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Abstract.

The compound WE 238605 is a primaguine analog being developed by the LS. Army as an antimalarial

drug. Currently, there is no established treaiment for Plasmodnen vivay parasitemias that are not cured by chloroguine.
This study tested WR 238605, chloroquine, and their combinations against a chloroguine-resistant strain of £, vivax
(AMERU 1) in Aevus monkeys. A total dose of 3 mg/kg of WE 238605 given at a dosage of 1 mg/kgiday for three
days cleared patent parasites in all eight monkeys but recrudescence of parasitemia eccurred 15-25 days after initiation
of treatment, A total dose of 9 mpke of WR 238605 cover a three-day period cured all three monkeys of their
infections. A total dose of 30 mgfkg of chlorequing did not clear patent infections in three monkeys, whereas 4 total
dose of 60 mgfkg generally {two of three) ¢leared patent parasitermia but did not cure, Whereas toral doses of 30
mgfkg of chloroquine or 3 mgfkg of WR 238605 given alone failed to cure, both drugs given in combination at these
dosages cured two of three infections. These results indigate that WR 238605 may be an alternative treatment for

chloroquine-resistant vivax malaria,

Some strains of Plasmedinm vivax [rom the Melanesian
and Indonesian archipelagoes have demonstrated resistance
to treatment with chloroquine.'* Unlike chloroguine-resis-
tant falciparum malana, there exisis no easy aliernative o
chloroguine treatment of vivax malana, Patienis infected
with chloroguine-resistant strains of . wvivar are treated with
repeated courses of chlorequing’ or melloquine,” bur often
have multiple recrudescences andlor relapses. Although
B-aminoguinolines, such as pomaguineg, have primarily been
used to eliminate residual liver parasites of relapsing malar-
ia, they also have some acnvity against the ervihrocytic
stages.* Primaguine has been shown to be an alternative to
chloroquine treatment for vivax infections from
where the parasites are thought to be sensitive to chloro-
quine,? The compound WR 238605 15 a primaguine analog
developed by the U5, Army as a better-telerated. more ef-
fective replacement for primaguine, Like primaguine, ic 38
an B-amincguinoline with an additional methoxy group at
the 2 position, a methyl group at the 4 pesinoen, amd o 3-ti-
Augromethylphenoxy substitution at the 5 position of the
guinoline ring. Using WE 238605 slone and in combination
with chloroguine 1o ow! monkeys (Aorus lemurinns lemuris
aush, we sought to learn if this B-aminoguinoline could be a
potential alternative treatment for chloroguine-resistant vi-
vax infeclions.
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MATERIALS AND METHODS

The AMBRL | strain of P. wivax was originally cbtained
from an Australian Special Air Service soldier who was in-
fected in East New Brntain Province of Papua MNew Guinea
and failed two sequential treatments with chloroguine.” It
was subsequently demonstrated that the infection in Aatis
monkeys could be carried through the mosguito cycle,” that
high doses of 4-aminoquinelines (60 mg base/kg total dose)
were required to cure infections,” and that WE 238605 was
probably a useful drug 1o eliminating blood parasites.® Using
this preliminary information, AMERELU | was adapted o Pan-
amanian Aoy monkeys through = 10 blowd passages and
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then used in experiments (o delineate its sensitivity (o WE
2386035, chiorequing, and their combunatnions. Infection wis
through intravenous inoculations of 5 X 10" erythrocyiic
parasites from a donor monkey, Drog admimsieation fol-
lowed 5-0 davs later when parasitemia reached = 5,000 par-
asitesimm’. Stock solutiens of chlorogquine were prepared at
appropriate concentrations of drog base and maintained at
4°C duning the course of treatment, Chloreguine doses are
expressed as mg/kg of base drug. A suspension of WR
238605 was prepared in 0.3% methyleellulose just prior to
wse. [Drugs were administered over a three-day period in
equally divided doses once a day by gasiric intubation 1n a
volume of 7 mi, followed by a 7-ml ninse with either water
or 0.3% methyleellulose. Giemsa-stained blood smears were
preparcd from all animals and examined daiby beginning the
day after inoculation until parasitemia was cleared and for
a1 least seven days thereafter. Blood films were then exam-
ined twice a week up to 100 days after treatment. Blood
filmms were considered negative if no parasites were seen af-
ter 5 min of examination. Parasitemia was cnumerated by
the Earle-Perez technigue-and expressed as number of par-
asites/microliter.”

All amimal expenments were conducted pecording (o the
principles enunciated in the Guide for the Care and Use of
Laboratory Annnafly, Insttute of Laboratory Animal Re-
search, National Research Council, NIH Publication No,
85-23 and applicable federal laws and repgulaticns.

RESULTS

Infections with the AMRU 1 strain of £ vivay were re-
producibly resistant o dosages of chloroguine that cured
chlorogquine-sensitive strains of P wvax Total doses of 33
mgfkg (o
(Figure | and Table 1), A total dose of chloroguine 60 mgfkg
given over three days cleared patent infections in twao of
three monkeys, but did not produce cures with parasites
reappearing by day 10 as shown in Figure 1. Compound WE

238605 cleared patent parasitemias of AMRU 1 when a total

3) or less of chloroguine did not clear infections
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Fioupe |, Serial parasite counts of chloroquine-resistant Plar-
pvedonrn wivay (AMREL Di—infected Aoius monkeys treated with chlo-
mguine {17.5-60 mgkg woral dose)

dose of 3 mafke was given over a three-day period (n = 8)
as seen in Figure 2, but recrudescences occurred belween
davs 15 and 23, The lowest curative dose of WER 238605
was 9@ mpfka (n = 3} as seen in Table 1.

Subcurative doses of ehloroquine and WER 238605 were
used in combination too treat Aerus monkeys infected with
the chloroquine-resistant AMRU | strain (Figure 2 and Table
1). Each of the combinations tested produced a marked en-
hancement of activity against the ervthrocytic stages when
compared with the drugs used alone. For example, a 1ol
dose of 0.9 mgke of WR 238605 plus 30 mg/kg of chlo-
roguine produced complete clearance of parasitemia in all
monkeys tested (n = 3) whereas the same dose of WR
238605 alone gave only minor suppression of parasitemia
and chloroguine alone had no effect. When examining curced
infections, a total dose of 3 ma/kg of WR 238605 plus 30
mzke of chloroquine produced cures in two of three animals
as opposed o none of cight monkeys cured when only 3
mipfkp of WR 238605 was used.

DISCUSEION

The drug WR 238605, an 8-aminoguinoline analog of pri-
maquine, is effective in eliminating the eryihrocyiic stages
of chloroguine-resistant vivax malaria in the Agres monkey.
Comparison experiments with primagquine indicate that WR
238605 15 approximately 10 rimes more potent than prima-
quinge as has been seen in previous primate cxperments ws-
ing the rhesus monkey/P. cynomolgi model (Heisey G,
Armed Forces Research [nstitute of Medical Sciences, un-
published data). The anumalarial activity of WE 238605 s
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Effects of WER 238605, alone and i combanation with chloroguine,
against the AMEBEL | strain of Plasmodiven vivax®
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further enhanced by the addition of subtherapeutic doses of
chloroguine. Previous studies with Poowveelif In mice sug-
gested that WR 238605 could be synergistically combined
with chloroquine against chloroguing-resistant infections,’
Although the combination of WR 238605 and chloroquine
certainly enhanced parasile clearance and cures in this study,
the combination appears to be only additive in Aotns mon-
keys.

The data from this study have climcal relevance since po-
tential uses for WR 238605 include the treatment of chio-
roquine-resistant vivax malaria and terminal prophylaxis of
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rravelers to eliminate residual parssites on leaving an endem-
i area. In most malaria-endemic areas, vivax malaria pa-
thents are trented with chloroguine to eliminae erythrocytic
stinges plus at least twooweeks ol primaguine (o prevent re-
lapses due o persisting exocrythrocylic stages. It mav be
rasier to_accomplish the same core with o shor coorse of
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shown that primaagune alone can chminate erythrooye
stages in vivax malaria although promaguine worked better
in combination with chloreguine” The available data suggest
that WE 238605 15 a potent blood schizonticide and may b
wselful in combination with chloroguine for the treatment of
chloroquine-resistant £, vivax infections. Clinical trials to
determine regimens for human prophylaxis and treatment are
underway,
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