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We evaluated 44 novel cationic compounds for activity against metronidazole-sensitive and -resistant
Trichomonas vaginalis isolates. Six compounds in three different structural classes demonstrated 50% inhibi-
tory concentrations as low as 1 �M against both sensitive and resistant isolates, suggesting a mode of action
independent of parasite biochemical pathways that confer resistance to 5-nitroimidazoles.

Trichomoniasis is a common sexually transmitted disease
caused by the protozoan parasite Trichomonas vaginalis. An
estimated 170 million persons are infected with T. vaginalis
worldwide (24). Clinical manifestations range from an asymp-
tomatic presentation to vaginitis, dyspareunia, and strawberry
cervix in women and urethritis in men. Trichomoniasis has also
been associated with premature birth, low infant birth weight,
and increased susceptibility to human immunodeficiency virus
infection (7, 20).

Metronidazole has been the principal drug used to treat
trichomoniasis since it was introduced in 1960 (12). Although
resistance to metronidazole was first reported in 1962 (17), the
drug is still effective, successfully treating approximately 90 to
95% of infections (5). However, metronidazole treatment does
not cure all patients, and recognition of resistance is increas-
ing. Requests to the Centers for Disease Control and Preven-
tion (CDC) for evaluation of metronidazole resistance in clin-
ical isolates have increased in number from 15 in 1995 to over
100 in 2003 (W. E. Secor, K. A. Workowski, and D. J. Mosure,
unpublished observations). In addition, side effects such as
gastrointestinal discomfort and nausea are commonly reported
(18) and, with hypersensitivity reactions (15), can be severe
enough to preclude the use of metronidazole for treating some
individuals.

It was recently reported that tinidazole is efficacious against
T. vaginalis isolates at lower minimal lethal concentrations
(MLCs) than metronidazole (8), a finding also supported by
clinical observations (19). Like metronidazole, tinidazole is a
5-nitroimidazole, and for isolates with high levels of resistance
to metronidazole, tinidazole MLCs are also high (8). In addi-
tion, although tinidazole use results in fewer common side
effects than the use of metronidazole, it is possible that persons
with hypersensitivity reactions to metronidazole may also have
adverse reactions to tinidazole. Although tinidazole may prove
to be useful in many cases of metronidazole treatment failure,
the identification of nonnitroimidazole compounds that have
efficacy against trichomonads is desirable.

Dicationic, aromatic diamidine compounds that bind the
minor groove of DNA have activity against a wide spectrum of
protozoan parasites (23). For example, pentamidine is used to
treat African trypanosomiasis and antimony-resistant leish-
maniasis. However, pentamidine must be administered paren-
terally; it causes potentially severe host side effects, and drug
resistance among parasites is emerging. These factors have led
to recent research on compounds that are structurally related
to pentamidine and retain antiparasite activity but demon-
strate decreased toxicity for mammalian cells. Chemically syn-
thesized diamidine compounds have activity against Cryptospo-
ridium parvum (2), Leishmania donovani (1, 22), Plasmodium
falciparum (1), Trypanosoma brucei (14), and Trypanosoma
cruzi (22) and the fungi Candida albicans, Cryptococcus neo-
formans, and Aspergillus fumigatus (10, 11). In addition, appro-
priate chemical design of prodrugs for these compounds can
confer systemic bioavailability following oral administration
(23). Such broad-spectrum activity for these related drugs stim-
ulated us to evaluate them for activity against T. vaginalis.

Reference strains CDC085 and CDC520, which are metro-
nidazole resistant and sensitive, respectively, were maintained
at 37°C in Diamond’s Trypticase-yeast-maltose medium (pH
6.0). Metronidazole, tinidazole, pentamidine, and Berenil were
purchased from Sigma Chemical Co. (St. Louis, Mo.). Drugs
DB75 (9), DB289 (3), DB181 and 249 (4), DB690 (13), DB673
(21), and DB818 (15a) were synthesized as previously report-
ed; purity was determined by nuclear magnetic resonance
(NMR) and thin-layer chromatography. The syntheses of
DB507 and DB364 are outlined below.

4,4�-Bis{2-[(4-amidino) benzimidazolyl]}biphenyl tetrahy-
drochloride (DB507) was prepared by heating a mixture of
4,4�-diformyl-1,1�-biphenyl (0.21 g; 0.001 mol), 4-amidino-1,2-
phenylenediamine hydrochloride hemihydrate (0.39 g; 0.002
mol), and 1,4-benzoquinone (0.216 g; 0.002 mol) in ethanol at
reflux for 12 h. The solvent was reduced to one-third of the
original volume, followed by dilution with ether and then fil-
tration, yielding a dark solid. The solid was dissolved in a large
volume of hot ethanol and filtered; the solution was treated
with 10 ml of HCl gas-saturated ethanol and stirred. The sol-
vent was reduced to one-third of the original volume and
diluted with ether. A dark hydrochloride salt precipitated,
which was filtered, washed with ether, and dried in vacuum at
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75°C for 24 h to yield 0.43 g (66%). Melting point, �300°C
decomposition; 1H NMR (dimethyl sulfoxide [DMSO]-d6): 8.35
(d, 4H, J � 7.6 Hz), 8.21 (s, 2H), 8.02 (d, 4H, J � 7.6 Hz), 7.85 (d,
4H, J � 8.4 Hz), 7.50 (d, 4H, J � 8.4 Hz). 13C NMR (DMSO-d6):
166.0, 153.2, 141.4, 137.5, 128.4, 127.8, 126.9, 123.4, 122.6, 116.2,
115.1. Fast atom bombardment mass spectra: m/e 483 (M� � 1).
Analysis calculated for C29H22N8 � 4HCl � 1.5H2O: C, 53.41; H,
4.46; N, 17.09. Found: C, 52.97; H, 4.61; N, 17.17.

2,5-Bis{2-[5-(N-isopropylamidino)benzimidazoyl]}benzo[b]
furan tetrahydrochloride (DB364) was prepared using a pro-
tocol similar to that described for DB507. Condensation of
benzo[b]furan-2,5-dicarboxaldehyde and 4-N-isopropylamid-
ino-1,2-phenylenediamine gave a metallic green solid with a
69% yield. Melting point, 285 to 290°C. 1H NMR (DMSO-d6/
80°C): 8.71 (s, 1H), 8.36 (d, 1H, J � 8.8 Hz), 8.08 (d, 2H, J �
9.2 Hz), 7.98 (d, 1H, J � 8.8 Hz), 7.96 (s, 1H), 7.85 (d, 1H, J
� 8.8 Hz), 7.82 (d, 1H, J � 8.8 Hz), 7.64 (d, 1H, J � 8.8 Hz),
7.61 (d, 1H, J � 8.8 Hz), 4.02 (broad q, 2H, J � 6 Hz), 1.32
(broad d, 12H, J � 6 Hz). 13C NMR (DMSO-d6/D2O/80°C):
162.9, 162.6, 157.5, 152.9, 147.4, 145.3, 141.1, 138.7, 137.8,
134.9, 129.2, 126.9, 125.7, 125.0, 124.5, 123.8, 123.2, 121.4,
116.9, 116.1, 115.7, 115.5, 113.9, 109.4, 46.2, 46.1, 21.6 (signals

overlap). Analysis calculated for C30H30N8 � 4HCl � 0.5H2O: C,
53.49; H, 5.23; N, 16.64. Found: C, 53.53; H, 5.29; N, 16.45.

Compounds were dissolved in DMSO (Sigma) and further
diluted with Diamond’s Trypticase-yeast-maltose medium to
reach assay concentrations. Two types of assays were per-
formed on the synthesized cationic compounds being evalu-
ated. An initial screen was performed using the standard MLC
assay (8, 16), with a maximum concentration of 20 �M for 44
test compounds. Each compound was tested at least twice
under both aerobic and anaerobic conditions. Anaerobic con-
ditions were generated with a GasPak jar and CO2-generating
GasPak Plus anaerobic system envelopes (Becton Dickinson,
Sparks, Md.) and monitored with GasPak disposable anaerobic
indicator strips (Becton Dickinson). Compounds that showed
no activity were not tested further.

The structures of the six compounds that had some effect in
the MLC assay as well as three related but ineffective com-
pounds are shown in Fig. 1. To further evaluate their activities,
a second type of assay was used to determine the concentration
at which 50% of the parasite growth was inhibited (IC50). In
these assays, 0.5 �Ci of tritiated thymidine (Perkin-Elmer,
Boston, Mass.) was added to each well of a standard assay at

FIG. 1. Structures of dicationic compounds evaluated in this study.

TABLE 1. IC50s of compounds evaluated under aerobic and anaerobic conditions in this study

Compound

Strain CDC085 Strain CDC520

Aerobic Anaerobic Aerobic Anaerobic

na IC50
b n IC50 n IC50 n IC50

Metronidazole 61 302.6 � 22.2 62 12.3 � 23.8 38 18.2 � 4.25 31 1.89 � 0.77
Tinidazole 5 45.1 � 5.38 4 4.81 � 1.17 2 1.48 � 0.12 2 0.004 � 0.0
Pentamidine 3 No effect 3 No effect 3 No effect 3 No effect
Berenil 3 No effect 3 No effect 3 No effect 3 No effect
DB75 8 8.12 � 2.45 7 18.6 � 19.8 4 18.6 � 6.43 4 57.9 � 19.6
DB289 3 39.1 � 25.1 2 No effect 2 No effect 2 No effect
DB181 7 6.44 � 3.89 7 9.41 � 7.92 7 6.60 � 1.76 7 3.91 � 1.06
DB249 6 22.4 � 13.7 6 10.2 � 8.47 2 15.9 � 0.74 3 13.9 � 3.74
DB364 6 7.27 � 3.76 5 37.6 � 43.9 2 44.7 � 9.33 3 143.1 � 127
DB507 8 7.79 � 4.20 6 25.3 � 43.1 2 No effect 2 No effect
DB690 7 No effect 6 No effect 3 No effect 3 No effect
DB673 7 No effect 6 No effect 3 No effect 3 No effect
DB818 7 0.27 � 0.04 7 0.50 � 0.42 6 0.98 � 0.19 6 1.24 � 0.39

a n, number of times assay was performed. Drugs that did not show an effect in this assay were usually not tested more than two or three times.
b IC50s are given as micromolar concentrations (means � standard errors of the mean).
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the initiation of culture. At 48 h of incubation under either
aerobic or anaerobic conditions, cells were harvested onto
glass fiber filters (Wallac, Turku, Finland) with a Tomtec
(Hamden, Conn.) cell harvester. Incorporated thymidine was
detected by using Betaplate (Wallac) scintillation fluid and
plate reader. The resulting counts per minute over the com-
pound’s concentration range were utilized to calculate IC50s
with Prism software (GraphPad Software, Inc., San Diego,
Calif.).

Out of 44 dicationic compounds tested in the MLC assay, six
compounds showed sufficient activity for further evaluation
and IC50 calculation. Table 1 contains their in vitro IC50s
against metronidazole-sensitive and -resistant T. vaginalis iso-
lates as well as comparison data for the nitroimidazoles met-
ronidazole and tinidazole. We also evaluated the classical an-
tiprotozoan dicationic molecules pentamidine and Berenil.
Interestingly, these two compounds are ineffective against T.
vaginalis. In contrast, furamidine (DB75), the parent molecule
in the 2,5-diphenylfuran family of diamidines, shows activity
comparable to that of metronidazole against CDC520, the
metronidazole-sensitive isolate. It is clearly more effective than
either metronidazole or tinidazole against the resistant strain
CDC085 under aerobic conditions. These data suggest a dif-
ferent mode of action for DB75 and the nitroimidazoles. The
N-alkyl analogs of furamidine, DB181 and DB249, show sim-
ilar in vitro effectiveness. Interestingly, DB673, a guanidino
analog of DB75, and DB690, the 2,4-diphenylfuran isomer of
DB75, are not effective against T. vaginalis in these assays.
Thus, we find that the 2,5-diphenyl furan family of dications is
quite effective against T. vaginalis in vitro but that the activity
is quite sensitive to structure, as demonstrated by the lack of
activity of DB690 and DB673. Not unexpectedly, DB289, the
prodrug for DB75, was generally ineffective in vitro, as the
mammalian biochemical pathways necessary to convert it to
the active form were not present. Oral administration of
DB289 provides systemic, efficacious concentrations of DB75,
and this compound is currently in phase II trials for treatment
of African trypanosomiasis (23). Our results suggest that it
should also be evaluated for clinical efficacy against
trichomonads, especially those that are resistant to metronida-
zole and tinidazole.

The bis-benzimidazoles DB364 and DB507 are also quite
effective antitrichomonads. Interestingly, DB507 has activity
against the metronidazole-resistant CDC085 strain but not
against the metronidazole-sensitive CDC520 isolate. Thus,
DB507 may be a useful tool to evaluate the biochemical basis
of T. vaginalis resistance to metronidazole. The most effective
dication studied is the mono-benzimidazole DB818. This com-
pound demonstrated IC50s of 1 �M or less for both metron-
idazole-sensitive and -resistant isolates under either aerobic or
anaerobic conditions. The mono-benzimidazole DB818 has
been successfully used in vivo to treat a different protozoal
infection in an experimental model without overt evidence of
toxicity to the host (R. Brun and D. W. Boykin, unpublished
observations). Clearly, like the 2,5-diphenylfurans, this com-
pound merits further evaluation in vivo against T. vaginalis.

In conclusion, aromatic diamidines that bind to the minor
groove of DNA at AT sites have potential as antitrichomonad
agents. In addition, a recent paper (6) reports that another
class of dicationic DNA minor-groove-binding compounds

(bis-quaternary quinoliniums) is also effective against T. vagi-
nalis. Together, these studies reinforce the utility of com-
pounds that bind the minor groove of DNA as effective anti-
trichomonad agents and substantiate the need for further
research of this interaction.
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