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In  spite of the years of efforts since the 
synthesis of pamaquine in 1924, quinacrine 
in 1930, and chloroquine in 1934 (1 ), there 
is still no single synthetic drug known to 
eradicate both the blood and tissue stages of 
the different types of malaria parasites en- 
countered in nian (2).  The search for newer 
and more active antimalarial agents has been 
further intensified by the recent appearance 
of chloroquine-resistant strains ( 2-4). Be- 
cause most drugs currently being designed or 
tested against malaria supposedly act by in- 
terfering with the parasite’s replicatory func- 
tions, and since the trinity of host-drug- 
parasite is a similar obstacle in the area 
of cancer chemotherapy, we postulate that 
drugs active against neoplasms might pre- 
sent some degree of toxic activity against 
plasmodia parasites, and perhaps even, in 
certain cases, vice versa. In  testing this sup- 
position, the antimalarial effects of actinomy- 
cin D and cyclophosphamide, two of the most 
active antineoplastic agents now in clinical 
use, are first considered. This report presents 
evidence that they are indeed effective anti- 
malarial agents in an in vivo murine system. 

Materials and Methods. Antimalarial activ- 
ity was evaluated by determining percentage 
reduction of parasitemia in mice inoculated 
with malaria plasmodia. The strain of malaria 
employed with Plasmodium vinckei. This 
was described by Rodhain in 1952 from the 
African tree-rat, Thamnomys surdaster, which 
was also the host in which P .  berghei had 
been found [ ( l ) ,  p. 11 11. I t  is smaller than 

1This work was initiated by a grant from the 
Stiftung Volkswagenwerk, and supported by the 
World Health Organization. 

P. berghei, usually producing about eight 
merozoites per segmenter in the mouse, and, 
unlike P.  berghei, does not shown any pre- 
dilection for reticulocytes. Tts natural vector 
is believed to be Anopheles dureni ( 5 ) )  the 
same source as for P. berghei. It is not 
resolved whether P. vinckei is a variant of P. 
berghei; nevertheless, Rodhain has shown 
that is is now antigenically distinct, since no 
cross-immunity exists between these two plas- 
modia species [ ( l ) ,  p. 1111. 

P .  vinckei is highly virulent in mice of the 
NMRI strain and has proved to be a conve- 
nient system for evaluating schizonticidal ac- 
tivity even after only a single drug applica- 
tion on the day following infection of the 
host. We have found that, depending upon 
the number of parasites injected, almost 
100% of the animals expire between 4-8 days 
post infection (W. Kretschmar and E. Fink, in 
preparation). Since there is a dependent rela- 
tionship between survival time and degree of 
parasitism, the former parameter can be esti- 
mated by determining reduction in paras- 
itemia percentage following short-term chem- 
otherapy. 

Female NMRI mice weighing 18-20 g ,  
maintained on Altromin-R laboratory chow 
and water ad libitum, were inoculated intra- 
peritoneally with 1 X lo7 parasitized ery- 
throcytes derived from 3 to 4-day-old parasi- 
tized donors, and drug therapy instituted on 
the same and/or 1 day later. Blood smears 
from treated and contrd mice were made on 
the second day post infection, or 1 day after 
therapy; at this time, untreated mice have 
4-6% of their erythrocytes parasitized. The 
antimalarial activity of the drug tested is 
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TABLE I. Suppressive Activity of Cyclophosphamide and Actinomycin D against Plmsmodium vinckei 
in Mice Infected with 1 X lo7 Parasitized Erythrocytes. 

_ _ _ _ _ ~ ~  ~~ ~ 

Parasitemia 2 days post infection 
(no. of parasit. RBC/micr. field) 

Treated Controls 
Dose schedule Reduction of Signifi- 

(mg/kg) No. of No. of parasitemia cance 
Drug (therapy days)" mice (Z & SE3) mice (Z ? SEZ) (%) P 

Cyclophosphamide 1 X 100 (0,l) 8 10.1 & 2.0 8 39.8 & 3.1 75 <O.OOl 

ActinomycinD 2 X 0.01 (1) 8 10.7 2 1.3 8 23.1 2 2.7 53 <O.OOl  

1 x 20 (OJ) 8 25.3 4 3.9 8 39.8 2 3.1 37 <0.02 

1 x 0.01 (1) 8 9.6 2 2.1 8 23.1 ? 2.7 58 <0.005 

Chloroquine 1 x 1.0 (0)  13 25.0 4 2.4 16 41.4 k 4.5 40 <0.005 

"Day 0 = day of infection; Day 1 1 day post infect.ion. 

expressed in percentage suppression of paras- 
itemia, based on the control values, a t  this 
time (day 2 ) .  Percentage parasitemia was 
determined by counting 10 fields/slide. Each 
field contained approximately 600 red blood 
cells. 

Actinomycin D (Serva) and cyclo- 
phosphamide (Endoxan, Cytoxan) were 
obtained in their commercial forms and so 
diluted in physiological saline as to provide 
0.1 mlJlO g mouse per ip injection. For pur- 
poses of comparison, a standard antimalarial 
agent, chloroquine (Resochin), was included 
in these experiments. 

Results. The results obtained with the 
three drugs tested are summarized in Table 
I. Cyclophosphamide administered in doses 
of 20 and 100 mg/kg on days 0 and 1 yielded 
a reduction of parasitemia of 37 and 7576, 
respectively. A dose of 10 pg/kg of actinomy- 
cin D applied once and twice on day 1 post- 
infection resulted in about the same level of 
antimalarial activity (53-58%), which is 
particularly striking because of the extremely 
small amount of drug administered (the 
single dose LDlo for actinomycin D in mice 
ranges from about 150-250 pg/kg of body 
wt). At the dosages employed, both anti- 
cancer agents revealed higher an timalarial ac- 
tivity in this system than chloroquine. Based 
on Student's t test, these inhibition percen- 
tages are significant. 

Discussiovt. Both cancerostatic agents 
shown here to possess antimalarial activity in 

a murine P. vinckei system supposedly pro- 
duce cytotoxic effects by different mechan- 
isms of action. As an alkylating agent, i t  is 
believed that cyclophosphamide cross-links 
DNA strands, thus interfering with its repli- 
cative function (6 ) .  Whereas cyclophos- 
phamide has not, to our knowledge, been 
shown to have activity against protozoan in- 
fections, related agents affected the develop- 
ment of malaria parasites in the mosquito 
host (7). 

Actinomycin, on the other hand, has al- 
ready been reported to show activity against 
some parasites, viz., Tetrahymena pyrifor- 
mis and ciliated protozoans (8-10) , trypano- 
somes (1 1, 1 2 ) ,  Trichomonades ( 13), and 
the nematode, Anquizla aceti (14). The lack 
of difference between a single and double 
daily application of 10 pg/kg of this drug is 
probably due to its only being able to act on 
a short interval in the plasmodium's cell cy- 
cle, the S-phase, when DNA-directed RNA- 
synthesis can be interrupted. At the low sin- 
gle doses of only 10 pg/kg 'body weight, ac- 
tinomycin D appears to be, on an equimdar 
basis, one of the most potent drugs ever 
tested against malaria, and certainly the first 
antibiotic to show such antimalarial activity. 
Considering its rapid uptake in many tissues 
of the body (15-17), it does not seem unlike- 
ly that this agent, as well as perhaps 
also cyclophosphamide, might have activity 
against the exoerythrocytic stages of the ma- 
laria parasites. 
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It should be mentioned that differences in 
drug sensitivity are of course present between 
plasmodia and tumor cells: (i) The more 
common antimalarials (e .g . ,  chloroquine, 
quinine, pyrimethamine) are not very 
cancerostatic, and (ii) aminopterin and ame- 
thopterin, although similar antifolics as pyri- 
methamine, are not similarly effective against 
malaria ( 18). Nevertheless, the good anti- 
malarial effects shown here for cyclosphos- 
phamide and actinomycin D stimulate fur- 
ther interest in these and related anticancer 
agents, both as possible prototypes for de- 
veloping other antimalarial agents and for 
studying metabolic pathways of the blood 
and tissue stages of these parasites. 

Summary. Cyclophosphamide and actino- 
mycin D were highly active against Plas- 
modium vinckei parasitemia in NMRI mice, 
even more so than chloroquine. In  fact, ac- 
tinomycin D proved effective at the very low 
dose of 1’0 pg/kg. The efficacy of anticancer 
agents as antimalarials, and vice versa, seem 
worthy of further study. 
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