NITROFURAL (NITROFURAZONE)

This substance was considered by a previous Working Group, in June 1974,

under the title 5-nitro-2-furaldehyde semicarbazone (IARC, 1974). Since that time,
new data have become available, and these have been incorporated into the mono-
graph and taken into consideration in the present evaluation.

1.1

1. Chemical and Physical Data

Synonyms

Chem. Abstr. Services Reg. No.: 59-87-0

Chem. Abstr. Name: Hydrazinecarboxamide, 2-[(5-nitro-2-furanyl)methyl-
enej-

Synonyms: 2-Furancarboxaldehyde; 5-nitrofuraldehyde semicarbazide; nitro-
furaldehyde semicarbazone; 5-nitro-2-furaldehyde semicarbazone; 5-nitro-
furan-2-aldehyde semicarbazone; 5-nitro-2-furancarboxaldehyde semicarba-
zone; 5-nitro-2-furfuraldehyde semicarbazone; 5-nitrofurfural semicarbazone;
5-nitro-2-furfural semicarbazone; (5-nitro-2-furfurylideneamino)urea; 1-(5-
nitro-2-furfurylidene)semicarbazide

1.2 Structural and molecular formula and molecular weight

1.3

h I

CgHgN4O4 ' Mol. wt: 198.14

Chemical and physical properties of the pure substance

From Windholz (1983) and Reynolds (1989)
(@) Description: Pale-yellow needles
(b) Melting-point. 236-240°C (decomposition)

~195-
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(c) Solubility: Very slightly soluble (1:4200) in water at pH 6.0-6.5, soluble in
alkaline solutions; slightly soluble in ethanol (1:590), propylene glycol
(1:350), acetone (1:415), dimethylformamide (1:15) and polyethylene
glycol (1:86); almost insoluble in chloroform (1:27000) and benzene
(1:43500) ‘

(d) Spectroscopy data: Infrared and ultraviolet spectra have been reported.

(e) Stability: Stable in solid state at less than 40° C when protected from light;
darkens with prolonged exposure; discolours on contact with alkali

1.4 Technical products and impurities

Trade names: Acutol; Aldomycin; Alfucin; Amifur; Babrocid; Becafurazona;
Becafurazone; Biofuracina; Biofurea; Chemofuran; Chixin; Cocafurin; Coxistat;
Dermofural; Dymazone; Eldezol F-6; Fedacin; Flavazone; Fracine; Furacilin;
Furacilinum; Furacillin; Furacin; Furacin-E; Furacine; Furacinetten; Furacin-HC;
Furacoccid; Furacort; Furacycline; Furalcyn; Furaldon; Furalone; Furametral;
Furan-ofteno; Furaplast; Furaseptyl; Furaskin; Furaziline; Furazin; Furazina;
Furazol W; Furazone; Furesol; Furfurin; Furosem; Fuvacillin; Germex; Hemofuran;
Ibiofural;, Mammex; Mastofuran; Monafuracin; Nefco; NF-7; NFS; Nfz mix;
Nifucin; Nifurid; Nifuzon; Nitrazone; Nitreofural; Nitrofurastan; Nitrofurazan;
NSC-2100; Nitrozone; Otofural; Otofuran; Rivafurazon; Rivopon-S; Sanfuran;
Spray-Dermis; Spray-foral; Vabrocid; Veterinary nitrofurazone; Yatrocin

Nitrofural has been reported to contain 3% 5-nitro-2-furaldehyde azine as an
impurity (Morris ef al., 1969). It is available in the USA as creams, ointments,
powders, solutions, sprays, suppositories and surgical dressings (Barnhart, 1989).

2. Production, Occurrence, Use and Analysis

2.1 Production and occurrence

The action of nitrofural as a topical antibacterial agent was first reported in the
USA in 1944 (Dodd & Stillman, 1944), and the product was available for general use
in 1945 (Miura & Reckendorf, 1967). Commercial production in the USA was first
reported in 1955 (US Tariff Commission, 1956).

Nitrofural can be prepared by the reaction of 5-nitrofurfural with an aqueous
solution of a mixture of semicarbazide hydrochloride (see IARC, 1987) and sodium
acetate (Stillman & Scott, 1947). It can also be synthesized from the reaction of
acetone semicarbazone or other semicarbazones with 5-nitrofurfuraldoxime (Gever
& O’Keefe, 1960). It is synthesized in China, Hungary, India, Mexico and Spain
(Chemical Information Services, 1989-90).
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Nitrofural is not known to occur naturally.

2.2 Use

Nitrofural is a broad-spectrum bactericidal (Chamberlain, 1976). 1t also has
antiprotozoal and antiparasitic activities (Reynolds, 1982).

Nitrofural is used locally for the treatment of wounds, burns, ulcers and skin
infections; it has also been applied locally to the ear, eye and bladder. Nitrofural is
used as a coccidiostatic and antibacterial agent in farm animals, administered in
water or feed (Anon., 1979; Reynolds, 1989).

Oral administration has been restricted to the treatment of late-stage African
trypanosomiasis that is refractory to melarsoprol. The dosage for adults is 500 mg
three or four times daily for five to seven days. In addition, it has been givenorallyin
doses of 100 mg four times daily for five to six days in the treatment of acute
bacillary dysentery (Reynolds, 1982).

2.3 Analysis

Nitrofural has been analysed in pharmaceutical preparations by
spectrophotometry (US Pharmacopieal Convention, Inc., 1980) and polarography
(Mishra & Gode, 1985). The separation and identification of nitrofural in
medicated feeds have been reviewed by Fishbein (1972). High-performance liquid
chromatography methods for analysing nitrofural in medicated feeds have also
been reported (Cieri, 1979; Thorpe, 1980).

3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals

(@) Oral administration

Mouse: Groups of 50 male and 50 female B6C3F; mice, seven to eight weeks of
age, were administered nitrofural (99% pure) at 0, 150 or 310 mg/kg of diet for 103
weeks; all surviving animals were killed at 112 weeks. The average amount of
nitrofural consumed per day was 14-16 mg/kg bw for low-dose male and female
mice and 29-33 mg/kg bw for high-dose animals. Survival of high-dose males was
lower than that of controls after week 88. At the end of the experiment, survival was:
39/50, 31/50 and 27/50 control, low-dose and high-dose males, and 39/50, 40/50 and
35/50 control, low-dose and high-dose females. Ovarian atrophy was found in 7/47
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controls, 44/50 low-dose and 38/50 high-dose mice. Granulosa-cell tumours of the
ovary developed in 4/50 low-dose and 9/50 high-dose females (p = 0.03, incidental
tumour test for trend) compared with 1/47 controls. The incidence of benign mixed
tumours of the ovary was 17/50 low-dose and 20/50 high-dose animals (p < 0.001,
incidental tumour test for trend); no such tumour occurred among controls. No
significant difference in the incidence of other types of tumour was observed among
treated or control mice (National Toxicology Program, 1988; Kari et al., 1989).

Rat. A group of 30 female weanling Sprague-Dawley rats were administered
nitrofural (pharmaceutical grade) at 1000 mg/kg of diet for 46 weeks (daily intake,
8-13 mg/rat), after which they were maintained on control diet for 20 weeks. A
control group of 30 rats received control diet for 66 weeks. Of the treated females
that lived 22 weeks or more, 22/29 developed mammary fibroadenomas, compared
with 2/29 controls (Ertiirk ef al., 1970). [The Working Group noted that data on
survival were not given.]

Groups of 50 male and 50 female Fischer 344/N rats, six to seven weeks of age,
were administered nitrofural (99% pure)at 0, 310 or 620 mg/kg of diet for 103 weeks.
The average amount of nitrofural consumed per day was 11-12 mg/kg bw for
low-dose male and female rats and 24-26 mg/kg bw for high-dose animals. All
surviving animals were killed at 111 weeks. Survival in high-dose males was lower
than that in controls after week 92. At the end of the experiment, survival was: 33/50,
30/50 and 20/50 controls, low-dose and high-dose males, and 28/50, 37/50 and 31/50
controls, low-dose and high-dose females, respectively. Adenomas of the sebaceous
glands of the skin were observed in high-dose males only (4/50 high-dose versus 0/50
control; p = 0.067, incidental tumour test). Mammary fibroadenomas occurred in
8/49 control, 36/50 low-dose (p < 0.001, incidental tumour test) and 36/50 high-dose
females (p < 0.001, incidental tumour test; p < 0.001, incidental tumour test for
trend); adenocarcinomas were also observed in one control and two high-dose
females. Mononuclear-cell leukaemias occurred in 21/50 control males, 23/50
low-dose males and 6/50 high-dose males (p = 0.04, life-table test); 15/49 control
females, 2/25 low-dose females (p < 0.001) and 2/50 high-dose females (p < 0.001
life-table test). Testicular interstitial-cell tumours occurred in 45/50 controls, 30/50
low-dose males (p < 0.001, incidental tumour test) and 28/50 high-dose males (p <
0.001, incidental tumour test; p < 0.001, incidental tumour test for trend) (National
Toxicology Program, 1988; Kari ef al., 1989).

(b) Transplacental administration

Mouse: A group of 20 pregnant ICR/Jcl mice, 10-12 weeks of age, received
three subcutaneous injections of nitrofural [purity unspecified] at 75 pg/g bw
suspended in 1% gelatin solution on days 13, 15 and 17 of gestation. Offspring were
foster-nursed by untreated dams and were killed 32 weeks after birth. Treatment
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with nitrofural resulted in a marked reduction in the number of live births. At 32
weeks, 67/145 treated animals and 548/844 controls were still alive. The incidence of
lung tumours was not significantly increased in nitrofural-treated mice as
compared with gelatin-treated controls. All tumours reported were papillary
adenomas of the lung (Nomura et al., 1984). [The Working Group noted the short
duration and limited reporting of the experiment; interlitter variation was not
recorded.]

A group of newborn ICR/Jcl mice, exposed transplacentally as described
above, received a subcutaneous injection of nitrofural [purity unspecified] at 75
ng/g bw suspended in 1% gelatin solution within 12 h of birth; three further
injections were given on days 7, 14 and 21 after birth. A further group of mice
received treatment with gelatin only, and another received no treatment. At 32
weeks, 61/176 treated animals and 548/844 controls were still alive. The number of
tumour-bearing mice was 12/61 (19.7%; p < 0.001, x? test with Yates’ correction
against gelatin controls) compared to 5/203 (2.5%) untreated controls. All tumours
reported were papillary adenomas of the lung (Nomura ef al., 1984). [The Working
Group noted the short duration and limited reporting of the experiment; interlitter
variation was not recorded.]

3.2 Other relevant data

(a) Experimental systems

(i) Absorption, distribution, excretion and metabolism

Within 24 h after a single oral administration of 100 mg/kg bw 4C-nitrofural to
rats, about two-thirds of the radioactivity appeared in the urine, 26% in the faeces
and approximately 1% in expired carbon dioxide; complete recovery of the
administered dose was observed after 96 h, less than 15% of the label being
recovered as unchanged parent compound (Tatsumi et al., 1971). Major metabolites
of nitrofural detected and identified in the urine of dosed rats included
hydroxylaminofuraldehyde semicarbazone, aminofuraldehyde semicarbazone and
4-cyano-2-oxobutyraldehyde semicarbazone (Paul ef al., 1960). The reduced
nitrofural metabolite, 4-cyano-2-oxobutyraldehyde semicarbazone, was detected in
the urine of germ-free rats treated with the drug (Yeunget al., 1983). Binding of 14C
label to liver protein, DNA, ribosomal RNA and kidney protein was demonstrated
in rats after oral administration of 1C-nitrofural (Tatsumi et al., 1977).

Nitrofural is reduced by mouse liver homogenate and by several mammalian
cell lines, most efficiently under gas mixtures containing 5% O, or less (Paul et al.,
1960; Olive & McCalla, 1975)
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(i) Toxc effects

Oral LDsq values of 590 mg/kg bw in rats and 460 mg/kg bw in mice have been
reported (Miyaji, 1971). Mice and rats receiving 300 mg/kg bw or more orally
showed hyperirritability, tremors and seizures and died from respiratory arrest
(Krantz & Evans, 1945). In mice and rats, subcutaneous injection of large doses (3
g/kg bw) produced marked changes in the structure of the liver and kidney, but only
slight hepatic changes were seen after lethal oral doses (45 mg/kg bw for four to six
days) (Dodd, 1946).

Toxicity was studied by feeding diets containing nitrofural (9% pure) to
groups of F344/N rats and B6C3F mice for 14 days, 13 weeks or two years. In the
14-day studies, in which the doses ranged from 630 to 10 000 mg/kg of diet,
nitrofural was more toxic to mice than to rats. In the 13-week studies, doses for rats
ranged from 150 to 2500 mg/kg of diet and for mice from 70 to 1250 mg/kg of diet. At
the higher doses, convulsive seizures and gonadal hypoplasia were observed in both
species. Evidence of toxicity in rats also included degenerative arthropathy. In the
two-year studies (see section 3.1), nitrofural caused testicular degeneration
(atrophy of germinal epithelium and aspermatogenesis) in rats and degeneration of
vertebral and knee articular cartilage in rats of each sex. In mice of each sex,
nitrofural administration induced stimulus-sensitive convulsive seizures, primarily
during the first year of study (National Toxicology Program, 1988; Kari et al., 1989).

(iii) Effects on reproduction and prenatal toxicity

The gonadotoxicity of nitrofural in male mice has been recognized for more
than three decades. Nissim (1957) showed that administration to mice in the diet at
a dose equivalent to 375 mg/kg bw caused testicular atrophy. Similar degeneration
was observed in rat testis following daily doses of 100 mg/kg bw by gastric
intubation for seven days (Miyaji et al., 1964).

In male Sprague-Dawley rats given nitrofural in the diet at a dosage equivalent
to 64 mg/kg bw per day for 28 days, the mean weight of the testes was only 28% that
of the controls. All stages of spermatogenesis were affected, but Sertoli cells and
Leydig cells were not damaged (Hagenais ef al., 1978).

After a single subcutaneous injection to ICR/Jcl mice of nitrofural at 300
mg/kg bw on day 10 of gestation, increased embryo- and fetomortality and
decreased fetal weight were observed compared with controls. A significant (p <
0.001) increase in the incidence of malformations was observed, predominantly
affecting the limbs, digits and tail. After administration of nitrofural at 100 mg/kg
bw subcutaneously on days 9-11, the only significant effect observed was a
reduction in fetal weight (Nomura ef al., 1984).

Pregnant CD1 mice were given nitrofural in the diet at doses equivalent to
~ 6.3-82 mg/kg bw from days 6-15 of gestation. No teratogenic effect was observed,
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but there was increased fetal death and reduced fetal weight at the highest dose
(National Toxicology Program, 1988).

(iv) Genetic and related effects

'The genetic toxicology of nitrofurans has been reviewed (Klemencic & Wang,
1978; McCalla, 1983).

Nitrofural inhibited DNA synthesis (Lu & McCalla, 1978) and caused
prophage induction in Escherichia coli (McCalla & Voutsinos, 1974). It induced
DNA strand breaks in E. coli (McCalla et al., 1971; Tu & McCalla, 1975; Wentzell &
McCalla, 1980) and in Salmonella typhimurium strain TA1975 (McCalla et al., 1975).
Nitrofural induced differential toxicity in E. coli (Yahagi et al, 1974;
Haveland-Smith et al., 1979; Lu et al., 1979) and Bacillus subtilis (Tanooka, 1977) but
not S. typhimurium (Yahagi et al., 1974).

Nitrofural induced mutations in E. coli (Zampieri & Greenberg, 1964;
McCalla & Voutsinos, 1974; Yahagi et al., 1974; McCalla et al., 1975; Tanooka, 1977,
Haveland-Smith ef al., 1979; Lu ef al., 1979; Ebringer & Bencova, 1980; Clarke &
Shankel, 1989) in the absence of an exogenous metabolic system, but not in strains
lacking nitroreductase activity (McCalla & Voutsinos, 1974; McCalla et al., 1975).
In the presence of a microsomal preparation from Drosophila melanogaster,
nitrofural induced mutations in E. coli (Baars et al., 1980). It was not mutagenic to
S. typhimurium strains TA1535, TA1536, TA1537 or TA1538 (Yahagi et al., 1974;
McCalla et al., 1975) but induced mutations in TA1535 in a fluctuation test (Green ef
al., 1977) and in plate incorporation tests, only in the presence of an exogenous
metabolic system (Zeiger et al., 1987; National Toxicology Program, 1988). Nitro-
fural induced mutations in S. fyphimurium TA100 and in TA98 in the presence and
absence of an exogenous metabolic system (Yahagi ef al., 1976; Goodman ef al.,
1977; Greenet al., 1977, Chin et al., 1978; Rosin & Stich, 1978; Bruce & Heddle, 1979;
Haveland-Smith ef al., 1979; Imamura et al., 1983; Obaseiki-Ebor & Akerele, 1986;
Ni et al., 1987; Zeiger et al., 1987; National Toxicology Program, 1988).

Nitrofural was mutagenic to Neurospora crassa (Ong, 1977) but not to
Aspergillus nidulans (Bignami et al., 1982).

Feeding of Drosophila melanogaster for three days with nitrofural at 5 mM did
not induce sex-linked recessive lethal mutations (Kramers, 1982).

Nitrofural inhibited DNA synthesis in mouse L-929 cells (Olive, 1979a,b). It
induced DNA strand breaks in human KB, Syrian hamster BHK-21 and mouse
L-929 cells (Olive & McCalla, 1975; Olive, 1978). No unscheduled DNA synthesis
was induced by nitrofural in either rat or mouse primary hepatocytes (Mori ef al.,
1987) or in human fibroblasts (Tonomura & Sasaki, 1973).

Nitrofural induced mutations to 6-thioguanine resistance in Chinese hamster
lung (V79) cells (Olive, 1981) but not in Chinese hamster ovary (CHO) cells
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(Anderson & Phillips, 1985), either in the presence or absence of an exogenous
metabolic system. It induced mutations at the #k locus of mouse L5178Y lymphoma
cells (National Toxicology Program, 1988). Nitrofural induced sister chromatid
exchange in CHO cells in the presence and absence of an exogenous metabolic
system (National Toxicology Program, 1988). It induced chromosomal aberrations
in Chinese hamster lung cells in the presence and absence of an exogenous
metabolic system (Matsuoka e al., 1979; Ishidate, 1988). In CHO cells, however,
nitrofural induced chromosomal aberrations in the absence, but not in the
presence, of an exogenous metabolic system (National Toxicology Program, 1988).
Nitrofural did not induce chromosomal aberrations in human lymphocytes in vitro
(Tonomura & Sasaki, 1973).

It was not active in micronucleus tests either in rats treated twice with 7.5-30
mg/kg bw intraperitoneally at 30 h and 6 h before they were killed (Goodman ez al.,
1977) or in mice treated with 150 mg/kg bw intraperitoneally on five consecutive
days (Bruce & Heddle, 1979). Nitrofural did not induce chromosomal aberrations
in bone-marrow cells of rats either after a single intraperitoneal injection of 60
mg/kg bw (Goodman et al., 1977) or after single oral doses of 40-400 mg/kg bw or five
daily oral doses of 15-150 mg/kg bw (Anderson & Phillips, 1985).

Nitrofural did not induce sperm abnormalities in mice treated intraperi-
toneally with 15-150 mg/kg bw on five consecutive days (Bruce & Heddle, 1979).

(b)) Humans
(1) Pharmacokinetics

Nitrofural is not significantly absorbed from skin or mucous membranes after
local administration (Marion-Landais et al., 1975; Harvey, 1985).

(if) Adverse effects

Sensitization and generalized allergic skin reactions are known adverse effects
of topically administered nitrofural. In a literature review of studies published in
1945-65, 176 (1.2%) cases of skin reactions were reported among 15 162 treated
patients (Glascock ef al., 1969; Reynolds, 1989).

Nausea, vomiting, joint pains, headaches and polyneuritis are typical toxic
effects after oral administration (Reynolds, 1989). Polyneuropathy is common
among trypanosomiasis patients treated with nitrofural (Cancado ef al., 1964;
Robertson & Knight, 1964; Spencer et al., 1975).

Nitrofural has been reported to cause haemolytic anaemia in individuals with
glucose-6-phosphate dehydrogenase deficiency (see Prankerd, 1962).

(iii) Effects on reproduction and prenatal toxicity

In the Collaborative Perinatal Project, in which drug intake and pregnancy
outcome were studied in a series of 50 282 women in 1959-65, 234 women had been
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exposed to nitrofural administered topically during the first trimester of pregnancy.
Fifteen malformed children were born in the exposed group, giving a standardized
relative risk of 0.99 (Heinonen ef al., 1977).

(iv) Genetic and related effects
No data were available to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

In a hypothesis-generating cohort study designed to screen a large number of
drugs for possible carcinogenicity (described in detail in the monograph on
ampicillin), 317 persons to whom at least one prescription for nitrofural had been
dispensed during 1969-73 were followed up for up to 15 years (Selby et al., 1989). No
statistically significant association was noted with cancer at any site or at all sites
combined. [The Working Group noted that the number of users was small and
therefore the power of the study to detect carcinogenic effects was probably low.
Data on duration of use were not provided.)

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Nitrofural is an antibacterial agent used since 1945 mainly for the local
treatment of skin infections. It has been used orally in the treatment of refractory
African trypanosomiasis.

4.2 Experimental carcinogenicity data

Nitrofural was tested by oral administration in one study in mice and in two
studies in rats, and by transplacental administration to mice. Oral administration
to mice increased the incidence of granulosa-cell and benign mixed tumours of the
ovary. Inrats, an increased incidence of mammary fibroadenomas was observed in
females in both studies. Two studies of transplacental administration of nitrofural
to mice were inadequate for evaluation.

4.3 Human carcinogenicity data

In a hypothesis-generating cohort study, use of nitrofural was not associated
with an increase in cancer incidence, but the power of the study was low.

4.4 Other relevant data

One study did not provide evidence that topical use of nitrofural du‘ring
pregnancy is associated with birth defects. Nitrofural is gonadotoxic in male and
female mice and in male rats and is teratogenic in mice.
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In humans, nitrofural is poorly absorbed from skin and mucous membranes
after local administration. The drug binds to liver protein and DNA as well as to
kidney protein in rats treated in vivo.

Nitrofural did not induce chromosomal aberrations in rats, micronuclei in
mice or rats or sperm abnormalities in mice. It induced sister chromatid exchange
in Chinese hamster cells in vitro; contradictory results were obtained on the
induction of chromosomal aberrations in mammalian cells. Nitrofural induced
DNA strand breaks in human, hamster and mouse cells but did not induce
unscheduled DNA synthesis in human, rat or mouse cells. Both positive and
negative results were obtained in gene mutation assays in rodent cells. Nitrofural
did not induce sex-linked recessive lethal mutations in Drosophila. It was
mutagenic to Neurospora but not to Aspergillus and induced differential toxicity in
Escherichia coli and Bacillus subtilis and mutations in E. coli and Salmonella
typhimurium. (See Appendix 1.)

4.5 Evaluation!

There is inadequate evidence for the carcinogenicity of nitrofural in humans.
There is limited evidence for the carcinogenicity of nitrofural in experimental
animals.

Overall evaluation
Nitrofural is not classifiable as to its carcinogenicity to humans (Group 3).
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