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Desferrioxamine Suppresses Plasmodium falciparum in Aotus Monkeys' (42461)
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Absrraes, Clinical ehservation has supggested that iron dehciency may be protective in malzna,
and wie have found thet desfermoxaming (DEL an icon-specific chelating agent, inhibited Sy
modiun ffciparem growth foviree, T was difficult to be confident that DF would be effcctive in
an intact animal, however, because continwous sxposue 1o DF was reguited @ vitee and, i v,
IF is rapidly excreted, Also, the i vivro effect of DF was overcome by addition of iron o the
culture and i vivo there are potentially high local iron concentrations when iron is absorbed
from he diet or eeleazsed from reticulocndothelial colls. We now show that DF given by constant
subcutaneous infusion does suppress parasitenua in P fwlcpares-inlected Aolus monkevs

£ 98T Sockay for Eapenmenial Biplogy and Medicine.

Virtually all organisms need iron 1o survive.
The iron supports electron transport (in Cy-
tochromes and iron-sulfur protein), the Krebs
cvele (in aconitase), and even DINA synthesis
(in ribonucleatide reductase). Endogenous
host defenses include several which, viewed
Lleleologically, withdraw iron from pathogens:
serumm iron decreases with inflammation and
lactoferrin, an iron-scquestering protein, is re-
leased at sites where white cells are disrupted
i 1). Siderophores, organic molecules secreted
by microorganisms which bind iron with great
affinity and specificity, have been used 1in an
effort to deprive pathogens of iron, Some or-
ganisms are susceptible, and others are not,
probably because they can utilize the sider-
ophore bound iron (2-4). 1t did not seem likely
that an intraervthrocytic parasite, such as P
faleiparum, would be among the sensitive be-
cause 11 lives inan exceedingly iron-rich en-
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vironment. But experimentation proved that
supposiiion incorrect.

Plasmodinm falciparum, growing in red
cells i vitre, 1s inhibited by 15 pAf desler-
rioxamine (DF), a siderophore which is irom
specific and which can be used to treat iron
averload in humans (3). Since that concentra-
tion of DF would be tolerated (n vive, 1t rased
the hape that DF would also be effective in
viver, However, continuous exposure af the
parasite to DF was required i viteo (pulses of
DF as long as half the parasite’s life ¢vele in
the asynchronous culture had a limited impact
on growth) and constant blood levels of DF
are difficult to obtain (7 vivie becaose the drug
is so rapidly excreted, To address this problem,
DF was given by continuous subcutaneous in-
fusion o P falciparin-infected Aotus mon-
kews,

Methods. Aolus monkeys, ranging in weight
from 667 to 901 g were maintained as de-
scribed {6). They were inoculated intrave-
nously with either 3 ar 30 % 10° parasitized
ervihrocyles from donor Aotus infected with
the Uganda Palo Alto strain of P. falciparum.
At designated times, infected monkeys were
given subcutaneous implants of Alzet pumps
{Alza Corporation, Palo Alto, TA) which had
been loaded with 2 ml of desfermoxamine (200
mg/ml) dissolved in deionized waler. These
pumps deliver their contents at a nominal rate
of [ gl/hr for | week. In some experiments,
infected control animals were implanted with
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pumps which had been loaded with normal
saline. Blood parasite counts were performed
by the methed of Earle and Perez (7). Desfer-
rioxaminge was a gift from Ciba-Geigy (Sum-
mit, NI Data were analyzed using a two-
tailed 1 test where

— (8}

] Hz

Results. In an initial experiment (Fig. 1),
parasitemia was suppressed in both monkeys
receiving DIF at the nominal rate of 800 mg/
7 davs (with two pumps implanted). Both of
these treated monkeys died duning the exper-
iment, one of peritonitis, and the other with
a fatty liver. Nevertheless, there was statisti-
callv significant suppression of parasitemia on
Days 5, 6.5, and 7, In a second experiment,
DF given at nominal dose of 400 mg/7 days
{with one pump implanted) suppressed par-
asitermia in two out of three infected monkeys.
In a third experiment, DF given at a nominal
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Fiei. 1, Actus monkeys wers inoculaied with 10 108
parasitized red cells on Day |, Two Alzet pumps (zach
with 400 mg deslerrionamine in 2 ml aere implanted
subemtaneously on Day 3 in cach treated monkey (@)
Contral monkevs (5 were implanted with saline-loaded
purips, One trested monkey died with peritonitis on Day
7, the ather with a faty Jiver on Day 8, The difference in
parasitemia was statistically significant (P < 005 using a
two-lailed ¢ test) on Days 3, 6.5, and 7.
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FiG. 2, Aotus monkevs were incculated with 5 % 100
parasitized rod cells oo Day 1On Day 2, one Alzel pump
(elose as in Fig | legand) was implanted in each reated
momkey (@) The desferrioxamine infusion frem e pume
wis supplemented with twice daly suboulaneous ingections
ol desferricxamine {10 mgkg). Twe of the four control
o keys (0] were implanted with saline-flled Alzet pumps
{53, Parasitemia was significantly different in treated and
untreated monkevs on Days 3 (F < .03, & (F < 003, 7
[P 0030 and 908 = 0010

dose of 400 me/7 days was supplemented with
twice daily subcutaneous doses (30 mg'kg).
Parasitemia was significantly suppressed on
Days 5, 6, 7, and & there was also a large dif-
ference in parasitemia an Day &, but the vari-
ance in the control on that day overwhelmed
this difference (Fig. 2). Two other monkeys
given twice daily doses of DF 30 mg/ke had
no suppression of parasitemia, supporting the
comelusion from the fn vitro experiments that
sustained exposure to the drug is needed for
effect,

Discussion. Iron deprivation for the treat-
ment of an intracrythrocylic parasite would
geem unpromising because of the huge excess
of herme iron in the immediate environment.
But. this notwithstanding, epidemiologic evi-
dence has suggested that iron deficiency might
be partially protective against malaria (9, 10),
and in the present ix v experiments we have
shown that DF inhibits the growth of the ma-
laria parasile £ falcipariom,

DF is probably effective because . falci-
parum is dependent on an intragrythrocytic



164

chelatable pool of iron (117 and utilizes neither
heme nor transferrin iron divectly. Direct uti-
lization of heme iron is unlikely because free
heme is toxic to the parasite (12) and because
the concentration of DF which inhibits is
LO00-fold less than that of the surrounding
heme (3. It is unlikely that P fafeipariom uti-
lizes transferrin wwon directly because DF does
naot readily remove iron from transferrin (13),
But both catabolized heme and transferrin de-
liveriron to achelatable intracellular poal ( 14),
the iron in which can be removed by DF,
DF 15 too expensive and inconvenient to
usg ta be considered for the routine treatment
of malaria. Moreover, 1t suppresses parasi-
ternia rather than being cidal; thus much more
effective drugs are available. But when the
malana is drug resistant or the patient canniot
tolerate the needed medicine, DF could prove
useful in suppressing parasitemia until the pa-
tient’s endogenous immune response became
cffective, DF's safety is buttressed by more
than two decades of wse in the treatment of
siderosis in Cooley’s anemia (15). It is possible
that ather iren-chelating compounds also have
antimalarial activity and that the ongoing ef
fort 1o develop agents which remove iron with
preater efficiency and which can be given orally
may prove to have a double bencht {16),
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