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Both nifurtimox and benznidazole, which are used for the treatment of Chagas' disease, also display marked
antibacterial activities. Characteristically for nitroheterocyclic compounds, they are much more active against
anaerobic and microaerophilic bacteria than against aerobic bacteria. Nitroreductase-deficient aerobes are

completely resistant, whereas SOS-repair-deficient strains are moderately susceptible. Those strains are

rapidly killed.

The antitrichomonadal activity of metronidazole (4) was

known long before its antibacterial activity was detected (5).
The broad and strong antimicrobial effect of this drug is due
to its nitro group coupled onto a heterocyclic ring (6, 12).
Several other nitroheterocyclic compounds also show a

Trypanosoma cruzi (3, 13). Both of these drugs possess a

nitro group at either the 5 or the 2 position of a heterocyclic
ring. Therefore, it could be anticipated that these drugs also
exert antibacterial activities besides their antiparasitic po-

tency. Their MICs against some aerobic (15) or anaerobic

TABLE 1. Comparative activities of nitroheterocyclic compounds

MIC (,ug/ml)
Strain

Metronidazole Nifurtimox Benznidazole Niridazole

Aerobes
Pseudomonas aeruginosa ATCC 27853 >128 >128 128 >128
Staphylococcus aureus ATCC 25293 >128 8 64 >128
Escherichia coli >128 128 >128 8
ATCC 25922
W3110 recA+ >128 >128 >128 4
W3110 recA 128 64 8 0.25
WP2 polA+ uvrA+ >128 64 64 4
WP67 polA uvrA 128 32 16 0.5

Salmonella typhimurium >128 >128 >128 4
LT2 uvrB+
LT2 uivrB+ NR" >128 >128 >128 >128
TA98 uv'rB >128 8 128 0.25
TA98 uvrB, NR >128 64 128 128
TA1538 uvrB 128 4 128 0.25

Anaerobes
Bacteroides fragilis ATCC 25285 0.5 0.5 2 0.0075
Bacteroides variabilis 1 4 0.25
Bacteroides distasonis 1 1 2 0.03
Clostridium perfringens 0.5 1 2 0.015
Clostridium bifermentans 0.5 0.5 4 0.0075
Clostridium septicum 0.5 1 1 0.0075
Clostridium sordelii 1 0.5 2 0.0075
Clostridium tetani 0.5 0.5 2 0.0075
Clostridium sporogenes 0.5 0.5 4 0.0075
Peptostreptococcus sp. 1 1 2 0.03
Actinomyces sp. 8 2 8 4
Propionibacterium acnes 128 128 128 64

aNR, Nitroreductase deficient.

marked antimicrobial activity (11) that is directed against
bacteria, protozoa, and even worms (7, 8).

Nifurtimox (Bay 2502; Lampit; Bayer AG, Leverkusen,
Federal Republic of Germany) and benznidazole (Ro 7-1051;
Rochagan; Hoffmann-La Roche AG, Basel, Switzerland) are

used still now for the therapy of acute infections with

(14) bacteria were determined by an agar dilution method
with Mueller-Hinton or Wilkins-Chalgren agar, respectively,
and compared with those of metronidazole and niridazole.
The microaerophilic campylobacters were tested as de-
scribed previously (10).

Niridazole was the most active nitro compound. Nifur-
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FIG. 1. Bactericidal activity of nifurtimox on different strains of S. typhimurium. Symbols: , untreated controls; -- -, 8 ,ug of
nifurtimox per ml; ...... 64 ,ug of nifurtimox per ml.

timox, benznidazole, and metronidazole were rather similar.
Few strains were even more susceptible to nifurtimox than
to metronidazole, whereas benznidazole was only margin-
ally less active. Anaerobic bacteria other than Actinomyces
and Propionibacterium were much more susceptible to these
substances than were aerobic and facultatively anaerobic
bacteria (Table 1). The microaerophilic campylobacters
were heterogeneous. Of 20 strains of Campylobacter jejuni
and Campylobacter coli, 8 were as susceptible as anaerobic
bacteria (MIC, 0.5 to 1 ,ug/ml), 4 were as resistant as aerobic
and facultatively anaerobic bacteria (MIC, 32 to 128 ,ug/ml),
and 8 were intermediate.
Among the aerobic and facultatively anaerobic bacteria

tested, strains deficient in their SOS DNA repair system,
i.e., with mutations of the uvr, rec, and pol genes (for
example, Escherichia coli W3110 recA and Salmonella ty-
phimurium TA98 and TA1538 [9]), were relatively suscepti-
ble, indicating that nifurtimox and benznidazole exert their
antimicrobial activities by damaging the microbial DNA as

metronidazole and niridazole do (1, 6, 9, 12).
Anaerobic bacteria are said to contain highly efficient

enzymes that reduce the nitrogroup after penetration of the
antimicrobial agent into the cell (2, 12). Aerobic and faculta-
tively anaerobic bacteria and possibly some campylobacters
are much less active. A loss of the nitroreductase activity, as

in strain TA98NR, leads to a complete resistance (Table 1).
These findings indicate that nifurtimox and benznidazole

act like other nitroheterocyclic compounds by damaging the
microbial DNA after activation by microbial enzymes. Ob-
viously, this action is bactericidal as shown by a time-kill
assay. Salmonella strains in the logarithmic phase were

diluted to a final concentration of about 106/ml in Mueller-
Hinton broth containing either 0, 8, or 64 ,ug of nifurtimox
per ml. Subcultures were done at 1, 3, 6, and 24 h after
incubation at 37°C. Samples of 0.5 ml of each culture were

withdrawn. Serial 10-fold dilutions were plated with 25 ml of
liquified Mueller-Hinton agar and incubated for 24 h at 37°C.
The susceptible strain S. typhimurium TA98, but not the
resistant strains such as the innate resistant parent strain
LT2 and the mutant TA98NR, was rapidly killed (Fig. 1).
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