurdal plae
quiming. The greastest antagonism oceurred with a combination of penfluralel and
chloroguine, particularly in the rafios of 70:30 0 50:50 and 30670 (perflurndol:
chloroguine ; with 1207 , 991 and 1239 percent hibition, respectively
against K P strain. An additive effect was observed for the combination o
penfluridol with  halofantrine and an antagonism  [or the combination o

penlluridol with mefloguine against T, parasiies.
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Potentiztion was obtained for the combination of penfluridol with
halofantrine against T, HF parasites especially at the ratios of 50:50 and 30:70
with 8064 and 8069 percent inhibition respectively, as such penfluridol
increased the activity of mefloquine against the parasites. In contrast, the
interaction between penfluridol and quinine was one of antagonism against T,.96HF

strain particulariy at the ratios of 70:30 and 50:30 with 10.35 and 9.79 percent
mhibition, respectively,

Mscussion

Penflurnlol Rl1634 ; 4-{4-chloro-trifiluoro-m-tolyl)-1- [4,4-bis (P-
Huorophenyl} buty] - 4 piperidinel 15 a pelent and long-acting neuroleptic drug.
I'is drug 15 a white micocrystalline tertiary amine. The pharmacology,
pharmacokinetics and toxicity of penfluridol has been extensively studied (8).

It was demosntraied that penflunidol is relatively nontoxic in normal
dosages. The occasional side-effects are restricted to common neurological
symploms (),

The action of penfluridol on parasites i1s unknown. It was reported that
penflundel like chlorpromazine can inhibit the activation of erythrocyte ca ** -
transporting ATPase via calmodulin (7). In another study the effect of
penfluridol on fast axonal transport in the nerve of the bullfrog was examined
movitro (9), amd it was suggested that ishibition of axonal transport might be
connected with inhibition of the action of calmodulin by penfluridol(9). However,
s, more or less, clear that penfluridol can anlagonise the action of
calmoduling, but the actual mechanism of this inhibition remains unsolved. Results
obtained for the combination of halofantrine with penfluridol produced a slight
antagonsim against the K HF strain, but a considerable potentiation against the
Ty 5HE parasites. Although the reason for this discrepancy is not clear, it may
be speculated that the T, HF and K HF strains have inherently different responses

w the  combmation of  halofantrine  with  penfluridol or to either drug
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alone. In agreement with this in 1990, 178 strains of P.falciparum werc pstalated
with a wide range of sensitivity to halofantrine from thirteen African countries
{12). Additiszally, the variable response of Ffalciparum o similar  druy,
combinatic:- -as been reported by a number of investigators. For instance | sy
combinations  of chlorogine with desipramine or cyprohepladine  againsi
chloroguine - resistant FCR, parasites in 198%9, and against cloned multidrug
resistant FOM29/cameroon in 1990, produced significantly different resulls
i2,1}. It was suggested that the difference between these results may depend on
genclic and biochemical differences, or different sensitivity levels i these
straing to the drug combinations (1)

The results indicated that combination of mefloquine with penflurtel
produced poientiation against the T,  HE parasites, but only an additive i
against Ty HE, (which bas a lower level of resistance 1o meMoguine e | i
unpublishedy. The difference between Ty HF4 and T, , 117 pasisites an vospoa o
mefloguine + penfluridol combinations presumably depends on the level ol
resistance io mefloguine. In other words, the combination of mefloguine vtk
penflundol against the T,,, (mefloquine - sensitive strain), ToaHE, and 1,1
produced aniagonism, an additive effect and potentiation, respectively Alhough
penfluridol potentiated the activeity of mefloguine and halofantrine apainst th
T, HF parasites , in combination with guinine, (another member ol methaneln
functional group) it showed a remarkable antagonism. The reason for the
discrepancy is not clear.

In conclusion penfluridol appears to  potentiate  the  actvaly ol
halofantrice &nd mefloquine against mefloquine and Lalelkntrine resistan

Ty uHF parasites,
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Table 1- Penfluridol , halofanirine , mefloquine , quinine apd chloroquine Ic 50
| value for K1HF, K1 | T, HF and T, parasites of P.falciparum in 48 -

bour [3H] hypoxanthine incorporation assays.

Drug
strain Penflueidal Halefantnne Mefloguine Chuinine Chleroquine
K1 HF 1840* W+ 17 75+ 62 Iman 1 152 B0+ 351
Kl 305 22+ 044 29+ 36 1833 + 929 | 2666 + 1365
Ty HF 17553 1 6506% 2+1 l6h.G + 49,3 112+ 593 293+ 25
! Ton 4933 + 4041 o+ 12 SBA a7 Thb + 4.1 3 +43

% Mean value of two mdividual experiments

* - Mean value of three individual experniments

Table 2- Summary of results of drag combination agamst K1, T, 5., K 1HF and T, ,,HF
parasiles of Ffafcipansm wsing |3H] hypoxanthine incorporation 4% -

hour assays

I Strain K, Ty K,HF T, o HF
Combinatio
PF 1 LIF A, Ad. An. P,
PF 1+ MF - An. - P}
PE + An = A -
PF QN - - A, Am.

Pt Penllundol ; HY - Halofantrine ; M Mefloguine
2 Chleroguine | QN Quinine
An C Antagonism ; Ad - Additive effect ; Po: Potentiation
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