cta
iochimica

Pnlnni(:a
Minireview

Vol. 41 No. 1/1994

QUARTERLY

Characterization of the genotoxic properties of nitrofurans:

nitrofurazone and furazolidone*

Malgorzata Kobierska-Szeliga and Hanna Czeczot

Department of Biochemistry, Medical School, St. Banacha 1, 02-097 Warsaw, Poland

Received 2 July, 1993

Key words: nitrofurans, nitrofurazone, furazolidone, mulagenicity, bacterial tests

Nitrofurans are a large group of synthetic
nitro compounds widely used for various pur-
poses: as drugs for humans or animals, as ad-
ditives or preservatives [1, 2]. Nitrofuran
derivatives (e.g. 5-nitrofurans and 2-sub-
stituted 5-nitrofurans) possess antibacterial,
antiprotozoal, antifungal and antihelmintic
properties. Some of these compounds show
antibiotic activity against a wide variety of
gram-positive and gram-negative bacteria, and
they find clinical use in the management of
infections of the urogenital tract and as typical
agents for prevention and control of infection
of burns, vaginitis and urethritis [3, 4]. 5-
Nitro-2-furaldehyde-semicarbazone (nitrofu-
razone) and
3-[(5-nitrofurfurylidiene)-amino-]-2 oxazoli-
done (furazolidone) (Scheme 1) are antibacteri-
aldrugs applied in therapy of mixed bac- terial
infections (mainly of the urinary tractand skin).

The data on the genotoxicity of 5-nitrofurans
and related derivatives are fragmentary [5].
The first publications on mutagenic activity of
nitrofurans appeared in the late 1970's [3, 4].
Later various authors [6~9] demonstrated their
mutagenicity in tester strains of S. typhimurium
with plasmid pKM101 (TA98, TA100). Also,
Zampieri & Greenberg [10] reported that nitro-

furans had a similar activity on the strains:
Escherichia coli trp~ (susceptible to base-pair
substitution) and E. coli lac™ (susceptible to
frameshift mutation). It seems that nitrofurans
and their analogs are directly acting mutagens
[5-8].

In studies in vive some nitrofurans caused a
slightincreaseinthe percentage of erythrocytes
with micronuclei and did not induce chromo-
somal aberrations in bone marrow of rat [8].

Other 5-nitrofuran derivatives are carcino-
genic; they can induce benign and malignant
tumors of the mammary glands, adenomas or
adenocarcinomas of the kidney, adenocarcino-
mas of the intestine and carcinomas of the ex-
ternal auditory canal [11]. On the other hand,
Hayllar et al. [12] suggested that nitrofurazone
as well as related 5-nitrofurans might have
some antitumor activity, especially against pri-
mary and metastatic testicular tumors.

Recently, nifurtimox [1-((5-nitrofurfuryli-
diene)amino)-3-methylthiomorpholine-1,1-di-
oxide] and other structurally related 5-nitrofu-
rans with antiparasitic activity were tested for
genotoxicity in the wing somatic mutation and
recombination test (SMART) in Drosophila me-
lanogaster, and were found to be both mut-
agenic and recombinogenic [13].

*This work was performed within the program CPBP 05.08 "Study of the genotoxicity of chosen veterinary

ﬂ.l'l.lgS".

1 Abbreviations: CY PIA, cytochrom P-450 induction assay; 3-MC, 3-methylcholantrene; PB, phenobarbital.
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Scheme 1. Chemical structure of 5-nitrofuran tested

The mutagenicity of nitrofurazone
and furazolidone

In our laboratory genotoxic properties of 5-ni-
trofurans were studied [14, 15] using the Ames
test, SOS-Chromotest, repair test and CYPIA'
(cytochrome P-450 induction assay) test. Ga-
jewska et al. [14] studied the mutagenic activity
of nitrofurazone and furazolidone with tester
Salmonella typhimurium strains TA97 and
TA102. Both compounds were found to act as
strong mutagens. The mutagenic activity was
stronger with respect to strain TA97 (suscep-
tible to DN A lesions of the frameshift mutation
type) than to TA102 (susceptible to DNA le-
sions of the base pair substitution type). Both
the two nitrofurans and their 59 mediated me-
tabolites have similar mutagenic potency (J.
Gajewska and M. Szczypka, unpublished).

The use of DNA repair S. typhimurium mu-
tants in the mutation test often provides an
additional source of information on the mode
of action of the compounds tested. The results
of the repair test showed that nitrofurazone
and furazolidone produced an appreciable dif-
ference in zones of killing in S. fyphimurium
TA1538 (uvrB”) and TA1978 (uwrB*) in the
presence and absence of metabolic activation
(fraction 59). The obtained results suggested
that both nitrofurazone and furazolidone and
their metabolites formed in the presence of
fraction S9 could be covalently bound to DNA
(J. Gajewska and M. Szczypka, unpublished).
Gajewska et al. [14] demonstrated also that the
two nitrofurans studied were strong inducers
of the SOS-repair system in strain PQ37 of E.
coli K-12. Their 59 mediated metabolites have
also mutagenic activity in the SO5-Chromotest
(J. Gajewska and M. Szczypka, unpublished).
Furazolidone was a better SOS-system inducer

Furazolidone — 3-[(5-nitrefurfuryli-
dienae)-amino]-2-oxazolidone

than nitrofurazone. This indicates that the SOS-
repair system is involved in the mechanism of
mutation induction by nitrofurazone and fu-
razolidone. It seems possible that these com-
pounds induce lesions which block the
replicative complex which is able to induce the
replication block generating base pair substitu-
tion. These study supply evidence for the sug-
gestion of McCalla [5] who proposed that
active recA and lexA genes belonging to the
SOS-system are involved in the process of mut-
agenesis induced by nitrofurans. For these 5-
nitro derivatives Gajewska et al. [14] observed
the correlation between the base pair substitu-
tion mutation and SOS induction. Nitrofu-
razone and furazolidone which induced
mutations in the Ames tester strain TA 102, are
also 50S-inducers in the SOS-Chromotest.

In the Ames test and the SOS-Chromaotest, the
antioxidants: ascorbic acid and sodium sele-
nite, caused but a very slight decrease in the
effect of the two 5-nitrofurans studied [14].

In general, to study the biological potency of
unknownchemicals or themechanism of action
of known chemicals (drugs, poisons), it is
necessary to combine in vitro target cell system
with an appropriate mammalian enzyme sys-
tem responsible for the biotransformation of
individual chemicals to a biologically active
state [16].

Metabolic activation of chemical compounds
is possible due to the existence of several
enzymes, especially the mixed function cytoch-
rome P-450-dependent monooxygenase sys-
tem. This monooxygenase system functions in
the oxidative biotransformation of many drugs
converting them to polar metabolites, facilitat-
ing on this way both their pharmacological
inactivation and their elimination from the
body. However, this system is also capable of
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transforming some chemicals into highly reac-
tive toxic metabolites that may produce a var-
iety of genotoxic effects.

Drugs and other xenobiotics are able to in-
duce in biotransformation processes synthesis
of enzymes and of varicus molecular forms of
cytochrome P-450 [16]. For testing induction of
the cytochrome P-450 dependent monooxyge-
nase system by nitrofurazone and furazolidone
the CYPIA test [15] was applied; it permits to
distinguish between the phenobarbital (PB)
and the 3-methylcholantrene (3-MC) type of
induction of the cytochrome P-450-dependent
monooxygenase system. The effect of nitrofu-
razone or furazolidone was studied in male
Wistar rats (100 g body weight). Nitrofurazone
at the doses of 1 % 80 mg/kg or 3 x 80 mg/kg
body weight did not cause any induction of the
cytochrome P-450-dependent monooxygenase
form of the 3-MC-type. Induction of this type
of cytochrome by furazolidone, when applied
ata high dose (3 x 80 mg/kg body weight) was
weak. Similarly, no induction of cytochrome
P-450 form of the PB-type either by nitrofu-
razone or furazolidone was observed, either at
the dose of 1 x 80 mg or 3 x 80 mg/kg body
weight [15]. Thus it can be concluded that fu-
razolidone administered to animals can be ac-
tivated in a chain of metabolic reactions, the
final stage of which is always linked with one
of two specifically induced form of cytochrome
P-450 (in this case of 3-MC-type).

The possible mechanisms of genotoxicity
of the nitrofurans

The mutagenicity and possible carcinoge-
nicity of nitrofurans may be due to the presence
of two potentially reactive functional groups:
the 5-nitro groups and the substituent at the
2-position of furan ring [5]. In bacterial systems
the basic requirement for mutagenicity of nitro-
furans is reduction of the nitro compound by at
last three (I, 1I, [11) nitrofuran reductases; this
reduction leads to a chain of reactions resulting
in formation of electrophilic species which can
react with DNA. Parallelly the nitrofuran ring
is cleaved to the inactive open chain nitrile [5]
(see Scheme 2). The nitroreduction and ring
opening occur also in mammalian systems in-
volving a variety of enzyme activities, e.g. xan-
tine oxidase, NADP-cytochrome ¢ reductase
and aldehyde oxidase [5].

The genotoxic effects of nitrofurans are as-
sumed to be due mainly to the products of their
reductive metabolism: the nitrofuranoanionic
radical and the nitroso- and hydroxylamino-
furanone derivatives. The hydroxylamine deri-
vatives appears to attack DNA via the nitre-
nium ion. In addition, the nitrofuranoanionic
radical leads by autooxidation to formation of
incomplete reduction oxygen species (hy-
drogen peroxide and hydroxide radicals) and
to reconstruction of the original compound
(Scheme 2) [5,17]. Itis also known that oxygen
radicals can cause various DNA lesions and can
show a mutagenic activity in bacterial and
mammalian tests [18, 19].

However, studies performed by Gajewska ef
al. [14] demonstrated only weak participation
of free oxygen radicals in the nitrofuran geno-
toxicity. It seems that nitrosofurane radicals
and hydroxylamine derivatives formed both
under aerobic and unaerobic conditions play a
much greater role than other derivatives in the
genotoxicity of nitrofurazone and furazoli-
done.

It should be added that, so far the best charac-
terized metabolites are aminofuranone deriva-
tives and their isometric open chain nitriles but
these do not appear to be mutagenic or toxic
(20, 21].

Recently, many authors suggest a hypotheti-
cal pathway of DNA-adduct formation of ni-
trofurans [22, 23]. The obtained evidence
indicates that nitrofurans cause mutagenicity
via a nitrenium ion which could be formed
from hydroxylamine or one of its esters (an
acetate or sulfate ester of the hydroxylamine).
These products appear to attack DNA (Scheme
2).

Debnath et al. [24] described one of the pos-
sible mechanisms of mutagenesis of 2-nitrofu-
rans and mechanisms of opening of nitrofurans
ring. They also demonstrated that the electron
density determined whether the C-O bond of
the furan ring would be cleaved to form the
inactive nitriles or would be stable enough to
keep the original ring structure intact and help
the nitrenium ion to bind covalently to DNA
bases and cause mutation (Scheme 2). Studies
on hydrophghicity and molecular orbital en-
ergies of nitrofurans [24] indicated that low
electron density on C2 would weaken the carb-
on oxygen bond, promoting bond breakage
and the elimination reaction. On the other
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Scheme 2. Possible mechanisms of mutagenicity of nitrofurans in Procaryota (by McCalla [5] and Minchin [17]).

hand, high electron density on C2 would stabi-
lize the furan ring, increasing the probability
for the reaction with DNA. These results may
be of importance in explaining genotoxic acti-
vities of nitrofurans and nitrofuran derivatives.

At present, it seems that the specific antibac-
terial and antiparasitic activities of nitrofurans
may result from formation of nitrofuran free
radicals and of oxygen-derived metabolites,
which may lead to direct inhibition of biosyn-
theticreactions (DNA, RNA, protein synthesis)
as well as breakage and degradation of macro-
molecules in the bacteria and in the parasite [5,
25, 26].

The knowledge of possible mechanisms of
genotoxicity and the mode of action of nitrofu-
rans and their oxidative metabolites, both in

procaryotic and eurocaryotic systems, could be
helpful in explaining their biological effects
and, eventually in selecting nitrofuran drugs
for the therapy of humans.
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