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New drugs and molecular targets are needed against Trypanosoma brucei, the protozoan that causes African
sleeping sickness. Tryptanthrin (indolo[2,1-b]quinazoline-6,12-dione), a traditional antifungal agent, and 11
analogs were tested against T. brucei in vitro. The greatest activity was conferred by electron-withdrawing
groups in the 8 position of the tryptanthrin ring system; the most potent compound had a 50% effective
concentration of 0.40 �M.

Members of the Trypanosoma brucei species are flagellated
protozoa that are transmitted by tsetse flies. They cause sleep-
ing sickness in humans and a related disease in cattle. The
characteristic meningoencephalitis of African sleeping sickness
is fatal if it is not treated, and currently available drugs are
limited by toxicity and growing parasite resistance (7, 9, 12).
Unfortunately, in recent years there has been a dramatic and
devastating resurgence of sleeping sickness (14). The need for
safe and effective new antitrypanosomal agents is pressing.

Tryptanthrin (indolo[2,1-b]quinazoline-6,12-dione; in Fig. 1,
X is H in tryptanthrin) is a weakly basic alkaloid found in a
number of plant species (11). This alkaloid is unusual in that its
synthesis was described a half century before it was discovered
as a natural product (6). Tryptanthrin is the active principal of
a traditional Japanese herbal remedy for fungal infections (8).
Subsequent studies extended the spectrum of antimicrobial
activity to include bacteria (10, 11), particularly Mycobacterium
tuberculosis (1). The activity of tryptanthrin against this intra-
cellular organism prompted us to evaluate tryptanthrin and a
series of derivatives of tryptanthrin against intracellular para-
sites, including Plasmodium falciparum, which causes malaria
(13). In this report we describe the activities of a series of
substituted tryptanthrins and 4-azatryptanthrins (Fig. 1)
against Trypanosoma brucei, an extracellular protozoan para-
site.

Tryptanthrins. Tryptanthrin compounds were synthesized as
described by Baker and Mitscher (1) and were characterized by
their infrared and mass spectra. Stock solutions were prepared
in dimethyl sulfoxide (99.8%; 27,685–5; Aldrich) and were then
serially diluted into culture medium.

Assay. Bloodstream-form T. brucei (MiTat 1.2, strain 427)
organisms were grown axenically (5) at 37°C in HEPES-buff-
ered Iscove’s modified Dulbecco’s medium that did not contain
phenol red but that was supplemented with glutamate, hypo-
xanthine, cysteine, thymidine, sodium pyruvate, mercaptoetha-
nol, bathocuproinedisulfonate, 10% Serum Plus, and 10%
heat-inactivated fetal bovine serum, as described previously
(2). Ten concentrations of each tryptanthrin were assayed in

quadruplicate. Exponentially growing cells were incubated in
96-well plates (Falcon no. 3072 plates; Becton Dickinson) with
or without test compound for 20 h and were then lysed and
incubated for 3 to 6 h with p-nitrophenol phosphate. The acid
phosphatase activity was determined, and 50% effective con-
centrations (EC50s) were obtained from curves fit to the data
(2, 4). Each compound was assayed twice in this fashion. As an
experimental control, the EC50 of berenil, a recognized anti-
trypanosomal drug, was determined concurrently.

Antitrypanosomal activity. We tested tryptanthrin and 11
derivatives for their activities against axenically cultured blood-
stream-form T. brucei (Table 1). These compounds exhibited
significant antitrypanosomal activities. The least soluble of the
analogs exhibited the lowest activity. Thus, tryptanthrin (com-
pound 1a) and 8-trifluoromethoxytryptanthrin (compound 1f)
had EC50s of 23 and 38 �M, respectively. At its maximal
solubility of 40 �M, 4-azatryptanthrin was less than 20% ef-
fective. The activity of 6-dicyanomethylidenetryptanthrin
(compound 4) at its solubility limit of 8.4 �M was also limited
to 20%. The relatively high antitrypanosomal activity of 6-ben-
zylidenetryptanthrin (compound 3) is rather surprising in view
of its increased molecular weight and the loss of the aqueous
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FIG. 1. Compounds synthesized and analyzed for antitrypanosomal
activities include tryptanthrins (ring system 1), 4-azatryptanthrins (ring
system 2), a 6-benzylidene analog (ring system 3), and a dicyanometh-
ylidene derivative (ring system 4).
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solubility-conferring 6-keto group. Antitrypanosomal activity
was markedly improved by the presence of an electron-with-
drawing group (halogen or nitro) at position 8 of the tryptan-
thrin or azatryptanthrin ring system: these analogs were up to
100-fold more active than the unsubstituted parent. In this
regard, it is interesting that the most active analog, 4-aza-8-
bromotryptanthrin (compound 2d; EC50, 0.40 �M) possessed
both 4-aza- and 8-bromo substituents. Submicromolar activity
was also exhibited by compound 1e (8-nitrotryptanthrin; EC50,
0.82 �M). In our hands, the antitrypanosomal activities of the
tryptanthrins (low micromolar EC50s) are comparable to those
that we obtained for clinically useful antitrypanosomal agents,
such as pentamidine and difluoromethylornithine (0.02 and 22
�M, respectively) (3). The tryptanthrins represent a new class

of agents with significant in vitro activity against T. brucei.
Further investigation of this lead may reveal a novel molecular
target amenable to exploitation in the search for much-needed
new chemotherapeutic agents against sleeping sickness.
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TABLE 1. Activities of tryptanthrins against T. brucei in vitro

Compound
Structurea Antitrypanosomal

activity (EC50)b

Ring system X �g/ml �M

1a (tryptanthrin) 1 H 5.6 23.0
1b 1 F 0.59 2.2
1c 1 Cl 0.52 1.8
1d 1 Br 1.6 4.9
1e 1 NO2 0.24 0.82
1f 1 OCF3 12.5c 38.0c

2a 2 H 10.0d 40.0d

2b 2 F 0.37 1.4
2c 2 Cl 1.3 4.6
2d 2 Br 0.13 0.4
3 3 0.81 2.5
4 4 2.5e 8.4e

a See Fig. 1 for the structures of ring systems 1 to 4 and the positions of the X

substituents.
b The results are the averages of two independent experiments. Differences

between the average value and the individual EC50s do not exceed 30%. The r2

(goodness of fit) value obtained for each concentration-cell killing curve was
�0.95 (0.98 � 0.02 [mean � standard deviation]). The EC50 for concurrent
berenil controls was 0.31 � 0.08 �M.

c Fifty percent inhibition at the indicated limit of solubility.
d Less than 20% inhibition at the indicated limit of solubility.
e About 20% inhibition at the indicated limit of solubility.

VOL. 46, 2002 NOTES 883


