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In recent years there has been a major resurgence of African
sleeping sickness, with an estimated 300,000 people affected
(21). In humans, the disease is caused by infection with the
tsetse fly-transmitted protozoan parasites Trypanosoma brucei
gambiense (western and central Africa) and Trypanosoma brucei rhodesiense (eastern and southern Africa). Untreated, sleeping sickness is fatal. Current chemotherapeutic regimes are
unsatisfactory (7, 15); they require hospitalization and are expensive, can fail to eradicate parasitemia, and often produce
toxic side effects. For example, melarsoprol is the only effective
drug for the advanced stage of sleeping sickness, which occurs
once parasites have invaded the central nervous system. However, melarsoprol treatment can cause arsenic encepalopathy
and results in 5 to 10% patient mortality. Consequently, the
development of new trypanocidal drugs is a major priority of
the World Health Organization (WHO).
In the course of work aimed at expressing modified forms
of the viral M2 protein in trypanosomes, we noticed that the
anti-influenza virus agent rimantadine (a-methyl-1-adamantane methylamine hydrochloride) was highly effective at killing
bloodstream forms of T. brucei in vitro. Overnight incubation
in medium containing more than 5 mg ml21 resulted in the
death of all cells in the culture. Rimantidine is an amide derivative of amantadine, and both drugs are licensed for the
treatment and prophylaxis of influenza A (5). To establish the
extent of this activity, bloodstream form T. brucei (strain 427)
was cultured in the presence of rimantadine or amantadine,
and the concentrations of the drugs which inhibited growth
by 50% (IC50) and 90% (IC90) were determined. Both compounds were found to have trypanocidal activity, with rimantadine being more effective (Table 1). In these experiments,
the cells were incubated for 3 days at 37°C in 4-ml volumes of
modified Iscove’s medium (pH 7.4) (10) in 25-cm3 flasks. The
density of untreated cultures increased from 1 3 105 cells ml21
to 4 3 106 cells ml21 under these conditions. We next investigated the effect of pH on rimantadine activity and found that
above neutral it had increased toxicity (Fig. 1A and Table 1).
For example, 2 mg of rimantadine ml21 inhibited cell growth by

70% at pH 7.4 (the normal pH of blood), whereas at pH 7.0,
T. brucei grew at a similar rate with or without the drug (Fig.
1A). At higher drug concentrations (20 mg ml21) rimantadine
was toxic at all pH levels tested (Fig. 1A). Amantadine was also
found to exhibit activity, but only at concentrations of the drug
that are not physiologically attainable. As with rimantadine,
the trypanocidal effect was pH dependent and was enhanced in
an alkaline environment (Table 1).
We then determined whether rimantadine was active against
the trypanosmatid parasites Trypanosoma cruzi (which causes
Chagas’ disease, or American trypanosomiasis) and Leishmania major (a causative agent of cutaneous leishmaniasis).
The T. cruzi and L. major growth inhibition experiments were
carried out in Nunclon 24 well plates in 2 ml of growth medium. In the case of T. cruzi (CL Brener clone) (3), the initial
inoculum was 2 3 105 epimastigotes ml21. After 5 days of
incubation at 28°C in RPMI medium (13) in the absence of
drug, the cell density increased to 2 3 107 ml21. With L. major
(strain 5ASKH), 2 3 105 promastigotes ml21 were incubated
in minimal essential medium (6) at 24°C. Under these conditions, the growth rate was similar to that of T. cruzi. Both parasites were found to be susceptible to rimantadine, although to
a lesser extent than T. brucei (Fig. 1). At pH 7.8, the IC50s for
T. cruzi epimastigotes and L. major promastigotes were 6.0 and
10.5 mg ml21 respectively. The response of T. cruzi cells to
rimantadine treatment was characterized by swelling and loss
of typical epimastigote morphology, including the flagellum.
T. cruzi and L. major also exhibited pH-dependent sensitivity
to rimantadine (Fig. 1B and C). In an alkaline environment
they were more susceptible, whereas at an acidic pH they were

TABLE 1. Susceptibilities of the cultured bloodstream form
of T. brucei to rimantadine and amantadine
pH of
medium

IC50
(mg ml21)

IC90
(mg ml21)

Rimantadine

7.4
7.6

1.26 6 0.05
0.98 6 0.10

2.50 6 0.30
1.65 6 0.19

Amantadine

7.4
7.6

.20
13.8 6 1.7

.20
19.1 6 0.5

Drug
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a
IC50 and IC90s were obtained from plots and are expressed relative to the
growth of untreated cells at the corresponding pH (Fig. 1). Values shown are the
means of three experiments 6 standard deviations from the mean.
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We report here that bloodstream forms of the African trypanosome, Trypanosoma brucei, are sensitive to the
anti-influenza virus drug rimantadine (50% inhibitory concentration of 1.26 mg ml21 at pH 7.4). The activity
is pH dependent and is consistent with a mechanism involving inhibition of the ability to regulate internal pH.
Rimantadine is also toxic to the trypanosomatid parasites Trypanosoma cruzi and Leishmania major.
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