Environmental Health Perspectives
Vol. 64, pp. 199-208, 1985

Mechanism of Toxicity of Nitro Compounds
Used in the Chemotherapy of

Trichomoniasis

by Silvia N. J. Moreno* and Roberto Docampo*

The mechanism of the trichomonicidal activity of metronidazole and other 5-nitreimidazoles appears
to depend on the ferredoxin-mediated reduction of their nitro group, with generation of a reactive me-
tabolite or metabolites which interact with DNA leading to a subsequent inhibition of nucleic acid and
protein synthesis. Redox cycling of these compounds under aerobic conditions appears to be a detoxification
reaction by inhibiting net reduction of the drugs, thereby inhibiting their uptake. On the other hand,
redox cycling of nitrofurans or other compounds with more positive reduction potential results in formation
of high steady-state concentrations of oxygen-derived metabolites that might be of toxicological signifi-
cance. It seems likely that reduced metabolites of nitroimidazoles (perhaps through covalent binding to
tissue macromolecules and/or thiols depletion) are also involved in the nitroimidazoles’ toxic effects to
animal tigsues and in their mutagenic and carcinogenic action.

Introduction

Human trichomoniasis, a chronic disease of the uro-
genital tract, is the most widespread of the sexually
transmitted diseases (Z). This disease is estimated to
occur in about 20% of the female population of the U.S.
(2). In fact, the Centers for Disease Control estimate
that there are three million new cases of trichomoniasis
each year, thereby surpassing the incidence of syphilis,
gonorrhea, and genital herpes combined (3). Tricho-
moniasis is caused by Trichomonas vaginalis, a pro-
tozoan parasite of the vagina or the male urethra. Clin-
ical manifestations of the disease vary even among
patients of the same sex, since different strains of 7.
vaginalis seem to have different pathogenic capabilities
(7). Symptoms may even worsen and improve repeat-
edly in the same patient. Consequently, while tricho-
moniasis in women is usually characterized by a copious,
foamy, yellowish-green discharge that may have a foul
odor, as well as mild to severe vaginal itching and burn-
ing, 25% of women harboring trichomonads have no
symptoms at all (7,4). Although early studies associated
trichomoniasis with cervical cancer (5), later studies
have failed to confirm such a link (6). However, the
prevalence of trichomoniasis is higher in women with
cervical cancer than in healthy women (7). While tri-
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chomoniasis in men is most often asymptomatic, it may
sometimes cause a slight urethral discharge which may
or may not be accompanied by irritation, and in some
cases it causes urethritis, prostatitis, epididymitis, and
constriction of the urethra (7).

Trichomonas vaginalis is usually transmitted by sex-
ual intercourse. However, it is generally acknowledged
that in unusual circumstances the disease may be con-
tracted through nonvenereal means (7), for example,
from eommunal bathing water, contact with contami-
nated bath or toilet articles, and possibly even contact
with urine on toilet seats (8). Infected women may also
transmit trichomoniasis to their infant children during
childhirth (7), and it has been suggested (9) that 7.
vaginalis may cause neonatal pneumonia.

Although other species appear to be potential path-
ogens, the ones of major importance in animal pathology
are Tritrichomonas foetus in cattle and Trichomonas
gatlinae and Trichomonas gallinarum in hirds (10).

T. foetus is transmitted as a true venereal infection
in cattle. The disease may rarely be spread in other
ways (10). The affected cow may show some evidence
of vaginitis shortly after infection occurs, but usually
this is overlooked. The afliction begins in the vagina and
soon invades the uterus. As a result of this, the animal
may fail to conceive. If conception occurs, the animal
may abort within 2 to 4 months as a result of the in-
fection. In other instances the fetus dies but is not dis-
charged, in which case it becomes macerated and lies
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in a thin, nearly odorless fluid in which many tricho-
monads may often be found (10). Some authors have
reported abortions of pregnant guinea pigs and rabbits
by injection of T. foetus into the uterus (11). Artificial
insemination and chemotherapy have reduced the im-
portance of this disease in the U.8. but it is still of
importance in other countries.

T. gallinae cause a disease affecting the upper diges-
tive tract of pigeons, turkeys, chickens, and other birds
(10), while T gallinarum produces cecal and liver le-
sions in turkeys and chickens (20). Both these diseases
are widely distributed and can cause severe losses.

Since the early 1960s different 5-nitroimidazoles were
introduced for the treatment of trichomoniasis. Me-
tronidazole is the only member of the group available
for human use in the U.S. (2). Dimetridazole, iproni-
dazole, and ronidazole are used to prevent infections in
livestock (12), and tinidazole, nimorazole, carnidazole,
ornidazole, and secnidazole are used in other countries
as alternatives to metronidazole in the treatment of hu-
man trichomoniasis (12-14). In addition, several nitro-
furans have been used for the treatment of human and
animal trichomoniasis (13,15-17).
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This review will focus only on the mechanism of tox-
ieity of the nitro compounds currently used for the treat-
ment of human and animal trichomoniasis. The litera-
ture on several nitroimidazoles and nitrofurans which
have been used against trichomoniasis has been ably
reviewed over the years by several authors (15-29). We
have tried to minimize overlap with earlier reviews and
put the emphasis on the most recent work.

Drugs Used in the Chemotherapy of
Trichomoniasis

Until the late-1950s there was no successful, specific
treatment for trichomoniasis (80). Nearly 150 different
substances were then being used and recommended for

human trichomoniasis, although none were particularly
effective (1,30). The antitrichomonad activity of me-
tronidazole [(1-(2-hydroxyethyl)-2-methyl-5-nitroimi-
dazole)] was reported in 1959 (31), and it was quickly
recognized that this compound ig active against a wide
variety of anaerobic eukaryotic and prokaryotic micro-
organisms (20). Clinical use of metronidazole in the
treatment of human trichomoniasis began in 1960 in
Europe and in 1963 in the U.S. (32). During the more
than 20 years since the discovery of metronidazole, a
number of other useful nitroimidazoles have emerged.
This group of compounds, which includes tinidazole, or-
nidazole, nimorazole, carnidazole, and secnidazole, is
also clinically available for the treatment of trichomon-
iasis in different countries but shows no sufficiently im-
proved activity over metronidazole for this disease (19).
Certain nitrofurans such as nifuratel, nitrofurazone, and
nitrofurantoin, active both in vifro and in vive against
trichomonads, have also been used in the treatment of
human and cattle trichomoniasis (13,15-17,33), al-
though its use in human trichomoniasis has been dis-
continued.
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There is no doubt that nitroimidazoles are effective
in combating trichomoniasis. Thus, cure rates of 95%
or better can be expected from regimes of 200 mg of
metronidazole given orally three times a day for seven
days, or after a single oral dose of 2 g in humans (34).
Nitroimidazoles are also effective against other diseases
caused by other species of protozoans, such as amebiasis
(caused by Entamoeba histolytica), and giardiasis
(caused by Giardia lamblie). In addition, they are also
effective against various anaerobic infections caused by
a variety of anaerobic bacteria such as Bacteroides fra-
gilis, Clostridia, Peptoestreptococci, Fusobacteria, and
many others (34). They are commonly used to reduce
the risks of infection by anaerobic organisms after co-
lonic surgery (34). Finally, the ability of several nitroim-
idazoles to enhance the response of hypoxic cells to ra-
diation (35,36) or cytotoxic agents (37) has attracted
considerable interest in recent years.






