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ABSTRACT

Nitrofurans are antimicrobial agents not authorised for use in food-producing animals in the European Union.
Nitrofurans are rapidly metabolised, occurring in animal tissues as protein-bound metabolites. The European
Commission requested EFSA to provide a scientific opinion on the risks to human health related to the presence
of nitrofurans in food and whether a reference point for action (RPA) of 1.0 pg/kg for the marker metabolites is
adequate to protect public health. Data on occurrence of nitrofuran marker metabolites in food were extracted
from the national residue monitoring plan results and from the Rapid Alert System for Food and Feed (RASFF).
The CONTAM Panel concluded that these data were too limited to carry out a reliable human dietary exposure
assessment. Instead, human dietary exposure was calculated for a scenario in which a single nitrofuran marker
metabolite is present at 1.0 pg/kg in foods of animal origin, excluding milk and dairy products. The mean
chronic dietary exposure for this worst-case scenario would range from 3.3 to 8.0 and 1.9 to 4.3 ng/kg b.w. per
day for toddlers and adults, respectively. Nitrofurans and their marker metabolites, generally, are genotoxic and
carcinogenic and, also, have non-neoplastic effects in animals. Margins of exposure (MOES) were calculated at
2.0 x 10° or greater for carcinogenicity and at 2.5 x 10° or greater for non-neoplastic effects. The CONTAM
Panel concluded that it is unlikely that exposure to food contaminated with nitrofuran marker metabolites at or
below 1.0 pg/kg is a health concern. A scenario in which foods are considered to be contaminated with
semicarbazide, from use of carrageenan as a food additive, at 1 pg/kg was used to assess whether it is
appropriate to apply the RPA to foods of non-animal origin; MOEs of greater than 10* calculated for non-
neoplastic effects do not indicate a health concern.
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SUMMARY

Nitrofurans are synthetic broad spectrum antimicrobial agents. The nitrofurans considered in this
opinion are furazolidone, furaltadone, nitrofurantoin, nitrofurazone and nifursol. Nitrofurans are not
authorised for use in food-producing animals in the European Union (EU), but furazolidone,
nitrofurantoin and nitrofurazone may be used in human medicine.

Nitrofurans share a nitrofuran ring which is coupled to a side-chain via an azomethine bond. The side-
chains differ for the various drugs, being 3-amino-2-oxazolidinone (AOZ) for furazolidone, 3-amino-
5-methylmorpholino-2-oxazolidinone (AMOZ) for furaltadone, l-aminohydantoin (AHD) for
nitrofurantoin, semicarbazide (SEM) for nitrofurazone, and 3,5-dinitrosalicylic acid hydrazide
(DNSH) for nifursol. Nitrofurans have short half-lives in animals and therefore they do not occur
generally as residues in foods of animal origin. Reactive metabolites are formed that are able to bind
covalently to tissue macromolecules, such as proteins and DNA. When animal tissues are consumed as
food, the side-chains may be released from the metabolites, namely AOZ, AMOZ, AHD, SEM and
DNSH.

The EFSA Scientific Opinion, titled ‘Guidance on methodological principles and scientific methods to
be taken into account when establishing Reference Points for Action (RPAs) for non-allowed
pharmacologically active substances present in food of animal origin’, identified an approach for
establishing RPAs for various categories of non-allowed pharmacologically active substances.
However, the opinion also identified certain categories of non-allowed pharmacologically active
substances that are considered to be outside the scope of the procedure, including substances that are
high potency carcinogens, such as nitrofurans. As nitrofurans are excluded from that opinion, and
taking into account that the presence of SEM in food may be from sources other than use of
nitrofurazone, the European Commission (EC) requested the European Food Safety Authority (EFSA)
for a scientific opinion on the risks to human health related to the presence of nitrofurans and their
metabolites in food. The opinion should include (a) an evaluation of the toxicity of nitrofurans and
their metabolites for humans, considering all relevant toxicological endpoints and identification of the
toxicological relevance of nitrofurans and their metabolites present in food, and (b) an exposure
assessment of the EU population to nitrofurans and their metabolites from food, including the
consumption patterns of specific (vulnerable) groups of the population. In addition, the opinion should
assess the appropriateness of using marker metabolites of nitrofurans for the reference point for action
for food of animal origin. The opinion should evaluate whether a reference point for action of 1 pg/kg
for nitrofuran metabolites, as defined in legislation, in food of animal origin is adequate to protect
public health, and it should assess the appropriateness of applying the reference point for action,
considered adequate to protect public health, to other commaodities than food of animal origin.

Because the nitrofuran parent compounds can only be detected in animal tissues and products for a
short period after treatment of the animals, monitoring of nitrofuran residues in livestock based on the
identification of the parent compounds is not appropriate. Metabolites binding covalently to proteins
and persisting for several weeks in edible tissues, from which the side-chains AOZ, AMOZ, AHD,
SEM and DNSH may be released, serve as excellent marker metabolites for the illicit use of
nitrofurans in food-producing animals. Generally, both screening and confirmatory methods for the
nitrofuran marker metabolites in foods of animal origin use acid hydrolysis and nitrobenzaldehyde
derivatisation of the released marker metabolites. Screening for the resulting nitrophenyl derivatives is
generally undertaken by enzyme-linked immunosorbent assays (ELISA) or biosensor methods,
providing sufficient analytical sensitivity to meet the current minimum required performance limit
(MRPL) of 1 pg/kg. Confirmatory methods are based on liquid chromatography—tandem mass
spectrometry (LC-MS/MS) and also adequately meet the MRPL of 1 pg/kg.
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The EFSA Panel on Contaminants in the Food Chain (CONTAM Panel) concluded that, since other
nitrofuran metabolites that could persist at higher concentrations have not been identified, the marker
metabolites AOZ, AMOZ, AHD, SEM and DNSH are appropriate as the RPA for foods of animal
origin.

Data on occurrence of nitrofuran metabolites (AOZ, AMOZ, AHD and SEM) in food, reported by
Member States from the National Residue Monitoring Plans, have been extracted for the period 2002
to 2013; there were 214 non-compliant targeted samples reported for nitrofurans over that 12 year
period. The categories in which nitrofurans were reported in decreasing level of incidence were
poultry, bovines, sheep/goats, pigs, farmed game, honey, rabbit, aquaculture, horses and wild game.
Data were extracted also from the Rapid Alert System for Food and Feed (RASFF) database for the
years 2002 to 2014; there were 808 notification events reported for nitrofuran metabolites (AOZ,
AMOZ, AHD and SEM), of which 416 were for crustaceans and products thereof and 150 were for
poultry meat and poultry meat products.

The CONTAM Panel concluded that data extracted from the EC database and the RASFF database
were too limited to carry out a reliable human dietary exposure assessment. Instead, the CONTAM
Panel calculated the hypothetical human dietary exposure for a scenario in which foods of animal
origin, excluding milk and dairy products, are considered to contain one nitrofuran marker metabolite
at a concentration level equal to the RPA of 1 pg/kg. This scenario, representing a worst-case situation
for the occurrence of nitrofuran marker metabolites due to illicit nitrofuran use, is a highly unlikely
situation. The mean chronic dietary exposure across dietary surveys for this scenario would range
from 1.9 to 4.3 ng/kg b.w. per day for adults and would be the highest for toddlers, at 3.3 to 8.0 ng/kg
b.w. per day.

Besides arising from nitrofurazone use, SEM may occur in food from other sources, including use of
the food additive carrageenan. The CONTAM Panel considered scenarios covering the different
sources. In one exposure scenario, foods of animal origin (including only those milk and dairy
products for which carrageenan is authorised as an additive) and foods of non-animal origin for which
carrageenan is authorised as an additive, were included. These foods are considered to be
contaminated with SEM at a concentration level equal to the RPA of 1 pg/kg; this scenario covers all
potential dietary exposure. The mean chronic dietary exposure to SEM across dietary surveys for this
scenario would range from 6.4 to 16 ng/kg b.w. per day for adults and would be the highest for
toddlers, at 17 to 55 ng/kg b.w. per day.

Reduction of the nitro group seems to be the most important metabolic pathway for nitrofurans,
potentially leading to reactive intermediates that are capable of binding to proteins and to DNA.
Nitroreduction and subsequent redox-cycling results in the generation of reactive species (including
oxygen species) that might be responsible for some of the adverse effects.

Based on studies with radiolabelled nitrofurans, high levels (mg/kg range) of metabolites are present
in tissues shortly after the last treatment. A proportion of the metabolites cannot be extracted from the
tissues with organic solvents and are assumed to be protein-bound. Levels of these residues decrease
gradually but are still detectable after 45 days in muscle, kidney and liver of treated pigs and probably
for much longer. The decrease of residues in liver and kidney is faster than in muscle tissue.

Feeding of rats with protein-bound residues of radiolabelled furazolidone showed that some of the
radiolabel was excreted in urine and so must have been absorbed in the gastrointestinal tract. The
radiolabel was also detected in tissues of rats and was partly non-extractable. AOZ could be released
by acid treatment from these non-extractable residues in rat tissues. Free AOZ was detected in blood
of rats fed with meat containing only protein-bound residues of furazolidone, showing that AOZ can
also be released from these residues, probably due to acid hydrolysis in the stomach.
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Acute toxicity studies in laboratory animals showed that for furazolidone, nitrofurantoin and
nitrofurazone the lung is an important target for toxicity, leading to decreased respiratory function and
death. Signs of neurotoxicity such as hyperirritability, tremors and convulsions were also found.

In repeated dose toxicity studies, AOZ caused hepatotoxicity, decreased body weight gain and
anaemia at the lowest tested dose of 0.9 mg/kg b.w. per day in rats and at 1 mg/kg b.w. per day in
dogs. Nitrofurantoin caused toxic effects in liver, kidney and testes, and caused necrosis of the ovarian
follicles, decreased weight gain and neurotoxicity, with a no observed adverse effect level (NOAEL)
of about 120 mg/kg b.w. per day in rats and mice. Nitrofurazone caused similar effects as
nitrofurantoin, with the exception of necrosis of the ovarian follicles, and the NOAEL for effects on
the testes in rats was 13.5 mg/kg b.w per day. SEM caused severe deformation of limbs and
osteochondral lesions at the lowest tested dose of 23 mg/kg b.w. per day in rats. Nifursol caused slight
changes in red blood cell parameters and a NOAEL of about 14 mg/kg b.w. per day was identified.

In studies on spermatogenesis, furazolidone, furaltadone, nitrofurantoin and nitrofurazone caused toxic
effects on the testes in rats and mice but no NOAEL could be identified. Effects were observed at the
lowest dose tested of 10 mg/kg b.w. per day for nitrofurantoin.

In studies on embryotoxicity and teratogenicity, furazolidone in mice was embryotoxic at the lowest
dose tested of 200 mg/kg b.w. per day and caused decreased body weight and viability of pups after
birth, but no malformations were found. Nitrofurantoin was embryotoxic in mice and rats and caused
decreased body weight and viability of pups after birth. A NOAEL of 10 mg/kg b.w. per day was
identified for embryotoxicity in rats. Malformations were not found in offspring of rats and rabbits,
with a NOAEL of 30 mg/kg b.w. per day for teratogenicity. Nitrofurazone was not teratogenic in mice
and rabbits at doses that were not maternotoxic. For fetotoxicity/maternotoxicity an overall NOAEL of
14 mg/kg b.w. per day was identified. For SEM, in a study looking at the incidence of cleft palate and
resorptions only, an effect was found when rats were treated orally with SEM at 25 mg/kg b.w. per
day or higher, but not when treated at 10 mg/kg b.w. per day.

In multigeneration studies, nitrofurazone showed reproductive toxicity in mice for two generations at
doses of 14 to 102 mg/kg b.w. per day. Nifursol did not have any effects on reproduction in rats
treated for three generations at doses of 54 mg/kg b.w. per day or lower.

In studies on neurotoxicity, nitrofurantoin caused peripheral nerve damage in rats treated orally at the
lowest dose tested of 20 mg/kg b.w. per day. SEM caused neurobehavioural effects in juvenile rats
when treated orally at the lowest dose tested of 40 mg/kg b.w. per day for 10 days.

In genotoxicity studies, furazolidone and its marker metabolite AOZ were found to be genotoxic in
vitro and possibly also in vivo. Since AOZ can be released from bound residues of furazolidone
metabolites, these bound residues should be considered as genotoxic. Furaltadone was found to be a
bacterial and mammalian cell mutagen in vitro. The marker metabolite AMOZ is not genotoxic in
vitro. In vitro, nitrofurantoin induces mutations, chromosomal aberrations and DNA damage and, in
vivo, nitrofurantoin has been shown to induce DNA damage in multiple organs, micronuclei formation
in mice and gene mutations in a transgenic mouse mutation assay. For AHD, the only in vivo
mutagenicity study which is available shows a negative result. Nitrofurazone and its marker metabolite
SEM are genotoxic in vitro. In vivo tests gave negative results with nitrofurazone, whereas no
conclusion can be drawn on the in vivo genotoxicity of SEM. Nifursol is genotoxic in vitro, whereas in
vivo it induced neither chromosomal aberrations nor mutations.

In chronic toxicity and carcinogenicity studies, furazolidone induced malignant mammary tumours in
rats, bronchial adenocarcinomas in male and female mice and neural astrocytomas in male rats. The
CONTAM Panel concluded that furazolidone is carcinogenic in mice and rats. No information on the
carcinogenicity of AOZ, the marker metabolite of furazolidone, was identified, but it is presumed that
AOZ may play a role in tumour formation. Furaltadone induced malignant mammary tumours in
female rats. The CONTAM Panel concluded that furaltadone is carcinogenic in rats. There is no
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information on the chronic toxicity or the carcinogenicity of AMOZ. Nitrofurantoin induced an
increase mainly in benign tumours in mice and rats, but in male rats a few malignant tumours were
found. Based on these observations, the CONTAM Panel concluded that there is limited evidence that
nitrofurantoin is carcinogenic in rats. No information on the chronic toxicity or the carcinogenicity of
AHD was identified. Nitrofurazone increased the incidence of mainly benign tumours in mice and rats
following oral administration. In male rats a non-dose related increase in carcinomas of the preputial
gland was observed. The CONTAM Panel concluded that there is no evidence for the carcinogenicity
of nitrofurazone in mice, and that evidence for its carcinogenicity in rats is equivocal. Non-neoplastic
effects of nitrofurazone were observed in a chronic toxicity study at the lowest dose tested of
14 mg/kg b.w. per day in mice (ovarian atrophy in females and reduced survival in males) and the
lowest dose tested of about 11 mg/kg b.w. per day in rats (testes degeneration). SEM increased the
incidence of malignant lung tumours, particularly in female mice. In rats, no increase in tumour
incidence was found. The CONTAM Panel concluded that there is limited evidence that SEM is
carcinogenic in mice, but not in rats. Based on effects on bones observed in a chronic toxicity study in
male rats, a NOAEL of 0.6 mg/kg per day was derived for non-neoplastic effects of SEM. For nifursol
the available chronic toxicity studies in rats and dogs did not show clear indication for carcinogenicity.
The toxicological information was too limited to derive a NOAEL for non-neoplastic effects of
nifursol. No information on the chronic toxicity or the carcinogenicity of DNSH was identified.

In relation to the mode of action, reduction of the nitro-group seems to be the key metabolic pathway
leading to reactive intermediates, including reactive oxygen species. Reactive metabolites are capable
of binding to proteins and to DNA, being thereby responsible for most of the adverse effects resulting
from exposure to nitrofurans. Only for AOZ information was identified regarding the mode of action
of the nitrofuran marker metabolites. AOZ plays a role in the inhibition of monoamine-oxidase in
animals treated with furazolidone. This may result in an increased susceptibility to neurotoxic effects
of certain biogenic amines such as tyramine. Protein binding of reactive nitrofuran metabolites may
play a role in the irreversible inhibition of the pyruvate dehydrogenase complex, another potential
mechanism underlying neurotoxic effects of nitrofurans, such as polyneuritis.

In human studies, oral administration of furazolidone and nitrofurantoin may lead to a range of
adverse reactions, particularly nausea, vomiting and abdominal pain. Both drugs have also been
associated with haemolytic anaemia observed in patients deficient in glucose-6-phosphate
dehydrogenase. The topical use of nitrofurazone may lead to allergic reactions. Epidemiological
studies are reported only for patients treated with nitrofurantoin, and associations were found for
cancers of the nervous system in adults, for drug-induced liver injury, and for increased risk of
pulmonary adverse events in patients with renal impairment.

Because most of the nitrofurans and their marker metabolites are genotoxic and/or carcinogenic,
derivation of health-based guidance values (HBGVS) is not appropriate.

In the case of furazolidone, a lower 95 % confidence limit for a benchmark response of 10 % extra risk
(BMDLy) value for bronchial adenocarcinomas in mice of 3.5 mg/kg b.w. per day (1.6 mg/kg b.w. per
day, expressed as AOZ) was selected as a reference point for carcinogenic effects. Non-neoplastic
effects of furazolidone and AOZ were found on red blood cell parameters and enzymes in blood. The
lowest BMDL was estimated for the effect of AOZ on alkaline phosphatase (ALP) (BMDLys of
0.02 mg/kg b.w. per day). The CONTAM Panel concluded that this value can be used as reference
point for the risk characterisation for non-neoplastic effects.

For furaltadone, the CONTAM Panel concluded that the available data do not provide a suitable basis
for deriving a reference point. For AMOZ there is no information on carcinogenicity, and the limited
available data indicate that it is non-genotoxic in vitro. Therefore, the CONTAM Panel concluded that
the risk for carcinogenicity cannot be assessed. There is no information on non-neoplastic effects of
furaltadone or AMOZ that could be used for the derivation of a reference point.
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In the case of nitrofurantoin, a BMDL,, value for osteosarcomas in male rats of 61 mg/kg b.w. per day
(29.5 mg/kg b.w. per day, expressed as AHD) was selected as a reference point for carcinogenic
effects. For non-neoplastic effects, the most sensitive endpoint for nitrofurantoin is impaired
spermatogenesis, but the available data did not allow for a BMD analysis or the derivation of a
NOAEL. Effects were observed at the lowest dose tested of 10 mg/kg b.w. per day (4.8 mg/kg b.w. per
day, expressed as AHD) and this was selected as a reference point for non-neoplastic effects. The
CONTAM Panel noted that the effects at this dose are substantial.

For nitrofurazone, no conclusion could be drawn on its possible carcinogenicity and in the case of
SEM, the available information was not suitable to derive a reference point for carcinogenic effects.
Non-neoplastic effects of nitrofurazone were found on the testes and the epididymis in rats, while for
SEM effects on bone development were observed. The lowest BMDL was estimated for the effect of
SEM on bone development (BMDL,, of 1.0 mg/kg b.w.). The CONTAM Panel concluded that this
value can be used as reference point for the risk characterisation for non-neoplastic effects.

While nifursol is genotoxic in vitro, there is no clear indication that it is carcinogenic and for DNSH
there is no information on mutagenicity/genotoxicity or carcinogenicity. For non-neoplastic effects, a
BMDLs value for the effect of nifursol on liver weight of 11 mg/kg b.w. per day (7.3 mg/kg b.w. per
day, expressed as DNSH) was selected as reference point.

Since different critical effects are observed for the different marker metabolites, the CONTAM Panel
characterised the risk for each marker metabolite separately. For the actual exposure to nitrofuran
marker metabolites, no reliable human dietary exposure assessment could be carried out and,
therefore, the CONTAM Panel could not characterise the risk.

To evaluate whether the RPA for nitrofuran metabolites in food of animal origin is adequate to protect
public health, the CONTAM Panel considered the scenario in which foods of animal origin, excluding
milk and dairy products, are considered to contain one nitrofuran marker metabolite at a concentration
level equal to the RPA of 1 pg/kg.

For AOZ, median chronic dietary exposure across dietary surveys for the average consumer would
result in a margin of exposure (MOE) for carcinogenicity of about 2.9 x 10° for toddlers and 6.2 x 10°
for adults and an MOE for non-neoplastic effects of about 3.6 x 10° for toddlers and 7.7 x 10° for
adults. The CONTAM Panel considered that for AOZ these MOEs for carcinogenicity and non-
neoplastic effects are sufficiently large and do not indicate a health concern.

For AMOZ, the CONTAM Panel could not conclude on the carcinogenicity. Given that there are no
clear indications that furaltadone is more potent than furazolidone with respect to the induction of
mammary adenocarcinomas, the CONTAM Panel concluded that the cancer risk from AMOZ, if any,
would not be greater than that from AOZ and hence does not indicate a health concern. The CONTAM
Panel could not identify a reference point for non-neoplastic effects for AMOZ.

For AHD, median chronic dietary exposure across dietary surveys for the average consumer would
result in an MOE for carcinogenicity of about 5.4 x 10° for toddlers and 1.1 x 10" for adults and an
MOE for non-neoplastic effects of about 8.7 x 10° for toddlers and 1.8 x 10° for adults. The
CONTAM Panel considered that for AHD these MOEs for carcinogenicity and non-neoplastic effects
are sufficiently large and do not indicate a health concern.

For SEM the cancer risk could not be assessed. For non-neoplastic effects, median chronic dietary
exposure across dietary surveys for the average consumer would result in an MOE of about 1.8 x 10°
for toddlers and 3.8 x 10° for adults. The CONTAM Panel considered that for SEM these MOEs for
non-neoplastic effects are sufficiently large and do not indicate a health concern.

For DNSH, median chronic dietary exposure across dietary surveys for the average consumer would
result in an MOE for non-neoplastic effects of about 1.3 x 10° for toddlers and 2.8 x 10° for adults.
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The CONTAM Panel considered that for DNSH these MOEs for non-neoplastic effects are
sufficiently large and do not indicate a health concern.

To assess the appropriateness of applying the RPA that is considered adequate to protect public health
to other commodities than food of animal origin, the CONTAM Panel considered the scenario in
which foods of animal origin, including only those milk and dairy products for which carrageenan is
authorised as an additive, and foods of non-animal origin for which carrageenan is authorised as an
additive, are considered to be contaminated with SEM at a concentration level equal to the RPA of

1 pg/kg.

AOZ, AMOZ, AHD or DNSH have not been reported to occur in foods of non-animal origin. Only
SEM is reported to occur in food of non-animal origin due to its potential presence in the food additive
carrageenan, which is used in a large variety of foods. The food additive carrageenan may also be used
in foods of animal origin. For SEM, the cancer risk could not be assessed. For non-neoplastic effects,
median chronic dietary exposure across dietary surveys for the average consumer would result in an
MOE of about 3.4 x 10* for toddlers and 1.0 x 10° for adults. The CONTAM Panel considered that for
SEM these MOEs for non-neoplastic effects are sufficiently large and do not indicate a health concern.

The CONTAM Panel recommends that there is need for a carcinogenicity study on SEM according to
the current guidelines and that there is need for information on the mechanisms underlying the
genotoxic and carcinogenic effects of SEM.
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION

Nitrofurans are synthetic broad-spectrum antimicrobial agents used in some countries in human and
veterinary medicine. However, nitrofurans have been prohibited from use in food-producing animals
in most countries due to public health and safety concerns, particularly in relation to the carcinogenic
potential of either the parent compounds or their metabolites.

In the European Union, nitrofurans were allowed for use in veterinary medicinal products* until 1 July
1993, when all nitrofurans were classified as prohibited substances with the exception of furazolidone.
This remained the case until 1 July 1995, when furazolidone was also reclassified as a prohibited
substance.

Nitrofurans have been evaluated on several occasions by the European Medicines Agency (EMA) and
Joint FAO/WHO Expert Committee on Food Additives (JECFA). EMA proposed that nitrofurans®
(excluding furazolidone) be classified as ‘prohibited substances’ as there was insufficient information
related to mutagenicity and carcinogenicity, while for furazolidone,® EMA proposed to classify it as a
prohibited substance due to evidence of mutagenicity and carcinogenicity. At its 40th session, JECFA
concluded that nitrofurazone was carcinogenic but not genotoxic whereas furazolidone was
carcinogenic and genotoxic.

A minimum required performance limit (MRPL) for nitrofurans is set in European Union legislation’
for the metabolites of furazolidone, furaltadone, nitrofurantoin and nitrofurazone for poultry meat and
aquaculture products at the level of 1 pg/kg for all metabolites.

Analytically, residues are checked only for marker metabolites of the 4 nitrofuran chemicals, in
particular: 3-amino-2-oxazolidinone (AOZ) for furazolidone, 3-amino-5-methylmorpholino-2-
oxazolidinone (AMOZ) for furaltadone, 1-aminohydantoin (AHD) for nitrofurantoin and
semicarbazide (SEM) for nitrofurazone.

By virtue of Commission Decision 2005/34/EC,® the MRPL is applicable as a reference point for
action (RPA) in products of animal origin imported from third countries irrespective of the matrix
tested: all food of animal origin containing residues® (at or above the RPA of 1 pg/kg is considered
non-compliant and removed from the food chain (destruction, re-dispatch, recall). Confirmed findings
below the RPA, indicating a recurrent pattern, also trigger specific actions directed towards the third
countries of origin.

A similar approach,” including possible enforcement actions, applies to food of animal origin
produced within the Union, as laid down in Directive 96/23/EC. The two above provisions are
confirmed by Regulation (EC) No 470/2009.

As regards SEM, it has repeatedly been demonstrated or claimed that its presence can be caused by
other sources than nitrofurazone treatments. Its presence in packaged food has been attributed in the

Nitrofurans were classified as ‘All substances belonging to the nitrofuran group’ with marker residue ‘All residues with the
intact 5 nitro structure’ for all food-producing animals with a maximum residue limit (MRL) of 5 pg/kg for the target
tissues muscle, liver, kidney and fat. The MRL applied to the total residues for all substances within this group.

Nitrofurans Summary Report—Committee for Veterinary Medicinal Products. Available online: http://www.ema.
europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500015183.pdf

Furazolidone summary report—Committee for Veterinary Medicinal Products. Available online: http://www.ema.
europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_- Report/2009/11/WC500014332.pdf

Commission Decision 2002/657/EC implementing Council Directive 96/23/EC concerning the performance of analytical
methods and the interpretation of results. OJ L 221, 17.8.2002, p. 8.

Commission Decision 2005/34/EC laying down harmonised standards for the testing for certain residues in products of
animal origin imported from third countries. OJ L 1, 20.1.2005, p. 6.

Expressed as the sum of the four nitrofurans’ marker metabolites.

0 SANCO -E.2(04)D/521927. Available online: http://ec.europa.eu/food/committees/regulatory/scfcah/controls_imports/
summary35_en.pdf

8
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past to the use of azodicarbonamide as a blowing agent used to foam the plastic gaskets in the metal
lids of jars and bottles. However, this use of azodicarbonamide is no longer permitted in the EU.
Presence of SEM could also be possible due to the use of azodicarbonamide as a flour treatment agent
(dough improver) in bread production, however, such use is also not permitted in the EU. SEM can
also result as a reaction product of hypochlorite with some food additives (e.g. carrageenan) with some
foods (such as egg white powder). Natural background levels, formation during drying of certain
foods, as well as unidentified sources are often cited as possible reason for detection of SEM in food
commodities (e.g. certain crayfish, seaweed, eggs, whey and certain varieties of honey).

In analysis of food of animal origin, this has led — where possible — to the introduction of washing
steps in the analytical techniques in order to detect only tissue bound molecules, as only these are
considered indicative for illegal treatment.

Findings of nitrofurans

From 2000 onwards, nitrofurans have been the subject of more than 700 messages in the Rapid Alert
System for Food and Feed. For the different marker metabolites, reported levels ranged from 0.1-
1200 pg/kg for AOZ (282 messages), 0.3-140 pg/kg for AMOZ (97 messages), 0.3-40 pg/kg for
AHD (6 messages) and from 0.37—7 500 ug/kg for SEM (351 messages).

Commodities reported as containing residues of nitrofurans were: crustaceans and products thereof
(482), poultry meat and poultry meat products (150), fish and fish products (54), meat other than
poultry and derived products (46), honey and royal jelly (20), eggs and egg products (13), food
additives and flavourings (2) and prepared dishes and snacks (1).

Safeguard measures'! have been adopted for a number of food commodities originating from several
third countries. Only once the import checks have demonstrated that all consignments are compliant
the safeguard measures could be lifted or no longer prolonged.

Article 19 (2) of Regulation (EC) No 470/2009 states that the Commission shall, where appropriate,
submit a request to EFSA for a risk assessment as to whether the reference points for action are
adequate to protect human health.

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION

The Commission requests EFSA in accordance with Article 29 of Regulation (EC) No 178/2002 for a
scientific opinion on the risks to human health related to the presence of nitrofurans and their
metabolites in food.

In particular this opinion should comprise the:
a) evaluation of the toxicity of nitrofurans and their metabolites for humans, considering all
relevant toxicological endpoints and identification of the toxicological relevance of nitrofurans

and their metabolites present in food,;

b) exposure of the EU population to nitrofurans and their metabolites from food, including the
consumption patterns of specific (vulnerable) groups of the population;

c) assessment of the appropriateness of using marker metabolites of nitrofurans for the reference
point for action for food of animal origin;

1 For example: Commission Decision 2008/630/EC on emergency measures applicable to crustaceous imported from
Bangladesh and intended for human consumption (OJ L 205, 1.8.2008, p. 49); Commission Decision 2002/994/EC
concerning certain protective measures with regard to the products of animal origin imported from China (OJ L 348,
21.12.2002, p. 154); Commission Decision 2010/381/EU on emergency measures applicable to consignments of
aquaculture products imported from India and intended for human consumption (OJ L 174, 9.7.2010, p. 51).
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d) evaluation whether a reference point for action of 1 pg/kg for nitrofuran metabolites as
defined in legislation in food of animal origin is adequate to protect public health;

e) assessment of the appropriateness of applying the reference point for action considered
adequate to protect public health to other commodities than food of animal origin.

EFSA Journal 2015;13(6):4140 12
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ASSESSMENT

1. Introduction

Nitrofurans are synthetic chemotherapeutic agents with a broad antimicrobial spectrum, including
Gram-positive and Gram-negative bacteria and protozoa. Nitrofurans are bacteriostatic but, at high
doses, their action may also be bactericidal. Structurally, the essential component of nitrofurans is a
furan ring with a nitro-group, and the latter is a requisite for antimicrobial activity. Nitrofurans are
very effective antimicrobial agents that, prior to their prohibition for use in food-producing animals in
the European Union (EU), were widely used in livestock (cattle, pigs and poultry), aquaculture and
bees.

The nitrofurans considered in this opinion are furazolidone, furaltadone, nitrofurantoin,
nitrofurazone (also known as nitrofural or Furacilin) and nifursol. In the case of furazolidone,
furaltadone, nitrofurantoin and nitrofurazone, these are the nitrofurans specifically listed in Annex Il
to Commission Decision 2002/657/EC* for the metabolites for which a minimum required
performance limit (MRPL) of 1 pg/kg is specified. Nifursol is also included in this opinion because of
its former widespread use as an additive in feedingstuffs for turkeys for the prevention of ‘blackhead
disease’ (histomoniasis).

In human medicine, furazolidone, nitrofurantoin and nitrofurazone are still used (see Section 1.3.1). In
veterinary medicine, nitrofurans are no longer authorised for use in food-producing animals in the EU
because no acceptable daily intake (ADI) could be established owing to positive results in genotoxicity
testing. Nitrofurans are also not allowed to be used in food-producing animals in countries such as the
USA, Australia, the Philippines, Thailand and Brazil.

Nitrofurans share a nitrofuran ring but have different side-chains (such as 3-amino-2-oxazolidinone in
the case of furazolidone), connected via a so-called azomethine bond. A characteristic of nitrofurans is
the short half-life of the parent compounds due to extensive metabolism, primarily a reduction of the
nitro-group, such that they do not occur generally as residues in foods of animal origin. This
nitroreduction results in the formation of reactive metabolites able to bind covalently to tissue
macromolecules, including proteins. In food-producing animals, these metabolites have a relatively
long half-life. When such animal tissues are consumed as food, side-chains may be released from
these metabolites under the acidic conditions of the human stomach, namely 3-amino-2-oxazolidinone
(AOZ) from the metabolites of furazolidone, 3-amino-5-methylmorpholino-2-oxazolidinone (AMOZ)
from the metabolites of furaltadone, 1-aminohydantoin (AHD) from the metabolites of nitrofurantoin,
semicarbazide (SEM) from the metabolites of nitrofurazone and 3,5-dinitrosalicylic acid hydrazide
(DNSH) from the metabolites of nifursol. These released side-chains of nitrofuran metabolites have
the potential to be carcinogenic and mutagenic. In principle, the side-chains can also be released
during acid hydrolysis from the parent compounds and other metabolites. This implies that the side-
chains are potential metabolites themselves following hydrolysis of the parent compound in the
stomach, but this has been demonstrated only for pigs treated with furazolidone. Free AOZ was also
detected in rats fed with protein-bound residues of furazolidone. The side-chains are also excellent
marker metabolites for the presence of protein-bound residues following sample treatment with acid
and derivatisation with nitrobenzaldehyde.

The European Food Safety Authority (EFSA) scientific opinion entitled ‘Guidance on methodological
principles and scientific methods to be taken into account when establishing Reference Points for
Action (RPAs) for non-allowed pharmacologically active substances present in food of animal origin’
(EFSA CONTAM Panel, 2013) identified an approach based on both analytical and toxicological
considerations for establishing RPAs for various categories of non-allowed pharmacologically active
substances. However, the opinion also identified certain categories of non-allowed pharmacologically
active substances for which toxicological screening values based on the procedure described might not

12 Commission Decision 2002/657/EC implementing Council Directive 96/23/EC concerning the performance of analytical
methods and the interpretation of results. OJ L 221, 17.8.2002, p. 8-36.
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be sufficiently health protective and such substances are considered to be outside the scope of the
procedure. Such substances include those causing blood dyscrasias (such as aplastic anaemia) or
allergy, or which are high-potency carcinogens. As the side-chains of nitrofurans are hydrazines and
are as such considered as potential high-potency carcinogens, a specific risk assessment is required.

The scope of this opinion is primarily directed at nitrofurans and their metabolites, in accordance with
the Commission request ‘for a scientific opinion on the risks to human health related to the presence of
nitrofurans and their metabolites in food’. However, to adequately address the issue of ‘assessment of
the appropriateness of applying the reference point for action considered adequate to protect public
health to other commodities than food of animal origin’ (see Terms of Reference), consideration of the
potential occurrence of SEM in food, from a variety of sources other than as a metabolite of
nitrofurazone, is included in the opinion (Appendix A). For this purpose, the concentrations of SEM in
food and dietary exposure calculated by the EFSA Scientific Panel on Food Additives, Flavourings,
Processing Aids and Materials in Contact with Food (AFC Panel) in its opinion on SEM (EFSA,
2005)—updated by changes in regulations such as the subsequent prohibition of certain uses of
azodicarbonamide in food and new information on SEM, particularly relating to its occurrence in food
products from use of the food additive carrageenan—are considered.

1.1 Previous assessments

Nitrofurans have been the subject of several previous assessments by international, European and
national organisations.

1.1.1.  International and European agencies

At its 40th meeting, the Joint FAO/WHO Expert Committee on Food Additives (JECFA) evaluated
furazolidone and nitrofurazone.

Based on the positive results of furazolidone in genotoxicity tests in vitro and the increased incidence
of malignant tumours in mice and rats, JECFA concluded that furazolidone is a substance that is
genotoxic and carcinogenic. Owing to the genotoxic and carcinogenic nature of furazolidone, and the
lack of sufficient data on the nature and toxic potential of the bound residues, JECFA was unable to
establish an ADI (FAO/WHO, 1993a). As a result, JECFA could not recommend a maximum residue
limit (MRL). The residue data were insufficient to identify a marker residue and insufficient
information was available on the quantity and nature of the total residues (FAO/WHO, 1993c, e).

Nitrofurazone caused benign tumours that were restricted to endocrine organs and the mammary
gland. Nitrofurazone is genotoxic in vitro but not in vivo. From these data, JECFA concluded that
nitrofurazone is a secondary carcinogen causing effects in endocrine-responsive organs by a
mechanism that remains to be elucidated. Effects on steroidogenesis may be involved in the process of
tumour development. No ADI could be established because a no-effect level had not been identified
for the tumorigenic effects. JECFA noted that the lowest dose tested of 11 mg/kg body weight (b.w.)
per day caused a high incidence of testicular degeneration in a 2-year carcinogenicity study. Moreover,
no study on reproductive performance was available. A no-effect level could also not be identified for
the degenerative changes in the joints of rats (FAO/WHO, 1993b). JECFA could not recommend an
MRL because no ADI was established. Furthermore, the residue data were insufficient to identify a
marker residue and insufficient information was available on the quantity and nature of the total
residues (FAO/WHO, 1993d, f).

The International Agency for Research on Cancer (IARC) evaluated furazolidone in 1983, furaltadone
in 1974, nitrofurantoin in 1990, nitrofurazone in 1974 and 1990, and SEM hydrochloride in 1976.
Data on the carcinogenicity of furazolidone in experimental animals were not available for
evaluation. In the absence of epidemiological data, no evaluation of the carcinogenicity of
furazolidone in humans could be made and the IARC concluded that furazolidone is not classifiable as
regards its carcinogenicity to humans (group 3) (IARC, 1983, 1987). Furaltadone caused mammary
carcinomas and lymphoblastic lymphomas in rats following oral administration of its hydrochloride.
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No case reports or epidemiological studies were available (IARC, 1974). Based on this information,
the 1ARC concluded that furaltadone is possibly carcinogenic to humans (group 2B) (IARC, 1987).
For the evaluation of the carcinogenicity of nitrofurantoin, only limited evidence was available in
experimental animals and inadequate evidence in humans. The IARC concluded that nitrofurantoin is
not classifiable as to its carcinogenicity in humans (group 3) (IARC, 1990a). During its most recent
evaluation of nitrofurazone, the IARC concluded that only limited evidence was available for its
carcinogenicity in experimental animals and inadequate evidence in humans. The IARC concluded
that nitrofurazone is not classifiable as to its carcinogenicity in humans (group 3) (IARC, 1990b).
SEM hydrochloride caused angiomas, angiosarcomas and lung tumours in mice after oral
administration. Therefore, the IARC concluded that SEM hydrochloride is carcinogenic in mice after
oral administration. No human data (case reports or epidemiological studies) were available (IARC,
1976). The IARC concluded that SEM hydrochloride is not classifiable as regards its carcinogenicity
in humans (group 3), as no adequate data were available for humans and limited evidence was
available for experimental animals (IARC, 1987).

The Scientific Committee on Animal Nutrition (SCAN) evaluated the use of furazolidone,
nitrofurazone and bifuran (furazolidone + nitrofurazone) in feedingstuffs (SCAN, 1977). The
Committee identified numerous data gaps concerning methods of analysis, metabolism,
carcinogenicity and mutagenicity. It was concluded that, in the absence of additional data, the use of
furazolidone, nitrofurazone and bifuran as feed additives should be prohibited.

In 1982, the SCAN evaluated the use of nifursol in feedingstuffs for turkeys. Nifursol showed some
hepatotoxic effects in a chronic feeding study in rats, but no carcinogenicity was observed. In rats, no
reproductive toxicity was observed in a three-generation study. From these long-term studies, a no-
effect level of 400 mg/kg feed was identified. Mutagenicity studies in several strains of Salmonella
enterica subsp. enterica serovar Typhimurium were negative. No embryotoxicity/teratology studies
were available. Fertility and hatchability of eggs were not affected by a 4-month exposure to 75 mg
nifursol/kg feed. Based on the available information, the Committee concluded that the use of nifursol
as an additive in feedingstuffs for turkeys at a level of 50-75 mg/kg could be maintained, subject to a
withdrawal period of 5 days before slaughter (SCAN, 1982). In 2001, the use of nifursol as a feed
additive was re-evaluated. Based on the available data, no conclusion could be drawn regarding the
genotoxicity of nifursol. The available data did not give a clear indication of any tumorigenicity from
nifursol. However, owing to the shortcomings of the study and limited reporting, the Committee
indicated that this conclusion should be regarded as provisional. In addition, the Committee noted the
non-conclusive results of a chronic toxicity study in dogs, the lack of data on developmental toxicity
and that only one metabolic route is common between turkeys and rats. It was concluded that no ADI
could be established. The human exposure to nifursol residues (including metabolites) could not be
determined because of a lack of data. Overall, it was concluded that the safety of nifursol for the
human consumer cannot be ensured (SCAN, 2001). In 2003, additional studies on mutagenicity and
residues became available. However, the data did not allow the Committee to conclude that nifursol is
non-genotoxic in vivo. It was reiterated that no ADI could be established. The new residue studies did
not allow the human exposure to nifursol residues (including metabolites) to be determined. The
SCAN reiterated the conclusion that the safety of nifursol for human consumers cannot be ensured
(SCAN, 2003).

The Committee for Veterinary Medicinal Products (CVMP) of the European Agency for the
Evaluation of Medicinal Products (EMEA; now the European Medicines Agency (EMA)) published
an evaluation of nitrofurans in 1996. Owing to the lack of sufficient data for nitrofurazone,
nitrofurantoin and furaltadone, the CVMP recommended that these nitrofurans be included in
Annex IV of council regulation (EEC) No 2377/90, which is the ‘list of pharmacologically active
substances for which no maximum levels can be fixed’. Because industry was planning further
toxicological studies for furazolidone, the provisional MRL was retained until the following
evaluation (EMA, 1996). After this evaluation, new data on mutagenicity, subchronic toxicity, residue
depletion, bioavailability of residues and residue analysis were submitted by industry for
furazolidone. Based on this new information, the CVMP concluded that a no-observed-effect-level
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(NOEL) could not be established and that AOZ is mutagenic in all investigated test systems. It was
noted that furazolidone itself is mutagenic and carcinogenic in mice and rats. Total residues were in
the mg/kg range in all edible tissues. Bound residues were shown to be bioavailable in rats fed with
meat from furazolidone-treated pigs that were slaughtered 45 days after the last treatment. AOZ could
be released from the bound residues in pig liver, even after 45 days. Therefore, the CVMP proposed
that furazolidone also be included in Annex IV of Council Regulation (EEC) No 2377/90 (EMA,
1997).

SEM can be present in food from different sources (see Section 3.3 and Appendix A). The AFC Panel
issued preliminary advice on SEM in packaged foods in July and October 2003. In 2005, the AFC
Panel assessed the risk posed by SEM in all types of food. The AFC Panel concluded that SEM is
mutagenic but not clastogenic in some test systems in vitro, notably in the absence of an exogenous
metabolising system. However, the weak genotoxicity exerted by SEM in vitro is not expressed in
vivo. SEM has been shown to be carcinogenic in mice, but not in rats. The AFC Panel concluded that
SEM is a weak non-genotoxic carcinogen for which a threshold mechanism can be assumed. A large
margin of at least five orders of magnitude exists between the dose causing tumours in experimental
animals and human exposure. The AFC Panel therefore concluded that the issue of carcinogenicity is
not of concern for human health at the concentrations of SEM encountered in food (EFSA, 2005).

1.1.2.  National agencies

In 2002, the German Federal Institute for Consumer Health Protection and Veterinary Medicine
(BgVV) evaluated the findings of positive nitrofuran metabolites in poultry, shrimps and rabbits. In its
statement, BgVV concluded that, based on the available data, an estimation of human dietary exposure
to nitrofuran metabolites was not feasible. In addition, a no-observed-adverse-effect level (NOAEL)
could not be established and information on dose-response relationships was insufficient. Therefore,
BgVV could not perform a risk assessment; however, it stated that a health risk, especially through
repeated consumption of food containing nitrofuran metabolites, cannot be excluded (BgVV, 2002).

The National Institute for Public Health and Environment (RIVM; Rijksinstituut voor
Volksgezondheid en Milieu) in 2003 evaluated the risk of furazolidone occurrence in shrimps. AOZ
had been detected in shrimps at a concentration of 5 pg/kg. The RIVM concluded that furazolidone is
genotoxic and carcinogenic and that, therefore, no ADI could be established. AOZ is genotoxic, but no
carcinogenicity studies were available. However, it was assumed that AOZ is involved in the
carcinogenicity of furazolidone and that, as such, AOZ is also genotoxic and carcinogenic. Based on
tumour incidences in rats and mice reported by JECFA (FAO/WHO, 1993a), a virtual safe dose
(VSD)*® of 50 ng/kg b.w. per day was derived. Because AOZ and not furazolidone was analysed in the
shrimp samples, the ratio of the molecular weights of AOZ and furazolidone (2.2) was used to convert
the AOZ concentration of 5 pg/kg into the furazolidone concentration of 11 pg/kg. Based on a mean
shrimp consumption of 8.4 g per week, the exposure was estimated to be 0.22 ng furazolidone/kg b.w.
per day for a 60-kg person. The margin of safety between the exposure and the VSD was about 200,
and the risk to public health of such an exposure was considered nil (RIVM, 2003).

Food Standards Australia New Zealand (FSANZ) in 2004 assessed the risk of nitrofurans in prawns. It
was noted that furazolidone induces malignant tumours in rats at doses of 25 mg/kg b.w. per day.
Therefore, furazolidone was considered a potential carcinogen in humans. However, insufficient data
were available to conclude that tumour formation is initiated through a genotoxic mechanism and it
remained unclear if a threshold mechanism can be assumed. Owing to the lack of data, FSANZ
assumed that the toxicity of AOZ is the same as the toxicity of furazolidone. FSANZ estimated the
exposure to AOZ from prawns. Based on a mean consumption of prawns of 75 g per day and a high
consumption (95th percentile) of 250 g per day, and the lower- (LB) and upper-bound (UB) mean
concentrations of AOZ in prawns, dietary exposure was estimated to range between 0.9 and 1.9 ng/kg
b.w. per day for consumers of the mean level and between 3.0 and 6.4 ng/kg b.w. per day for high-
level consumers. The margin of exposure (MOE) between the dose of furazolidone causing tumours in

2 The dose estimated to be associated with an additional lifetime cancer risk of 1 in 10°.
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experimental animals and the dietary exposure to AOZ from prawns ranged between 4.2 x 10° and
25 x 10°. The risk was also characterised by comparing the dietary exposure with the ADI (0.4 pg/kg
b.w.) that had previously been established in Australia. Using the highest exposure calculated, the
exposure is 1.5 % of the ADI. The nitrofuran marker metabolites AMOZ, AHD and SEM were not
included in the risk assessment because of the low prevalence of these marker metabolites in prawn
samples, the lack of toxicological data on furaltadone and AMOZ, and the lower carcinogenic
potential of nitrofurazone than of furazolidone. FSANZ concluded that the public health risk from
nitrofuran residues in prawns is very low (FSANZ, 2004).

1.2. Chemical characteristics

Furazolidone™ (3-{(E)-[(5-nitro-2-furyl)methylene]amino}-1,3-oxazolidin-2-one; Chemical
Abstracts Service (CAS) No 67-45-8; Figure 1) consists of odourless yellow crystals with the
molecular formula CgH;N3Os and a molecular weight of 225.16 g/mol. It darkens under strong light.

Furazolidone decomposes at 256-257 °C. Its solubility in water at pH 6 is 40 mg/L. The octanol/water
partition coefficient (log Koy) is —0.04 and the vapour pressure is 2.6 x 10 °° mmHg at 25 °C. Henry’s
law constant is estimated to be 3.3 x 10" atm-m%mol at 25 °C.

Furazolidone can be hydrolysed at low pH to AOZ (3-amino-2-oxazolidinone, CsHgN,O,, molecular
weight 102.09 g/mol, Figure 1) (see Section 8.1). However, AOZ, as a side-chain, will also be present
in metabolites, including protein-bound residues, from which it can be released by acid treatment.
Therefore, AOZ is regarded as the marker residue in food analysis.

Furaltadone' (5-(4-morpholinylmethyl)-3-{(E)-[(5-nitro-2-furyl)methylene]amino}-1,3-oxazolidin-
2-one; CAS No 139-91-3; Figure 1) consists of odourless yellow crystals with the molecular formula
C13H1sN4Og and a molecular weight of 324.29 g/mol.

Furaltadone decomposes at 206 °C. Its solubility in water is 750 mg/L. The log K, is 0.25 and the
vapour pressure is 2.9 x 10° mmHg at 25 °C. Henry’s law constant is estimated to be 1.46 x 10™ atm-
m*/mol at 25 °C.

Furaltadone can be hydrolysed at low pH to AMOZ (3-amino-morpholinomethyl-2-oxazolidinone,
CsH15N303, molecular weight 201.22 g/mol, Figure 1) (see Section 8.1). However, AMOZ, as a side-
chain, will also be present in metabolites, including protein-bound residues, from which it can be
released by acid treatment. Therefore, AMOZ is regarded as the marker residue in food analysis.

Nitrofurantoin' (1-{(E)-[(5-nitro-2-furyl)methylene]amino}-2,4-imidazolidinedione; CAS No 67-
20-9; Figure 1) consists of orange-yellow needles with the molecular formula CgH¢N4Os and a
molecular weight of 238.16 g/mol.

Nitrofurantoin decomposes at 270-272 °C. Its solubility in water is 80 mg/L. The log K, is —0.47 and
the vapour pressure is 2.8 x 10" mmHg at 25°C. Henry’s law constant is estimated to be
1.33 x 10™ atm-m%mol at 25 °C.

Nitrofurantoin can be hydrolysed at low pH to AHD (1-aminohydantoin, CsHsNsO,, molecular weight
115.09 g/mol, Figure 1) (see Section 8.1). However, AHD, as a side-chain, will also be present in
metabolites, including protein-bound residues, from which it can be released by acid treatment.
Therefore, AHD is regarded as the marker residue in food analysis.

Nitrofurazone' (2-(E)-[(5-nitro-2-furyl)methylene]hydrazinecarboxamide; CAS No 59-87-0; Figure
1) consists of pale-yellow needles with the molecular formula C¢HsN,O, and a molecular weight of
198.14 g/mol. It darkens after prolonged exposure to light.

% The main chemical characteristics were taken from the Merck Index, ChemSpider and the Toxnet databases ChemIDplus
and HSDB.
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Nitrofurazone decomposes at 236240 °C. Its solubility in water is 210 mg/L. The log K, is 0.23 and
the vapour pressure is 4.31 x 10°mmHg at 25°C. Henry’s law constant is estimated to be
3.1 x 10 atm-m%mol at 25 °C.

Nitrofurazone can be hydrolysed at low pH to SEM (semicarbazide, CHsN;O, molecular weight
75.08 g/mol, Figure 1) (see Section 8.1). However, SEM, as a side-chain, will also be present in
metabolites, including protein-bound residues, from which it can be released by acid treatment.
Therefore, SEM is regarded as the marker residue in food analysis.

Nifursol**  (2-hydroxy-3,5-dinitro-N'-[(E)-(5-nitro-2-furyl)methylene]benzohydrazide; CAS No
16915-70-1; Figure 1) is a yellow solid with the molecular formula C;,H;NsOg and a molecular weight
of 365.21 g/mol.

Nifursol decomposes at 215-220 °C. The log K, is estimated to be 2.48. Using this value, the water
solubility was estimated to be 38 mg/L. Henry’s law constant is estimated to be 1.21 x 10 atm-
m?*/mol at 25 °C (EPISuite, ChemSpider).

Nifursol can be hydrolysed at low pH to DNSH (3,5-dinitrosalicylic acid hydrazide, C;HgN,4Og,
molecular weight 242.15 g/mol, Figure 1) (see Section 8.1). However, DNSH, as a side-chain, will
also be present in metabolites, including protein-bound residues, from which it can be released by acid
treatment. Therefore, DNSH is regarded as the marker residue in food analysis.
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1.3. Therapeutic use of nitrofurans

1.3.1.  Therapeutic use of nitrofurans in humans

Furazolidone has antiprotozoal and antibacterial activity. Furazolidone is bactericidal and appears to
act by interfering with bacterial enzyme systems. Resistance is reported to be limited. It is used in the
treatment of giardiasis and cholera. Owing to its low cost and low rate of primary Helicobacter pylori
resistance, the World Gastroenterology Organisation recommends its use against H. pylori infections
in developing countries (Hunt et al., 2011; Zullo et al., 2012). Furazolidone is available in some EU
countries. It may be given orally at a dose of 100 mg four times daily (EMA personal communication,
2015). It is usually given for 2 to 5 days. For the treatment of giardiasis, cholera and other diarrhoeal
diseases caused by susceptible organisms, children and infants from 1 month of age might be given
oral furazolidone at a dose of 1.25 to 1.5 mg/kg b.w. four times daily for 2 to 5 days normally
(Brayfield, 2014).

Furaltadone was formerly given orally as an antibacterial agent but was later withdrawn owing to its
toxic effects (Brayfield, 2014).

Nitrofurantoin is used in the treatment of uncomplicated lower urinary tract infections, including
prophylaxis, or for long-term suppressive therapy in recurrent infection. It is given orally at a usual
dose of 50 to 100 mg four times daily (Brayfield, 2014).

In the past, formulations were used with micro- and/or macrocrystalline nitrofurantoin (see also
Section 8.1.2; Cunha, 1988; D’Arcy, 1985; Brumfitt and Hamilton-Miller, 1998). Nowadays,
macrocrystalline nitrofurantoin is mostly used. A common long-term prophylactic dose is 50 to
100 mg at bedtime (Brayfield, 2014).

Contraindications

Nitrofurantoin should not be given to patients with renal impairment, as antibacterial concentrations in
the urine may not be attained and toxic concentrations in the plasma can occur. Nitrofurantoin is also
contraindicated in patients known to be hypersensitive to nitrofurans, in those with glucose-6-
phosphate dehydrogenase (G6PD) deficiency, and in infants (in the UK it is contraindicated below 3
months of age, although the USA permits use from 1 month of age) (Brayfield, 2014).

Nitrofurazone has a broad spectrum of antibacterial and antitrypanosomal activity. Nitrofurazone is
used topically for wounds, burns and skin infections. It is usually applied at a concentration of 0.2 %
in a water-soluble or water-miscible basis (Brayfield, 2014). Nitrofurazone is also available in
ointments and cutaneous powders at a concentration of 0.2% (2 mg/g) (EMA personal
communication, 2015).

Nifursol has not been used in human medicine (Brayfield, 2014).

In short, furazolidone and nitrofurantoin may be used orally. Furazolidone is used for certain
gastrointestinal infections and cholera. Nitrofurantoin is mainly used to treat urinary tract infections
and for long-term prophylaxis of urinary tract infections. Nitrofurazone is used topically for wounds,
burns and skin infections.

1.3.2.  Therapeutic use of nitrofurans in livestock, horses and fish

The use of nitrofurans for animal production (including fish) was prohibited in the EU because of
concerns about their carcinogenicity and potential harmful effects on human health. The use of
nitrofurans in food-producing animals is also not allowed in countries such as the USA, Australia, the
Philippines, Thailand and Brazil (Khong et al., 2004). Previously, they had been widely used in the
prophylactic and therapeutic treatment of infections caused by bacteria and protozoa mainly affecting

EFSA Journal 2015;13(6):4140 20



¥
*

~-efsam

T — Nitrofurans in food

the gastrointestinal or the urinary tracts of swine, cattle, poultry and rabbits. Nifursol was commonly
used as a feed additive in turkeys (Vass et al., 2008c).

In certain third countries, nitrofurans may be applied to prevent or control a number of bacterial fish
diseases (e.g. edwardsiellosis, vibriosis, branchiomycosis, columnaris and tail rot disease) and
bacterial shell disease, appendage rot, septicaemias, bacterial fouling, gill diseases and necrotic
hepatopancreas of shrimps (Liao et al., 2000). Limited data are available on the specific types and
amounts of antibiotics used in aquaculture. The Food and Agriculture Organization (FAO) have
compiled a list of antibiotics that are potentially used in aquaculture facilities throughout the world
(26 different antibiotics, including nitrofurans); however, specific data on actual antibiotic usage were
not available (FAO, 2005). To investigate global antibiotic usage in aquaculture, Sapkota et al. (2008)
compiled country-specific data for the top 15 aquaculture-producing countries during the period 1990
2007, which together accounted for 94 % of global aquaculture production; according to this paper,
furazolidone was used in China, the Philippines, Chile, Norway and Taiwan.

Aside from the ban on the use in food-producing species, their therapeutic application has been limited
by a number of adverse effects in target species (Huber, 1982).

Furazolidone has been administered to chickens, turkeys and swine for the control of various
digestive infections, especially salmonellosis and coccidiosis. Furazolidone has been widely used as an
antibacterial and antiprotozoal feed additive for poultry, cattle and farmed fish in China (Hu et al.,
2007). For poultry, it was administered in the feed at a concentration of 0.04 % for 10 days, while in
large animals it was given orally at doses of 10-12 mg/kg b.w. for 5-7 days (Brander et al., 1991). In a
more recent study by Chadfield and Hinton (2003), the inclusion of lower levels of furazolidone
(200 mg/kg) in broiler chick feed was unsuccessful in treating already established Salmonella enterica
subsp. enterica serovar Enteritidis infections; by contrast, furazolidone administration at the same dose
regime 1 week prior to challenge with the same bacterial strains and continuous dosing for a further
week prevented bacterial colonisation of the intestine, liver and spleen. Therapeutic schedules for fish
and shrimp diseases were 10 mg/L baths for 1 day or 10 mg/kg b.w. daily by oral administration for 3—
6 days (Liao et al., 2000). Furazolidone is well absorbed by fish, and has typically been administered
as medicated feed, unlike most nitrofurans, which are poorly absorbed from the gastrointestinal tract
(Park et al., 2012). The most used nitrofuran in salmon farming in Norway was furazolidone. The
quantity of furazolidone sold annually for treating farmed fish in Norway varied between 0 and
15 840 kg from 1980 to 1993 (the maximum quantity sold was in 1987 (Grave et al., 1990, 1996).
From 1994, the use of furazolidone for salmon was prohibited in Norway.

Furaltadone has been primarily used for the treatment of enteric diseases of poultry (salmonellosis,
colibacillosis, coccidiosis, histomoniasis) at a dose of 0.02-0.04 % in feed or drinking water for a
maximum of 10 days. The drug has also been used for the treatment of mammary infections in dairy
cows (500 mg/quarter) and for strangles (equine adenitis) in horses, in which case it was applied
systemically (13 mg/kg b.w. per os (p.o. (orally)) for 5 days (Huber, 1982).

Nitrofurantoin has been used by the oral route in calves and horses at daily doses of 10 mg/kg b.w.
for the treatment of severe urinary infections (Botsoglou and Fletouris, 2001).

Nitrofurazone has been used locally at a concentration of 0.2 % to treat wounds and diseases of the
skin, ear, eye and reproductive tract. Intramammary application has also been used to treat mastitis in
dairy cows (Huber, 1982). Like other nitrofurans, it has also been applied by the oral route to treat
enteric infections, such as coccidiosis and salmonellosis in poultry and swine, as well as in small
ruminants (Robertson, 1982) and for pasteurellosis in rabbits (dosages not found). It has also been
widely used as a feed additive, in general at an inclusion rate of 0.05 % in the feed or at 100 mg/head
for piglets (Brander et al., 1991).

Finally, nifursol is a chemotherapeutic agent that was authorised in the EU as a feed additive for the
first time in 1982 for the prevention of histomoniasis in turkeys. The inclusion rate into complete
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feedingstuffs was regulated by EU law to be between 50 and 75 mg/kg. The authorisation of nifursol
as a feed additive was withdrawn in the EU with effect of 31 March 2003.

2. Legislation

According™ to Article 3 of Regulation (EC) No 470/2009 of the European Parliament and of the
Council,*® any pharmacologically active substance intended for use in the Union in veterinary
medicinal products (VMPs) which are to be administered to food-producing animals shall be subject to
an opinion of the EMA on the MRL, formulated by the CVMP. The opinion consists of a scientific
risk assessment and risk management recommendations. Pharmacologically active substances, for
which the opinion concludes that no MRL is needed or that a (provisional) MRL should be
established, are subsequently classified in Table 1, ‘allowed substances’, of Regulation (EU)
37/2010."" All use of other pharmacologically active substances in VMPs is not allowed. A specific
group of the non-allowed substances is the group of ‘prohibited substances’, listed in Table 2 of
Regulation (EU) 37/2010. This group of ‘prohibited substances’ includes, inter alia, nitrofurans,
without specifying individual substances. In the EU, the application of furaltadone, nitrofurantoin and
nitrofurazone to food-producing animals was banned in 1993. The ban on furazolidone followed in
1995. For these nitrofurans, no MRL could be recommended because the available data were not
sufficient to allow a safe limit to be identified or because a final conclusion concerning human health
with regard to residues of a substance could not be established, given the lack of scientific
information.

Acrticle 18 of Regulation (EC) No 470/2009 stipulates that, for substances which are not classified as
‘allowed substances’ in accordance with that Regulation, an RPA may be established to ensure the
functioning of controls for food of animal origin. Food of animal origin containing residues of such
substances at or above the RPA is considered not to comply with EU legislation. Until now, RPAs
have been based on only analytically driven MRPLs, and no consideration has been given to the
toxicological profile of non-allowed substances. The MRPLs for four nitrofuran marker metabolites
and a few other prohibited substances are specified in Annex Il of Commission Decision
2002/657/EC. For the metabolites of furazolidone, furaltadone, nitrofurantoin and nitrofurazone, an
MRPL value of 1 pg/kg each is specified for poultry and aquaculture products. Nifursol is not
included in the Annex.

Under the terms of Commission Decision 2005/34/EC,'® these MRPLs are currently to be used as
RPAs, irrespective of the matrix tested, for the purpose of the control of residues when analytical tests
are being carried out in the framework of import control. However, this Decision regulated imports
from third countries only and did not apply to food produced within the Union. As a number of
products of animal origin originating from Member States were found to contain nitrofurans and other
prohibited substances below and above the MRPLs, the European Commission (EC) and the Member
States agreed to also apply the approach laid down in Decision 2005/34/EC, with the necessary
changes, to food of animal origin produced within the Union. This implies, in particular, that the
MRPLs set in accordance with Commission Decision 2002/657/EC shall also be used as RPAs. This
approach, moreover, means that any detection of substances, the use of which is not authorised in the
Union, regardless of the level found, shall be followed by an investigation into the source of the

% In this scientific opinion, where reference is made to European legislation (Regulations, Directives, Decisions), the
reference should be understood as relating to the most current amendment, unless otherwise stated.

16 Regulation (EC) No 470/2009 of the European Parliament and of the Council of 6 May 2009 laying down Community
procedures for the establishment of residue limits of pharmacologically active substances in foodstuffs of animal origin,
repealing Council Regulation (EEC) No 2377/90 and amending Directive 2001/82/EC of the European Parliament and of
the Council and Regulation (EC) No 726/2004 of the European Parliament and of the Council. OJ L 152, 16.6.2009, p. 11-22.

17 Commission Regulation (EU) No 37/2010 of 22 December 2009 on pharmacologically active substances and their
classification regarding maximum residue limits in foodstuffs of animal origin. OJ L 15, 20.1.2010, p. 1-72.

18 Commission Decision 2005/34/EC laying down harmonised standards for the testing for certain residues in products of
animal origin imported from third countries. OJ L 16, 20.1.2005, p. 61-63.
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substance in question and appropriate enforcement measures shall be applied, in particular aiming to
prevent re-occurrence in the case of documented illegal use (SANCO-E.2(04)D/521927).

Nifursol was authorised in the EU as a feed additive for the first time by Commission Directive
82/822/[EEC® and amended by Commission Directive 89/23/EEC*' for the prevention of
histomoniasis in turkeys. Three preparations were authorised with maximum nifursol contents of
14.6 %, 44 % and 50 %. The carriers for the three preparations were also regulated, which were maize
starch and 12 %, 33 % or 34 % of soya bean oil, respectively. The Directive stipulated that the nifursol
content in the complete feedingstuff should be between 50 mg/kg (minimum content) and 75 mg/kg
(maximum content). The use of nifursol-containing feedingstuffs was prohibited at least 5 days before
slaughter. Following the SCAN opinion on nifursol, the authorisation of nifursol as a feed additive
was withdrawn with effect from 31 March 2003 by Council Regulation (EC) No 1756/2002.%

3. Methods of analysis

3.1. Sampling and storage

Most of the sampling of food, and of related materials, for nitrofurans testing in foods of animal origin
is undertaken in the context of the national residue monitoring plans as specified in Council Directive
96/23/EC,?® with residue testing undertaken in accordance with Commission Decision 2002/657/EC.
For details of the protocols and procedures specified for such sampling and testing, see Section 5.2.1
of this opinion.

Commission Decision 2002/657/EC states that samples shall be obtained, handled and processed in
such a way that there is a maximum chance of detecting the substance. Sample handling procedures
shall prevent the possibility of accidental contamination or loss of analytes. To achieve this goal,
samples are stored in suitable, secure, clearly identified containers and in conditions such as frozen
storage (animal tissues, urine, blood plasma, milk, fish and shellfish, feed water) or at
refrigerated/ambient temperatures (eggs, honey, animal feed) prior to analysis.

3.2, Determination of nitrofurans and their marker metabolites

Initially, testing for residues of nitrofurans in animal tissues was conducted using methods directed at
the parent compounds, using high-performance liquid chromatography—ultraviolet (HPLC-UV)
(Vroomen et al., 1986; Degroodt et al., 1992; Bellomonte et al., 1993) and later using liquid
chromatography—mass spectrometry (LC-MS) (McCracken et al., 1995) techniques. However, it was
unusual to find any residues of nitrofurans using these methods directed at the parent compounds.
Studies on furazolidone showed that residues of the parent compound are highly unstable in treated
animals (Nouws and Laurensen, 1990; McCracken et al., 1995), but that metabolites containing AOZ
are covalently bound to tissue protein (Vroomen et al., 1986; Hoogenboom et al., 1991c) and that
these metabolites persist for much longer than the parent compound (Hoogenboom et al., 1992a).
Nitrofuran drugs contain a side-chain connected via an azomethine bond to the nitrofuran moiety. This
bond is unstable under acidic conditions, a feature used by Buzard et al. (1956) for a generic method
for nitrofuran drugs, starting with acid treatment and subsequent detection of the nitrofuran ring after
derivatisation. By reversing this feature, it was shown that AOZ could be released from tissue-bound
metabolites in pig liver under mildly acidic conditions followed by derivatisation with

1 http:/fec.europa.eu/food/fsirc/scfcah/biological/rap16_en.pdf

2 Forty-first Commission Directive of 19 November 1982 amending the annexes to Council Directive 70/524/EEC
concerning additives in feedingstuffs. OJ L 347, 07.12.1982, p. 16-19.

2! Commission Directive 89/23/EEC of 21 December 1988 amending the annexes of Council Directive 70/524/EEC
concerning additives in feedingstuffs. OJ L 11, 14.1.1989, p. 34-35.

22 Council Regulation (EC) No 1756/2002 of 23 September 2002 amending Directive 70/524/EEC concerning additives in
feedingstuffs as regards withdrawal of the authorization of an additive and amending Commission Regulation (EC) No
2430/1999. OJ L 265, 03.10.2002, p. 1-2.

2% Council Directive 96/23/EC of 29 April 1996 on measures to monitor certain substances and residues thereof in live
animals and animal products and repealing Directives 85/358/EEC and 86/469/EEC and Decisions 89/187/EEC and
91/664/EEC. OJ L 125, 23.5.1996, p. 10-32.
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2-nitrobenzaldehyde (NBA) to form 3([(2-nitrophenyl) methylene]-amine)-2-oxazolidinone (NPAOZ),
which was determined by HPLC-UV (Hoogenboom et al., 1991c¢). It was shown that this HPLC-UV-
based method also worked for the detection of bound residues of other nitrofurans such as furaltadone,
nitrofurantoin and nitrofurazone (Hoogenboom and Polman, 1993).

This principle became the basis for an analytical method for the determination of residues of tissue-
bound metabolites of furazolidone and tissue-bound metabolites of furaltadone, such as 3([(2-
nitrophenyl) methylene]-amine)-5-methylmorpholino-2-oxazolidinone (NPAMOZ), in pig liver, using
both HPLC and LC-MS techniques (Horne et al., 1996). Subsequently, a method based on similar
acidic hydrolysis and NBA derivatisation was developed for tissue-bound metabolites of four
nitrofurans, using AOZ, AMOZ, AHD and SEM as the marker metabolites, in pig muscle, with
determination of residues by liquid chromatography—tandem mass spectrometry (LC-MS/MS) (Leitner
et al., 2001). The limits of quantitation (LOQs) for these methods were in the order of 5-10 pg/kg.
The analytical methodology for tissue-bound nitrofuran metabolites was further developed through
application of solid phase extraction (SPE) to improve clean-up of extracts and concentrate the
derivatised marker metabolites (Conneely et al., 2003). An LC-MS/MS method, with hexane washing
following hydrolysis and derivatisation of the marker metabolites and further clean-up by SPE on a
reversed-phase polymeric sorbent, was applied to poultry and shrimp samples with an LOQ of 0.5—
1.0 po/kg (Edder et al., 2003).

Because tissue-bound metabolites of the nitrofurans are the principal target for residue analysis, testing
for the parent compounds is limited, generally, to samples of animal feed and feed water, whereas
samples of animal tissues, urine, blood plasma, milk, fish and shellfish, eggs and honey are tested for
the nitrofuran marker metabolites.

3.2.1.  Extraction and sample clean-up

For nitrofuran marker metabolites, a combined acid hydrolysis with hydrochloric acid and
derivatisation with NBA is performed to release the protein-bound residues. Where determination of
only the protein-bound metabolites is required, for example to specifically identify the SEM marker
metabolite of nitrofurazone from other sources of SEM (see Section 3.3), a series of washing steps
with organic solvents (methanol, ethanol, diethyl ether) may be performed prior to the
hydrolysis/derivatisation step (Hoogenboom et al., 1991c). Following derivatisation, extraction of the
nitrophenyl marker metabolites is undertaken using ethyl acetate (O’Keeffe et al., 2004).

Further clean-up of the sample extracts may be performed using SPE, particularly for honey samples
(Tribalat et al., 2006; Lopez et al., 2007; O’Mahony et al., 2011), or washing with hexane (Bock et al.,
2007). Some alternative approaches have been proposed for the release and derivatisation of marker
metabolites, such as protease digestion of samples and extraction of the derivatised marker metabolites
using mixed-mode cation exchange SPE instead of ethyl acetate (Cooper et al., 2007; Stastny et al.,
2009), accelerated solvent extraction with methanol/5 % trichloroacetic acid (1/1, v/v) (Tao et al.,
2012), incubation at 55 °C instead of at 37 °C (Verdon et al., 2007) or incubation in a microwave oven
(Palaniyappan et al., 2013).

In the case of the parent nitrofurans, extraction from feed samples is carried out using solvent
extraction with ethyl acetate, with acetonitrile or with a mixture of acetonitrile and /methanol (1/1,
v/v). Typically, the solvent extract is subjected to further clean-up with SPE, using reversed-phase
(C18 or polymeric sorbents), aminopropyl or neutral alumina sorbent chemistries. For water samples,
parent nitrofurans are extracted using reversed-phase SPE with C18 or polymeric sorbents.

3.2.2.  Screening methods

Screening methods should measure nitrofuran marker metabolites with sufficient sensitivity to satisfy
regulatory requirements, currently at the MRPL of 1.0 pug/kg for poultry meat and aquaculture
products (Annex Il of Commission Decision 2002/657/EC). Screening methods for nitrofuran marker
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metabolites include immunoassays (enzyme-linked immunosorbent assays (ELISA), lateral flow
immunoassays, biosensors) and HPLC techniques.

Immunoassays have been very widely applied as screening methods for individual nitrofuran marker
metabolites, typically directed at the nitrophenyl derivatives following acid hydrolysis and
derivatisation with nitrobenzaldehyde, as described in Section 3.2.1 above.

An ELISA was developed for the determination of NPAOZ in prawns with a limit of detection (LOD)
of 0.1 pg/kg and a detection capability (CCP)* of < 0.7 pg/kg (Cooper et al., 2004). Franek et al.
(2006) developed an ELISA for NPAOZ in eggs with a CCB of 0.3 pg/kg. For fish, a number of
NPAOZ ELISAs have been developed with LOD/LOQ values of 0.1/0.3 pug/kg (Cheng et al., 2009;
Tsai et al., 2009; Liu et al., 2010b). For pork, chicken and beef muscle and liver samples, ELISA tests
for NPAOZ were developed with a CCp value of 0.4 pg/kg (Diblikova et al., 2005), with LOD values
of 0.3-0.4 ug/kg (Chang et al., 2008) and with an LOD value of 1.0 pg/kg (Nesterenko et al., 2012).

A number of ELISA methods have been reported for the determination of NPAMOZ in shrimps and
fish samples with reported LOD values of 0.1-0.3 pg/kg and LOQ or CCp values of 0.3-0.36 pg/kg
(Pimpitak et al., 2009; Shen et al., 2012; Sheu et al., 2012; Yang et al., 2012; Liu et al., 2013). Other
ELISA methods were developed and applied to the determination of NPAMOZ in chicken, pork, fish
and shrimp samples, reporting LOD values ranging from < 0.1 to 0.34 pg/kg (Luo et al., 2012; Xu et
al., 2013; Shu et al., 2014). A number of ELISA methods have also been reported for direct
determination of AMOZ, without derivatisation, with reported LOD values of 0.4 ug/kg (Song et al.,
2012; Yan et al., 2012).

ELISA methods have been described for the determination of 1([(2-nitrophenyl) methylene]-amine)-
hydantoin (NPAHD) in pork, fish, shrimps and chicken with LOD values ranging between 0.09 and
0.15 pg/kg (Wenxiao et al., 2012) and in shrimps with an LOD value of 0.11 pg/kg (Chadseesuwan et
al., 2013).

ELISAs have been developed for [(2-nitrophenyl) methylene]-semicarbazide (NPSEM) in chicken
(Cooper et al., 2007), pork (Vass et al., 2008a) and eggs (Vass et al., 2008b) with CCp values of 0.25,
0.3 and 0.3 pg/kg, respectively.

Not published ELISA methods have been identified for the nitrophenyl derivative of the nifursol
marker metabolite, 3[(2-nitrophenyl) methylene]-5-dinitrosalicylic acid hydrazide (NPDNSH).

The performance of commercial ELISA Kkits has been assessed by a number of authors and reported to
be suitable for nitrofuran marker metabolite screening. Krongpong et al. (2008) reported that an
ELISA kit was capable of detecting AOZ at 1.0 pg/kg in eel samples with excellent accuracy and
precision. Dimitrieska-Stojkovic et al. (2012) validated test kits for AOZ, AMOZ, AHD and SEM in
liver, eggs and honey and estimated CCP values to be in the range of 0.56 to 0.68 ug/kg for all
analytes. Shen et al. (2012) estimated the LODs for AOZ, AMOZ, AHD and SEM to be 0.02, 0.06,
0.13 and 0.04 pg/kg, respectively, for the application of commercial ELISA Kits to the analysis of
pork, chicken, fish and shrimp samples. Jester et al. (2014) tested commercial ELISA kits for AOZ
and AMOZ in fish samples and reported that the LODs were 0.05 and 0.2 pg/kg, respectively.

Using an alternative carboxybenzaldehyde derivatisation, lateral flow immunoassays were developed
for  1([(2-carboxyphenyl) methylene]-amine)-hydantoin (CPAHD) and [(2-carboxyphenyl)
methylene]-semicarbazide (CPSEM) in pork with visual LODs of 1.4 and 0.72 pg/kg, respectively
(Tang et al., 2011a, b). Li et al. (2013) developed a lateral flow immunoassay for underivatised
AMOZ in chicken and pork samples and reported a visual LOD of 0.3 pg/kg.

24 CCB is the detection capability, meaning the smallest content of the substance that may be detected, identified and/or
quantified in a sample with an error probability of f3.
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A number of biosensor assays for nitrofuran marker metabolites have been developed, including a
chemiluminescence-based biochip array sensing technique for the nitrophenyl derivatives of AOZ,
AMOZ, AHD and SEM in honey samples with CCP values of < 0.5 pug/kg for AOZ, AMOZ and AHD
and of < 0.9 pg/kg for SEM (O’Mahony et al., 2011).

Following the identification of tissue-bound metabolites of nitrofurans as the target analytes for
residue analysis, HPLC-UV determination of the nitrophenyl derivatives was used initially
(Hoogenboom et al., 1991c; Horne et al., 1996; Conneely et al., 2003). These methods had LOQ
values of 2-10 pg/kg, which are not suitable for testing at the MRPL of 1 pg/kg. Recently, methods
based on HPLC with diode-array detection (DAD) and fluorescence detection (FL) have been
developed for nitrofuran marker metabolites, using 2-naphthaldehyde and 2-hydroxy-1-
naphthaldehyde, respectively, as the derivatising reagent following acid hydrolysis. Following
extraction with ethyl acetate, the derivatised nitrofuran marker metabolites were determined in
shrimps by HPLC-DAD with LOQ values of 0.70-0.91 pg/kg (Chumanee et al., 2009) and in shrimp
and pork muscle by HPLC-FL (Aex 395 nm; Ay 463 nm) with LOQ values of 0.63-0.86 pg/kg (Sheng
etal.,, 2013; Du et al., 2014).

The parent nitrofurans have been determined in feed samples using ELISA (Li et al., 2009, 2010),
chemiluminescence (Thongsrisomboon et al., 2010; Liu et al., 2012a), HPLC-UV (McCracken et al.,
1997; Wang and Zhang, 2006; Vinas et al., 2007) and LC-MS/MS (Barbosa et al., 2007b) techniques
and in water samples using HPLC-UV (Pietruszka et al., 2007; Vinas et al., 2007) and LC-MS/MS
(Ardoosngnearn et al., 2014) techniques. The reported LODs for such methods range from <1 pg/kg
to > 1 mg/kg; in the case of parent nitrofurans, the MRPL of 1 pg/kg for nitrofuran marker metabolites
in foods of animal origin does not apply.

3.2.3.  Confirmatory methods

LC-MS/MS has become the most widely used methodology for confirmatory analysis of nitrofuran
marker metabolites in a broad range of sample types. Single quadrupole LC-MS has been shown not to
be sufficiently sensitive (Cooper and Kennedy, 2005) or selective (Tribalat et al., 2006) for the
determination of marker metabolites at the MRPL of 1 pg/kg. Most of the published LC-MS/MS
methods are multi-residue methods, covering AOZ, AMOZ, AHD and SEM, with a few methods also
including DNSH. Some other methods have been developed for only one or two marker metabolites.
Typical MS conditions used for the confirmatory analysis of nitrofuran marker metabolites are a
positive electrospray interface (ESI) with two precursor-to-product ion transitions being monitored for
each marker metabolite (O’Keeffe et al., 2004). Sample treatment, prior to LC-MS/MS determination
of the marker metabolites, typically involves acid hydrolysis and NBA derivatisation, with ethyl
acetate or acetonitrile extraction and/or hexane washing and reversed-phase polymeric sorbent SPE
clean-up.

LC-ESI-MS/MS methods for the determination of AOZ, AMOZ, AHD and SEM in animal tissues
have been applied to poultry, pork, beef and rabbit muscle and liver samples. The range of values of
the decision limit (CCa),”> CCP, LOD and LOQ for the various analytes by these methods are 0.11—
0.45, 0.19-0.88, 0.01-0.2 and 0.5 pg/kg, respectively (Finzi et al., 2005; Mottier et al., 2005; Barbosa
et al., 2007a; Xia et al., 2008; Ryad et al., 2013). A number of papers have been published on the
determination of DNSH in turkey and chicken muscle and liver, with reported CCB values of
< 0.1 pg/kg (Kaufmann et al., 2004; Mulder et al., 2005; Vahl, 2005; Zuidema et al., 2005). A method
directed at the analysis of all five marker metabolites (AOZ, AMOZ, AHD, SEM, DNSH) in turkey
muscle reported CCa values of 0.08-0.20 pg/kg and CCp values of 0.10-0.25 pg/kg (Verdon et al.,
2007).

Because of the high numbers of samples of shrimps (prawns) imported into the EU that have been
found to contain residues of nitrofuran marker metabolites in the early years of this century (Kennedy

5 CCu is the decision limit at and above which it can be concluded with an error probability of o that a sample is non-
compliant.
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et al., 2003), considerable attention has been given to developing methods for testing shrimps.
Methods have been described using an atmospheric pressure chemical ionisation (APCI) interface with
reported LOD/LOQ values in the range of 0.05-0.3/0.1-0.5 pug/kg (Chu and Lopez, 2005; An et al.,
2012) or an ESI interface with reported CCa/CCp values in the range of 0.08-0.36/0.12-0.61 pg/kg
(Douny et al., 2013; Hossain et al., 2013). A further method that uses 2-naphthaldehyde, rather than
2-nitrobenzaldehyde, as the derivatising reagent reports LOD/LOQ values of 0.16-0.27/0.54—
0.90 pg/kg (Chumanee et al., 2009).

For fish, methods are described with reported CCa values of 0.19 to 0.43 pg/kg and CCP values of
0.23 to 0.54 pg/kg (Tsai et al., 2010) and LOD values of 0.03 to 0.15 pg/kg (Zhao et al., 2011). An
alternative method involving accelerated solvent extraction was described by Tao et al. (2012); CCa
values of 0.07 to 0.13 pg/kg and CCp values of 0.31 to 0.49 pg/kg are reported.

Methods for AOZ, AMOZ, AHD and SEM in egg samples (Bock et al., 2007; Sniegocki et al., 2008)
by LC-MS/MS using a positive ESI have reported CCo values of 0.03 to 0.22 pg/kg for the former
method and CCa values of 0.16 to 0.25 pg/kg and CCp values of 0.22 to 0.36 pg/kg reported for the
latter method. In addition to these multi-nitrofuran methods for eggs, a number of methods have been
published for individual marker metabolites in eggs. For SEM, methods with reported CCa values of
0.41 to 0.91 pg/kg and CCP values of 0.46 to 0.97 pg/kg for eggs and egg products (Szilagy and de la
Calle, 2006) and CCa/CCp values of 0.20/0.25 pg/kg for eggs (Stastny et al., 2009) have been
reported. Barbosa et al. (2012a) describe a method for AMOZ and DNSH in eggs with reported
CCa/CCp values of 0.1/0.5 pg/kg for AMOZ and 0.3/0.9 pg/kg for DNSH.

For honey samples, methods using LC-ESI-MS/MS with CCa values of 0.07 to 0.46 pug/kg and CCp
values of 0.12 to 0.56 pg/kg (Khong et al., 2004), LOD values of 0.2 to 0.6 pg/kg (Tribalat et al.,
2006) and an LOQ value of 0.25 pg/kg (Lopez et al., 2007) are reported.

Methods for AOZ, AMOZ, AHD and SEM in milk samples (Chu and Lopez, 2007; Rodziewicz,
2008) use APCI or positive ESI. An LOD of < 0.2 pg/kg is reported for the former method and CCa
values of 0.12 to 0.29 pg/kg and CCp values of 0.15 to 0.37 pg/kg are reported for the latter method.

Determination of nitrofuran marker metabolites and parent compounds in pig and chicken eyes by LC-
ESI-MS/MS have been described by Cooper and Kennedy (2005) and Cooper et al. (2008b). This
analytical approach was adopted to take advantage of the higher concentration of drug residues in eye
tissues and, particularly, to confirm the source of SEM as a nitrofuran marker metabolite through
confirmation of the parent compound nitrofurazone in the eye. Another approach to unequivocal
identification of nitrofurazone usage is the determination of the open-chain cyano-metabolite of
nitrofurazone (Wang et al., 2010). Muscle samples from nitrofurazone-treated fish are analysed by
LC-MS/MS; the cyano-metabolite is measurable for up to 14 days after treatment with nitrofurazone,
compared with only 4 days for the parent compound. The authors suggest that the cyano-metabolite
can be used as an alternative confirmatory marker for monitoring the use of nitrofurazone in fish. A
method for the determination of marker metabolites in bovine, ovine, equine and porcine plasma has
been developed as a method for pre-slaughter, on-farm testing for illicit use of nitrofuran drugs. The
plasma samples are derivatised with NBA and analysed by ultra-(U)HPLC-MS/MS, with reported
CCa values for AOZ, AHD, SEM and AMOZ of 0.059, 0.054, 0.070 and 0.071 pg/kg, respectively
(Radovnikovic et al., 2011). An alternative method for pre-slaughter, on-farm testing for illicit use of
nitrofuran drugs is based on urine, using SPE on a reversed-phase polymeric sorbent to extract the
derivatised marker metabolites and analysis by LC-ESI-MS/MS. For AOZ, AHD, SEM and AMOZ in
urine, the CCa/CCp values were 0.11-0.34/0.13-0.43 pg/kg (Rodziewicz and Zawadzka, 2013).

3.3. SEM analysis

A particular problem with using SEM as an unequivocal marker for nitrofurazone arises owing to the
occurrence of SEM in food from a number of other sources. Apart from its occurrence as a marker
metabolite for nitrofurazone, SEM or compounds from which SEM may be released may occur in food
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(1) as a migration or breakdown product from azodicarbonamide which has been used both as a
blowing agent to foam the plastic sealing gaskets on metal lids of food jars and as a flour treatment
agent in bread production (Becalski et al., 2004; Stadler et al., 2004); (2) as a reaction product formed
between hypochlorite, used in cleaning, and carrageenan or powdered egg white (Hoenicke et al.,
2004); and (3) as a naturally occurring compound from which SEM may be released in shrimps,
prawns and crayfish and in honey (Saari and Peltonen, 2004; Van Poucke et al., 2011; McCracken et
al., 2013; Crews, 2014). It should be noted that the use of azodicarbonamide has been prohibited
within the EU for use both as a blowing agent (Commission Directive 2004/1/EC*) and as a food
additive for flour, not being included in the Community list of food additives approved for use in
foods (Annex Il of Regulation (EC) No 1333/2008%'), but it may continue to be used in other
countries. Because no alternative marker residue for nitrofurazone has been identified to date,
particular steps need to be taken when positive screening results for SEM are found (Sanders, 2003;
Points et al., 2015). Some examples of these steps include the following: (1) testing for the marker
metabolite for nitrofurazone in breaded food products should be carried out on only the animal tissue
part of the product, (2) the inner core of products such as shrimps, prawns and crayfish should be
tested for the marker metabolite for nitrofurazone, as the naturally occurring SEM occurs in only the
outer part, and (3) the sample should be extensively washed with a range of organic solvents to
remove any free SEM from the sample prior to the hydrolysis and derivatisation step for SEM as the
marker metabolite for nitrofurazone.

3.4. Analytical quality assurance: performance criteria, reference materials and proficiency
testing

The performance criteria for methods used to test for nitrofuran marker metabolites are those laid
down in Commission Decision 2002/657/EC for screening and confirmatory methods to be used for
Group A substances, i.e. substances having anabolic effects and unauthorised substances, such as
nitrofurans, which are included in Table 2 of Commission Regulation (EU) No 37/2010. Methods
must have a satisfactory level of performance for the characteristics of specificity, trueness,
ruggedness and stability of the analyte in standard solutions and in test matrices. The methods must be
validated for recovery, repeatability, within-laboratory reproducibility, calibration curves, CCa and
CCB in accordance with procedures specified in the Decision or equivalent procedures.

Isotopically labelled nitrofuran marker metabolites, such as D,-AOZ, Ds-AMOZ, **C**N,-SEM and
B3C,-AHD, are available commercially for use as internal standards. No certified reference materials
for nitrofuran marker metabolites are commercially available to date. There is a report (PhD thesis) on
the preparation of two certified reference materials of prawns containing AOZ at levels of 3.0-3.5 and
14-15 pg/kg (Muaksang, 2009).

Several proficiency tests and interlaboratory studies have been reported for nitrofuran marker
metabolites in various food products. In 2003, the European Reference Laboratory prepared shrimp
samples (three containing AOZ, two containing AOZ plus SEM and three blank samples) for
distribution to 20 laboratories for analysis by LC-MS/MS methods. Four of the laboratories reported
one or more false-negative or false-positive results and the rate of laboratories having satisfactory
z-scores was 70 to 87 % for AOZ and 64 to 69 % for SEM; the assigned marker metabolite contents in
the incurred samples were 0.9-1.2 pug/kg AOZ and 1.3-1.4 pg/kg SEM (Hurtaud-Pessel et al., 2006).
An interlaboratory validation study was organised by the Institute for Reference Materials and
Measurements (IRMM) to evaluate the effectiveness of an LC-MS/MS method for the determination
of SEM in whole egg and egg powder samples. Five samples each of whole egg and of egg powder
were analysed by 12 laboratories; the relative standard deviations for repeatability and for
reproducibility ranged from 2.9 to 9.3 % and from 22.5 to 38.1 %, respectively, demonstrating that the
method showed acceptable within- and between-laboratory precision (De la Calle and Szilagyi, 2006).

% Commission Directive 2004/1/EC of 6 January 2004 amending Directive 2002/72/EC as regards the suspension of the use
of azodicarbonamide as blowing agent. OJ L 7, 13.1.2004, p. 45-46.

27 Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives. OJ
L 354, 31.12.2008, p. 16-33.
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In the UK, the Food Analysis Performance Assessment Scheme (FAPAS) provides samples of honey
and prawns containing nitrofuran marker metabolites for testing.?®

3.5. Concluding comments

With some exceptions, both screening and confirmatory methods for nitrofuran marker metabolites in
foods of animal origin use acid hydrolysis and NBA derivatisation of the released marker metabolites.
Screening methods for the resulting nitrophenyl derivatives is generally undertaken by ELISA or
biosensor methods, providing sufficient analytical sensitivity to meet the MRPL of 1 pg/kg.
Confirmatory methods are based on LC-MS/MS and this technology typically provides CCa values of
< 0.3 pg’/kg and CCP values of < 0.5 pg/kg for the range of sample types, again adequately meeting
the MRPL of 1 pg/kg.

4. Assessment of the appropriateness of using marker metabolites of nitrofurans for the
reference point for action for foods of animal origin

Nitrofuran parent compounds have a short in vivo half-life due to extensive metabolism, primarily a
reduction of the nitro-group, such that they do not occur generally as residues in foods of animal origin
(Nouws and Laurensen, 1990; McCracken et al., 1995). Therefore, monitoring of nitrofuran residues
in livestock based on the identification of the parent compounds is not appropriate. Instead, an
approach based on marker metabolites has been adopted for monitoring purposes, with the particular
marker metabolites chosen to reflect residues of nitrofurans which persist in treated animals. The
nitroreduction results in the formation of reactive metabolites able to bind covalently to tissue
macromolecules, including proteins, which, in food-producing animals, have relatively long half-lives,
persisting for several weeks in edible tissues (Vroomen et al., 1986; Hoogenboom et al., 1991c, 19923;
Vass et al., 2008c). Side-chains may be released from these protein-bound metabolites, namely AOZ,
AMOZ, AHD, SEM and DNSH in the case of furazolidone, furaltadone, nitrofurantoin, nitrofurazone
and nifursol, respectively. These side-chains are therefore excellent marker metabolites for the
presence of protein-bound residues, following their release by sample treatment with acid and
derivatisation with nitrobenzaldehyde (Hoogenboom et al., 1991c; Hoogenboom and Polman, 1993;
Horne et al., 1996; Leitner et al., 2001).

As nitrofuran parent compounds do not persist as residues in animal tissues and do not occur at
concentrations comparable to those of the marker metabolites (as protein-bound adducts), the marker
metabolites AOZ, AMOZ, AHD, SEM and DNSH are appropriate for identifying the illicit use of
nitrofurans. Other nitrofuran metabolites that persist and that are at concentrations higher than the
marker metabolites AOZ, AMOZ, AHD, SEM and DNSH have not been identified. Therefore, these
marker metabolites are appropriate for the RPA for foods of animal origin.

In the case of SEM, there is a problem with its use as a marker metabolite for nitrofurazone in that
SEM may occur as a residue in some foods from other sources (Becalski et al., 2004; Hoenicke et al.,
2004; Saari and Peltonen, 2004; Stadler et al., 2004; Van Poucke et al., 2011; McCracken et al., 2013;
Crews, 2014), potentially giving rise to false-positive results for illicit use of nitrofurazone. However,
a suitable alternative marker metabolite for nitrofurazone has not been identified. Wang et al. (2010)
suggested the determination of the open-chain cyano-metabolite of nitrofurazone in fish muscle as an
alternative marker metabolite, but this has not been applied more widely; in pigs, it was shown that the
cyano-metabolite has a much shorter half-life than the protein-bound residues (Vroomen et al., 1987a).
Instead, as SEM is an appropriate marker metabolite for nitrofurazone, the problem of potential false-
positive results for illicit use of nitrofurazone has been addressed by appropriate analytical strategies
(Sanders, 2003; Points et al., 2015) (see Section 3.3).

28 http://fapas.com/proficiency-testing-schemes/fapas/
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5. Occurrence of nitrofurans in food
5.1. Previously reported occurrence results

Owing to the previous use of nitrofurans as veterinary drugs or feed additives, most controls on the
presence of nitrofuran marker metabolites are focused on foods of animal origin. However, SEM can
also be present in food from sources other than nitrofurazone use (see Appendix A). Because the
MRPL for nitrofuran marker metabolites was established by Commission Decision 2002/657/EC (see
Section 2), the EFSA Scientific Panel on Contaminants in the Food Chain (CONTAM Panel)
considered occurrence data for samples that have been collected since 2002. It should be noted that
some of the studies described in this section may also be included in the databases described in
Section 5.2, relating to samples taken in national residue monitoring plans. The information presented
below provides examples of the occurrence of nitrofuran marker metabolites in foods of animal origin.

5.1.1. Meat and meat products

In 2002, the Food Standards Agency (FSA) analysed AOZ, AMOZ, AHD and SEM in chicken meat
(n = 45). The reporting limit was 0.3 pg/kg for AOZ, AMOZ and AHD, and was 1 pg/kg for SEM.
AMOZ was detected in four samples with concentrations ranging from 0.55 to 18.19 pg/kg and AOZ
was detected in one sample with a concentration of 0.63 pg/kg. None of the samples contained more
than one nitrofuran marker metabolite and AHD and SEM were not detected (FSA, 2002).

Meat samples (n=226) from various species such as broilers, turkeys, quails, rabbits, bovine and
swine were analysed for the presence of AOZ, AMOZ, AHD and SEM. Samples had been collected in
Portugal in 2002 under the Portuguese residue monitoring plan and analysis was done by LC-MS/MS
(CCa/CCp: 0.29/0.34, 0.20/0.32, 0.45/0.88 and 0.15/0.46 ug/kg, respectively). From the 226 samples,
78 contained AMOZ at a concentration above the MRPL of 1 pg/kg. Most non-compliant samples
were broiler meat (n = 61), but non-compliant samples were also reported for turkeys (n = 11), quails
(n =5) and pigs (n = 1). The average concentration of AMOZ in non-compliant samples was 6.3 pg/kg
for broilers, 125 ug/kg for turkeys and 5.8 pg/kg for quails. No results were reported for the other
nitrofuran marker metabolites tested (Barbosa et al., 2007a).

Poultry and rabbit samples (n =55 and n = 8, respectively) taken from the Swiss market and mainly
originating from Asian countries (year of sampling not indicated) were analysed for AOZ, AMOZ,
AHD and SEM using LC/MS-MS (LOD/LOQ: 0.2/0.5 ug/kg for AOZ, AMOZ and SEM, and
2.0/5.0 pg/kg for AHD). AOZ was found in 20 poultry samples (36 %, range: 0.6-895 pg/kg) and one
rabbit sample (13 %, concentration: 5.1 pg/kg). The other nitrofuran marker metabolites were not
detected (Edder et al., 2003).

A survey on pork (n =1 500) was undertaken across 15 European countries for AOZ, AMOZ, AHD
and SEM. Sampling was done at retail and in pig slaughterhouses in 2002. Analysis was done by LC-
MS/MS and LOQs were 0.1pg/kg for AOZ and AMOZ, 0.5 pg/kg for AHD and 0.2 pg/kg for SEM.
In 12 samples (0.8 %), measurable nitrofuran marker metabolites were detected. AOZ was quantified
in one sample from Portugal and one sample from Greece (range: 0.3-3.0 pg/kg). AMOZ was
quantified in one sample from Italy and nine samples from Portugal (range: 0.2-1.0 pg/kg). No
measurable concentrations of AHD and SEM were shown and none of the samples contained more
than one nitrofuran marker metabolite (O’Keeffe et al., 2004).

In Denmark, chicken and turkey meat was sampled in retail outlets in 2003 and analysed for the
presence of DNSH by LC-MS/MS (CCo/CCf: 0.05/0.08 ng/kg). DNSH was not detected in any of the
chicken meat samples (n =16), but 10 of the 37 samples of turkey meat contained DNSH (range:
0.05-0.6 pg/kg) (Vahl, 2005).

Meat-based products (chicken and pork) mainly of Asian origin were tested for the presence of AOZ,
AMOZ, AHD and SEM. Analysis was done by LC/MS-MS (CCo/CCp: 0.11/0.19, 0.12/0.21,
0.21/0.36 and 0.20/0.34 pg/kg, respectively). More than 100 samples were tested (precise number and
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year of sampling not indicated). AOZ was detected in 15 % of the samples (median: 0.6 pg/kg;
maximum: 193 pg/kg) and AMOZ was detected in 10 % of the samples (median: 0.5 pg/kg;
maximum: 9 pg/kg). SEM was most frequently detected (21 %, median: 10.9 pg/kg; maximum;
19.6 pg/kg), while AHD was not found in any of the samples (Mottier et al., 2005).

AOZ was analysed in samples of chicken liver (n =90) collected from local supermarkets and retail
stores in Turkey between December 2008 and August 2009. A commercial ELISA kit was used with
an LOD of 0.1 pg/kg. AOZ was detected in 11 samples (12 %) with a concentration between 0.1 and
1 po/kg (Yibar et al., 2012).

Radovnikovic et al. (2013) reported the analysis of samples of bovine liver (n =316), ovine liver
(n =62), porcine liver (n = 104) and poultry liver (n = 80) that had been undertaken in the framework
of the Irish national residue monitoring plan between 2009 and 2010. Analysis was done using
UHPLC-MS/MS for AOZ, AMOZ, AHD and SEM (CCa: 0.067, 0.073, 0.074 and 0.064 ug/kg,
respectively). SEM was detected in four ovine liver samples at concentrations ranging from 0.122 to
0.258 pg/kg. The other nitrofuran marker metabolites were not detected.

5.1.2.  Honey

An LC-MS/MS method was used to analyse AOZ, AMOZ, AHD and SEM in more than 120 honey
samples of different geographical origins that were collected from various honey suppliers and retail
outlets in Switzerland in 2002 and 2003. The CCo/CCps were 0.12/0.18, 0.07/0.12, 0.46/0.56 and
0.36/0.43 pg/kg, respectively. AMOZ and AHD were not detected in any of the samples. AOZ and
SEM were detected in 14 and 21 % of the samples, with maximum concentrations of 5.1 and
24.5 pg/kg, respectively (Khong et al., 2004).

Between 2007 and 2009, 55 honey samples were collected from local apiaries in Romania and
analysed for AOZ and AMOZ with a commercial ELISA kit (LOD/LOQ/CCa/CCP not reported).
AOZ was detected in six samples at concentrations ranging from 0.63 to 0.89 pg/kg and AMOZ was
detected in five samples at concentrations ranging from 0.84 to 0.89 pg/kg (Simion et al., 2012).

Radovnikovic et al. (2013) reported the analysis of honey samples (n = 271) that had been undertaken
in the framework of the Irish national residue monitoring plan and during an additional retail survey
between 2009 and 2010. Analysis was done using UHPLC-MS/MS for AOZ, AMOZ, AHD and SEM
(CCa: 0.093, 0.096, 0.138 and 0.090 pg/kg, respectively). SEM was detected in nine samples at
concentrations ranging from 0.091 to 1.27 ug/kg. The other nitrofuran marker metabolites were not
detected.

5.1.3. Fish and other seafood

Because SEM may be released from a naturally occurring compound in the shell of shrimps, prawns
and crayfish (Saari and Peltonen, 2004; Van Poucke et al., 2011; McCracken et al., 2013; Crews,
2014), the part (e.g. meat, shell) of these shellfish tested in the studies below is described, where
known.

Fish (n =16) and shrimp samples (n =157, details on part tested not given) taken from the Swiss
market and mainly originating from Asian countries (year of sampling not indicated) were analysed
for AOZ, AMOZ, AHD and SEM using LC/MS-MS (LOD/LOQ: 0.2/0.5 pg/kg for AOZ, AMOZ and
SEM, and 0.5/1.0 pg/kg for AHD). Nitrofuran marker metabolites were found in 54 shrimp samples
(34 %) and five fish samples (31 %). In shrimps, both AOZ (range: 0.5-324 ug/kg) and SEM (range:
0.7-227 ug/kg) were found, while, in fish samples, only AOZ (range: 0.9-68 ug/kg) was detected. The
other nitrofuran marker metabolites were not detected (Edder et al., 2003).

Saari and Peltonen (2004) analysed SEM in crayfish (meat part tested) caught from rivers not near
aquaculture farming that had been boiled in fresh salty water (year of sampling not indicated). The
analysis was done by LC-MS/MS (LOD/LOQ: 0.04/0.4 pg/kg). SEM was quantified in all samples
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(mean: 4.2 pg/kg; range: 0.7-12 pg/kg; n = 18). Tissue-bound SEM was detected in 12 samples and
quantified in four samples (range: 0.4-0.6 pg/kg).

FSANZ reported the analysis of AOZ, AMOZ, AHD and SEM in prawn samples (n = 136, details on
part tested not given). The limit of reporting for all nitrofuran marker metabolites was 1 pg/kg. AHD
was not detected in any of the samples. AMOZ was detected in one sample at a concentration of
2.2 ug/kg and SEM was detected in a sample of dried prawn at a concentration of 8.9 pg/kg. AOZ was
found in 10 samples at concentrations ranging from 1.1 to 40 pg/kg (FSANZ, 2004).

In the framework of a Canadian total diet study, 12 composite samples of marine, freshwater and
canned fish and shrimps (meat part tested) were collected between 2002 and 2004. AOZ, AMOZ,
AHD and SEM were analysed using LC-MS (LOD: 0.1 pg/kg for AOZ, AMOZ and AHD, and
0.4 png/kg for SEM). AOZ was detected in two composite shrimp samples (1.3 and 0.5 pg/kg) and
SEM was detected in one composite shrimp sample (0.8 pug/kg). The other nitrofuran marker
metabolites were not detected (Tittlemier et al., 2007).

In Belgium, an increase of positive SEM analyses of prawns (Macrobrachium rosenbergii) was
observed in 2008-2009 compared with other EU Member States. It was noted that Belgium analysed
the whole prawns (meat and shell) while other countries used only the edible part (meat). Therefore,
Van Poucke et al. (2011) analysed 12 samples of crustaceans for the occurrence of tissue-bound SEM
in the meat and shell by LC-MS/MS (LOD: 0.5 pg/kg). SEM was detected in the shell of 11 samples
at concentrations ranging from 1.5 to 12.6 pg/kg, while it was detected in the meat of only one sample
at a much lower concentration (0.6 pg/kg) (Van Poucke et al., 2011).

Radovnikovic et al. (2013) reported the analysis of samples of prawns (n = 88, details on part tested
not given), sea bass (n=7), trout (n=24) and salmon (n=71) that had been undertaken in the
framework of the Irish national residue monitoring plan and during an additional retail survey between
2009 and 2010. Analysis was done using UHPLC-MS/MS for AOZ, AMOZ, AHD and SEM (CCa:
0.041, 0.061, 0.057 and 0.064 pg/kg, respectively). SEM was detected in three prawn samples
(reported range: 0.159-0.206 pg/kg) and one salmon sample (0.088 pg/kg). AOZ was detected in two
prawn samples at a concentration above the MRPL (reported concentrations: 1.144 pg/kg and
1.626 pg/kg). AMOZ and AHD were not detected.

McCracken and co-workers analysed SEM using LC-MS/MS (CCa: 0.06 pg/kg) in wild-caught
shrimps from 29 sites across Bangladesh (upstream, downstream or around M. rosenbergii aquaculture
sites; year of sampling not indicated). Tissue-bound SEM was detected in approximately 65 % of the
meat samples at concentrations below the MRPL of 1 pug/kg and concentrations were unrelated to
sampling location, suggesting natural occurrence. In addition, higher concentrations were observed in
the shell than in the meat, and higher concentrations were also observed in the outer meat layer
(epidermis) than in the core meat (McCracken et al., 2013).

Crustacean samples (n =17, details on part tested not given) were collected from local markets in
Almeria (Spain; year of sampling not indicated) and analysed using UHPLC-MS/MS for AOZ,
AMOZ, AHD and SEM (CCo/CCB/LOD/LOQ: 1.5/1.6/0.5/1.0, 2.0/2.3/0.6/1.0, 2.0/2.2/0.8/1.0 and
2.6/3.1/0.6/1.0 pg/kg, respectively). The tested nitrofuran marker metabolites were not detected in any
of the samples (Valera-Tarifa et al., 2013).

51.4. Eggs

Radovnikovic et al. (2013) reported the analysis of egg samples (n = 52) that had been undertaken in
the framework of the Irish national residue monitoring plan between 2009 and 2010. Analysis was
done using UHPLC-MS/MS for AOZ, AMOZ, AHD and SEM (CCa: 0.066, 0.079, 0.079 and
0.074 pg/kg, respectively). None of the marker metabolites was identified in the samples.
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5.2. Current occurrence results

5.2.1. Data sources

Data on the occurrence of nitrofurans and their marker metabolites in food are not currently collected
by EFSA. The only analytical results on nitrofurans and their marker metabolites present in the EFSA
Chemical Occurrence database have been voluntarily submitted by the Czech Republic (584),
Denmark (10 232) and Spain (40), and are all left-censored (LOD/CCo/CCB: < 1 pg/kg). Information
on the above-mentioned data is presented in Appendix B, Table B.1. The Czech Republic and
Denmark confirmed that the same data were also submitted to the EC database on residues of
veterinary medicines, relating to the national residue monitoring plan (see below).

5.2.1.1. National residue monitoring plans

Council Directive 96/23/EC on measures to monitor certain substances and residues thereof in live
animals and animal products requires that Member States draft a national residue monitoring plan for
the groups of substances detailed in Annex | of this Directive. These plans must comply with the
sampling rules in Annex IV of the Directive. Nitrofurans and their marker metabolites are in Group
A6 of prohibited substances, as listed in Table 2 of Commission Regulation (EU) No 37/2010, for
which MRLs cannot be established. These substances are not allowed to be administered to food-
producing animals.

The minimum number of each species of animal to be controlled each year for all kinds of residues
and substances is specified as a proportion of the animals of each species slaughtered in the previous
year. In the case of Group A substances, substances having anabolic effects and unauthorised
substances, a proportion of the total samples taken are to come from live animals or related materials
(feed, drinking water, urine, faeces, etc.) on farms and the remainder of the samples are to be taken at
the slaughterhouse. Each subgroup of Group A, such as Group A6, which includes nitrofurans and
their marker metabolites, must be checked each year using a minimum of 5 % of the total number of
samples to be collected for Group A. Sampling under the national residue monitoring plan should be
targeted; samples should be taken on-farm and at slaughterhouse level with the aim of detecting illegal
treatment.

Member States submit data on the occurrence of non-compliant results determined in the residue
monitoring, including for nitrofurans and their marker metabolites, to the EC database on residues of
veterinary medicines. Data on the occurrence of nitrofurans and their marker metabolites in food have
been extracted from the EC database on residues of veterinary medicines. This database contains the
annual sampling plan and the results from 2004 onwards®® provided by all Member States. The results
are reported as aggregate data with the following level of detail:

e animal category and animal products: bovines, pigs, sheep and goats, horses, poultry,
aquaculture, milk, eggs, rabbits, farmed game, wild game and honey;

e production volume;

o sampling strategy: targeted, suspect, import and others;

o number of samples analysed for each substance group as defined in Annex I of Council
Directive 96/23/EC and for each animal category or animal product;

e number of non-compliant results within each substance group or subgroup and within each
animal category or animal product;

e place of sampling: farm or slaughterhouse.

% The results for 2013 currently present in the European Commission’s database are provisional and will be complete and
available at the end of 2014.
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However, there is no indication of the sample matrix tested (muscle, blood, urine, kidney, fat, etc.) and
no concentration for the chemical residue or contaminant detected in the sample is provided. In
addition, the number of samples analysed for the individual substances are reported by the Member
States only if there is at least one non-compliant sample for the substance in question. Where all
samples are compliant, the number of samples analysed is not reported. Furthermore, where controls
are carried out at farm and slaughterhouse, the total number of samples recorded may refer to samples
taken at either farm or slaughterhouse, depending on where the non-compliant samples were found,
and this may be on a substance group basis rather than on the individual substance basis. Where non-
compliant samples were found at both farm and slaughterhouse, the number of samples represents the
sum of samples taken at both sampling points.

Data on nitrofurans and their marker metabolites reported by Member States during 2002 and 2003
have been extracted from the Commission staff working papers on the implementation of national
residue monitoring plans in the Member States in 2002 and 2003. Unfortunately, the data presented in
these papers are not consistent with the reports for the following years. The number of samples
analysed for each food category represents in most cases the total of samples for all prohibited
substances. Only for the food categories of bovines, pigs, poultry, and sheep and goats does the
number of samples represent those analysed for the Group A6 substances only, which includes
nitrofurans and their marker metabolites.

5.2.1.2. Rapid Alert System for Food and Feed

The CONTAM Panel considered the Rapid Alert System for Food and Feed (RASFF) * database as
another source of information on the occurrence of nitrofurans and their marker metabolites in food.

RASFF notifications mostly concern controls at the outer European Economic Area (EEA) borders at
points of entry or border inspection posts when a consignment is not accepted for import into the EU.
The second largest category of notifications concerns official controls on the internal market. A small
number of notifications are triggered by an official control in a non-member country, where a risk
found during its official controls concerning a product that may be on the market in one of the member
countries is transmitted to the RASFF network.

After an inspection is conducted within a country and unfavourable results of the analysis are
obtained, the risk needs to be evaluated, as does the probability that the product may be present on the
market of other member countries. Notifications are provided when non-compliant samples for a
contaminant are found, providing also quantified values. However, information on the total number of
samples analysed, the number of compliant samples, the concentrations and the type of analysis
undertaken is rarely provided.

Searches in the RASFF database were performed for the hazard category ‘veterinary residues’—
nitrofuran (metabolite)— that had been notified between 01/01/2002 and 31/12/2014.

5.2.2.  Distribution of samples across food categories

5.2.2.1. National residue monitoring plans

In the period 2002-2013, 842 294 targeted samples (ranging from about 58 000 to 91 000 per year)
were analysed for Group A6 prohibited substances by the European Member States.** While this
number includes all A6 prohibited substances, the number of samples analysed for nitrofuran marker
metabolites is unknown. For nitrofurans and their marker metabolites, the results shown in the residue
database are as follows:

% http://ec.europa.eu/food/safety/rasff/docs/rasff_annual_report_2013.pdf
%! The data for 2013 were extracted from the database between January 2015 and February 2015 and are reflective of the
database during this time period.
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e There were 214 targeted samples reported to be non-compliant for nitrofurans and their
marker metabolites distributed across the years, as shown in Table 1. Most cases were
detected in 2002 in poultry. In subsequent years, there was no clear trend.

e The animal species in which nitrofurans and their marker metabolites were most commonly
reported were poultry, bovines, and sheep and goats with 105, 35 and 23 non-compliant cases,
respectively. Other categories for which non-compliant samples were reported include farmed
game, pigs, honey, rabbits, aquaculture, horses and wild game (Table 1).

e The type of nitrofurans and their marker metabolites of which samples were found to be non-
compliant are shown in Table 2, with the highest number of non-compliant cases for AMOZ
owing to problems in poultry in 2002. AHD was detected in only a few cases.
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Table 1:  Number of non-compliant samples for nitrofurans and their marker metabolites (targeted sampling), by category, for the period 2002—2013

Category/year 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Ig:gécf’re;
Bovines 1 2 3 3 2 5 4 7 6 2 35
Poultry 72 1 7 6 3 1 4 3 3 1 2 2 105
Aquaculture 1 1 1 1 1 5
Sheep/goats 1 7 3 1 4 1 4 1 1 23
Rabbits 1 1 2 1 1 6
Pigs 2 2 1 5 2 1 1 14
Horses 1 1
Farmed game 5 2 2 1 1 1 12
Wild game 1 1
Honey 1 10 1 12
Total per year 80 7 18 23 5 5 10 15 19 15 11 6 214
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Table 2:  Number of non-compliant samples, by nitrofuran and marker metabolite, for the period
2002-2013

Furazolidone®  Furaltadone®/  Nitrofurantoin®/  Nitrofurazone®/  Nitrofuran not

IAOZ AMOZ AHD SEM specified®

2002 77 3
2003 1 2 1 3
2004 7 1 10

2005 9 1 9 4

2006 2 1 1 1
2007 1 2 2

2008 2 6 2

2009 2 1 12

2010 13 2 4

2011 1 4 10

2012 2 1 8

2013 3 3

Total 40 99 13 55 7

AHD: 1-aminohydantoin; AMOZ: 3-amino-5-methylmorpholino-2-oxazolidinone; AOZ: 3-amino-2-oxazolidinone; SEM:

semicarbazide.

(a): The CONTAM Panel noted the different ways of reporting among Member States, as some report the parent compound
and others report the marker metabolite.

(b): The samples are reported as being analysed for nitrofurans without specifying the identity of the nitrofuran or the marker
metabolite.

5.2.2.2. Rapid Alert System for Food and Feed

The findings in the RASFF database for nitrofurans and their marker metabolites for the period 2002—
2014 are shown below:

e There were 808 notification events® reported for nitrofuran marker metabolites in food
products (Table 3).

e The notifications covered the following product categories: cephalopods and products thereof,
crustaceans and products thereof, eggs and egg products, farmed crustaceans and products
thereof,® farmed fish and products thereof (other than crustaceans and molluscs),* fish and
fish products, food additives and flavourings, honey and royal jelly, meat and meat products
(other than poultry), poultry meat and poultry meat products, prepared dishes and snacks,
wild-caught crustaceans and products thereof** and wild-caught fish and products thereof
(other than crustaceans and molluscs).®

e The two products categories for which the highest numbers of notification events were
reported were crustaceans and products thereof and poultry meat and poultry meat products,
with 416 and 150 notification events, respectively. The majority of the cases were in 2002 and
2003, but in subsequent years there was no real trend.

e The notification events* were reported for the four nitrofuran marker metabolites (AOZ,
AMOZ, SEM and AHD) across the years as seen in Table 4. Most reports were for AOZ and
SEM, followed by AMOZ (incident in 2002), and there were only a few cases for AHD.

% The total number of notification events is not the sum of the total number of notifications, because one notification event
may include more than one notification. Notification events include alerts, border rejections, information, information for
attention, information for follow-up and news.

* This product category is no longer used in the RASSF database.

% One notification event could report more than one marker metabolite. There were 27 notification events where the marker
metabolite was not specified (18 for 2002, one for 2003, two for 2008, one for 2009, one for 2010, two for 2011, one for
2012 and one for 2013).
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Table 3:  Number of notification events in the Rapid Alert System for Food and Feed database for nitrofurans and their marker metabolites in food, by
category, for the period 2002-2014

Category 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Cephalopods and products thereof 1 1

Crustaceans and products thereof 68 11 31 33 54 33 50 87 11 10 9 5 14
Eggs and egg products 13

Farmed crustaceans and products thereof 18 37

Farmed fish and products thereof (other than 1 28

crustaceans and molluscs)

Fish and fish products 7 1 3 3 2 2 2 1 5 20
Food additives and flavourings 2

Honey and royal jelly 2 5 4 1 1 1 3 2 1

Meat and meat products (other than poultry) 7 12 3 2 1 7 1 3 1 4 1 4 4
Poultry meat and poultry meat products 88 55 4 2 1

Prepared dishes and snacks 1

Wild-caught crustaceans and products thereof 2 21

Wild-caught fish and products thereof (other than 1

crustaceans and molluscs)

Total 192 183 46 44 58 43 54 95 12 20 13 10 38
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Table 4:  Number of notification events in the Rapid Alert System for Food and Feed database, by
nitrofuran and marker metabolite in food, for the period 20022014

Furazolidone/ Furaltadone/ Nitrofurantoin/  Nitrofurazone/ Nitrofuran not
AOZ AMOZ AHD SEM specified®
2002 78 68 5 45 18
2003 95 27 2 69 1
2004 24 1 24
2005 15 3 27
2006 15 3 41
2007 27 2 1 16
2008 19 36 2
2009 12 1 83 1
2010 2 10 1
2011 9 10 2
2012 7 5 1
2013 4 5 1
2014 17 21
Total 324 105 8 392 27

AHD: 1-aminohydantoin; AMOZ: 3-amino-5-methylmorpholino-2-oxazolidinone; AOZ: 3-amino-2-oxazolidinone; SEM:
semicarbazide.
(a): The notification events do not specify the identity of the nitrofuran or the marker metabolite.

5.3. Food processing

Cooper and Kennedy (2007) studied the stability of nitrofuran marker metabolites during cooking and
freezing. Analysis was done using LC-MS/MS (CCa/CCp: < 1.0 pg/kg). Muscle and liver of pigs,
treated with furazolidone, furaltadone, nitrofurantoin or nitrofurazone, were cooked by frying, grilling,
roasting and microwaving. The concentrations of AOZ, AMOZ, AHD and SEM in uncooked liver
were 51.3, 32.8, 41.0 and 40.2 ug/kg, respectively. Following correction for water loss during
cooking, frying caused a reduction of the marker metabolite concentration in the liver of 6 to 21 % and
roasting caused a reduction of 22 to 33 %. The concentrations of AOZ, AMOZ, AHD and SEM in
uncooked muscle were 45.6, 72.3, 25.4 and 240.9 ug/kg, respectively. Following correction for water
loss during cooking, grilling caused a reduction of the marker metabolite concentration in the liver of
0 to 14 % and similar results were observed for microwaving and roasting (0 to 15 %). Storage of liver
and muscle at —20 °C for 8 months did not cause a significant reduction of the concentrations of the
four studied marker metabolites.

Eggs from laying hens treated with nitrofurazone were used to study the effect of pasteurisation and
spray drying on the concentration of nitrofurazone and SEM in liquid egg. The nitrofurazone
concentration in whole egg decreased during processing from 502.1 to 177.6 pg/kg dry weight (d.w.)
(65 % reduction), in yolk from 267.6 to 151.9 pg/kg d.w. (43 % reduction) and in albumen from
1 085.6 to 44.5 pg/kg d.w. (96 % reduction). The SEM concentration in whole egg decreased during
processing from 676.5 to 330.7 pg/kg d.w. (51 % reduction), in yolk from 608.7 to 507.6 pg/kg d.w.
(17 % reduction) and in albumen from 954.3 to 264.5 ug/kg d.w. (72 % reduction). The authors
indicated that direct comparisons between residue concentrations in whole egg, yolk and albumen
cannot be made, because the pooled samples were derived from different populations of eggs (Cooper
et al., 2008a).

The effect of boiling on AOZ concentration in nitrofuran-positive eggs was studied by homogenising
13 eggs individually and splitting each egg into two parts. One part was immersed in water at 100 °C
for 10 minutes and the other part was analysed without heat treatment. The AOZ concentration in the
uncooked eggs was 0.76-0.97 pug/kg and was 2.04-2.55 ug/kg after cooking. No correction for water
loss during cooking was described. The authors postulated that the observed increase (p < 0.001) may
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be a result of enhanced efficiency of extraction in boiled samples and proposed that boiled eggs be
used for the analysis of AOZ to obtain more reliable and more predictive results (Yibar et al., 2013).

Honey spiked with AOZ, AMOZ, AHD and SEM was processed to study the influence of the different
processing steps (preheating, filtration, concentration and pasteurisation) on the concentration of these
nitrofuran marker metabolites. The initial concentrations of the nitrofuran marker metabolites were
2.50, 1.83, 2.14 and 2.16 pg/kg, respectively. Overall, the initial concentration was reduced during
processing by 56.6, 71.3, 90.4 and 88.4 %, respectively. For AMOZ, AHD and SEM, the highest
reduction occurred during preheating (45 °C for 1 hour), namely 33.0, 74.9 and 76.9 %, while for
AOZ the highest reduction (33.7 %) occurred during filtration. The authors attributed the losses of the
marker metabolites from honey during processing to heat instability during preheating, lipophilicity
and wax removal during filtration, and volatility during concentration heating (Jia et al., 2014).

Overall, only limited information about the effect of food processing on nitrofuran marker metabolites
is available.

6. Food consumption

The EFSA Comprehensive European Food Consumption Database (Comprehensive Database) was
built in 2010 from existing detailed national information on food consumption provided by EU
Member States and food consumption data for children obtained through an EFSA Article 36 project
(Huybrechts et al., 2011). The Comprehensive Database contains results from a total of 32 different
dietary surveys carried out in 22 different Member States covering more than 67 000 individuals
(EFSA, 2011b).

Within the dietary studies, subjects are classified in different age classes as follows:

Infants: < 12 months old

Toddlers: > 12 months to < 36 months old
Other children: > 36 months to < 10 years old
Adolescents: > 10 years to < 18 years old
Adults: > 18 years to < 65 years old
Elderly: > 65 years to < 75 years old
Very elderly: > 75 years old

Overall, the food consumption data gathered by EFSA in the Comprehensive Database are the most
complete and detailed data currently available in the EU. However, it should be pointed out that
different methodologies were used between surveys to collect the data and thus direct country-to-
country comparisons can be misleading.

The CONTAM Panel considered that only chronic exposure to nitrofurans and their marker
metabolites needed to be assessed. As suggested by the EFSA Working Group on Food Consumption
and Exposure (EFSA, 2011b), dietary surveys with only one day per subject were not considered, as
they are not adequate to assess repeated exposure. Similarly, subjects who participated only one day in
the dietary studies, when the protocol prescribed more reporting days per individual, were also
excluded for the chronic exposure assessment. Thus, for chronic exposure assessment, food
consumption data were available from 26 different dietary surveys carried out in 17 different European
countries. These included infants from two surveys (two countries), toddlers from seven surveys
(seven countries), other children from 15 surveys (13 countries), adolescents from 12 surveys
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(10 countries), adults from 15 surveys (14 countries), the elderly from seven surveys (seven countries)
and the very elderly from six surveys (six countries) (Appendix C, Table C.1).

Consumption records were codified based on the FoodEx classification system, which was developed
by the DATA Unit in 2009 (EFSA, 2011a). Further details on how the Comprehensive Database is
used are published in the Guidance of EFSA (2011b).

7. Exposure assessment

7.1. Previously reported human exposure assessments

Radovnikovic et al. (2013) studied the occurrence of nitrofuran marker metabolites in different foods
of animal origin (see Section 5.1). SEM was the nitrofuran marker metabolite most frequently found in
the tested samples. The exposure to SEM from prawns, salmon, honey and ovine liver was assessed
for the Irish population using a probabilistic approach. The 95th percentile of the middle-bound
dietary exposure was 0.04, 0.03 and 0.04 ng/kg b.w. per day, for adults, teenagers and children,
respectively. The 95th percentile of the lower-bound dietary exposure was 0.005, 0.003 and
0.005 ng/kg b.w. per day, for adults, teenagers and children, respectively.

In addition, several national agencies evaluated the dietary exposure from shrimps/prawns in which
AOZ had been detected (see Section 1.1).

7.2. Dietary exposure to nitrofuran marker metabolites for different scenarios

Only limited occurrence data on nitrofurans and their marker metabolites in food were available for
this opinion (see Section 5.2). Therefore, the CONTAM Panel concluded that these data are too
limited to carry out a reliable human dietary exposure assessment. Instead, the CONTAM Panel
calculated the hypothetical human chronic dietary exposure using the RPA value of 1 pg/kg for two
scenarios:

e Scenario 1A, in which foods of animal origin, excluding milk and dairy products, are
contaminated with one nitrofuran marker metabolite at a concentration equal to the RPA level
of 1 ug/kg. These are mainly meat and meat products, fish and fish products, eggs and egg
products and honey.

e Scenario 1B, in which foods of animal origin, including milk and dairy products, are
contaminated with one nitrofuran marker metabolite at a concentration equal to the RPA value
of 1 pg/kg.

The CONTAM Panel noted that the foods of animal origin that are contaminated with nitrofuran
marker metabolites, as reported in the EC database on residues of veterinary medicines and the
RASFF database (see Section 5.2.2), are meat and meat products, fish and fish products, eggs and egg
products and honey. These foods are included in scenario 1A. The CONTAM Panel emphasises that
this scenario, in which all the consumed foods (meat and meat products, fish and fish products, eggs
and egg products and honey) are considered to be contaminated with a nitrofuran marker metabolite at
the RPA of 1 pg/kg, represents a highly unlikely situation.

Although raw milk is sampled and analysed for the presence of nitrofuran marker metabolites by some
Member States in the EU (e.g. in 2013, 140 milk samples were analysed for the presence of AOZ,
AMOZ, AHD and SEM by 13 Member States), no non-compliant results for nitrofuran marker
metabolites in milk have been reported in the EC database and no notifications have been reported for
milk or milk products in the RASFF database. However, the CONTAM Panel is aware that, in the
past, furaltadone and nitrofurazone were used in dairy cattle, e.g. intramammary use to treat mastitis
(Huber, 1982). In addition, use in sheep and goats to treat coccidiosis has been reported (Robertson,
1982). Therefore, the occurrence of nitrofurans and their marker metabolites in milk and dairy
products owing to the illicit use of nitrofurans in individual diseased animals cannot be excluded. Milk
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and milk products are included with the other foods of animal origin in scenario 1B. However, given
that the illicit use of nitrofurans on a widespread basis in dairy animals is highly unlikely and the
dilution effect of contaminated milk with uncontaminated milk that occurs at farm level (holding
tanks), during transport (bulk tankers) and at the dairy processing plant (milk silos), scenario 1B is
considered extremely unlikely.

The further scenario, in which all the foods included in scenarios 1A and 1B would be contaminated
with all five nitrofuran marker metabolites, each at 1 pg/kg, is considered to be totally unrealistic, as
samples containing multiple nitrofuran marker metabolites have not been found in the EC database on
residues of veterinary medicines and have only rarely been found in the RASFF database. Therefore,
this scenario was not considered.

To calculate a more refined dietary exposure to nitrofurans and their marker metabolites, the
CONTAM Panel also considered that the above-mentioned foods are also consumed as part of
composite dishes present in the FoodEx1 classification system. These are, for example, meat-based
meals, fish-based meals, egg-based meals, soups and salads. In addition, in the case of infants and
toddlers, meat and fish are normally consumed through ready-to-eat meals for infants and young
children. For all the above-mentioned cases where it was clearly stated in the name of the meal that
this was a mixture of meat or fish and other foods items (e.g. meat stew, fish and rice meal, fish and
potatoes meal, fish and vegetables meal, ready-to-eat meal for children, meat and vegetables, etc.), a
factor of 0.5 was applied, meaning that half of the quantity reported to be consumed was considered as
referring to the meat or fish and the other half to the other food items present in the dish. All
composite dishes and infants’ foods were grouped based on their main ingredient.

For calculating the chronic dietary exposure to nitrofurans and their marker metabolites, food
consumption and body weight data at the individual level were accessed in the Comprehensive
Database. Exposure estimates were calculated for 26 different dietary surveys carried out in
17 different European countries. Not all countries provided consumption information for all age
groups, and, in some cases, the same country provided more than one consumption survey.

Exposure was calculated by multiplying the occurrence concentration of 1.0 pg/kg for each food or
food group with the consumption amount per kg b.w. separately for each individual in the database,
calculating the sum of exposure for each survey day and then deriving the daily average for the survey
period.

The mean dietary exposure and the high dietary exposure (95th percentile) to nitrofuran marker
metabolites were calculated separately for each survey and age class using consumption data recorded
at individual level from the Comprehensive Database (see Section 6). In accordance with the
specification of the EFSA Guidance on the use of the Comprehensive Database (EFSA, 2011b), 95th
percentile estimates for dietary surveys/age classes with fewer than 60 observations may not be
statistically robust and therefore should not be considered in the risk characterisation.

As scenario 1B was considered extremely unlikely, this scenario was not used for the risk
characterisation, and exposure estimates are presented in Appendix D, Table D.1. For scenario 1A,
Table 5 provides per group the minimum, median and maximum of the mean and 95th percentile
exposure values across dietary surveys. The mean chronic dietary exposure to nitrofuran marker
metabolites ranges, for scenario 1A, from 1.7 to 8.0 ng/kg b.w. per day and the 95th percentile ranges
from 3.5 to 13 ng/kg b.w. per day across dietary surveys and age classes.
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Table 5:  Summary statistics for the hypothetical chronic dietary exposure (ng/kg b.w. per day) to
nitrofuran marker metabolites estimated by age class for scenario 1A.

Scenario 1A®@

Age class Number of surveys Minimum Median Maximum
Mean dietary exposure

Infants 2 2.7 - 7.1
Toddlers 7 3.3 55 8.0
Other children 15 3.0 4.9 7.0
Adolescents 12 1.8 3.1 4.5
Adults 15 1.9 2.6 4.3
Elderly 7 1.8 2.3 2.5
Very elderly 6 1.7 2.2 2.6
95th percentile dietary exposure®

Infants 1 —@ @ @
Toddlers 4 74 11 13
Other children 15 6.8 9.5 13
Adolescents 12 4.5 6.5 8.3
Adults 15 35 4.7 7.0
Elderly 7 3.9 4.0 4.6
Very elderly 5 3.6 3.8 4.4

The minimum, median and maximum of the mean and 95th percentile exposure values across dietary surveys in European

countries are shown.

To avoid the impression of too high precision, the numbers for all exposure estimates are rounded to two figures.

(a): Scenario 1A contains foods of animal origin, excluding milk and dairy products, that are contaminated with one
nitrofuran marker metabolite at a concentration equal to the RPA value of 1 pg/kg (meat and meat products, fish and
fish products, eggs and egg products and honey).

(b): Not calculated; estimates available from only two dietary surveys.

(c): The 95th percentile estimates obtained from dietary surveys/age classes with fewer than 60 observations may not be
statistically robust (EFSA, 2011b) and therefore are not included in this table.

(d): Estimates available from only one dietary survey: 11 ng/kg b.w. per day.

Besides arising from nitrofurazone use, SEM may occur in foods from other sources (see Section 3.3
and Appendix A). Except for carrageenan use, these other sources have been eliminated owing to
changes in legislation or are covered by potential occurrence in foods of animal origin in scenario 1A.
SEM can occur either naturally in carrageenan or as result of bleaching of carrageenan with a sodium
hypochlorite solution (see Appendix A). Carrageenan—polysaccharides extracted from edible red
seaweed—is authorised to be used as a food additive in a variety of food products, including those of
non-animal origin, according to Regulation (EC) 1333/2008,* as amended. Therefore, the CONTAM
Panel, in addition to the previous two scenarios which cover foods of animal origin only, calculated
the chronic dietary exposure to SEM taking two additional potential sources of contamination into
consideration: foods of non-animal origin and milk and dairy products for which carrageenan is
authorised as an additive. For these scenarios, the level of contamination with SEM from carrageenan
is set at the RPA level of 1 pg/kg or at concentrations calculated from maximum usage levels of
carrageenan as a food additive and actual concentrations of SEM in carrageenan.

The chronic dietary exposure to SEM was calculated for the following scenarios:

e Scenario 2A, in which foods of non-animal origin for which carrageenan is authorised as an
additive are contaminated with SEM at a concentration in the final food product equal to the
RPA level of 1 pg/kg.

e Scenario 2B, in which foods of animal origin, excluding milk and dairy products, and foods of
non-animal origin for which carrageenan is authorised as an additive are contaminated with
SEM at a concentration equal to the RPA level of 1 ug/kg.

% Regulation (EC) No 1333/2008 of the European Parliament and of the Council on food additives. OJ L 354, 31.12.2008,
p. 16-33.
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e Scenario 2C, in which foods of animal origin, including only those milk and dairy products for
which carrageenan is authorised as an additive, and foods of non-animal origin for which
carrageenan is authorised as an additive are contaminated with SEM at a concentration equal
to the RPA level of 1 pg/kg.

e Scenario 2D, in which foods of animal origin, excluding milk and dairy products, are
contaminated with SEM at a concentration equal to the RPA level of 1 pug/kg, and foods of
non-animal origin and milk and dairy products, for which carrageenan is authorised as an
additive, are contaminated with SEM at concentrations calculated from maximum usage levels
of carrageenan and actual concentrations of SEM in carrageenan.

For scenarios 2A to 2D above, the following information and data have been used:

1. The detailed list of foods for which carrageenan is authorised to be used, according to
Regulation (EC) 1333/2008, and their equivalent FoodEx1 food category.

2. Usage levels of carrageenan, reported by industry to EFSA through a public call for data,®
contained in the EFSA additive database.

3. The concentration of SEM in the final food products calculated based on the mean SEM
concentration of 65 pg/kg in carrageenan (AFC Panel, 2005; Appendix A) and the maximum
usage level of carrageenan in different food categories.

Appendix E, Table E.1, presents the food categories for which carrageenan is authorised as an
additive, the additive’s classification code, the maximum permitted level, the equivalent food category
in the FoodEXx1 classification system of EFSA, the maximum usage level reported for the specific food
category and the concentration of SEM in the final food.

Scenario 2A represents the hypothetical human chronic dietary exposure to SEM from use of
carrageenan as a food additive in foods of non-animal origin, where all such foods would contain SEM
at a level equal to the RPA of 1 pg/kg. Scenario 2B represents the hypothetical human chronic dietary
exposure to SEM from use of carrageenan as a food additive in foods of non-animal origin (scenario
2A) and, in addition, from all meat and meat products, fish and fish products, eggs and egg products
and honey that are contaminated with nitrofurazone marker metabolite (scenario 1A), where all such
foods would contain SEM at a level equal to the RPA of 1pg/kg. Scenario 2C is a further
development of scenario 2B in that it represents the hypothetical human chronic dietary exposure to
SEM from use of carrageenan as a food additive both in foods of non-animal origin and in milk
products and, in addition, from all meat and meat products, fish and fish products, eggs and egg
products and honey that are contaminated with nitrofurazone marker metabolite (scenario 1A), where
all such foods would contain SEM at a level equal to the RPA of 1 pg/kg. The CONTAM Panel
considers that all of these scenarios for human chronic dietary exposure to SEM represent highly
unlikely situations. However, scenario 2A provides a basis for assessing the appropriateness of
applying the RPA considered adequate to protect public health to commodities other than foods of
animal origin and was therefore used for the risk characterisation.

Scenario 2D is a refinement of scenario 2C in that, rather than using the RPA of 1 pg/kg as a measure
of the hypothetical human chronic dietary exposure to SEM from use of carrageenan as a food additive
in foods of non-animal origin and in milk products, the contamination of these foods with SEM is
considered to be at concentrations calculated from maximum usage levels of carrageenan and actual
concentrations of SEM in carrageenan. This scenario also includes the hypothetical human chronic
dietary exposure to SEM from all meat and meat products, fish and fish products, eggs and egg
products and honey that are contaminated with nitrofurazone marker metabolite at a level equal to the
RPA of 1 pug/kg. The CONTAM Panel, therefore, while considering scenario 2D to represent a highly
unlikely situation with respect to human chronic dietary exposure to SEM from all food sources,

% Call for food additives usage level and/or concentration data in food and beverages intended for human consumption.
Published: 27 March 2013. Deadline 15 September 2013. Available at: http://www.efsa.europa.eu/en/data/call/130327.htm
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considers it to be a less extreme scenario than scenario 2C. As the exposure to SEM from dairy
products in which carrageenan is used is not covered by scenarios 1A or 2A, the CONTAM Panel also
considered scenario 2C in the risk characterisation to evaluate the RPA of 1 ug/kg.

All exposure scenarios that were considered for SEM are summarised in Table 6.

Table 6:  Exposure scenarios considered for the nitrofuran marker metabolites

Sources of contamination

Foods of Milk and Milk and Milk and Foods of non- Foods of
animal origin, dairy dairy dairy animal origin  non-animal
excluding products products for  products for for which origin for
milk and which which carrageenan which
Scenario dairy carrageenan  carrageenan isauthorised carrageenan
products is authorised is is authorised
authorised
@ mm: SEM®: SEM: SEM:
1 g /k'g 1 g /kg 1 pg/kg calculated SEM: 1 pg/kg calculated
from use from use
1A X
1B X X
2A X
2B X X
2C X X X
2D X X X

mm: marker metabolite; SEM: semicarbazide.
(a): Concentration of one nitrofuran marker metabolite.
(b): Concentration of SEM.

Table 7 summarises the hypothetical chronic dietary exposure (ng/kg b.w. per day) to nitrofuran
marker metabolites estimated by age class for scenarios 2A and 2C. For scenario 2A, the mean chronic
dietary exposure to nitrofuran marker metabolites ranges from 2.3 to 41 ng/kg b.w. per day and the
95th percentile ranges from 5.9 to 63 ng/kg b.w. per day across dietary surveys and age classes. For
scenario 2C, the mean chronic dietary exposure to nitrofuran marker metabolites ranges from 5.5 to
55 ng/kg b.w. per day and the 95th percentile ranges from 9.1 to 80 ng/kg b.w. per day across dietary
surveys and age classes.

The exposure estimates for scenarios 2B and 2D are shown in Appendix F.
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Table 7:  Summary statistics for the hypothetical chronic dietary exposure (ng/kg b.w. per day) to
nitrofuran marker metabolites estimated by age class for scenarios 2A and 2C.

Age class Number of surveys Scenario 2A" Scenario 2C®

Min Median Max Min Median Max
Mean dietary exposure
Infants 2 4.2 —© 7.4 12 -© 23
Toddlers 7 4.6 14 41 17 29 55
Other children 15 11.0 19 31 18 28 42
Adolescents 12 6.3 9.8 15 11 16 19
Adults 15 3.3 5.7 13 6.4 9.6 16
Elderly 7 2.3 4.2 6.9 5.5 7.8 10
Very elderly 6 3.0 4.2 7.1 5.5 7.8 10
95th percentile dietary exposure®
Infants 1 —® —® ) 0 0 —m
Toddlers 4 23 36 62 43 61 80
Other children 15 24 36 63 35 47 76
Adolescents 12 14 21 31 22 29 35
Adults 15 7.4 14 25 12 18 30
Elderly 7 5.9 8.0 15 9.3 13 19
Very elderly 5 6.0 8.8 15 9.1 13 18

The minimum, median and maximum of the mean and 95th percentile exposure values across dietary surveys in European

countries are shown.

To avoid the impression of too high precision, the numbers for all exposure estimates are rounded to two figures.

b.w.: body weight; Min: minimum; Max: maximum.

(a): Scenario 2A contains foods of non-animal origin for which carrageenan is authorised as an additive and are
contaminated with semicarbazide (SEM) at a concentration in the final food product equal to the reference point for
action (RPA) level of 1 pg/kg.

(b): Scenario 2C contains foods of animal origin, including only those milk and dairy products for which carrageenan is
authorised as an additive, and foods of non-animal origin for which carrageenan is authorised as an additive, and are
contaminated with SEM at a concentration equal to the RPA level of 1 pg/kg.

(c): Not calculated; estimates available from only two dietary surveys.

(d): The 95th percentile estimates obtained from dietary surveys/age classes with fewer than 60 observations may not be
statistically robust (EFSA, 2011b) and therefore were not included in this table.

(e): Estimates available from only one dietary survey: 23 ng/kg b.w. per day.

(f): Estimates available from only one dietary survey: 77 ng/kg b.w. per day.

7.3. Non-dietary exposure

In humans, there is the potential for additional exposure to nitrofurans from licensed medicines via
oral or topical administration (see Section 1.3.1).

8. Hazard identification and characterisation
8.1. Toxicokinetics

8.1.1. Introduction

Because of the relatively low serum and tissue levels of the unchanged molecules recovered in orally
treated individuals, the oldest studies on the kinetics of nitrofurans used for therapeutic purposes in
humans and in animals led to erroneous conclusions. With the exception of nitrofurantoin, long known
to be extensively excreted via the urinary route, nitrofurans were believed to be poorly absorbed and
mainly excreted in the faeces. Subsequent investigations with radiolabelled compounds and the
development of more sophisticated analytical methods have helped to establish that nitrofurans are
instead generally well absorbed and extensively biotransformed, with the resulting metabolites
excreted by both the biliary and the urinary routes (White, 1989). Accordingly, it became apparent that
monitoring of nitrofuran residues in livestock based on the identification of the parent compounds was
not efficient for surveillance purposes, because of the short in vivo half-lives of nitrofuran compounds
and their rapid degradation in tissues post mortem (Nouws and Laurensen, 1990). More recent
investigations, therefore, have concentrated on the study of nitrofuran biotransformations as the main
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determinants of their adverse effects (Rao and Mason, 1987; Dalvie et al., 2002; Boelsterli et al.,
2006) and the identification of metabolites to be used as proof of nitrofuran exposure in food-
producing species (Radovnikovic et al., 2011) and in animal production (McCracken et al., 2005a;
McCracken and Kennedy, 2007). In contrast with their parent compounds, it was found that residues
of nitrofuran metabolites may persist for several weeks in edible tissues owing to extensive protein
binding and are therefore suitable for residue monitoring purposes (Vass et al., 2008c).

There is sparse information about the biotransformation of nitrofurans and so it is difficult to provide a
general overview of the metabolic fate of the nitrofurans considered in this opinion. Some species-
related (Vroomen et al., 1990) and compound-related (Hoogenboom et al., 1994) differences in their
biotransformation pathways have been reported.

It is generally accepted that the metabolic degradation of nitrofurans involves the reductive
biotransformation of the 5-nitrofuran ring, which is quantitatively the most important reaction. In
addition, unlike the nitroaromatic compounds, in which the ring systems are generally refractory to
metabolic cleavage, the nitroheterocyclic rings are more prone to ring opening resulting in the
formation of open-chain metabolites (Kedderis and Miwa, 1988).

Like other nitroaromatic compounds, 5-nitrofurans may undergo a one-electron and a two-electron
reduction. The one-electron pathway leads to the formation of the nitroanion radical, which has been
demonstrated by electron paramagnetic resonance spectroscopy using spin traps; nitroanion radicals
may also be formed in the presence of catecholamine neurotransmitters and ascorbic acid (Rao and
Mason, 1987; Lax and Kukolich, 1992; Rossi et al., 1996). The nitroanion intermediate may then have
two different fates. Under aerobic conditions (Figure 2A) it can react, in a futile cycle, with molecular
oxygen being oxidised back to the parent compound and producing superoxide anion, which, in turn,
may generate other reactive oxygen species (ROS) (Boelsterli et al., 2006; Aracena et al., 2014). By
contrast, under anaerobic conditions, or in tissues with low oxygen tension, such as the renal inner
medulla and urinary bladder (Aperia and Leebow, 1964), the dismutation of the nitroanion radical may
occur yielding a nitroso-derivative (Figure 2B), which may be further reduced to a hydroxylamino-
and amino-derivative and then biotransformed to more stable metabolites (see below) (Zenser et al.,
1981; Fau et al., 1992).
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Figure 2: One-electron reduction of the nitrofuran ring. (A) Aerobic conditions: generation of the
nitroanion radical and “futile cycle’ with the production of superoxide anions and of reactive oxygen
species (ROS). (B) Anaerobic conditions: further reduction of the nitroanion radical to an unstable
nitroso-derivative. *See Figure 3

The two-electron reduction (Figure 3) gives rise to the corresponding nitroso- and hydroxylamine
unstable derivatives; the latter may be further reduced to the more stable amine, eventually subjected
to N-acetylation, a detoxifying reaction (Boelsterli et al., 2006). Alternatively, the hydroxylamino
intermediate may be dehydrated forming an unstable nitrile (cyano-) derivative that, in turn, may
undergo a reduction of the double bond to form a stable open-chain metabolite (Figure 3). Other minor
polar metabolites may also be produced (Dalvie et al., 2002). The enzymes involved in the
5-nitrofuran ring reduction may be divided into two classes, called type | and type Il nitroreductases
(NRs) (Peterson et al., 1979). Type | NRs are flavine mononucleotide (FMN)-binding proteins, mostly
expressed in bacteria but more rarely in eukaryotes, that catalyse the two-electron reduction. Type 11
NRs are instead present in most mammalian tissues, contain FMN or flavine adenine dinucleotide
(FAD) and mediate the one-electron reduction pathway (Ask et al., 2004). Scant data are available on
the identification, the classification (type | or Il) and the subcellular localisation of the specific
enzymes mediating the reductive pathways. The microsomal enzyme nicotinamide adenine
dinucleotide phosphate (NADPH)-cytochrome P450 (CYP) reductase is thought to primarily catalyse
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this reaction, but xanthine oxidase, aldehyde dehydrogenase, mitochondrial NRs and nitric oxide
synthases have also been implicated in this pathway (Boelsterli et al., 2006). Bacterial NRs expressed
in a number of species found in the gut flora have also been shown to perform the 5-nitrofurans
reduction (Hoogenboom et al., 1994; Ryan et al., 2011).

The oxidation of certain nitrofurans may also occur. Furaltadone is reported to undergo N-oxidation of
the tertiary nitrogen of the morpholino ring in pig hepatocytes; interestingly, the resulting N-oxide
derivative is not subjected to further metabolism to an open-chain nitrile derivative, which is instead
produced upon the incubation of furaltadone with S. Typhimurium bacteria (Hoogenboom et al.,
1994). Finally, the isolation of urinary 4-hydroxylated derivatives of a number of nitrofurans has also
been reported in rats, rabbits, swine and chickens (Swaminathan and Lower, 1978; Streeter et al.,
1988).

nitroso-derivative

2e-l
ﬂ\ . / \ covalent adducts
HOHN R +HN o with macromolecules

O R

hydroxylamino-derivative nitrenium-derivative
2¢€ _l N S—X
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Figure 3: Two-electron reduction of the nitrofuran ring with generation of a stable (N-acetyl)
amino-derivative or a number of reactive intermediates capable of reversibly binding to thiol groups
and to proteins (NAT, N-acetyltransferases)

There is a general consensus that the nitroreductive pathway is clearly linked to the bioactivation of
nitrofurans. Owing to their ability to form covalent adducts with macromolecules, unstable metabolites
arising from the nitroreduction have been implicated in both the cytotoxic and the mutagenic effects of
nitrofurans, as well as in the formation of the tissue-bound residues. All the metabolites giving rise to
tissue-bound residues include an intact side-chain that is currently used as the marker residue for the
nitrofurans under consideration (see Section 1.2). Finally, such metabolites may be released in the
stomach of several species and be responsible for other adverse effects, such as monoamine oxidase
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(MAO) inhibition (Yeung and Goldman, 1981). The exposure to nitrofurans results in an increased
intracellular oxidative stress as reflected by the generation of superoxide anions and other toxic ROS.
While the redox cycling of the nitroanion and/or the nitroso intermediates are mainly involved in the
generation of oxidant species, other pathways such as the related alteration of the NADP+ to NADPH
ratio and the depletion of glutathione (GSH) and of other critical thiol groups may participate in the
enhancement of the nitrofuran-mediated oxidative stress (Boelsterli et al., 2006). GSH and other thiols
may prevent the formation of certain reactive nitrofuran derivatives (Lax and Kukolich, 1992) and,
under certain conditions, may also be depleted upon in vitro exposure to certain nitrofurans
(Hoogenboom et al., 1992b; De Angelis et al., 1999). However, it should be noted that the nature of
the reactive chemical species which bind to thiol groups has yet to be fully elucidated (and may vary
with the different compounds). The formation of a GSH conjugate with the nitroanion derivatives of
nitrofurazone and other 2-substituted nitrofurans could not be demonstrated in vitro (Polnaszek et al.,
1984). Conflicting reports are available for nitrofurantoin, as the thiyl conjugate of the nitroanion
metabolite detected by Nufiez-Vergara et al. (2000) by means of a spin trapping technique was not
identified in other reports (Miller et al., 2002).

While the formation of GSH conjugates with nitroso- or hydroxylamino-derivatives cannot be
excluded, in vitro studies with swine liver microsomes or hepatocytes suggest that, in the case of
furazolidone, an open-chain acrylonitrile derivative identified as N-(4-cyano-2-oxo-3-butenylidene)-3-
amino-2-oxazolidinone may be trapped by thiol-containing compounds such as GSH or
mercaptoethanol (Vroomen et al., 1987b; Hoogenboom et al., 1992b) leading to the formation of
unstable reversible conjugates. In fact, at physiological pH, the acrylonitrile derivative may be
released and become covalently bound to cellular proteins forming protein adducts (Hoogenboom et
al., 1992b). When incubated with thiols, the acrylonitrile derivative can be released from the protein
again. The behaviour of such an intermediate is similar to that displayed by thiols in the reaction with
a,fB-unsaturated ketones, referred to as Michael and ‘retro-Michael’ reaction (Vroomen et al., 1988). It
is unclear to what extent these unstable thiol adducts of nitrofurans play a role in vivo, as incubations
of tissues from treated pigs with mercaptoethanol did not result in the formation of the
mercaptoethanol conjugate (Vroomen et al., 1990).

At low pH, as in the stomach of many species, the azomethine bond (C=H) between the two parts of
the molecule can be cleaved resulting in the release of the side-chain. Only in the case of pigs treated
orally with furazolidone was it investigated and shown that the side-chain (in this case AOZ) is
actually a metabolite occurring in the blood (Hoogenboom et al., 2002).

Finally, it has been demonstrated that some nitrofurans (nitrofurantoin and furaltadone) are able to
cross the placental barrier in a variety of mammalian species (Buzard and Conklin, 1964; Perry and
LeBlanc, 1967; Zhang et al., 2007), while data on the mammary excretion of the parent compounds
are available for nitrofurantoin only. There is also evidence that nitrofuran metabolites may be
excreted in (dairy) milk (Chu and Lopez, 2007) and eggs (McCracken and Kennedy, 2007).

8.1.2. Humans

Only very limited information is available concerning the pharmacokinetics of furazolidone. Ten
healthy adults (weight, gender and age not specified) were orally administered 400 mg furazolidone in
doses of 200 mg each for 21 days and the levels of the unchanged drug were determined in daily
collected plasma and urine samples with an HPLC method. A wide range of plasma concentrations
were reported (0.002-0.489 pg/mL) while the urinary excretion rates varied from 0.003 to 0.06 % of
the daily dose. The authors conclude that furazolidone appears to be extensively metabolised in
humans (Guinebault et al., 1981, as reported in White, 1989).

A single tablet of a commercial formulation containing 200 mg furazolidone (Giarlam™) was
administered to 18 human volunteers (body weight range 55-100 kg); blood was collected 0.5, 1, 1.5,
2,3,4,6, 8,12, 18 and 24 hours after dosing and the drug concentrations were measured by an HPLC
method (LOD: 0.01 pg/mL; LOQ: 0.05 pug/mL). Kinetic data pointed to a good bioavailability of the
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drug after oral administration, being detectable in serum as soon as 30 minutes after treatment and
reaching a maximum serum concentration (Cpay; 0.34 pg/mL) within the first 3 hours, with a ty;, of
4.87 hours (Calafatti et al., 2001).

The kinetics of nitrofurantoin were reviewed by Mandell and Sande (1985). It is rapidly and
extensively absorbed by the gastrointestinal tract; slower absorption and urinary excretion rates and a
lower incidence of adverse effects have been reported for the macrocrystalline form of nitrofurantoin
than for the microcrystalline one (D’Arcy, 1985; Cunha, 1988; Brumfitt and Hamilton-Miller, 1998).
Nowadays, mostly macrocrystalline nitrofurantoin is used (see section 1.3.1) but there are still a few
formulations that contain the microcrystalline form. Only in a few studies the particle size was
specified (Conklin and Hailey, 1969; Borsa et al., 1976; Rosenberg and Bates, 1976; Méannistd, 1978).
Microcrystalline nitrofurantoin has a particle size smaller than 10 um (Rosenberg and Bates, 1976;
Conklin and Hailey, 1969), approximately 10 um (Borsa et al., 1976) or 4-15 um (Mannist6, 1978).
The reported particle sizes of macrocrystalline nitrofurantoin were: 75-180 um (Conklin and Hailey,
1969; Rosenberg and Bates, 1976), 80-180 um (Borsa et al., 1976) or 90-200 pm (Mannistd, 1978).

A study was designed in which six healthy human volunteers (weight range 62-80 kg) were
administered 50 mg of nitrofurantoin (lvadantin™) either as a tablet or as a slow intravenous (i.v.)
infusion (Hoener and Patterson, 1981). The concentrations of both the parent compound and its amino-
derivative arising from the complete reduction of the nitrofuran ring (aminofurantoin) were measured
in plasma and urine specimens by means of an HPLC method. The drug kinetics after i.v. dosing could
be described by a two-compartment open-body model with a calculated terminal plasma half-life of
58 + 15 minutes, with about 60 % of the drug bound to plasma proteins. The average fraction of the
drug that was excreted unchanged in the urine was 34 % when given orally and 47 % when
administered i.v., reaching the peak at about between 105 and 170 minutes; the urinary excretion of
the metabolite aminofurantoin amounted to about 1.2-1.4 % of the administered drug with no
differences between the administration routes; a further minor urinary metabolite was tentatively
identified as the N-acetylamino-derivative. Following the oral administration, C.x (428 £ 146 ng/mL)
was reached after about 2 hours and slight differences in the kinetic parameters and in the
bioavailability were observed between fasted and unfasted individuals. In contrast, both the
bioavailability and the persistence of effective urinary concentrations were enhanced (from 20 to
400 %) in unfasted compared with fasted individuals administered with a single nitrofurantoin dose
(100 mg), the largest differences being observed with dose forms exhibiting the lowest dissolution rate
(i.e. tablets) (Rosenberg and Bates, 1976). A very limited drug excretion rate was reported in uraemic
patients (Sachs et al., 1968), while genetic polymorphism of the ABCG2 C421A drug transporter had
no apparent effects on plasma and urine kinetics in human volunteers orally administered with a single
dose (100 mg) of the drug (Adkinson et al., 2008).

Scant information is available concerning the placental transfer of nitrofurantoin. In the only available
report, 17 women in labour received 90 mg of the drug by i.v. infusion over a period of 30 minutes
(Perry and Leblanc, 1967). At the time of delivery, samples of maternal venous blood, umbilical cord
blood and, whenever possible, amniotic fluid were collected at different time points and nitrofurantoin
concentrations were determined by means of a colorimetric method. The drug was found to readily
cross the placental barrier reaching cord blood concentrations of the same order of magnitude of those
measured in maternal blood (range < 1.0-9.8 pg/mL) with a ratio ranging from 0.4 to 2, but showing
at the same time a rapid disappearance from fetal circulation. The overall usefulness of the study is
limited by the poor sensitivity of the analytical method (LOD 1 pg/mL).

To investigate the transfer rate of nitrofurantoin in human milk, four healthy lactating women were
treated with a single oral dose of macrocrystalline nitrofurantoin with food, and blood and milk
samples were collected at different time intervals up to 12 hours after dosing (Gerk et al., 2001). Drug
concentrations measured with an HPLC method (LOQ 0.01 pug/mL) were much higher in milk than in
serum at any time point, displaying C.x Values of 2.71 + 0.65 versus 0.50 £ 0.14 ug/mL, which were
reached in about 5 hours in both cases. As the milk—serum ratio was much higher (nearly 6) than that
expected based on an in vitro model of passive diffusion, the authors concluded that nitrofurantoin is
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actively excreted in human milk, as confirmed later by further in vitro studies (Gerk et al., 2003); in
addition, they expressed health concerns for suckling infants younger than 1 month, or infants with a
high frequency of G6PD deficiency or sensitivity to nitrofurantoin.

In conclusion, limited information is available on the kinetics of nitrofurans in humans. The oral
bioavailability of the parent compound seems to be good, and in the case of nitrofurantoin was shown
to be affected by drug particle size and possibly by fasting. No reliable data could be found on the
biotransformative profile of all nitrofurans considered in this opinion.

8.1.3.  Laboratory animals

Little information on the in vivo kinetics of furazolidone is available in the open literature. In rats
administered with a single oral dose of 100 mg furazolidone/kg b.w., plasma levels of the nitrofuran
measured with a colorimetric method amounted to 2.5 pg/mL 4 hours after treatment; after 48 hours,
3.2 % of the administered dose could be recovered in the faeces as the unchanged molecule using a
microbiological method (Paul et al., 1960b). In a more recent study (Tatsumi et al., 1984), the
excretion profile was investigated in rats using the labelled compound. In animals receiving a single
oral dose of **C-furazolidone (10 mg/kg b.w.), 50 % of the radioactivity was recovered in faeces and
urine collected over 7 days; the identification of the N-acetylamino-derivative in urine samples
provided evidence of the formation of the amino-derivative as an intermediate metabolite of
furazolidone in rats. In a further experiment in which the labelled compound was administered orally
to rats at doses of 100 mg/kg b.w. for 4 days, an open-chain cyano-derivative (3-(4-cyano-2-
oxobutylideneamino)-2-oxazolidone), an open-chain  carboxylic derivative  ((4-carboxy-2-
oxobutylideneamino)-2-oxazolidone) and a-ketoglutaric acid were also identified in urine, accounting
for 25 % of urinary radioactivity. Water-soluble unidentified metabolites accounted for the rest of the
urinary radioactivity.

The in vitro metabolism of **C-furazolidone was characterised using rat liver S9 or Escherichia coli
whole cell extracts or lysates under aerobic and anaerobic conditions (Abraham et al., 1984). In line
with the results of the in vivo studies, in all cases, the major metabolite was the result of a reductive
pathway and was unequivocally identified as an open-chain cyano-derivative (3-(4-cyano-2-
oxobutylideneamino)-2-oxazolidone). It is also worth noting that a significant proportion of the
radioactivity remained covalently bound to liver proteins. In a subsequent study investigating the
metabolic fate of **C-furazolidone using rat liver microsomes, Vroomen et al. (1987b) found two main
non-polar metabolites, i.e. the known open-chain cyano-derivative and a second one (2,3-dihydro-3-
cyanomethyl-2-hydroxy-5-nitro-1a,2-di-(2-ox0-oxazolidin-3-yl)iminomethylfuro[2,3-b]furan),  both
resulting from the reduction of the nitrofuran under aerobic or anaerobic conditions. CYP was not
involved in the generation of the above metabolites, which could also be produced upon incubation
with purified NADPH-CYP reductase. The addition of GSH (2 mM) to the incubation mixture
drastically decreased both the formation of the above-mentioned non-polar metabolites and the extent
of the covalent binding to microsomal proteins, which was most likely due to (reversible) GSH
interaction with unstable nitroso and hydroxylamino furazolidone derivatives.

Very little is known about the kinetics of furaltadone in laboratory species. In rats administered a
single oral dose of 100 mg furaltadone/kg b.w., plasma levels of the nitrofuran measured with a
colorimetric method amounted to 3.0 ug/mL 4 hours after treatment; after 48 hours, 3.4 % of the
administered dose (138 mg/kg b.w.) could be recovered in urine, while faecal excretion was negligible
(Paul et al., 1960b). To study the placental transfer of furaltadone, the drug was i.v. infused at doses
ranging from 5 to 15 mg per hour for various lengths of time to M-F strain guinea pigs, New Zealand
White rabbits, mongrel dogs or Hampshire sheep in their last trimester of pregnancy. A colorimetric
method able to measure the nitrofurfurylidene moiety was used to quantify the nitrofuran in maternal
and fetal plasma. The placental transfer of furaltadone could be demonstrated in all examined species
with a plasma fetal-maternal ratio ranging from about 0.35 to about 0.47 (Buzard and Conklin, 1964).
In vitro studies performed with rat liver homogenates pointed to an NADPH-mediated reductive
biotransformation involving the nitro-group (Akao et al., 1971).
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Buzard et al. (1961) studied the kinetics of nitrofurantoin in the rat. To investigate the site of
absorption after oral administration, nitrofurantoin (25 or 100 mg/kg b.w.) was injected into different
segments of the rat gastrointestinal tract, namely the stomach, small intestine, caecum and colon. After
blood collection and nitrofurantoin analysis, it was concluded that the drug was rapidly and
extensively absorbed in the small intestine and, to a minor extent, in the colon. A plasma half-life of
25 minutes could be measured following the i.v. dosing (25 mg/kg b.w.). As, after bilateral
nephrectomy or ligation of the ureters, the half-life of nitrofurantoin increased to around 70 minutes, it
was concluded that urinary excretion is an important elimination pathway. In this respect, a higher rate
of tubular reabsorption (up to 10-fold) was noted in young (5- or 15-day-old) than in older (33- or 55-
day-old) rats treated with 20 mg nitrofurantoin/kg b.w. (i.v.); the reason for this age-related difference
resides in the lower urinary pH displayed by the young rats causing the shift of nitrofurantoin (a weak
acid) towards the non-ionised form.

The bioavailability and the kinetic parameters of nitrofurantoin were investigated in rabbits (Watari et
al., 1983). Two groups of male Japanese white rabbits (n = 16) were dosed with the drug (1.25 or
10 mg/kg b.w.) using one of the following routes: i.v., intraduodenal or oral administration. Plasma
samples were collected before administration and over a 90-minute period after administration for the
low-dose group and over a 2.5-hour period after administration for the high-dose group. Urine was
collected 8 hours after administration. Nitrofurantoin was measured with a fluorometric method (LOD
not reported). The plasma concentration-time course after i.v. dosing could be fitted by a one-
compartment model. Plasma levels were significantly lower after oral administration with respect to
the other routes. At the low dose, the Cn.x Was 0.26 ug/mL after oral administration and around
1.55 pg/mL after the other routes of administration, whereas at the high dose it was 1.73 ug/mL after
oral administration and approximately 14 ug/mL after the other routes of administration. The reason
for the reduced bioavailability was attributed to a rapid drug decomposition in the stomach, probably
due to the (reversible) cleavage of the azomethine bond under acidic conditions. Finally, the
percentage of the unchanged drug that was excreted in urine varied depending on the route of
administration and the administered dosage. While in the animals given 1.25 mg nitrofurantoin/kg
b.w. it ranged from around 16 % (oral route) to around 50 % (other routes), at 10 mg/kg b.w. it
amounted to about 20 %, irrespective of the administration route.

The presence of 4-hydroxynitrofurantoin was unequivocally demonstrated in urine samples from male
Sprague—Dawley rats after a single oral dose of “C-nitrofurantoin (33 mg/kg b.w.); the amount of
such urinary metabolite was found to sharply increase (up to about 16-fold) in 3-methylcholanthrene-
or B-naphthoflavone-induced rats over phenobarbital pretreated or untreated animals (Jonen et al.,
1980), pointing to the involvement of the CYP1 family in the 4-hydroxylation of the drug.

The role of caecal microflora in the in vivo nitroreduction of nitrofurantoin was demonstrated by
Rowland et al. (1983). A negligible rate of nitrofurantoin reduction was found upon the incubation
with caecal suspensions from rats administered a diet supplemented with carrageenan (50 g/kg diet)
with respect to rats offered a basal diet; such an effect was attributed to the strong decrease of gut
bacterial populations observed in animals exposed to the food additive.

The in vitro metabolism of nitrofurantoin in rats was characterised using an HPLC method by Aufrére
et al. (1978) who demonstrated that, under anaerobic conditions, the drug was rapidly biotransformed
in liver and small intestinal wall preparations and by colon or caecum content as well, but only to a
lesser extent in kidney and lung. The main metabolite was the open-chain acrylonitrile derivative
resulting from the nitroreduction followed by the opening of the furan ring. In another in vitro study,
the one-electron reduction of nitrofurantoin by rat liver mitochondria with the generation of the
nitroanion radical and the superoxide anion could be demonstrated by direct electron spin resonance
spectroscopy and spin trapping experiments, respectively (Moreno et al., 1984). An increasing body of
literature (Oo et al., 2001; Merino et al., 2005, 2010; Wang and Morris, 2007; Wang et al., 2008)
indicates that, based on both in vitro and in vivo studies using knock-out mice, nitrofurantoin is a
substrate of the transmembrane breast cancer resistance protein (BCRP/ABCG2), a member of the
ATP-binding cassette family of transporters affecting the kinetics of several drugs, toxins and
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food/feed components. Remarkable differences in oral bioavailability (almost a 2-fold increase),
hepatobiliary excretion rate (nearly abolished) and milk—plasma ratio (80-fold decrease) were reported
between BCRP-/— and wild-type nitrofurantoin-treated mice (Merino et al., 2005). The effects of the
co-administration of nitrofurantoin and a mixture of two soy isoflavones known for their inhibitory
effects on drug transporters (Okura et al., 2010), namely genistein and daidzein, were investigated in
mice (Merino et al., 2010). Wild-type mice were orally dosed with nitrofurantoin alone (20 mg/kg
b.w.) or nitrofurantoin plus the isoflavones (both at 100 mg/kg b.w.). The isoflavone addition resulted
in both a statistically significant increase in nitrofurantoin plasma concentration at 30 minutes
(1.7-fold) and a strong inhibition of the BCRP/ABCG2-mediated nitrofurantoin secretion in milk, as
reflected by the lower milk—plasma ratio (7.1 4.2 versus 4.2 £ 1.6). Mice with isoflavones also
showed a remarkable reduction in nitrofurantoin bile levels (3.7 £ 3.2 versus 8.8 + 3.4 ug/mL). The
authors concluded that the co-administration of other BCRP/ABCG2 substrates may significantly
affect the in vivo kinetics of nitrofurantoin.

Limited information is available concerning the kinetics of nitrofurazone in experimental species. In
rats administered with a single oral dose of 100 mg nitrofurazone/kg b.w., plasma levels of the
nitrofuran measured with a colorimetric method amounted to 4.5 pg/mL 4 hours after treatment; after
48 hours, 4.6 % of the administered dose could be recovered in the faeces as the unchanged molecule
using a microbiological method (Paul et al., 1960a). In a further study, the excretion products
recovered in the urine of nitrofurazone-treated rats (dosage and route of administration not specified)
were tentatively identified as hydroxylamino or aminofuraldehyde semicarbazone (Paul et al., 1960b).
The oral absorption and the urinary and biliary excretion rates of *C-nitrofurazone were investigated
by Tatsumi et al. (1971) in rats administered with a single dose of the nitrofuran (100 mg/kg b.w.).
After 48 hours, the percentage of recovered radioactivity amounted to approximately 60 % in urine,
27 % in the bile and 12 % in the gastrointestinal tract. Because, as determined by reverse dilution
analysis or spectrophotometry, very little radioactivity was attributable to the unchanged compound in
all examined matrices (less than 0.3 %), it was concluded that oral nitrofurazone is extensively
absorbed and biotransformed in rats. To characterise the in vivo reduction of nitrofurazone, male
conventional or germ-free Sprague—Dawley rats were treated with 0.13 mg “C-nitrofurazone/kg b.w.
by gavage and the urinary metabolites analysed by HPLC (Tin-Chuen et al., 1983). The main reduced
metabolite was identified as the open-chain stable cyano-derivative 4-cyano-2-oxobutyraldehyde
semicarbazone; the amount of such a metabolite in urine from conventional rats was approximately
twice that measured in germ-free rats, suggesting an important contribution of the enteric flora in the
reductive pathway of nitrofurazone.

In experiments carried out with the isolated perfused rat liver (Hoener, 1988), the nitrofurazone-
mediated oxidative stress induced by both the nitroanion redox cycling and the generation of further
reactive unstable reduced metabolites (see Section 8.1.1) could be inferred by the marked increase in
biliary glutathione-disulphide (GSSG) along with a marked decline of tissue GSH levels. Using
%S-methionine, a GSH adduct with nitrofurazone (or its metabolites) could be identified by means of
HPLC.

In conclusion, only sparse information is available for laboratory species concerning the in vivo
biotransformation profile of the nitrofurans considered in the present opinion and the form in which
they are deposited in tissues.

8.1.4. Biotransformation in livestock, horses and fish

Prior to the discovery of protein-bound residues and the development of a method to detect them by
releasing the side-chain under acid conditions (Hoogenboom et al., 1991c), studies focused primarily
on the parent compound and, in some cases, on metabolites such as the open-chain cyano metabolite.
In general, these studies show rather low levels of the parent compound, if it is detectable at all. This is
quite different for the bound residues and the side-chains, which show rather high levels and long half-
lives. For the current opinion, the focus was primarily on studies to determine these bound residues
and their kinetics.
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8.1.4.1. Ruminants

Limited information is available on the transfer of nitrofurans or their metabolites into milk. In a study
by the United States Department of Agriculture (USDA), Smith et al. (1998) applied radiolabelled
nitrofurazone (label in the carbon of the azomethine bond) to dairy cows with intramammary
application, intrauterine application or application via the eyes (single doses of 65.6 mg
(intramammary) or 36.8 mg (intrauterine), or 4 days of 2.1 mg on the surface of the eyes), in order to
determine to what extent this off-label use would result in residues in milk. In all cases, a small part of
the label was excreted via the milk; in the case of the intramammary infusion, 1.25 and 1.09 % of the
label was excreted in the dosed and undosed quarters, respectively; in the case of the intrauterine
treatment, 0.45 % was excreted; and, in the case of the eye treatment, 0.45 % was also excreted. All
three animals were slaughtered on day 6 and the radiolabel was detected in all tissues examined, with
the highest levels in liver and kidney and in the tissues where the drug was applied. Levels of the
parent drug were determined in milk and accounted for only a small part of the radiolabel. The highest
level was 11.4 pg/kg in milk from the treated quarter collected between 0 and 12 hours after the
treatment, compared with 2.8, 0.7 and 0.3 pg/kg in milk collected between 12 and 24 hours, between
24 and 36 hours and between 36 and 48 hours, respectively. In the case of the intrauterine treatment,
the parent drug was detected in the milk collected between 0 and 12 hours only, at a level of 1.2 pg/kg.
It was apparently not possible to detect the released side-chain, but the method was not described.

Chu and Lopez (2007) developed a method to detect the released side-chains from residues in milk
and treated one cow orally with one dose of a cocktail of nitrofurazone, furazolidone, furaltadone
(each 648 mg) and nitrofurantoin (3.2 g). Initial levels in milk collected during the first 12 hours were
around 54, 46, 33 and 33 pg/kg for AMOZ, AHD, AOZ and SEM, respectively. Levels rapidly
decreased to below detection limits (0.2 pg/kg) at 72 hours.

The milk excretion of nitrofurantoin and its modulation by isoflavones, which are known inhibitors of
the efflux protein BCRP/ABCG2 (Okura et al., 2010), were investigated by Pérez et al. (2009) in
sheep. Lactating ewes (weight range 70-75 kg) were offered a standard diet or a diet without
isoflavones and all animals received a single dose of nitrofurantoin (20 mg/kg b.w.) by gavage with or
without the prior oral administration of genistein and daidzein, each at the dose of 10 mg/kg b.w. Milk
samples were collected up to 24 hours after dosing and nitrofurantoin concentrations were measured
by an HPLC/UV method. While the time to peak concentration (T .x) Values (range 1.6-3.5 hours) did
not display statistically significant changes, much higher C..x values (P<0.05) were recorded in the
group fed the isoflavone-deprived diet (18.3 + 14.2 pg/mL) with respect to those measured in animals
fed the isoflavone-adequate diet without (5.2 £+ 3.9 pg/mL) or with (2.6 + 1.5 pg/mL) genistein and
daidzein administration. The results indicate that in sheep, nitrofurantoin is excreted in the milk and
that this process is very likely mediated by BCRP/ABCG2.

8.1.4.2. Pigs

Vroomen et al. (1987a) treated 6-month-old pigs (n = 10) with medicated feed containing 300 mg
furazolidone/kg for 10 days. Animals were killed 2 hours or 1, 3, 7 or 14 days after the last treatment.
Blood, urine and various tissues were analysed for the parent compound and for the only known
metabolite, the open-ring cyano metabolite, using HPLC-UV. Levels of the parent drug reached
plasma levels up to 80 pug/L but decreased to non-detectable levels 7 hours after treatment. Very
similar levels and patterns were observed for the cyano-metabolite, reaching the highest levels of
35 pg/L. In muscle, kidney and liver, the parent compound could not be detected (< 2 pg/kg). The
cyano-metabolite was detected in muscle, but only 2 hours after the last treatment. These studies
showed that the treatment of pigs with furazolidone did not result in detectable residues of the parent
compound.

In order to study the fate of furazolidone in pigs, Vroomen et al. (1986) carried out a study with two
piglets treated orally with 75 mg per day of the drug radiolabelled in the AOZ side-chain. This was
done in accordance with the former therapeutic dose. One piglet was killed after 10 days of treatment,
and the other one after a withdrawal period of 7 days. Various tissues were collected and examined for
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the radiolabel. In the piglet killed just after the last treatment, the amount of the **C-label, expressed as
furazolidone equivalents, was 6 000 pg/kg in muscle, 33 000 pg/kg in kidney and 30 000 pg/kg in
liver. In the other piglet, levels were considerably lower, being 2 000 pg/kg in muscle, 3 000 pg/kg in
kidney and 3 000 pg/kg in liver. Tissues were examined for the presence of furazolidone, showing that
most of the radiolabel was present as unknown metabolites. A major part of the radiolabel could not be
extracted from the tissues with various organic solvents and was therefore called protein-bound
residues. This fraction was 14, 9 and 35 % for liver, kidney and muscle, respectively, from the piglet
killed directly after the last treatment, and 27, 31 and 56 % for liver, kidney and muscle, respectively,
from the piglet killed 7 days after the last treatment. It should be stressed that the extraction included
an extraction with water, potentially resulting in the loss of small proteins/peptides and as such an
underestimation of the actual fraction of bound residues. The same may occur with organic solvents
that are not able to precipitate all the proteins.

Bound residues could be drug-like adducts, but it was also argued that the drug was very extensively
metabolised and that radiolabelled fragments were incorporated into amino acids and subsequently
proteins. However, muscle and liver tissues of this experiment were used by Hoogenboom et al.
(1991c) to show that, similar to treated pig hepatocytes, AOZ could also be released from muscle and
liver samples of animals treated with the drug. Levels of AOZ released from the liver were 23 and
14 % of the bound residues for the pigs killed just after the last drug treatment and 7 days later,
respectively.

Hoogenboom et al. (1992a) performed a follow-up study with 3-month-old pigs (n = 10) to further
study the fate of the bound residues. Animals were given the therapeutic dose through the feed
(300 mg/kg feed) for 7 days. Withdrawal periods of 0, 1, 2, 3 and 4 weeks were applied. As observed
previously, residue levels of the parent compound were non-detectable. However, in this study, the
newly developed method for the marker residue, AOZ, was applied on samples from these pigs
showing a gradual decrease in the levels. However, AOZ was still detected in liver, kidney and muscle
samples from pigs killed 4 weeks after the last treatment at levels of 41, 7 and 10 pg/kg, compared
with 993, 600 and 124 pg/kg, respectively, when slaughtered without any withdrawal period. When
plotted on a log scale, this study showed a linear decrease in the levels of released AOZ. As also
observed in the previous study with piglets by Vroomen et al. (1986), the decrease in muscle tissue
seemed slower than that in liver and kidney.

Gottshall and Wang (1995) performed a study with six pigs (40-45 kg) treated with furazolidone
“C-labelled in both the nitrofuran and the AOZ rings. The drug was orally applied for 14 days and
animals were slaughtered 10 hours, 21 days and 45 days after the last treatment. Initial levels of
residues (10 hours) in liver, kidney and muscle, expressed in furazolidone equivalents, were 41, 34,
and 13 mg/kg and decreased to 4.4, 3.4 and 3.3 mg/kg, respectively, after 21 days and to 2 mg/kg in all
tissues after 45 days. In addition, in this study, tissues were analysed for the marker residue AOZ,
showing that the fraction of AOZ that could be released from the residues decreased over time; for
example, in liver, the fraction started at 18 % at 10 hours and decreased to 13 % at 21 days and to 9 %
at day 45. Nevertheless, levels of AOZ released from liver were 3 404 pg/kg at 10 hours, 247 pg/kg at
day 21 and 79 pg/kg at day 45. In muscle, these levels were 1291, 110 and 62 pg/kg, respectively,
confirming that the difference between liver and muscle gets smaller after time, possibly as a result of
a higher turn-over of tissue proteins in liver.

In order to validate their improved analytical method, Leitner et al. (2001) treated two pigs for 3 days
with a therapeutic dose of either furazolidone or furaltadone. Animals were slaughtered immediately
after the last treatment and analysed without prior extraction. Levels of AOZ and AMOZ in muscle
meat were 100 and 30 pg/kg, being lower than observed before, possibly owing to the short treatment.

Cooper et al. (2005) treated 8-week-old piglets for 10 days with feed medicated with furazolidone,
furaltadone, nitrofurantoin or nitrofurazone at a dose of 400 mg/kg feed. Animals were slaughtered
after a withdrawal period of 0, 1, 2, 3, 4 or 6 weeks and liver, kidney and muscle tissue was collected.
Tissues were first extracted with organic solvents and the precipitate containing the bound residues
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was treated with hydrogen chloride to release the respective side-chains. Levels were determined with
LC-MS. With the exception of some low levels at time 0, no parent compounds could be detected. In
the case of furazolidone, initial levels of AOZ released from liver, kidney and muscle were around
2 000, 1 000 and 400 pg/kg, respectively, being in a similar range as that observed previously. Levels
decreased gradually to about 40 pg/kg in liver and muscle and 10 pg/kg in kidney after 6 weeks.
Depletion half-lives varied between 7 days for liver and kidney and 12 days for muscle. In the case of
furaltadone, initial levels of AMOZ released from liver, kidney and muscle were around 5 000,
3 000 and 1 700 pg/kg, respectively—all higher than for furazolidone, and also higher when corrected
for molecular weight. Levels showed a similar decline as for furazolidone during the withdrawal
period, again with relatively high levels after 6 weeks. Nitrofurantoin showed somewhat lower levels
of AHD released from the various tissues, with levels just below 10 pg/kg after 6 weeks, but again
showing a similar decline. In the case of nitrofurazone, initial levels were relatively high, especially in
muscle and when expressed on a molar basis, showing initial levels of 2000 and 300 pg/kg,
respectively, after 6 weeks. This depletion from muscle was much slower than for the other
nitrofurans, which is also shown by the long half-life of 15 days.

Liu et al. (2010a) treated young piglets (15-18 kg) for 7 days with medicated feed containing
400 mg/kg furazolidone, followed by a withdrawal period of 0.5, 7, 21, 35, 56 or 63 days. In addition
to liver, kidney and muscle, plasma and urine were also collected and analysed to examine the
potential use of these matrices to predict the levels in tissues. Tissues were not extracted prior to
analysis, and an immunoassay was applied to quantify AOZ after derivatisation. Half a day after the
last treatment, levels in liver, kidney and muscle were around 2 000, 1000 and 700 pg/kg,
respectively, which are very similar to those observed in other studies. The decrease in these levels
was relatively slow and, after 63 days, AOZ was still detectable at levels around 1 pg/kg. Interestingly,
levels in both plasma and urine showed a very good correlation with those in tissues, indicating the
gradual release of AOZ-containing peptides and excretion into the urine. As such, urine and plasma
can be used to determine the treatment of animals even after a prolonged time.

8.1.4.3. Poultry

Transfer to eggs

Various studies have shown that nitrofurans in poultry feed may result in residues in eggs. McCracken
et al. (2001) were the first to also include the releasable side-chains in these studies. Laying hens were
fed for 11 days with a feed containing furazolidone at 400 mg/kg, which was the former therapeutic
level. Within 3 days, the levels of furazolidone reached a plateau level around 400 pg/kg, very similar
to the level of AOZ. On a molar base, the parent compound could explain only part of the AOZ. When
ending the treatment, the levels of furazolidone dropped to around 4 pg/kg after 4 days, while AOZ
was still detectable at levels around 3 pg/kg after 21 days. Most of the furazolidone was detected in
the egg white during the treatment, whereas, for AOZ, levels were similar in egg white and yolk.
However, 11 days after the treatment, AOZ levels in the yolk were three-fold higher, which might be
related to the fact that production of yolk requires much more time than the albumen.

In a second study, McCracken and Kennedy (2007) also included nitrofurazone, nitrofurantoin and
furaltadone as well as furazolidone. Hens were fed for 1 week with medicated feed containing
300 mg/kg of either one of these four nitrofurans. Yolk of eggs collected for 2 days after the treatment
showed levels for furazolidone, furaltadone, nitrofurantoin and nitrofurazone of, respectively, 1.82,
1.83, 0.28 and 4.18 nmol/g (corresponding to, respectively, 410, 593, 67 and 828 ug/kg). Levels of the
side-chains AOZ, AMOZ, AHD and SEM were, respectively, 4.68, 2.93, 1.47 and 15.13 nmol/g
(corresponding to, respectively, 477, 589, 222 and 1 135 pg/kg), and again, on a molar base, the levels
were much higher than for the parent compounds. In egg white, the levels for the parent compounds
were slightly lower, except for nitrofurazone where the difference was much larger. A similar
difference between egg yolk and egg white was also found for the side-chains. Both the parent
compounds and side-chains were also detected in the shell, and levels were particularly high for SEM
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(24 nmol/g). When compared with the previous study, levels for furazolidone and AOZ were in a
similar range.

Cooper et al. (2008a) fed broiler breeder hens with feed containing nitrofurazone at levels of 0.03, 0.3,
3, 30 or 300 mg/kg for a period of 16 days. Levels of the parent compound in whole eggs increased
rapidly, reaching plateau levels within 4 days, being around 1, 7, 70 and 700 pg/kg for the four highest
dose groups. A similar pattern was observed for SEM, but levels were slightly higher. Hens fed the
highest dose were transferred to clean feed, resulting in a decrease in the levels of nitrofurazone and
SEM with half-lives of 1.1 and 2.4 days, respectively. About 75 % of SEM and 60 % of nitrofurazone
was present in the yolk. About 16 % of the SEM in yolk could be attributed to the parent compound,
compared with 36 % in the case of the albumen (overall about 28 %). These data all refer to total
SEM. Tissue-bound SEM was determined in whole eggs of the 3 and 30 mg/kg dose groups, showing
that about 30 % of the SEM was present in the non-extractable part.

McCracken et al. (2005b) also studied the transfer of metabolites of furazolidone, nitrofurazone,
nitrofurantoin and furaltadone from breeder hens via the eggs to the progeny. Hens received feed with
400 mg/kg of the drugs, and eggs that were collected after more than 1 week on the drugs were bred.
Young chicks were slaughtered at various ages; at day 1, liver levels of AOZ, AMOZ, AHD and SEM
of, respectively, 7, 11, 3 and 27 pg/kg and muscle levels around, respectively, 5, 1, 3 and 33 pg/kg
were found. Levels in both liver and muscle rapidly declined to below 1 pg/kg, but remained
detectable up to 10 to 42 days, depending on the nitrofuran. In general, tissue levels were much lower
than those in eggs, being 573, 1004, 501 and 825 pg/kg for AOZ, AMOZ, AHD and SEM,
respectively, and were comparable to those from the previous study (McCracken et al., 2001). This
study implies that there is carry-over via the eggs but that only part of the residues end up in the

progeny.

Barbosa et al. (2012) fed laying hens with medicated feed containing either 150 mg/kg of furaltadone
or 100 mg/kg of nifursol for a period of 3 weeks followed by 3 weeks on clean feed. Eggs were
analysed for both the parent compounds and the side-chains AMOZ and DNSH (without prior
extraction of the proteins with solvents). As shown before, the parent compounds could be detected
during the treatment but not at the end of the first week on clean feed. Levels of furaltadone in egg
yolk and egg white were 384 and 242 ug/kg, and of nifursol were 271 and 83 pg/kg, respectively,
suggesting a more selective excretion of nifursol into yolk. Levels of AMOZ in egg yolk/egg white
during the treatment were 629/494 ug/kg and decreased to 29/31, 5.2/3.2 and 3.1/2.9 pg/kg at the end
of 1, 2 or 3 weeks on clean feed, respectively. This shows that, during the treatment, the parent
compound was responsible for a maximum of one-third of the detected side-chain, taking into account
the difference in molecular weights. For nitrofurazone, the levels of the side-chain DNSH in egg
yolk/egg white were 1 595/220 during the treatment and decreased to 65/12, 2.1/ND (not detectable)
and ND/ND at the end of 1, 2 or 3 weeks on clean feed, respectively. In this case the parent compound
could explain 11 and 25 % of DNSH in egg yolk and white, respectively, which is even less than in the
case of furaltadone. When given feed with a mixture of 15 mg/kg furaltadone and 10 mg/kg nifursol,
levels of parent compounds and side-chains in eggs were roughly 10-fold lower, with the exception of
DNSH in yolk, which showed a higher ratio of almost 20-fold.

Transfer to meat and tissues

Zuidema et al. (2005) investigated the presence of tissue-bound residues of nifursol in 2-week-old
broilers. A medicated feed containing 50 mg/kg nifursol was supplied for 7 days, followed by a switch
to clean feed. Animals were slaughtered 0, 3, 7, 14 or 21 days after the switch. The parent compound
could be detected in bile and plasma at days 0 and 3, but not in any of the tissues collected. Tissues
were analysed for the releasable side-chain DNSH after extraction with organic solvents. DNSH levels
were 900, 2 000 and 225 pg/kg in liver, kidney and muscle tissue. The extracted fraction was also
analysed, showing levels of about 10 % of the non-extractable part. After 21 days, DNSH could still
be detected at levels around 10 pg/kg in liver and kidney, just below 1 pg/kg in muscle and around
3 ng/kg in plasma. The study also describes levels of AOZ and AMOZ in liver of broilers treated for
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7 days with either furazolidone- or furaltadone-medicated feed containing 200 mg/kg of the drugs. At
day 0, levels of AMOZ and AOZ were around 5 000 and 1 000 pg/kg, declining to 50 and 20 pg/kg,
respectively, after 21 days. In muscle, levels of AMOZ and AOZ were 30 and 10 pg/kg, respectively,
at day 21.

McCracken et al. (2005a) performed a study with 28-day-old broilers treated via the feed for a period
of 12 days, after which the animals were slaughtered and muscle and liver were collected. Feed
contained 30, 100, 300, 1000 or 3000 pg/kg of furazolidone, furaltadone, nitrofurantoin or
nitrofurazone—Ievels which were all well below the previous therapeutic level of 300 mg/kg. Tissues
were first extracted with organic solvents prior to release of the side-chain, meaning that only protein-
bound residues were taken into account. In the case of furazolidone, this resulted in AOZ levels in
liver from 1.1 to about 25 pg/kg, compared with 0.3 to 10 pg/kg in muscle, with a clear linear dose—
response relationship. AMOZ levels in liver and muscle at the highest dose were as high as 40 and
15 ug/kg, respectively, which is very similar to AOZ in the case of treatment with furazolidone when
corrected for molecular weights. In the case of nitrofurantoin, levels of AHD in muscle were very low,
whereas in liver they amounted to 35 pg/kg, which again is very similar to AOZ in the case of
furazolidone treatment, expressed on a molar basis. For nitrofurazone, the situation was somewhat
different, showing SEM levels in liver and muscle of up to 35 and 28 ug/kg, respectively, which on a
molar basis were also much higher than observed for the other drugs.

Barbosa et al. (2011) fed 19-week-old laying hens with feed containing either 150 mg/kg of
furaltadone or 100 mg/kg of nifursol for a period of 5 weeks followed by 3 weeks on clean feed.
Animals were slaughtered at the end of the treatment or after the additional 3 weeks on clean feed, and
muscle, liver and gizzards were examined for the parent compound and the side-chains, the latter
without prior extraction of tissues. Parent compounds could be detected directly after the treatment,
with levels of furaltadone in meat, liver and gizzards around 35, 40 and 55 pug/kg, and with levels of
nifursol a bit lower, i.e. 15, 13 and 12 pg/kg, respectively. Parent compounds were not detectable after
3 weeks on clean feed. Levels of the AMOZ and DNSH side-chains directly after the treatment were
much higher, with levels of furaltadone in meat, liver and gizzards around 1800, 3300 and
3 300 pg/kg, respectively, and levels of nifursol again lower, i.e. in all tissues between 300 and
350 pg/kg. Levels decreased after 3 weeks on clean feed but were still detectable, being 270, 80 and
331 ug/kg for furaltadone and 2.5, 6.4 and 10.3 pg/kg for nifursol in meat, liver and gizzards,
respectively. Overall, the results are in agreement with those obtained by Zuidema et al. (2005). When
similar animals were fed a diet containing a mixture of 15 mg/kg furaltadone and 10 mg/kg nifursol,
roughly 10-fold lower levels of parent drugs and side-chains were detected, with some variation. This
implies that, at these relatively low feed levels compared with the formerly used doses, tissue levels of
AMOZ and DNSH were still well above the MRPL of 1 pg/kg at the end of the treatment period, and
this was still the case after a 3-week withdrawal period for AMOZ but not for DNSH.

8.1.4.4. Horses

Despite the documented use of furaltadone in horses (Huber, 1982), no data on kinetics were identified
for any of the nitrofurans.

8.1.4.5. Fish and other seafood

Heaton and Post (1968) exposed brook trout (Salvelinus fontinalis), brown trout (Salmo trutta),
rainbow trout (Oncorhynchus mykiss) and cutthroat trout (Oncorhynchus clarkii) to 35 mg
furazolidone/kg b.w. per day for 20 days, followed by a 10-day depuration period. Brown trout had
the highest mean muscle residue concentration (482 pg/kg) after 10 days of medication. Mean
furazolidone levels in fish fillets in all species were less than 75 ug/kg after 10 days’ depuration,
achieved by feeding on non-medicated feed.

Plakas et al. (1994) administered a single oral dose of 1 mg **C-furazolidone/kg b.w. (labelled in the
AOZ side-chain) to channel catfish (Ictalurus punctatus) to examine the pharmacokinetics, tissue
distribution and excretion of furazolidone. The oral bioavailability of furazolidone was 28 % in a feed
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mixture. Elimination of the parent compound was rapid, with a half-life of 0.27 hours and total body
clearance of 1 901 mL/kg b.w. per hour. The plasma concentration of furazolidone was highest 1 hour
after dosing, and was below the LOD (<20 ug/L) at 5 hours. Levels of furazolidone and its
metabolites were highest in the excretory tissues and lowest in the muscle. Parent furazolidone
comprised 10 % of the total radiolabel in muscle tissue after 8 hours and was below the LOD
(<1 pg/kg) after 24 hours. Total *C concentrations declined from 274 to 59 ng furazolidone
equivalents/g between 8 and 168 hours. Bound residues accounted for 18 % of total **C in muscle after
8 hours and 33 % after 168 hours. The primary route of excretion of **C-labelled residues was via the
kidney in urine and accounted for about 55 % of the oral dose.

Rainbow trout (Oncorhynchus mykiss) were exposed for 10 days to 135 mg/kg b.w. of
C-furazolidone, labelled in either part of the molecule, through the feed (Law and Meng, 1996).
When labelled in the nitrofuran part, the amount of radiolabel was higher than in the case of
furazolidone labelled in the AOZ side-chain. This suggests that part of the side-chain is cleaved either
before or after formation of the protein adducts. Hepatic protein-bound radiolabel remained high for at
least 30 days following dietary treatment. AOZ could be cleaved from part of the protein-bound
residues, showing that AOZ is also suitable as a marker residue in trout. The effect of dose and water
temperature on the amount of protein-bound *C in the liver was investigated further, showing higher
bound residue formation at higher temperatures. Results indicate that protein-bound radiolabel in the
muscle and liver of trout is related to the formation of reactive intermediates from furazolidone.

Guo et al. (2003) investigated the disposition of the cyano-metabolite of furazolidone, 3-(4-cyano-2-
oxobutylidene amino)-2-oxazolidinone, in the orange-spotted grouper (Epinephelus coioides) after
oral treatment with 50 mg furazolidone/kg b.w. The cyano-metabolite was mainly distributed in the
serum and muscle rather than in the liver and kidney. The peak concentrations of the cyano-metabolite
following oral exposure were 167.2 ug/L in serum and 283.2 pg/kg in muscle, which were reached
after 5.1 and 6.7 hours, respectively. The elimination half-life of the cyano-metabolite was 4 hours.

The residues of furazolidone and its marker metabolite (AOZ) were investigated in Nile tilapia
(Oreochromis niloticus) (Xu et al., 2006). After oral dosing with 30 mg/kg b.w. for 7 days, the
maximum concentration of furazolidone in Nile tilapia was 413 pg/kg after 6 hours, whereas AOZ
reached its maximum concentration (31 pug/kg) when treatment ceased. In contrast to the rapid
metabolism of furazolidone, AOZ was eliminated slowly; thus, the withdrawal time in Nile tilapia was
at least 22 days.

The elimination of furazolidone from Vietnamese black tiger shrimp (Penaeus monodon) muscle was
examined for up to 28 days following 7 days’ dosing (dose not given (Douny et al., 2013)). The
maximum concentration of NPAOZ following 7 days’ treatment was 874 + 326 pg/kg. After the
treatment ceased, residue levels decreased. However, after 28 days the concentration of NPAOZ in
shrimp muscle was 115 + 37 ng/kg.

Krongpong et al. (2008) measured the persistence of AOZ in eel (Anguilla japonica) following aquatic
exposure to 2 or 10 mg furazolidone/L for 3 hours, with a 160-day depuration period in clean water.
The half-lives of AOZ were 25.0 days in muscle and 21.6 days in liver from fish exposed to 2 mg/L
furazolidone. The eels with 10 mg/L furazolidone had higher AOZ concentrations in liver and muscle
following exposure than those in the low-dose group; however, the half-lives of AOZ were similar to
those in fish treated with 2 mg/L furazolidone (26.6 and 21.9 days in muscle and liver, respectively).

Channel catfish were exposed via feed to 200 mg furazolidone/b.w. per day for 5 days followed by a
3-month elimination period to examine the half-life and tissue distribution of AOZ (Liu et al.,
2012b%"). Samples of muscle, skin, liver and kidney were taken from fish afterl, 2, 4, 6, 8, 12, 24, 48,
96, 192, 288, 384, 480, 720, 1 080, 1440, 2 160 and 2 880 hours; fish were not starved prior to
sampling. AOZ reached peak concentration in all blood and all tissues sampled 4 hours following

%7 Original paper in Chinese. The text in this Scientific Opinion is based on the English translation of the paper.
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discontinuation of the drug and the drug remained detectable in all samples examined after
1440 hours (60 days). AOZ levels were below the LOD after 2 160 hours (90 days). The
concentration of AOZ was highest in kidney tissue followed by liver tissue, skin tissue, and blood and
muscle tissue. The elimination half-life of the drug in skin tissue was longest, followed by in muscle
tissue, which in turn had a longer half-life than in liver and kidney tissue. The authors claimed that the
study is representative of the behaviour of furazolidone in aquaculture; however, it does not appear
that the dietary treatment was conducted in triplicate and there is no feed intake data presented, which
are both requirements relevant for feeding trials.

Wang et al. (2010) characterised a cyano-derivative as a major metabolite of nitrofurazone in channel
catfish. The depletion of cyano metabolite was examined in the muscle of channel catfish after single
oral dosing (10 mg nitrofurazone/kg b.w.). Parent nitrofurazone was rapidly eliminated in muscle,
with a half-life of 6.3 hours. The cyano metabolite was detected for up to 2 weeks, with an elimination
half-life of 81 hours. The authors suggest that the cyano metabolite represents an alternative biomarker
for confirming the use of nitrofurazone in channel catfish.

Chu et al. (2008) investigated the depletion of furazolidone, nitrofurazone, furaltadone, and
nitrofurantoin and their tissue-bound metabolites AOZ, SEM, AMOZ and AHD, respectively, from
the muscle tissue of channel catfish (Ictalurus punctatus) following single oral dosing with 1 mg/kg
b.w. Parent compounds were quantifiable in muscle tissue within 2 hours. Peak concentrations were
found after 4 hours for furazolidone (30.4 ng/kg) and after 12 hours for nitrofurazone, furaltadone and
nitrofurantoin (104, 35.2 and 9.8 pg/kg, respectively). Concentrations of the parent compounds in
muscle fell below the LOD (1 ug/kg) at 96 hours. Peak levels of tissue-bound AMOZ and AOZ (46.8
and 33.7 pg/kg, respectively) were measured at 12 hours, and of SEM and AHD (31.1 and 9.1 pg/Kkg,
respectively) were measured at 24 hours. Tissue-bound metabolites were measurable for up to 56 days
following treatment.

8.1.4.6. Concluding comments

The studies performed with various animal species show that, in general, the parent compounds are
rapidly metabolised. Only in the case of eggs are the parent compounds detected in considerable
amounts. Furazolidone has been studied most but, in general, there is limited information on
metabolites of nitrofurans. Radiolabelled studies indicate the formation of a large number of different
metabolites. The most studied metabolite is the open-chain cyano metabolite resulting from the six-
electron reduction of the nitro-group. Studies with radiolabelled drugs also revealed the formation of
protein-bound residues, both in vivo and in vitro. These adducts are likely to result from the formation
of reactive intermediates during the reduction of the nitro-group. As a result, the side-chains are still
intact in at least part of the bound residues and can be released by cleavage of the azomethine bond
between the nitrofuran ring and the side-chain under acid conditions. Residue formation of
furazolidone, furaltadone, nitrofurantoin and nitrofurazone has been studied in pigs and poultry,
showing that the side-chains can be released and detected even after long withdrawal times, with some
minor differences between the drugs. Initial levels after therapeutic use are in the mg/kg range but
decrease to the pg/kg range after several weeks, which is thought to be the result of protein turn-over
and partly the growth of animals. Nifursol was studied in broilers only, showing similar behaviours as
the other nitrofurans. The side-chains can also be released from the parent compounds at low pH but
the extent to which this occurs is unclear.

8.1.5.  Bioavailability of bound residues

When feeding pig meat containing radiolabelled protein-bound residues of furazolidone to rats, part of
the radiolabel (present in the AOZ side-chain) was detected in the urine and in the tissues of the rats,
showing that these residues are bioavailable and might be of concern (Vroomen et al., 1990). This was
confirmed by studies of Gottshall and Wang (1995) using bile duct-cannulated rats given meat and
liver of pigs treated with radiolabelled furazolidone (label in both rings). It was concluded that 40 and
37 % of the radiolabelled compounds present in liver and muscle, respectively, of pigs slaughtered just
after the last treatment were absorbed from the gastrointestinal tract. This fraction decreased to 19 %
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for liver from pigs slaughtered after a withdrawal period of 45 days but remained similar (41 %) for
muscle. When focusing on non-extractable radiolabelled residues only, the fraction absorbed was quite
similar, being 31 and 16 % for liver of day-0 and day-45 animals, respectively, and 37 % for muscle of
day-45 animals. Vroomen et al. (1990) also observed that, in the rats, part of the radiolabel was
present in tissues and part was present as non-extractable, protein-bound residues. These studies show
that residues in muscle and liver from treated pigs, including the non-extractable residues, are
bioavailable, although the nature of the radiolabelled compounds could not be identified.

It was discussed whether the radiolabelled residues were actually adducts of the nitrofurans (drug-like)
or whether the labelled nitrofuran was extensively degraded resulting in small radiolabelled fragments
that were reused for the synthesis of amino acids and subsequently incorporated into proteins. The fact
that AOZ could be released from part of the protein-bound residues (Hoogenboom et al., 1991c)
confirmed that they were drug-like and this caused a renewed interest in the potential risk of the
residues, especially regarding the fact that the AOZ side-chain could be released by acid treatment and
thus potentially in the stomach. In the case of furazolidone itself, it had already been shown that the
formation of AOZ in the stomach was probably the basis of one of the adverse effects (neurotoxic
effects) of the drug in human patients. AOZ was shown to be an inhibitor of MAO and its inhibition
would result in a decreased detoxification of compounds such as tyramine formed in the
gastrointestinal tract (Stern et al., 1967). It had been hypothesised that the effect was due to the
formation of 2-hydroxy-ethylhydrazine (HEH) from AOZ following ring opening, although this was
never demonstrated.

In vitro studies with Caco-2 cells or perfused rat guts strongly indicated that free AOZ was released
and absorbed from protein-bound residues of furazolidone (Klee et al., 1999). Free AOZ was shown to
be transported from the apical to the basolateral side of either a monolayer of human Caco-2 cells or
isolated perfused rat gut segments. To investigate the possible release and absorption of AOZ from
bound residues, liver microsomes containing protein-bound adducts of furazolidone were first digested
with hydrogen chloride and pronase and then added to either Caco-2 cells or rat gut segments. Again,
AOZ was detected on the other side, suggesting release and absorption from bound residues. However,
in this study, AOZ was detected after derivatisation with NBA at low pH, leaving the possibility that
AOZ was not present in its free form. By applying a newly developed method for the extraction and
LC-MS detection of free AOZ (Hoogenboom et al., 2002), it was shown that free AOZ was present in
the blood of pigs treated orally with AOZ but also furazolidone. With the same method it was possible
to show the presence of free AOZ in the blood of rats fed with pig meat containing bound residues.
This demonstrated that AOZ is released during digestion and is actually absorbed.

Studies with isolated pig hepatocytes revealed that exposure to AOZ also resulted in the formation of
non-extractable protein-bound residues, and that AOZ could be released from these residues by acid
treatment (Hoogenboom et al., 2002). This observation also explains the results obtained by
McCracken and Kennedy (1997) who fed rats with liver, kidney or muscle from furazolidone-treated
pigs. It was shown that AOZ could be released from the rat tissues that were first extracted with
organic solvents. This shows that AOZ is released from bound residues in the stomach of the rat and
subsequently binds to proteins in the organs of the rat. In addition, bound residues in tissues from
food-producing animals may be derived from both furazolidone itself and AOZ, released from the
parent drug in the stomach by acid hydrolysis.

Studies on the bioavailability of bound residues or side-chains of other nitrofuran drugs are not
available.

In conclusion, these studies show that protein-bound residues may be formed by metabolism of the
parent compound (adduct type 1), but also of the side-chains released in the stomach of animals and
humans (adduct type Il) (Figure 4). As shown in the case of furazolidone, the protein-bound residues
are bioavailable owing to the release of the AOZ side-chain from either type of protein-bound residues
in the stomach. The absorbed AOZ may subsequently be metabolised to a compound able to form
adducts (adduct type II).
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Figure 4: Biotransformation of furazolidone resulting in the formation of two types of protein-
bound adducts, either from a reactive metabolite formed by reduction of the nitro-group or from AOZ
released in the stomach under acid conditions from either the parent compound or protein-bound
residues

8.2. Toxicity in experimental animals

8.2.1.  Acute toxicity

Furazolidone has been tested for acute toxicity in rats and mice, AOZ and AMOZ in rats,
nitrofurantoin in rats, mice and chickens, nitrofurazone in rats and mice, and SEM in rats and mice.
Median lethal doses (LDsp) are reported in Appendix G, Table G.1. In summary, the oral LDs, value
for furazolidone was estimated to be 1 110 mg/kg b.w. in mice and 1 508 mg/kg b.w. in rats. For
AOZ, the oral LDs, value was estimated to be 2 739 mg/kg b.w. in rats. No information regarding the
acute toxicity of furaltadone was identified. For AMOZ, the oral LDs, value was estimated to be
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> 2 000 mg/kg b.w. in rats. For nitrofurantoin, the oral LDs, value was estimated to be 360 mg/kg
b.w. in mice and 148 mg/kg b.w. in chicken, and ranged between 89 and 1 493 mg/kg b.w. in rats,
depending on the age of the rats. No information regarding the acute toxicity of AHD was identified.
For nitrofurazone, the oral LDsy value was estimated to be between 460 and 640 mg/kg b.w. in mice
and between 590 and 800 mg/kg b.w. in rats. For SEM, the oral LDs, value was estimated to be
176 mg/kg b.w. in mice. No information regarding the acute toxicity of nifursol or DNSH was
identified. The lungs are an important target organ for acute toxicity of furazolidone, nitrofurantoin
and nitrofurazone in rats, mice and chickens. Decreased food consumption and body weight loss,
hyperirritability, tremors, convulsions, alopecia, corneal opacity, discoloration of the lungs and
decreased respiratory function were observed.

To investigate the role of oxidative stress in the toxicity of nitrofurans, several studies on antioxidants
have been carried out. The acute toxic effect of nitrofurantoin (nitrofurantoin macrocrystals) on the
lungs was tested in rats with subcutaneous (s.c.) treatment (Boyd et al., 1979). Male rats (Sprague—
Dawley, 8 to 10 per group) were treated s.c. on a single occasion with 300 to 500 mg/kg b.w.
nitrofurantoin in an aqueous suspension. Between 4 to 12 hours after dosing, severe toxicity in the
lungs was found with respiratory suffering. Microscopic examination revealed interstitial and intra-
alveolar oedema, vascular haemorrhage and consolidations (alveoli and small airways filled with
dense material). The highest doses caused death owing to respiratory failure and convulsions. No
pathological changes were found in organs other than the lungs. The LDs, for s.c. dosing with
nitrofurantoin was 35 mg/kg b.w. for rats fed a vitamin E-deficient diet compared with 400 mg/kg b.w.
for rats fed a normal diet. The impact of vitamin E deficiency, dietary fat and oxygen on the toxicity of
nitrofurantoin was also tested. Rats (n =10 to 15 per group) were treated for 6 weeks with feed
deficient in vitamin E and with a high content of polyunsaturated fatty acids or saturated fatty acids
(lard), followed by 3 weeks’ treatment with a vitamin E-fortified diet (200 mg/kg diet) or a diet
without vitamin E fortification. Following the pretreatments, the rats were treated s.c. with 100 mg/kg
b.w. nitrofurantoin. After prefeeding with unsaturated fatty acids, all rats that were fed the diet without
fortification with vitamin E before treatment died within 7 hours after nitrofurantoin treatment.
Approximately 90 % died after 24 hours when pre-fed with saturated fatty acids and without a vitamin
E fortification. In the groups treated with a vitamin E-fortified diet for 3 weeks before treatment with
nitrofurantoin only, approximately 10 % of the rats died within 24 hours after treatment, independent
of the type of fat used in pre-feeding. It was also shown that pulmonary lesions and deaths increased
when rats were placed in oxygen-enriched atmospheres (sealed cages in which 2 L/min of 100 %
oxygen passed) for 24 hours, directly after administration of nitrofurantoin. As indicated in the dose
levels used, rats fed a vitamin E-deficient diet high in polyunsaturated fat (15, 20 and 25 mg/kg b.w. of
nitrofurantoin) showed more severe pulmonary lesions, appearing at an earlier time point, than rats fed
a normal diet treated with higher doses (250 or 400 mg/kg b.w.) of nitrofurantoin. Groups of rats at all
dose levels were treated with or without an oxygen-enriched atmosphere for 24 hours. The rats treated
in an oxygen-rich atmosphere showed much more severe lesions in the lungs than rats treated under a
normal atmosphere. Rats treated at the highest doses died within 4 (400 mg/kg b.w.) and 6 (25 mg/kg
b.w.) hours. Thus, the toxicity of nitrofurantoin was decreased by vitamin E but was increased by
unsaturated fats in the diet and by treatment under high-oxygen atmospheres.

Effects of selenium and vitamin E deficiency on the acute oral toxicity of nitrofurantoin
(nitrofurantoin macrocrystals) in chickens were studied (Peterson et al., 1982). Chickens (Leghorn,
8 days old) born from dams fed a vitamin E- and selenium-depleted basal diet for two generations
were used. The LDsg for chickens fed the same basal diet supplemented with selenium and vitamin E
was 148 mg/kg b.w. after 48 hours mortality observation. The LDs, for chickens fed the basal diet
without supplementation was 53 mg/kg b.w. Different diets, with or without selenium and vitamin E,
were also tested. It was found that selenium but not vitamin E had a protective effect against lethality
from nitrofurantoin treatment in chickens. Histological examination of the lungs of treated chickens
showed hyperaemia and variable oedema; some changes in the kidney were noted, but there were no
signs of toxicity in the liver or the heart.
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The effect of nitrofurantoin (chemical form not specified) on blood pressure was investigated in rats
(Murakami et al., 1989). Wistar rats (250 g, h = 7) were treated with nitrofurantoin at single i.v. doses
of 0.1 to 0.3 mg/rat, corresponding to 0.4 and 1.2 mg/kg b.w., respectively, for a 250 g rat. The
enzyme activity of GSH reductase decreased in the brain stem and the hypothalamus, which led to an
increased ratio of oxidised GSSG to reduced glutathione. In addition, blood pressure and heart rate, as
well as plasma renin activity and plasma noradrenaline, increased in rats. These effects were blocked
or reduced by the sympathetic ganglion blocker pentolinium tartrate. It was concluded that the
decreased activity of GSH reductase caused by nitrofurantoin treatment led to increased blood
pressure by activating the sympathetic nervous system and the renin-angiotensin system.

8.2.2.  Repeated-dose toxicity
No repeated-dose toxicity studies were identified for furazolidone.

AOZ, the marker metabolite for furazolidone, was tested in repeated-dose toxicity studies in rats and
dogs.

AOZ (crystalline, suspended in water and included in pellets) was fed to rats (Wistar, 9 weeks old, five
of each sex in each dose group) in the diet for 14 days in concentrations of 0, 100, 500, 2 500 or
10 000 mg/kg feed (NOTOX, 1995a). These concentrations correspond to 0, 12, 60, 300 and
1 200 mg/kg b.w. per day, respectively, using the default factor of 0.12 as recommended by the EFSA
SC (2012). No mortality was found during the study, but animals in the two highest dose groups died
after blood sampling just before sacrifice. Dose-related clinical signs such as piloerection, hunched
postures, rales (abnormal lung sounds) and pale appearance were found in the three highest dose
groups, and laboured respiration was found in the highest dose group. No clinical signs were found in
the 12 mg/kg b.w. per day group or in the control group. Food consumption, body weight and body
weight gain dose-dependently decreased in all treated groups compared with the control group.
Haematology analyses showed that there was damage to the red blood cells in all treated groups and
the total leucocyte counts were very low in the three highest dose groups. Furthermore, increased
serum bilirubin, aspartate aminotransferase (AST) levels and alkaline phosphatase (ALP) levels were
found in the two highest dose groups. Decreased protein levels were found in all treated males, but in
females were found in only the two highest dose groups. Relative weights of spleen, kidney and liver
increased in the two highest dose groups. Histopathology revealed congestion, haemosiderosis and
increased haematopoiesis in the spleen of all treated animals. In the groups treated with 60 mg/kg b.w.
per day and higher, effects on the thymus, intracellular oedema in tubules of the kidney and erosion of
the fundic mucosa were found. In the two highest dose groups, vacuolisation in the liver was noted
and, in the highest dose group, reduced spermatogenesis was also found. The increased levels of the
enzymes AST and ALP, the increased liver weights and the macroscopic changes indicate that AOZ
caused toxic effects in the liver. Effects in the lungs were not investigated, but laboured respiration
was found in the 1 200 mg/kg b.w. per day dose group and rales were seen in dose groups at or higher
than 60 mg/kg b.w. per day. According to the authors, effects on the spleen, red blood cell parameters
and weight gain were found in the lowest dose group (12 mg/kg b.w. per day). However, because no
numerical data were provided, the CONTAM Panel was not able to verify this conclusion.

AOZ (crystalline, suspended in water and included in pellets) was fed to rats (Wistar, 9 weeks old,
10 of each sex in each dose group) in the diet for 90 days in concentrations of 0, 10, 50 or 100 mg/kg
feed (NOTOX, 1995b). These concentrations correspond to 0, 0.9, 4.5 or 9 mg/kg b.w. per day,
respectively, using the default factor of 0.09 as recommended by the EFSA SC (2012). No deaths or
relevant clinical signs were found during the treatment period. Body weights and body weight gain
and food consumption decreased in animals treated with 4.5 or 9 mg/kg b.w. per day. No effects on
body weight, body weight gain or feed consumption were found in the lowest dose group. Red blood
cell parameters decreased in females and males treated with 9 mg/kg b.w. per day, but in only males
treated with 4.5 mg/kg b.w. per day. Upon histological examination, the only finding was an increased
severity of diffuse hepatocellular vacuolisation in the highest dose group, but no effects on the lungs
were identified. According to the authors, no changes in haematology parameters, clinical chemistry
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analyses or organ weights, or histological examination were found in the lowest dose group, 0.9 mg/kg
b.w. per day, compared with control animals. However, because no numerical data were provided, the
CONTAM Panel was not able to conclude on a NOAEL from this study.

Dogs (Beagle dogs, 3—4 months old, three of each sex in each dose group) were treated orally with
AOZ (crystalline powder, suspended in water) in the diet for 90 days with 0, 1, 3 or 6 mg/kg b.w. per
day (Brinck et al., 1995). No treatment-related mortality or clinical signs were found during the study.
Effects on body weight, body weight gain or food consumption were not statistically significantly
different from the control group. Increased relative liver weights were found in males and increased
absolute and relative spleen weights were found in females in the highest dose group. Several
haematology parameters were dose-dependently changed (decreased or increased) in treated groups
compared with controls, showing that AOZ caused a macrocytic, hypochromic anaemia. In animals in
the two highest dose groups, the thrombin time was prolonged but the fibrinogen levels were normal,
which causes inhibition of fibrin formation. Clinical chemistry analyses of serum showed significant
increased bilirubin, ALP and gamma-glutamyl transferase (GGT), as well as increased AST, alanine
aminotransferase (ALT) and triglyceride levels, in the two highest dose groups indicating a dose-
dependent cholestasis. In the lowest dose group, only ALP in males and GGT in females significantly
increased. Many organs were histopathologically examined, including the lungs. Macroscopic changes
in the liver were found in only the highest dose group. Perivascular cell accumulations in the liver
were found in all treated groups. An increased cellularity in the bone marrow, femur and sternum was
found in all treated females and in all males treated with 3 and 6 mg/kg b.w. per day, but in only one
male in the lowest dose group. Congestions in the spleen were found in all treated animals and in one
out of six control animals. AOZ caused liver toxicity and anaemia at all dose levels. Therefore, a
NOAEL in dogs cannot be identified from this study.

No repeated-dose toxicity studies were identified for furaltadone and AMOZ.

Toxicity of nitrofurantoin was tested for 14 days (dose range finding studies) and 13 weeks in mice
and rats (NTP, 1989).

Nitrofurantoin (microcrystalline powder) was fed to mice (B6C3F1, 4-6 weeks old, five of each sex
per group) for 14 days at concentrations of 0, 600, 1 300, 2 500, 5000 or 10 000 mg/kg feed (NTP,
1989). These concentrations correspond to 0, 120, 260, 500, 1 000 or 2 000 mg/kg b.w. per day,
respectively, using the default factor of 0.2 as recommended by the EFSA SC (2012). Four out of five
males and females in the 2 000 mg/kg b.w. per day dose group and one out of five in the 1 000 mg/kg
b.w. per day dose group died between days 6 and 14. All mice in the 2 000 mg/kg b.w. per day dose
group and male mice in the 1 000 mg/kg b.w. per day dose group lost weight, but the weights in the
lower dose groups (120, 260 and 500 mg/kg b.w. per day) were not different from the controls.
Clinical signs in mice from the highest dose group were lethargy, sunken eyes and altered gait. No
histological examination was conducted.

Nitrofurantoin (microcrystalline powder) was fed to mice (B6C3F1, 5-6 weeks old, 10 of each sex in
each group) for 13 weeks at concentrations of 0, 300, 600, 1 300, 2 500 or 5 000 mg/kg feed (NTP,
1989). These concentrations correspond to 0, 60, 120, 260, 500 or 1 000 mg/kg b. w. per day,
respectively, using the default factor of 0.2 as recommended by the EFSA SC (2012). Most mice
survived except 2 out of 10 in the highest dose group and 1 out of 10 in the lowest dose group. Clinical
signs were lethargy, hypothermia and sunken eyes in the highest dose group. The body weight gain
decreased in the highest dose group to approximately 85 % of that of the control group. Feed
consumption was not affected by treatment. The relative liver weights decreased in the two lowest
dose groups, but not in the higher dose groups. Upon histopathological examination, minimal to mild
necrosis of the kidney epithelium was observed in two out of nine high-dose males, necrosis of the
ovarian follicle was observed in 8 out of 10 high-dose females and minimal to mild degeneration of
the germinal epithelium of the testes, accompanied by aspermatogenesis, was observed in male mice
administered a dose of 260 mg/kg b.w. per day or higher. No such effect was observed in the lower
dose groups. A NOAEL of 120 mg/kg b.w. per day was identified from this study.
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Nitrofurantoin (microcrystalline powder) was fed to rats (F344/N, 4-5 weeks old, five of each sex in
each group) for 14 days at concentrations of 0, 1300, 2 500, 5000, 10 000 or 20 000 mg/kg feed
(NTP, 1989). These concentrations correspond to 0, 156, 300, 600, 12 00 or 2 400 mg/kg b.w. per day,
respectively, using the default factor of 0.12 as recommended by the EFSA SC (2012). All rats
survived, but dose-related decreases in weight gain were observed at doses > 300 mg/kg b.w. per day,
reaching 47 % of that of the control group for males and 55 % for females in the highest dose group at
the end of the study. Rats from the four highest dose groups had lower feed intakes than control
animals during the first week of treatment, but, during the second week, the feed intake increased so
that it was close to the control group and the lowest dose group. Rough hair coat, lethargy, sunken
eyes and brighter yellow urine was found as clinical symptoms in all dose groups. Necropsy, but not
histological examination, was performed. In the highest dose group, a discoloration to blue was seen in
the joints.Nitrofurantoin (microcrystalline powder) was fed to rats (F344/N, 5-6 weeks old, 10 of each
sex in each group) for 13 weeks at concentrations of 0, 600, 1 300, 2 500, 5 000 or 10 000 mg/kg feed
(NTP, 1989). These concentrations correspond to 0, 54, 117, 225, 450 or 900 mg/kg b.w. per day,
respectively, using the default factor of 0.09 as recommended by the EFSA SC (2012). Only 1 out of
10 females died during the study. Weight gain decreased dose dependently at doses > 225 mg/kg b.w.
per day, reaching 47 % of that of the control group for males and 41 % for females in the highest dose
group at the end of the study. Feed consumption was not influenced. Upon histopathological
examination, aspermatogenesis was found, as well as minimal to mild degeneration of the germinal
epithelium of the seminiferous tubules of the testes, in 29 out of 30 male rats treated with doses
> 225 mg/kg b.w. per day. A dose-dependent necrosis of the ovarian follicles in females was found in
groups treated with 900 mg/kg b.w. per day (8 out of 10), 450 mg/kg b.w. per day (3 out of 10) and
225 mg/kg b.w. per day (1 out of 10). No effects were observed in the lungs. In addition, the relative
liver weight was significantly higher in the two highest dose groups. From this study, a NOAEL of
117 mg/kg b.w. per day in rats treated for 13 weeks with nitrofurantoin in feed was identified.Rabbits
(New Zealand White, 12 in each group and six in each control group) were treated with nitrofurantoin
(chemical form not specified, 0.1 mg/mL aqueous solution) at a dose of 6 mg/kg b.w. per day for
1 week or 3, 6 or 12 months through drinking water to study the effect on the bladder (Levin et al.,
1988). Up to 12 months’ treatment did not affect bacterial adherence to the rabbit bladder and
histopathology of the bladders did not show any harmful effect in the epithelial layer, mucosal layer or
mucin coating.

No repeated-dose toxicity studies were identified for AHD.Toxicity of nitrofurazone (chemical form
not specified) was tested for 14 days (dose range finding studies) and for 13 weeks in both mice and
rats (NTP, 1988).

Mice (B6C3F1, 6-8 weeks old, five of each sex in each group) were fed nitrofurazone for 14 days at
concentrations of 0, 630, 1 250, 2 500, 5 000 or 10 000 mg/kg feed, corresponding to 0, 126, 250, 500,
1 000 or 2 000 mg/kg b.w. per day, respectively, using the default factor of 0.2 as recommended by the
EFSA SC (2012). All mice in the 500, 1 000 and 2 000 mg/kg b.w. per day groups and three out of
five males in the 250 mg/kg b.w. per day group died before the end of the study. Feed consumption in
groups treated with doses higher than 126 mg/kg b.w. per day was dose-dependently decreased.
Treated mice had rough hair coats and convulsive seizures (NTP, 1988).

Mice (B6C3F1, 5 weeks old, 10 of each sex in each group) were treated with nitrofurazone for
13 weeks at concentrations of 0, 70, 150, 310, 620 or 1250 mg/kg feed (NTP, 1988). These
concentrations correspond to 0, 14, 30, 62, 124 or 250 mg/kg b.w. per day, respectively, using the
default factor of 0.2 as recommended by the EFSA SC (2012). Mortality in males and females
increased in the two highest dose groups; only lout of 10 females and 4 out of 10 males survived
during the 13 weeks. Final weights decreased in only the highest dose group. Relative liver weights
increased by 35 % in the two highest dose groups compared with the control group. Liver weights
decreased in the two lowest dose groups, which resulted in a 20 % decrease in relative liver weight
compared with the control group. No effects in the lungs were found. Convulsive seizures and
hyperexcitability were noted in both sexes at doses at or higher than 124 mg/kg b.w. per day.
Moderate and severe testicular hypoplasia were found in the two highest dose groups: in 8 out of
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10 mice in the 250 mg/kg b.w. per day dose group and 9 out of 10 mice in the 124 mg/kg b.w. per day
dose group. From this study, the CONTAM Panel identified a NOAEL of 62 mg/kg b.w. per day for
mice treated orally with nitrofurazone for 13 weeks.

Nitrofurazone was fed to rats (F344/N, 6—7 weeks old, five of each sex in each group) for 14 days at
concentrations of 0, 630, 1 250, 2 500, 5 000 or 10 000 mg/kg feed. These doses correspond to 0, 75.6,
150, 300, 600 or 1200 mg/kg b.w. per day, respectively, using the default factor of 0.12 as
recommended by the EFSA SC (2012). Mortality in rats increased at the two highest dose levels. In all
rats, rough hair coats and lethargy were found. Rats treated with 300 mg/kg b.w. per day and higher
suffered from intermittent seizures and lethargy. A dose-dependent reduction in weight gain was found
in all dose groups compared with controls. Food intake decreased in both males and females at doses
above 75.6 mg/kg b.w. per day. Histopathology was performed in 10 % of the animals, indicating that
males from all dose groups failed to produce sperm cells. No effects on the lungs were recorded.Rats
(F344/N, 4-6 weeks old, 10 of each sex in each group) were treated with nitrofurazone for 13 weeks at
doses of 0, 150, 310, 620, 1 250 or 2 500 mg/kg feed (NTP, 1988). These doses correspond to 0, 13.5,
28, 56, 112.5 or 225mg/kg b. w. per day, respectively, using the default factor of 0.09 as
recommended by the EFSA SC (2012). No mortality was found, but body weight gain at the end of the
study was dose-dependently decreased at doses of 28 mg/kg b.w. per day in males and 56 mg/kg b.w.
per day in females and higher. Feed consumption decreased in the highest dose group. Relative liver
weights were significantly higher in all treated animals (males and females), but without any dose—
response relationship. Stimulus-induced convulsive seizures were observed in the highest dose group,
and hyperexcitability was found in females in the two highest dose groups and in males at only the
highest dose. No effects in the lungs were found. Osteoporosis was found in males from 56 mg/kg
b.w. per day and higher, and in females in the two highest dose groups. Nitrofurazone caused
moderate to severe degeneration of the seminiferous epithelium in the testes in all males treated with
doses of 28 mg/kg b.w. per day and higher. From this study, a NOAEL of 13.5 mg/kg b.w. per day
could be identified.Rats were given nitrofurazone (macrocrystals) in the diet at concentrations of
1000, 2000 or 4 000 mg/kg for 5 weeks (Krantz and Evans, 1945), corresponding to 90, 180 or
360 mg/kg b.w. per day, respectively, using the default factor of 0.09 as recommended by the EFSA
SC (2012). The rats in the highest dose group showed cachexia and hyperexcitability, and died during
the first week. Histopathology of these rats (n = 4) showed small focal cellular and necrotic areas in
the liver and coagulated albuminous fluid in the tubules in the kidney. Rats fed 90 or 180 mg/kg b.w.
per day showed no effects on growth rate but higher white blood cell counts. Mild histopathology
changes such as cloudy swelling of the liver cells and of the tubules in the kidney were found in some
animals from the groups treated with 90 and 180 mg/kg b.w. per day. No histopathology of the lungs
was conducted. The study is poorly reported.

Nitrofurazone (solid crystals, ground and included in the diet) was fed to rats (Wistar strain, 15 males
and seven females) for 4 to 15 weeks at concentrations of 2 000 or 3 000 mg/kg feed, corresponding to
180 or 270 mg/kg b.w. per day, respectively, using the default factor of 0.09 as recommended by the
EFSA SC (2012) (Miyaji, 1971). In this study, furylfuramide and sorbic acid were also tested. A
markedly decreased body weight was found in the rats treated with 270 mg/kg b.w. per day of
nitrofurazone for 4 weeks, but when treated with 180 mg/kg b.w. per day the decrease was less.
Therefore, the dose of 180 mg/kg b.w. per day was chosen when rats were treated for 1 to 15 weeks.
Relative liver weight increased in the nitrofurazone-treated group. A distinct atrophy of the testes was
found in rats treated for more than 1 week. Histopathological examination after 4 weeks of treatment
showed enlarged liver cells. After 10 weeks of treatment, hypertrophic liver cells became visible, but
this effect was reversible. Histochemistry on the liver showed no changes in ALP, phosphorylase or
glucose-6-phosphatase activity.

Rats (male Fischer, 10-11 weeks old) were treated with nitrofurazone (chemical form not specified,
suspension in 0.5 % methylcellulose) orally at a dose of 80 mg/kg b.w. per day either as a single dose
or as repeated doses for 1, 2, 3, 5 or 7 days (Ito et al., 2002). The body weight of the rats treated with
80 mg/kg b.w. per day was unchanged after dosing for 3 consecutive days, but decreased slightly after
dosing for 5 or 7 days. Incorporation of bromodeoxyuridine (BrdU) in hepatocytes, indicating
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increases in proliferating cells, increased reversibly after 1 and 2 days’ dosing with 80 mg/kg b.w. per
day, but decreased somewhat after 3 days’ dosing, despite maintenance of treatment. Enzymes in
plasma were not affected by treatment with nitrofurazone (80 mg/kg b.w. per day) for 1 to
3 consecutive days. The relative liver weight gradually increased during dosing up to 3 days with
80 mg/kg b.w. per day and remained at the same level thereafter. Histopathology, carried out on the
liver from rats treated with two doses of 80 mg/kg b.w. per day only, revealed no cell damage but
increased amounts of tangled, dark stained threads of chromosomes, i.e. mitotic figures. Mitotic
figures can indicate an abnormal mitosis but, in this study, the effect was only minor. In addition, rats
were treated with 20, 40 and 80 mg/kg b.w. per day for 2 days to study the BrdU incorporation in
hepatocytes, for which a dose-dependent increase was observed. The authors concluded that
nitrofurazone caused reversible hepatocyte proliferation without loss of cells.

Nitrofurazone was tested in monkeys (Macacus rhesus, n=2) treated orally with 300 mg
nitrofurazone (macrocrystals) daily for 5 weeks (Krantz and Evans, 1945). No effects on body weight,
electrocardiogram, electroencephalogram or haematology parameters were found. Histopathology
examination in liver and kidney showed slight changes in liver but not in kidney. An additional three
monkeys were treated with 500 mg nitrofurazone for 6 days. Histopathology analysis showed minor
changes such as pale, granular and swollen liver cells, but no changes in the kidney. The study is
poorly reported.

Juvenile rats (Sprague—Dawley) were treated orally by gavage for 28 days with SEM hydrochloride
dissolved in water (Maranghi et al., 2009). The rats were treated from postnatal day (PND) 23 until
PND 51 with 0, 40, 75 or 140 mg/kg b.w. per day (n = 10/group). The concentrations in the drinking
water were adjusted every 2 days as body weight changed with time. All animals were sacrificed at
PND 60 and histological examination was carried out in various organs—thyroid, adrenals, thymus,
spleen, uterus, ovaries and testes—and in the coxal-femoral joints. Significant mortality was found in
the two highest dose groups, 19 and 20 %, compared with 0 % in the control group. Body weight gain
was dose-dependently decreased during treatment in all males but in only the highest dose group in
females. However, during the recovery period (PND 51 to 60) the weight gain was comparable to the
control group in males and females. Food consumption decreased in all animals in the highest dose
group but in only females in the mid-dose group. Histology showed an absence of mineralisation in
the epiphyseal cartilage in all male animals treated with SEM, but not in the control group. In females,
no mineralisation was found in one out of seven individuals in the control group and in six out of
seven, four out of five and five out of seven rats in the 40, 75 and 140 mg/kg b.w. per day dose groups,
respectively. In the thymus and thyroid, alterations in the histology were found in the two highest dose
groups. In the high- and mid-dose groups, the ratio of the area of endometrium/myometrium of the
uterus decreased. A dose-related significant increase in primary and secondary oocytes with
condensed chromatin was found in the two highest dose groups, and a reduced number of corpora
lutea was found in the highest dose group. Alteration in the adrenals was found in only females in the
mid- and high- dose groups. Increased haematopoieses and the presence of megakaryocytes were
found in animals in the highest dose group. Absence of mineralisation in the epiphyseal cartilage in
males was found at all dose levels. The NOAEL for toxic effects of SEM in juvenile rats would
therefore be lower than 40 mg/kg b.w. per day.

In a similar experiment (same protocol, same dose levels) Maranghi et al. (2010) studied, in particular,
the effects of SEM on endocrine homeostasis. As in the previous study (see above) a dose-dependent
decrease in body weight gain was observed in all treated males (no numerical data reported). Increased
mortality (20 % compared with the control) was observed in male and female rats at 75 and 140 mg/kg
b.w. per day. Food consumption decreased in high-dose males and in females at 75 and 140 mg/kg
b.w. per day. Female rats showed a dose-related delayed timing of vaginal opening, which was
significant in the high-dose group only. In male rats, the timing of preputial separation was shortened
at 75 and 140 mg/kg b.w. per day, and delayed at 140 mg/kg b.w. per day. A dose-dependent decrease
in serum levels of 17p-estradiol (E2), which was significant in the two highest dose groups, was
observed in female rats at the end of the experiment (PND 62). In males, the level of
dihydrotestosterone decreased at all dose levels, but without a clear dose-response relationship. In
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hepatic microsomes, aromatase activity significantly increased in high-dose males and in females at
75 and 140 mg/kg b.w. per day, although, in females, no clear dose—response relationship was found.
The authors concluded that SEM administration to peripubertal rats appeared to act as an endocrine
disrupter in both sexes, resulting in the alteration of the onset of puberty and sex steroid serum levels
(see also Section 8.3). No clear NOAEL could be derived from this study.

SEM hydrochloride was tested in rats (Wistar Hannover, 6 weeks old) treated with 0, 250, 500 or
1 000 mg/kg feed for 90 days, with 10 males and 10 females in each group (Takahashi et al., 2009).
These doses correspond to 0, 23, 45 or 90 mg/kg b.w. per day, respectively, using the default factor of
0.09 as recommended by the EFSA SC (2012). No deaths occurred during treatment. Some rats
showed posture and gait abnormalities. Body weight gain was lower in the highest dose group than in
controls in males from week 1 and in females from week 4. Haematology analysis showed decreased
segmented neutrophils and increased lymphocytes in both females and males in the highest dose
group. Some clinical chemistry values were changed in a treatment-related manner. The ratio of
albumin—globulin and total bilirubin increased in the high-dose males and elevated levels of creatinine
and ALT were found in males in the 45 and 90 mg/kg b.w. per day dose groups. Inorganic phosphate
increased in females from the 45 and 90 mg/kg b.w. per day dose groups and ALT and ALP increased
in females from the highest dose group. In both males and females, body weights decreased in the
highest dose group. Several relative organ weights increased in the highest dose group, e.g. brain,
spleen, adrenals, kidneys and testes in males, and brain, heart and kidneys in females. The relative
weights of thymus, heart, liver and lungs decreased in males in the 90 mg/kg b.w. per day dose groups.
Clinical signs were enlargement and deformation of the knee joint in all rats treated with 45 and
90 mg/kg b.w. per day and in 1 out of 10 rats in the 23 mg/kg b.w. per day dose group. The same
effects were found in the wrist joints in the highest dose group. A prominence of the thorax was found
in the two highest dose groups in both females and males. In males from all dose groups, a stiff flexion
of the tail was found. Histological examination of bones showed a dose-dependent deformation of
limbs and osteochondral lesions. Disarrangements, fissures, increased connective tissues, thickening of
bones and deformations of the cartilage were found in both sexes, but were more severe in male rats.
Dose-dependent changes were also found in the thoracic aorta, in which interlaminar spaces had a rod
or globular appearance in treated groups compared with a fibrillar form in the control group. Toxic
effects were found in all dose groups and no NOAEL could be identified in this study.

Nifursol (yellow powder as a 10 % premix in lactose) was given to rats (Sprague—Dawley, 10 of each
sex in each group) through feed at concentrations of 0, 200, 400, 600, 800 or 1 000 mg/kg for
13 weeks (Wood et al., 1984). The concentrations in feed correspond, respectively, to reported average
doses of 0, 13.7, 28.0, 39.7, 53.6 or 67.2 mg/kg b.w. per day for males, and to 0, 14.9, 30.2, 44.0, 61.8
or 78.8 mg/kg b.w. per day for females. Ten additional females and males treated with the highest
dose for 13 weeks were kept for a 4-week recovery period receiving control feed. Clinical signs
observed comprised yellow staining of the beds and of the fur of treated animals, which was
considered to be caused by the colour of the substance. Body weight gain decreased in males and
females in the highest dose group. Food intake in the three highest dose groups was lower in males,
but not in females. Both food intake and weight gain increased slightly during the 4-week recovery.
Haematology tests showed that red blood cell parameters were significantly influenced by treatment.
Haemoglobin levels were slightly lower than the controls in females treated with 61.8 mg/kg b.w. per
day or higher for 13 weeks. Erythrocytes increased in high-dose males after 6 and 13 weeks but
decreased in females treated with 30.2 mg/kg b.w. per day and higher after 6 weeks and with
44.0 mg/kg b.w. per day and higher after 13 weeks. Mean corpuscular haemoglobin concentration
(MCHC) was slightly increased in males treated with 28 mg/kg b.w. per day or higher after 6 weeks
and in all males after 13 weeks, but there was no clear dose—response relationship. MCHC was also
increased in females in the two highest groups after 6 weeks and in females treated with 30.2 mg/kg
b.w. per day or more after 13 weeks. The mean corpuscular volume (MCV) decreased in males treated
with 28.0 mg/kg b.w. per day or higher for 6 weeks and in both males and females treated with
61.8 mg/kg b.w. per day or more for 13 weeks. After 6 weeks packed cell volume (PCV) was slightly
decreased in males at all dose levels, but without a clear dose-response relationship, and in females
from 30.2 mg/kg b.w. per day onwards. At the end of the study (week 13) PCV was significantly and

EFSA Journal 2015;13(6):4140 70



¥
*

~-efsam

T — Nitrofurans in food

dose- relatedly decreased in females at a dose of 30.2 mg/kg b.w. per day or higher, and in males in
the two highest dose groups. No significant findings were noted after the 4-week recovery period, for
either red blood cell parameters or lymphocytes. Clinical chemistry analysis showed that globulin
increased in all females, but without a clear dose—response relationship, in week 6 or 13, and in males
in the two highest dose groups in week 6 only. No treatment-related macroscopic findings were
identified. Spleen weight increased in females and males at all dose levels but without a clear dose—
response relationship. After recovery, the spleen weights were close to the weights in the control
group. Based on effects on red blood cell parameters (particularly on MCV in males and PCV in
females at week 13), a NOAEL of about 14 mg/kg b.w. per day was identified for effects in rats
treated with nifursol for 13 weeks.

No repeated-dose toxicity studies were identified for DNSH.
Conclusions
No repeated-dose toxicity studies were identified for furazolidone.

AOZ was tested in a 90-day study with rats and in a 90-day study with dogs. Hepatotoxicity,
decreased body weight gain and anaemia were observed at the lowest tested dose of 1.2 mg/kg b.w.
per day in rats and at 1 mg/kg b.w. per day in dogs.

No repeated-dose toxicity studies were identified for furaltadone and AMOZ.

In studies on repeated-dose toxicity of nitrofurantoin in rats, mice and rabbits, the main toxic effects
of nitrofurantoin were on liver, kidney, testes (resulting in aspermatogenesis) and necrosis of the
ovarian follicles. In a 13-week rat study, a NOAEL of 117 mg/kg b.w. per day was identified, based
on effects on the testes in males and on ovarian follicles in females. In a 13-week mice study, a
NOAEL of 120 mg/kg b.w. per day was identified based on effects on the testes.

No repeated-dose toxicity studies were identified for AHD.

Nitrofurazone was tested in rats, mice, monkeys and dogs. Nitrofurazone caused the same effects as
nitrofurantoin, with the exception of necrosis of the ovarian follicles in female rats and mice. The
lungs were investigated in some studies (e.g. 13-week studies with nitrofurantoin and nitrofurazone in
mice and rats) but no effects were reported. The lowest doses of nitrofurazone that did not cause
effects in mice and rats were 62 and 13.5 mg/kg b.w. per day, respectively. Therefore, a NOAEL of
13.5 mg/kg b.w. per day was established for effects on the testes in rats.

In a 28-days study, SEM caused absence of mineralisation in the epiphyseal cartilage of juvenile rats
at the lowest tested dose of 40 mg/kg b.w. per day. Therefore, no NOAEL could be identified. In a 90-
day study in rats, severe deformation of limbs, osteochondral lesions, altered form of the interlaminar
spaces in the thoracic aorta and decreased body weight gain were observed. Toxic effects were found
in all dose groups, including the lowest dose tested of 23 mg/kg b.w. per day.

In rats, nifursol caused slight changes in red blood cell parameters. From this 13-week study, a
NOAEL of about 14 mg/kg b.w. per day was identified.

No repeated-dose toxicity studies were identified for DNSH.

8.2.3.  Immunotoxicity

No description of in vivo immunotoxicity studies or effects were identified in the literature. One study
reported inhibition in vitro by various nitrofurans of mitogenesis in stimulated human peripheral T-
lymphocytes. This was seen at levels above 1-4 pg/mL, together with slight to moderate cytotoxicity
(based on cell survival) (Mercado et al., 1991). The specificity as regards the immune system and the
relevance for the in vivo situation (including dose—response relationship) cannot be assessed. It should
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be noted that instances of autoimmune effects associated with liver toxicity caused by nitrofurantoin
have been reported in humans (see Section 8.4.1).

8.2.4. Developmental and reproductive toxicity

8.2.4.1. Studies on spermatogenesis

Miyaji et al. (1964) treated rats (Donryu strain, 6 weeks old, n=3) by gavage with 42 different
nitrofuran compounds at 100 mg/kg b.w. per day for 7 days, testing for testes toxicity. Nitrofurazone
(chemical form not specified) caused more severe toxicity than furazolidone or furaltadone, shown
by histopathological changes in testes and reduced relative weights of testes. Testicular lesions were
also found in rats treated with nitrofurazone at doses of 0.2 % in the diet for 9 days, corresponding to
240 mg/kg b.w. per day, using the default factor of 0.12 as recommended by the EFSA SC (2012).
Relative testes weights decreased with time of treatment to about 45 % of the controls after 9 days.
Atrophy and degeneration of the seminiferous tubules, with loss of spermatozoa, were found during
the 9-day treatment, but no effects on the Leydig cells were noticed.

The effect of furazolidone (suspension in sodium carboxymethylcellulose) on testes, epididymis and
selected nuclei of the hypothalamus was tested in groups of rats (Wistar, n = 7) treated with 0, 50 or
200 mg/kg b.w. per day by gavage for 5 days (Zimmermann et al., 1993). Testes and epididymis were
analysed by light microscopy and the hypothalamus was analysed by morphometric methods. No
changes in testes and epididymis were found in the low-dose group, but in the high-dose group clear
signs of atrophy of the testes together with decreased weights of the testes and epididymis were found.
The seminiferous tubules were clearly decreased and nearly collapsed. The epithelium of the tubules
was damaged, which meant that early spermatids were absent. Morphometric analysis of the
hypothalamus showed a dose-dependent increased volume of the nucleus of the hypothalamus
connected to sexual centres.

No studies on spermatogenesis for AOZ were identified.
For furaltadone, only one study on spermatogenesis was identified (see above).
No studies on spermatogenesis for AMOZ were identified.

The effect of nitrofurantoin (chemical form not specified) on testes function was tested in white rats
(strain not reported, n =36 for 10 and 85 mg/kg b.w. per day dose groups and n =18 for control
group) treated by gavage for 1 month (Yunda et al., 1974). Rats were sacrificed 2, 20 or 48 days after
the last treatment with nitrofurantoin and then testes and epididymis were removed and analysed.
Spermatozoa were prepared and analysed. The spermatogenetic index decreased dose dependently.
The number of tubuli containing spermatozoa, and the concentration and motility of spermatozoa,
decreased dose dependently. In the highest dose group, the percentages of dead and pathological
spermatozoa increased. Regeneration of spermatogenesis was not reached until 48 days after
treatment, as there were still tubuli containing detached spermatogenic epithelium. It was also shown
that cysteine and vitamins C, B1, B6 and niacin, could prevent the toxic effect on spermatogenesis
caused by the highest dose of nitrofurantoin. Nitrofurantoin caused a clear toxic effect on
spermatogenesis in rats at a dose of 10 mg/kg b.w. per day and higher.

No studies on spermatogenesis for AHD were identified.

Singh and Chakravarty (2001) treated male mice (strain Parkes, 12—14 weeks old, five per group) with
nitrofurazone (chemical form not specified) by gavage at 64 mg/kg b.w. per day. The animals were
treated either for 10 days and sacrificed 24 hours after the last administration or for 20 days and
sacrificed 24 hours or 56 days after the last administration. One untreated group and one group treated
with distilled water were included as controls. Body weights and weight of the epididymis were not
affected by treatment. Weights of testes and seminal vesicles decreased in mice sacrificed 24 hours
after the last treatment, and sperm analysis revealed a decreased motility and decreased number of
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spermatozoa in cauda epididymis. These effects were more severe after 20 days than after 10 days of
treatment. Histology of mice sacrificed 24 hours after the last administration showed a regressive
change in the seminiferous tubules of the testes. Again, this effect was more severe after longer
treatment (20 versus 10 days). Multinucleated giant cells were found in the seminiferous tubules of
treated rats, indicating germ cell degeneration. In mice sacrificed 56 days after the last administration,
the weights of testes and seminal vesicles, sperm analysis and histology did not differ from the control
groups. Thus, in this study, reversible alterations in male reproductive organs were found in mice
treated orally with 64 mg/kg b.w. per day for 10 or 20 days.

Testicular toxicity was studied in rats (male, Sprague-Dawley, 5 weeks old, 10 rats in each dose
group) treated with nitrofurazone (chemical form not specified) by gavage at doses of 50 mg/kg b.w.
per day for 2 or 4 weeks or 100 mg/kg b.w. per day for 2 weeks (Ito et al., 2000). Control animals
were dosed with 0.5 % methylcellulose for 4 weeks. Clinical signs in the high-dose group were
salivation, decreased locomotor activity and a prone position, and three animals died on day 8 to 14. In
the low-dose group, only one animal died and the others did not show any clinical signs. A dose-
related decrease in body weight gain was found. Macroscopical examination revealed effects on the
testes only and not on other organs. The absolute and relative weights of the testes and epididymis in
the treated rats significantly decreased compared with the control. Histopathology of testes revealed
dose-related severe atrophy of the seminiferous tubules with total absence of spermatids and
degenerated and desquamated spermatocytes. Examination of the epididymis showed reduced
numbers of spermatozoa and increased numbers of degenerated or desquamated cells in the lumen of
the epididymal duct. The effects on the epididymis did not show a dose—response relationship, but
were more severe with longer dosing, i.e. more severe after 4 weeks than after 2 weeks. In this study,
nitrofurazone induced toxicity on the testes and epididymis after oral treatment with 50 and 100 mg/kg
b.w. per day for 2 or 4 weeks.

Nishimura et al. (1995) treated male Sprague—Dawley rats (8 weeks old, n=10) by gavage with
nitrofurazone (chemical form not specified, suspended in 0.5 % carboxymethyl cellulose) at doses of
12.5, 25 or 50 mg/kg b.w. per day for 6 weeks, including 4 weeks prior to mating with untreated
females during a 2-week period (experiment 1). In addition, groups of 10 male rats (15 weeks old)
received doses of 12.5 or 25 mg/kg b.w. per day by gavage for 11 weeks, including 9 weeks prior to
mating with untreated females during a 2-week period (experiment 2). Males were sacrificed directly
after the mating period and dams were sacrificed on day 14 to 17 of gestation and examined. Mean
testes and epididymis weights decreased at 25 and 50 mg/kg b.w. per day in rats treated for 6 weeks.
When treated for 11 weeks, mean epididymis weight decreased in both dose groups, and mean testis
weight decreased at only 25 mg/kg b.w. per day. Sperm head counts were significantly reduced in the
two highest dose groups of experiment 1 and at 25 mg/kg b.w. per day in experiment 2.
Histopathological examination of the testes found tubular degeneration and interstitial cell hyperplasia
in all animals of the two highest dose groups of experiment 1 and of the highest dose of experiment 2.
Failure of spermiation was found in all dose groups: at 28.4 % in the 12.5 mg/kg b.w. per day dose
group and at 100 % in the other dose groups in experiment 1, and at 50 % (low dose) and at 100 %
(high dose) in experiment 2. None of the dams that were mated with males treated with 50 mg/kg b.w.
per day for 6 or 11 weeks or with 25 mg/kg b.w. per day for 11 weeks became pregnant. Only 28.6 %
of the dams that were mated with males treated for 6 weeks with 25 mg/kg b.w. per day became
pregnant. Pre- and post-implantation losses increased in dams mated with male rats treated for 6 weeks
with 25 mg/kg b.w. per day and for 11 weeks with 12.5 mg/kg b.w. per day. In this study, which
showed clear effects of nitrofurazone on the reproductive performance of male rats, no NOAEL could
be identified.

Male rats (Crj:CD, 8 weeks old) were treated with a single oral dose of 0 (n=30), 100 (n =24) or
300 (n =30) mg nitrofurazone/kg b.w. (Shoda et al., 2001). Three rats for each dose group were
sacrificed at different time points post dosing: after 6, 12 or 24 hours, 2 or 4 days and 1, 2 or 4 weeks,
and also after 8 or 12 weeks for the highest dose group. In the 300 mg/kg b.w. group, the absolute
testis weight significantly decreased from day 4 of treatment to week 8, and the relative weights
decreased up to week 12. No effects on testis weights were found at 100 mg/kg b.w. Histopathology
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revealed no changes in testes 6 hours after treatment with 300 mg/kg b.w., but, 12 hours after
treatment, degeneration of spermatocytes and vacuolisation of Sertoli cells were found. These effects
worsened after 24 hours up to 2 weeks post dosing, when atrophy of seminiferous tubules was
observed. Regeneration of seminiferous epithelia started 4 and 8 weeks post dosing, although some
atrophic and abnormal tubules were still present. In the low-dose group, similar changes in the
seminiferous epithelium and vacuolation of Sertoli cells were seen, but the effects were less severe.
The same authors measured hormones in the blood (progesterone, testosterone, prolactin, oestradiol,
follicle-stimulating hormone (FSH) and luteinising hormone) of male rats (Crj:CD, 9 weeks old)
treated orally once with 0 (n=20) or 300 (n=22) mg/kg b.w. Animals (five or six in each group)
were necropsied 6, 12, 24 or 48 hours after treatment. Sporadic decreased or increased values of the
hormones were found, and this was not dependent on time after treatment. Thus, no correlation
between the changes seen on degeneration of germ cells and hormone levels could be established in
this study.

Male rats (Chester Beatty Research Institute strain, 11 weeks old, six in each group) were fed
nitrofurazone (chemical form not specified) for 25 days in the diet at concentrations of 1 500 or
5000 mg/kg, reduced to 3000 mg/kg after 3 days (Montemurro, 1960). These concentrations
correspond to 180, 600 and 360 mg/kg b.w. per day, respectively, using the default factor of 0.12 as
recommended by the EFSA SC (2012). Toxicity in the highest dose group of 600 mg/kg b.w. per day
led to a decrease of the dose after 3 days. Weights of the animals at sacrifice decreased dose
dependently. Relative testes weights decreased in both treated groups, and relative seminal vesicle
weight increased in the low-dose group. Histologically there was no difference in the seminal vesicles
between the treated animals and the controls. Testicular atrophy was found in all treated rats, but was
more severe in the low-dose group. In the low-dose group, severe degeneration of the spermatogenic
epithelium was also found, but no information was reported for the high-dose group.

Nitrofurazone (0.1 % mixed in crushed pellets) was tested for effects on the spermatogenic, endocrine
and secretory functions in male Sprague—-Dawley rats (60 to 88 days old, n=3 to 5 for the treated
groups and n = 8 for the control group) treated, via the feed, with a dose corresponding to 64 mg/kg
b.w. per day for 0, 2, 4, 6, 10, 14 or 28 days (Hagenas et al., 1978). Pregnant rats were treated with a
single dose of cobalt-60 (150 rad) to produce germ cell-depleted male rats, i.e. ‘Sertoli cell only’ rats
(SCO rats). Nitrofurazone caused a time-dependent decrease in the weight of testes in normal rats and
a decrease in ventral prostrate in normal and SCO rats treated for 28 days. Significantly increased
levels of FSH were found after 10 and 28 days’ treatment in normal rats, but not in treated SCO rats,
compared with control rats. FSH stimulates androgen-binding protein (ABP) production and it was
found that ABP in normal rats decreased until day 6 of treatment and then increased to a maximum
after 10 days of treatment; moreover, it was still higher than in the controls after 28 days of treatment.
ABP production in SCO rats followed the same pattern as in normal rats, but at a lower level, i.e. at
the same level as the SCO control group. As a consequence, nitrofurazone was lethal for all germ cells
in normal rats except for some undeveloped primary spermatocytes and spermatogonia after 28 days
of treatment. No germ cells exist in the SCO rats, which means that nitrofurazone did not exert its
effect on the Sertoli cells. Testosterone levels in serum were not affected in normal and SCO rats.
Morphological analyses showed that tubules were severely damaged and that mature germ cells were
lacking after 14 and 28 days of treatment. Shorter treatment (2 to 10 days) caused similar effects,
increasing with time. Electron microscopy of testes in normal rats revealed that the shape of Sertoli
cells was changed and that there was a decreasing number of germ cells. Severe abnormalities were
found in surviving spermatids in normal rats treated for 6 and 10 days. Testes from treated SCO rats
showed that Sertoli cells were less affected by treatment with nitrofurazone than in normal rats.
Furthermore, in both normal and SCO rats, the cell junctions of the inter-Sertoli cells were
impermeable for lanthanum, indicating that the blood-testis barrier was not affected by nitrofurazone.
All these tests indicate that nitrofurazone mainly affects germ cells.No studies on spermatogenesis
were identified for SEM, nifursol or DNSH.

EFSA Journal 2015;13(6):4140 74



¥
*

~-efsam

T — Nitrofurans in food

Conclusions

Oral administration of furazolidone caused toxic effects on testes and epididymis (200 mg/kg b.w. per
day) and on the hypothalamus (50 and 200 mg/kg b.w. per day) in rats treated for 5 days. Cytotoxic
effects in testes and reduced relative testes weights were observed in rats treated orally with
furazolidone at a dose of 100 mg/kg b.w. per day for 7 days.

No studies on spermatogenesis were identified for AOZ.

Cytotoxic effects in testes and reduced relative testes weights were observed in rats treated orally with
furaltadone at a dose of 100 mg/kg b.w. per day for 7 days.

No studies on spermatogenesis were identified for AMOZ.

For nitrofurantoin, toxic effects on spermatogenesis were found in rats treated orally for 1 month at
doses of 10 or 85 mg/kg b.w. per day.

No studies on spermatogenesis were identified for AHD.

Nitrofurazone caused effects on testes and on epididymis in rats at doses of 12.5 to 360 mg/kg b.w.
per day orally for up to 12 weeks, and in mice at the only dose tested of 64 mg/kg b.w. per day orally
for 10 or 20 days. Cytotoxic effects in testes and reduced relative testes weights were observed in rats
treated orally with nitrofurazone at a dose of 100 mg/kg b.w. per day for 7 days.

No studies on spermatogenesis were identified for SEM, nifursol or DNSH.
Based on the available studies, no NOAEL could be identified for toxic effects on spermatogenesis.

8.2.4.2. Embryotoxicity and teratogenicity

Groups of mice (albino C strain) were treated with furazolidone (chemical form not specified) in the
diet at concentrations of O (control, n=20), 1000 (days 1 (n=10), 6 (h=4) and 10 (n=3) of
pregnancy) or 2 000 mg/kg (day 1 of pregnancy, n = 5) (Jackson and Robson, 1957). Using the default
factor of 0.2 as recommended by the EFSA SC (2012), these concentrations correspond to doses of 0,
200 or 400 mg/kg b.w. per day, respectively. Furthermore, mice were treated with doses of 0 (n = 4),
750 (day 6-7, n=4), 1000 (days 1 (n=10), 6-7 (n=5) and 10-11 (n =6)), 1 250 (days 1 (n = 10)
and 10-11 (n=3)), 1 500 (day 6-7, n=3) or 2 000 (day 7, n = 4) mg/kg b.w. per day via gavage in a
suspension of olive oil, at various stages of pregnancy (shown in parentheses after the dose). No
maternal deaths occurred at doses of 750 or 1 000 mg/kg b.w. per day, but some deaths (25 to 33 %)
occurred at the higher doses fed by gavage (1 250, 1 500 and 2 000 mg/kg b.w. per day). Maternal
deaths of 60 % were found in the 400 mg/kg b.w. per day dose group treated via feed. The number of
abortions and fetal deaths was 90 to 100 % when furazolidone was given on day 1 (200, 400, 1 000 or
1 250 mg/kg b.w. per day), day 6 (200 mg/kg b.w. per day) or days 6 and 7 (1 000 or 1 500 mg/kg
b.w. per day) of pregnancy compared with 75 % in the 750 mg/kg b.w. per day dose group fed by
gavage on day 6 to 7 of pregnancy and 25 % in the control group. Treatment on day 10 to 11 did not
result in increased deaths, except for 33 % in the 1 000 mg/kg b.w. per day dose group treated by
gavage. Toxicity in the highest dose group (2 000 mg/kg b.w. per day) treated on day 7 resulted in
vaginal bleeding and abortions within 24 hours. At the lower doses, the effects were the same but
delayed, with a gradual loss in weight and then resorption of fetuses. Body weight of the litters was
lower in all groups treated with furazolidone, but no abnormalities were found.

No embryotoxicity or teratogenicity studies were identified for AOZ, furaltadone or AMOZ.
Mice (ICR/Jcl, 10 to 12 weeks old) were treated s.c. with nitrofurantoin (finely ground and

suspended in 1 % gelatine solution) in doses of 100 mg/kg b.w. per day (n = 17) or 250 mg/kg b.w. per
day (n=13) on days 9, 10 and 11 of gestation (Nomura et al., 1984). The control group was treated
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with a gelatine solution. No effects on fetal deaths and living fetuses were found. Fetus weights
significantly decreased in both males and females treated with 250 mg/kg b.w. per day.
Malformations, such as cleft palate, syndactyly and oligodactyly were found in 10 out of 131 fetuses
treated with 250 mg/kg b.w. per day compared with 1 out of 183 for controls. No malformations were
found at 100 mg/kg b.w. per day. No information about maternotoxicity was reported.

Embryotoxicity was studied in rats (Sprague—Dawley) treated with nitrofurantoin (macrocrystals) by
gavage in a suspension of 0.5 % aqueous methylcellulose (Prytherch et al., 1984). Male rats were
treated with vehicle and divided into three groups (n=15) or with 10 mg/kg b.w. per day of
nitrofurantoin for 60 days before mating. One male was paired with two females until pregnancy was
verified. After mating, the males were sacrificed for necropsy and histopathology of the testes. No
adverse effects were found and histopathological investigation showed no abnormalities in testes.
Females (96 days old, n = 30/group) were treated with 10, 20 or 30 mg/kg b.w. per day for 14 days
before mating. Females dosed with 0, 20 or 30 mg/kg b.w. per day were mated with control males
from the three vehicle treated groups mentioned above, and females dosed with 10 mg/kg b.w. per day
were mated with males dosed with 10 mg/kg b.w. per day. At day 13 of pregnancy, 10 females/group
were sacrificed and necropsied. The rest of the females were sacrificed 21 days after weaning for
necropsy. No effects on body weights or feed consumption or on clinical signs were found in treated
males and females. In dams of the 10 and 30 mg/kg b.w. per day dose groups that had a successful
pregnancy, duration of gestation, indicators for fertility, gestation and lactation were normal. In the
group treated with 20 mg/kg b.w. per day and sacrificed on day 13 of gestation, an increased number
of resorptions was found. For dams in this dose group sacrificed on day 21 of gestation, decreased
body weight of live pups at birth and at day 4 and decreased viability of pups at day 4 were found, but
no differences in viability of pups between groups were found 21 days after parturition. The only
malformations found were hydrocephalus in one male pup in the 10 mg/kg b.w. per day dose group
and microphthalmia in one male pup in the 20 mg/kg b.w. per day dose group. Furthermore, rats were
bred as described above and females were treated from day 14 of pregnancy until weaning with 10, 20
or 30 mg/kg b.w. per day of nitrofurantoin. Dams were Killed at weaning and pups were examined
during weaning on days 4, 14 and 21. No treatment-related effects were found in the dams. The only
effect found was that treated pups were heavier than those in the control group on certain days.
Overall, no dose-related effects were found in these studies in which rats were treated with
nitrofurantoin during and before pregnancy. However, as an increased number of resorptions,
decreased body weights of live pups at birth and at day 4 postnatally, and decreased viability of pups
at day 4 after birth were found in the 20 mg/kg b.w. per day dose group, a NOAEL of 10 mg/kg b.w.
per day for embryotoxic effects in rats treated with nitrofurantoin could be identified.

Pregnant Sprague—Dawley rats were treated orally by gavage with nitrofurantoin macrocrystals in a
0.5 % aqueous methyl cellulose suspension at doses of 0 (n=18), 10 (n=19), 20 (n=17) or
30 (n = 20) mg/kg b.w. per day from day 6 to 15 of pregnancy (Prytherch et al., 1984). On day 20 of
pregnancy, the dams were killed and mothers and fetuses were examined. No maternotoxicity and no
effects on litter size, number of resorptions or fetal weights were found. No major external, visceral or
skeletal malformations were found in the fetuses. Some sporadic minor abnormalities were found in a
non-dose related manner: 2 out of 105 pups had large anterior fontanelles in the low-dose group, 2 out
of 117 pups had missing ribs and short ribs in the high-dose group and lout of 111 pups had short ribs
in the control group. The rate of occurrence of abnormalities in the treated groups (1.90, 0.0 and
1.71 % in the low-, mid- and high-dose groups, respectively) did not differ from that in the control
group (1.80 %). A NOAEL for teratogenic effects in rats treated with nitrofurantoin of 30 mg/kg b.w.
per day was identified in this study.

Rabbits (New Zealand White) were bred—one male with several females—until pregnancy was
verified (Prytherch et al., 1984). Rabbits were treated by gavage with nitrofurantoin macrocrystals in a
0.5 % aqueous methyl cellulose suspension at doses of 0 (n=17), 10 (n=15), 20 (n=12) and
30 (n =15) mg/kg b.w. per day from day 6 to 18 of pregnancy. On day 29 of pregnancy, the dams
were killed and mothers and fetuses were examined. No maternotoxic effects were found. There were
no significant differences in litter size, number of resorptions or fetal weight. A non-dose-related
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increase in the average number of dead fetuses per dam was found in the treated groups (0.40 (low
dose), 0.42 (mid-dose) and 0.20 (high dose)) compared with the controls (0.06). According to the
authors, these numbers were not significantly different from the controls. External, visceral and
skeletal malformations in the fetuses were not significantly different from those found in the control
group. Only sporadic malformations were found: hydrocephalus in 1 out of 129 fetuses in the control
group and in 1 out of 141 fetuses in the low-dose group, and fusion of the last thoracic and first lumbar
vertebrae and scoliosis in 3 out of 135 fetuses in the high-dose group. A NOAEL for teratogenic
effects of 30 mg/kg b.w. per day was identified in this study when rabbits were treated with
nitrofurantoin.

No embryotoxicity or teratogenicity studies were identified for AHD.

The effects of nitrofurazone on teratogenicity were tested in mice (CD-1) (NTP, 1985). Females were
mated with one male until pregnancy was verified. The doses were selected based on results of two
preliminary toxicity tests where the highest dose, 750 mg/kg feed, caused clear maternotoxicity.
Groups (n =20 to 26) of mice (CD-1, 8-10 weeks old) were therefore treated with 0, 38, 75, 250 or
500 mg/kg in feed, corresponding to reported mean intakes of 0, 6, 14, 41 or 82 mg/kg b.w. per day,
respectively, from gestation day 6 to 15. No toxic effects were found in dams on weight gain, body
weight, mortality, uterine weight during pregnancy, and absolute and relative liver weight.
Sporadically, clinical signs such as lethargy and piloerection were found in dams in all treated groups
from day 7 to 16 of gestation. At day 14 to 16 of gestation, sporadic hyperactivity, convulsions and
rough coats were found with a tendency, although not significant, for an increase in the highest dose
group. No treatment-related effects on corpora lutea or the number of implantation sites per dam were
found, but in the two lowest and the highest dose group the percentage of pre-implantation loss
decreased. No treatment-related effects on resorptions were found, but a dose-related tendency for an
increase in the percentage of dead fetuses per litter and an increase in the percentage of litters with
dead fetuses was seen, with higher incidences in the two highest dose groups. No treatment-related
effect on the number of non-live implants or adversely affected implants was found, and no effects
were found on the number of live fetuses per live litter or on the sex ratio in litters but the fetal body
weight per live litter was decreased in the highest dose group only. No increase in malformations in
fetuses was found compared to the control group. Nitrofurazone was not teratogenic to mice when
given during organogenesis at doses up to 82 mg/kg b.w. per day. For fetotoxicity a NOAEL of
14 mg/kg b.w. per day was identified from this study.

Nitrofurazone (chemical form not specified) was tested in CD-1 mice (n = 50) treated by gavage with
a dose of 100 mg/kg b.w. per day from day 6 to 13 of gestation (Hardin et al., 1987). The control
group received corn oil. The pups were allowed to live for 3 days. One dam in the treatment group
died during the study. The number of viable litters was reduced in the treatment group (28 out of 35)
compared with the control group (45 out of 45) and birth weight was reduced in pups from treated
dams. The number of live born pups per litter, the percentage survival up to 3 days and weight gain
were not affected by treatment. This was a poorly reported study in which 60 chemicals were tested.

Embryotoxicity and malformations in mice (ICR/Jcl, 10-12 weeks old) treated s.c. with nitrofurazone
were studied (Nomura et al., 1984). Mice were treated s.c. with nitrofurazone (finely ground and
suspended in 1 % gelatine) at doses of 300 mg/kg b.w. once on day 10 of gestation (six mice) or of
100 mg/kg b.w. per day on days 9, 10 and 11 of gestation (16 mice). The control group was treated
with a gelatine solution. Increased fetal deaths were found in the group treated on day 10 with
300 mg/kg b.w. The weights of the fetuses significantly decreased for both dose groups.
Malformations such as oligodactyly, tail anomalies, polydactyly, defective legs and omphalocoele
were found in 1 out of 185 fetuses treated with 100 mg/kg b.w. per day and in 14 out of 66 fetuses
treated with 300 mg/kg b.w. of nitrofurazone, compared with in 1 out of 183 fetuses in the control. No
information about maternotoxicity was mentioned, but the authors reported that the doses were close
to the maximal tolerated dose in mice.
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The effects of nitrofurazone on teratogenicity were tested in rabbits (New Zealand White, n =22 to
27) treated by gavage with nitrofurazone in corn oil at doses of 0, 5, 10, 15 or 20 mg/kg b.w. per day
from day 6 to 19 of pregnancy (NTP, 1987). The highest dose was maternotoxic with deaths in 2 out
of 26 rabbits, decreased weight gain and increased absolute and relative liver weights. Clinical signs
such as lacrimation, glaucoma, weight loss and no faeces occurred sporadically with a tendency to
increase with dose and days of pregnancy. However, no clear treatment-related maternotoxicity was
found at doses of 5, 10 or 15 mg/kg b.w. per day. No differences in the number of corpora lutea per
dam, implantation sites or the percentage of pre-implantation loss per litter were found. No dose-
related trend for the percentage resorptions per litter was found for the three lowest dose groups. In the
highest dose group, embryotoxicity, characterised by a significant increase in the number of
resorptions, the percentage of non-live implants and the percentage of adversely affected implants per
litter, was found. The percentage of male fetuses per litter decreased in the highest group. Major
anatomical malformations, expressed as a percentage of live fetuses per litter, increased in the highest
dose: 14.6 % compared with 2.7 % in the vehicle control. In addition, in the highest dose group, the
percentage of litters with malformations (40 % versus 12.5% for the control group) and the
percentage of malformed females per litter (17.1% versus 1.1 %) increased. No increase in
malformations was found in the other treatment groups. Nitrofurazone was not teratogenic to rabbits
when given during organogenesis (day 6 to 19 of pregnancy) at doses that were not maternotoxic.
From this study, a NOAEL of 15 mg/kg b.w. per day was identified.

Rats (Sprague—Dawley) received SEM (aqueous solution) by gavage at doses of 5 (n = 4), 10 (n = 11)
or 100 (n =9) mg/kg b.w. per day on gestation day 12 to 15, or at doses of 25 (n=3) or 50 (n = 8)
mag/kg b.w. per day on gestation day 10 to 16 (Steffek et al., 1972). Maternotoxicity was not reported
except that three out of nine rats died from the 100 mg/kg b.w. per day dose group. The only effects
studied were resorptions and cleft palate. Increased resorptions were found in groups treated with
50 mg/kg b.w. per day (38 %) and 100 mg/kg b.w. per day (56 %). Cleft palates were found in 12 out
of 28, 40 out of 42 and 22 out of 22 fetuses of the 25, 50 and 100 mg/kg b.w. per day dose groups,
respectively. No effects on the incidence of cleft palate or resorptions were found at 10 mg/kg b.w. per
day. However, because this was the only parameter investigated, the CONTAM Panel could not
conclude on a NOAEL for teratogenicity in rats treated with SEM.The effect of SEM on levels of
pulmonary surfactants such as phospholipids in new-born rats were investigated (De La Fuente et al.,
1983a). Rats (Wistar), using intraperitoneal (i.p.) infusion, were given 100 mg/kg b.w. SEM (agqueous
solution) or only distilled water (control group) on day 10 of gestation. Rats (control and treated; n =8
to 16) were sacrificed on day 18 and day 21 of gestation and one group was allowed to deliver pups,
which were studied postnatally on day 1, 3, 7, 15, 22 and 30. Phospholipids were extracted from the
lungs of fetuses and offspring. The ratio of phosphatidylcholine to spingomyelin decreased in treated
fetuses compared with controls. The ratio was also lower in treated offspring on day 1 after birth, but
on day 3 to day 30 the ratio was not significantly different between treated offspring and those in the
control group. Based on these results, the authors concluded that SEM has an effect on the surfactants
of the lung pre-natally and post natally and could therefore have a negative effect on lung development
in offspring from rats treated i.p. with 100 mg/kg b.w. SEM on day 10 of gestation.

De La Fuente et al. (1983b) treated rats (Wistar) i.p. with SEM (dissolved in saline) at doses of 50, 75,
100 or 150 mg/kg b.w. on day 7, 10 or 13 of pregnancy. Control rats received saline only. Rats were
either sacrificed on day 21 of gestation or allowed to deliver normally. The pups were studied for 1
month thereafter. Resorptions increased dose dependently, and fetal deaths occurred in all treated
groups. The number of live fetuses and fetal weights decreased in all groups except the group treated
on day 13 with 50 mg/kg b.w. In all dose groups sacrificed on day 21 of gestation, severe
haemorrhages in the liver, brain and intestines, mostly when dams were treated on day 10 (the
differentiation period), were found. Furthermore, anophthalmia on one side, cleft palate, absence of
testes and hydronephrosis, mostly when animals were treated on day 13 (the development period),
were found in the fetuses. Incomplete ossification of the skull, which was most frequent when dams
were treated during the implantation period (day 7), was one of the most common abnormalities of the
skeleton. Incomplete ossification of sternum and limbs and malformations of the ribs were found in
fetuses from all treated groups. Postnatal mortality increased significantly with the dose (25 to 35 % in
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the 50 mg/kg b.w. group, 30 to 43 % in the 75 mg/kg b.w. group, 44 to 63 % in the 100 mg/kg b.w.
group and 45 to 57 % in the 150 mg/kg b.w. group) compared with control rats (< 5 %) during the first
month after delivery.

To test the hypothesis that the teratogenic effect of SEM is caused by the blocking of DNA synthesis,
De La Fuente et al. (1983b) measured DNA, RNA and protein in the liver and lungs of Wistar rats
treated i.p. with 100 mg/kg b.w. on day 10 of pregnancy. DNA, RNA and protein levels decreased in
the lungs of treated rats sacrificed on day 18. When treated rats were sacrificed on day 21, only lung
DNA levels decreased compared with control rats. In the liver, protein levels decreased only at
sacrifice on day 21 compared with controls. Levels of pulmonary DNA and RNA decreased in fetuses
from mothers sacrificed on day 21, but not in offspring. Liver protein levels significantly decreased
compared with controls, but liver DNA and RNA levels decreased in only 30-day-old offspring. The
authors concluded that the results indicate that the teratogenic effect of SEM might be due to effects
on nucleic acids and protein levels in the liver, as alterations in protein levels at the end of pregnancy
can alter gestation.

The effect of SEM hydrochloride on rats (Wistar) during intrauterine and postnatal development was
investigated (de la Fuente del Rey, 1986). Rats (13-15/group) were treated i.p. with 17 mg/kg b.w.
every day during gestation or with doses of 50, 75, 100 or 150 mg/kg b.w. on day 5, 7, 10, 13 or 15 of
gestation. Control animals were treated i.p. with saline. Rats were divided into two groups: group A
(8 to 10 dams per dose group) rats were killed after 21 days of pregnancy and group B (five dams per
dose group) rats were allowed to deliver and the pups were studied for 1 month. High mortality of
dams occurred in the highest dose group, mortality was sporadic in the 100 mg/kg b.w. dose group and
only one dam died in the 50 mg/kg b.w. group. The numbers of litters, implantations, resorptions and
dead fetuses were not affected. The number of live fetuses decreased at all dose levels. Mean fetal
weights decreased in all dose groups on all treatment days except when dams were treated on days 13
and 15 in the low-dose group. The only effect found in the group treated with 17 mg/kg b.w. SEM per
day was a reduced number of implantations and live fetuses per litter. Abnormalities such as internal
hydrocephaly, exencephaly, meningocele, severe haemorrhages in liver and intestines, anophthalmia,
cleft palate, absence of testes and hydronephrosis were found in the groups treated with 50, 75, 100 or
150 mg/kg b.w., but they differed in severity in relation to the different days of treatment. Incomplete
ossification of the skull, minor malformations in the ribs, absence of sternum and incomplete
ossification of limbs were found in all treated groups but not in the control group. Treatment with
SEM during the whole gestation period with 17 mg/kg b.w. per day resulted in similar anomalies,
except that absence of testes and sternum and incomplete ossification of the limbs did not occur in this
group. Postnatal mortality increased in pups from SEM-treated dams on all treatment days and at all
doses tested. Maternotoxicity was not reported, but the malformations were found in pups from
females that did not show any clear signs of toxicity. Thus, embryotoxic and teratogenic effects were
found at all doses, including the lowest dose of 17 mg/kg b.w. per day.

Wiley and Jonega (1978) treated pregnant Golden Syrian hamsters by gavage on day 7 of gestation
with 100, 150 or 200 mg/kg b.w. SEM hydrochloride in aqueous solution. All dams of the two highest
dose groups died, mostly within 48 hours. Examination of the uterus of the dead dams revealed signs
of resorption at all implantation sites. The dams of the 100 mg/kg b.w. group were sacrificed at day
14 of gestation. Mortality, the number of implants and live fetuses, and mean fetal weights were not
different from the control group. Growth retardation (weight of less than 60 % of control pups) was
found in 16.5 % of the pups, and malpositions of limbs in 5.1 % of the offspring were recorded. No
skeletal or visceral abnormalities were found. Maternotoxic effects other than deaths were not
reported.

No embryotoxicity or teratogenicity studies were identified for nifursol or DNSH.
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Conclusions

Furazolidone was embryotoxic when given orally to mice at doses of 200 mg/kg b.w. per day or
higher during early pregnancy. No NOAEL could be identified for furazolidone in mice.

No embryotoxicity or teratogenicity studies were identified for AOZ, furaltadone or AMOZ.

Nitrofurantoin was not teratogenic or embryotoxic to mice at s.c. doses of 100 mg/kg b.w., but was at
250 mg/kg b.w. per day on days 9, 10 and 11 of gestation. Rats treated orally with nitrofurantoin at
doses of 10 mg/kg b.w. per day showed no embryo- or fetotoxic effects, but doses of 20 mg/kg b.w.
per day caused effects on resorptions of embryos and led to decreases in body weight and the viability
of pups after birth. No teratogenic effects were observed in rats or rabbits treated orally with
nitrofurantoin during organogenesis with doses of 10 to 30 mg/kg b.w. per day. A NOAEL for
embryotoxicity in rats of 10 mg/kg b.w. per day was identified, and a NOAEL for teratogenicity of
30 mg/kg b.w. per day was identified for both rats and rabbits treated during organogenesis with
nitrofurantoin.

No embryotoxicity or teratogenicity studies were identified for AHD.

Nitrofurazone tested orally in mice was not teratogenic at doses up to 82 mg/kg b.w. per day. In mice
dosed during organogenesis, a NOAEL of 14 mg/kg b.w. for fetotoxicity was identified. Nitrofurazone
was not teratogenic in rabbits treated with doses up to 15 mg/kg b.w. per day, but malformations were
observed at a dose of 20 mg/kg b.w. per day, which was also maternotoxic. A NOAEL of 15 mg/kg
b.w. per day was identified for maternotoxicity in rabbits.

Embryotoxic and teratogenic effects of SEM were found at all doses (17 to 150 mg/kg b.w.) tested i.p.
in rats during pregnancy. No cleft palate or resorptions were observed in rats treated orally with SEM
at a dose of 10 mg/kg b.w. per day. However, as no other effects were studied, a NOAEL cannot be
identified.

No embryotoxicity or teratogenicity studies were identified for nifursol or DNSH.

8.2.4.3. Multigeneration studies

No multigeneration studies were identified for furazolidone, AOZ, furaltadone, AMOZ,
nitrofurantoin or AHD.

Nitrofurazone was tested in a two-generation reproduction toxicity study in CD-1 (ICR) BR Swiss
albino mice following a continuous breeding protocol (George et al., 1996). A dose-ranging study was
performed with mice (11 weeks old, eight mice per sex in each group) treated with nitrofurazone at
concentrations of 0, 100, 200, 400, 600 or 900 mg/kg in the diet for 2 weeks. Animals treated with
doses >400 mg/kg in the diet showed clinical signs such as hyperactivity, dehydration, inflamed
eyelids and excessive circling. No effects on body weight were seen, but water consumption
significantly decreased in a dose-dependent manner in the highest dose. Thus, doses lower than
900 mg/kg in feed were used in the following tests.

The Fq generation of mice (11 weeks old) were treated with nitrofurazone in the feed at concentrations
of 0 (n =40 of each sex), 100 (n = 20 of each sex), 375 (n = 19 of each sex) or 750 mg/kg (n = 18 of
each sex), corresponding to 14, 51 or 102 mg/kg b.w. per day, respectively (George et al., 1996). The
mice, females and males separated, were first dosed for 1 week. Thereafter, the F, mice, living as
breeding pairs (one male and one female), were treated with different doses for 14 weeks. After this
phase, the Fo males were separated from the females and their litters, and all mice were treated for an
additional 6 weeks, during which time gestation and lactation took place. The litters were euthanised
at PND 0. In the highest dose group, fertility was significantly reduced (17 % (3 out of 18 breeding
pairs) compared with 95-100 % for the other groups) and the breeding pairs were infertile when the
third litter should have been produced. In the mid-dose group (51 mg/kg b.w. per day) fertility in the
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fifth litter was 47 % compared with 88 % in controls. The live pup weight was reduced in the high-
dose group. In the mid- and high-dose groups, a reduced number of litters per breeding pair, reduced
average litter sizes and a decreased percentage of pups born alive were found. No effects were found
in the low-dose group. The number of dams showing aberration of labour and/or delivery, and/or
inadequate postnatal care, increased dose-dependently by 1 % (control), 3 % (low dose), 14 % (mid-
dose) and 25 % (high dose).

Necropsy of the Fo males at week 27, when animals were 38 weeks of age, showed that liver, kidney
and adrenal weights increased in the two highest dose groups compared with controls. Histopathology
of male mice revealed hepatic centrilobular hypertrophy at the high dose, and the weights of right
corpus, caput epididymis and right testis also decreased in high-dose males. Sperm analysis revealed a
decrease in epididymal sperm concentration at the two highest doses and a reduction in testicular
spermatid counts in all dose groups. Sperm motility decreased significantly in the highest dose group.
Intratesticular testosterone levels increased in the high-dose group only. Histopathology revealed that
the incidence of seminiferous tubule degeneration followed by epididymal hypospermia, as well as
atrophy, showed treatment-related increases. In females of the high-dose group, decreased body
weight and hepatic hypertrophy were found. Altered oestrous cycles were found after examination of
vaginal smears in mice of the high-dose group. Relative ovary weights, including oviducts, decreased
at all doses, but no histopathology was performed.

Fertility of the F; generation was tested in weanling mice reared at PND 21. The mice were fed a diet
containing 0, 100 or 375 mg/kg nitrofurazone in the feed, corresponding to 0, 15-21 or 61-80 mg/kg
b.w. per day, respectively. In the study, 20 (control), 20 (low dose) and 14 (high dose) mice of each
sex were paired until vaginal plugs were found or 1 week had passed. The F, generation was delivered
and litter data were collected. Reduced fertility and smaller F, litters were found in the high-dose
group. Clinical signs such as lethargy, hunched back position and dehydration were found in the high-
dose F; males and females. Reduced testes weight and epididymal sperm number, and abnormal sperm
morphology were found in F; males. Borderline nephropathy was noted in both dose groups. In F;
female mice, decreased body weight and liver and ovarian weights were found in the high-dose group,
and altered oestrous cycles were found at both doses (George et al., 1996).

The effects on fertility of nitrofurazone as described above were confirmed in a separate cross-over
mating study carried out by the same authors (George et al., 1996). To evaluate gender-specific
effects, control male and female mice were mated (group 1), high-dose males (102 mg/kg b.w. per
day) were mated with control females (group 2) and control males were mated with high-dose females
(102 mg/kg b.w. per day) (group 3). Mice (23 weeks old) were mated in breeding pairs until a vaginal
plug was detected or 1 week had passed. After delivery (PND 0), all litters were examined and the
pups were sacrificed. A significantly reduced mating efficiency (63 % versus 75 % for control) and
absence of fertility were found in group 2, and a decreased number of live pups per litter (5.4 versus
10.8 for controls) was found in group 3.

The effect of SEM treatment of Wistar rats during gestation, for three successive generations, on
hepatic levels of DNA, RNA and protein was investigated by De La Fuente et al. (1983c). SEM in
saline was injected i.p. in a single dose of 100 mg/kg b.w. during the 10th day of gestation to the adult
females in three successive generations. The different generations were divided into one control group
and one treatment group. Livers were collected from sacrificed animals from 21-day-old fetuses, from
offspring of 1, 7, 15 or 30 days old and from rats pregnant for 21 days and were analysed for levels of
DNA, RNA and protein. A significant decrease of RNA levels was observed for the F, and F;
generations compared with the F; generation in 21-day-old fetuses and 1- and 7-day-old offspring.
DNA levels were decreased only in the F3 compared with the F; generation in 21-day-old fetuses. No
difference in DNA and RNA levels were found for the pregnant rats compared with controls, but if the
generations are compared the levels decreased in F; and F, rats compared with P rats. Hepatic protein
levels decreased in the F, and F3 generations compared with the F; generation in 21-day-old fetuses.
Hepatic protein in pregnant rats decreased in treated rats compared with P and F; controls. The authors
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suggested that the reduction in nucleic acids and proteins is a possible mechanism for the resorptions
and abnormalities found in rats treated with SEM during pregnancy.

A three-generation reproduction study in rats was conducted with nifursol (3,5-dinitrosalicylic acid,
5-nitrofurfurylidene hydrazide) in rats (Long-Evans) (Jorgenson, 1967). The parent generation
consisted of 60 female and 30 male rats divided evenly into three groups (n=20 female and
10 males/group) which were treated with nifursol in doses of 0, 400 and 600 mg/kg feed. The doses
correspond to 0, 36 and 54 mg/kg b.w. per day, respectively, using the default factor of 0.09 as
recommended by the EFSA SC (2012). The parent generation of rats was fed the medicated diet from
weaning (3 weeks of age) and was mated at 100 days of age and produced F; and Fig, of which Fig
was fed the medicated diet and mated at 100 days of age and produced the second generation, F, and
F2s generation. Fys was fed the medicated diet and mated at 100 days of age to produce the third
generation, Fsz, which were necropsied and liver, kidney, gonads and uterus were sampled and
analysed for histology. In total, 20 females and 10 males were included in each F group. The Fia, Foa
and Fza generations were kept until weaning and then weighed and sacrificed. Fertility was not
negatively influenced by treatment with nifursol; instead, a positive effect was found compared with
the control group. The ratio of number of dead pups to number of born pups was not influenced by
treatment. The litter size and body weights of the treated pups were either higher or equal to the
controls. Histology results were not presented, and it was mentioned that no abnormal gross pathology
findings were found. Nifursol did not have any effects on reproduction in rats treated with doses up to
54 mg/kg b.w. per day for the three generations.

No multigeneration studies were identified for DNSH.
Conclusions

No multigeneration studies were identified for furazolidone, AOZ, furaltadone, AMOZ,
nitrofurantoin or AHD.

Reproductive toxicity of nitrofurazone administered to mice was clearly shown as a gradual
disruption of fertility related to the degeneration of the seminiferous tubules at all doses tested (14, 51
and 102 mg/kg b.w. per day). The most sensitive parameters for males were abnormal sperm
morphology and a reduced testicular spermatid concentration. In females, the most sensitive effects
were altered oestrous cycles and reduced relative weights of ovaries and oviducts. Nitrofurazone
caused reduced fertility in F, males and females and in F; female mice. The CONTAM Panel
concluded that no NOAEL could be identified and that the available study does not provide a reliable
basis for establishing a lowest observed adverse effect level (LOAEL) for the reproductive effects of
nitrofurazone.

SEM (100 mg/kg b.w. i.p.) decreased hepatic levels of DNA, RNA and protein in the livers of rats
treated for three successive generations. The CONTAM Panel concluded that no NOAEL could be
identified and that the available study does not provide a reliable basis for establishing a LOAEL for
the reproductive effects of SEM.

Nifursol had no effects on reproduction in rats treated with 36 or 54 mg/kg b.w. per day for three
generations.

No multigeneration studies were identified for DNSH.

8.2.5.  Neurotoxicity
No neurotoxicity studies were identified for furazolidone, AOZ, furaltadone or AMOZ.
The effect of nitrofurantoin on polyneuropathy, a well-known side effect in humans, was

investigated in rats (Behar et al., 1965). Sabra rats (20 to 21 per group) were treated with
nitrofurantoin (5 % suspension in 0.5 % sodium carboxymethylcellulose) orally in doses of 0, 20, 50
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or 100 mg/kg b.w. per day (divided in two doses) for 2, 4, 6 or 8 days. Plasma concentrations of
nitrofurantoin were measured daily and were found to be comparable to levels found in humans
treated therapeutically. Sciatic and brachial nerves were analysed histopathologically and sciatic
nerves were used for examination of functionality by electrophysiological methods, i.e. chronaxie and
conduction velocity. Nerves of rats from all dose groups showed axonal dystrophy, independent of
dose, which increased with time up to 6 days’ treatment. In sciatic nerves, a time- and dose-dependent
decrease in conduction velocity was found compared with control groups, and values for chronaxie
increased after 2 days’ treatment in a time- and dose-dependent manner. This study showed that
nitrofurantoin at doses of 20 to 100 mg/kg b.w. per day orally caused both histopathological and
electrophysiological abnormalities in peripheral nerves in rats.

Nerve damage was measured in rats (Wistar, Shell strain) treated i.p. with nitrofurantoin (Rose et al.,
1982). Two groups of 20-32 rats received doses of 100 or 200 mg/kg b.w. per day for 7 consecutive
days. Examination of the animals occurred 2, 3, 4 or 6 weeks after the start of treatment. In the
200 mg/kg b.w. per day group, 18 out of 20 animals were lethargic, showed hunched hindquarters and
splayed hind legs before they died. In the low-dose group, there were no deaths, although the animals
showed similar clinical signs as in the high-dose group as well as reduced muscle tone. Nitrofurantoin
caused increases in B-glucuronidase 2 and 3 weeks after termination of dosing, in sciatic/posterior
tibial nerves and in trigeminal ganglia, and in p-galactosidase 3 weeks after the end of dosing in
sciatic/posterior tibial nerves compared with control animals. The effect was reversible and returned to
control levels after 6 weeks. The same effects were found in the two surviving animals in the high-
dose group 3 weeks after the end of treatment. These effects indicate that high doses of nitrofurantoin
produce peripheral nerve damage in rats.

No neurotoxicity studies were identified for AHD or nitrofurazone.

The parenteral dose (CDsg) of SEM causing convulsions was estimated in different species, e.g. in
humans, 40 mg/kg b.w. (i.v.); in monkeys, 60 mg/kg b.w. (i.p.); in rabbits, 175 mg/kg b.w. (i.p.); in
rats, 150 mg/kg b.w. (i.p.); and in mice, 111.7 (i.v.) and 116.4 mg/kg b.w. (i.p.). SEM, at a single i.p.
dose of 168 mg/kg b.w., was also used as a reference substance for inducing convulsions when testing
the effectiveness of anticonvulsants in mice (Jenney and Pfeiffer, 1958).

The effect of SEM hydrochloride on running fits in mice (ddY strain, 4 to 5 weeks old) and its
localisation of action were investigated (Yamashita and Hirata, 1977). Mice were injected in the
superior colliculus with 2 uL. SEM (5 pg/animal or 0.2 mg/kg b.w. for a 25-g mouse), and saline or
distilled water were used as controls. The animals were observed for 1 hour before decapitation.
Approximately 10 minutes after injection, running fits, in most cases were preceded by hyperactivity
and followed by clonic and tonic convulsions. These effects were not observed in the control animals.
The anticonvulsant drug pyridoxine, when injected in the superior colliculus or administered i.p.,
reduced the effects of SEM. In addition, i.p. administration of the anticonvulsant aminooxyacetic acid
before SEM treatment reduced the effect of SEM. It was concluded that the effect of SEM on
behaviours such as running fits is probably caused by effects in the superior colliculus, which is the
centre for visual, auditory and somatosensory inputs.

Yamashita and Hirata (1978) investigated the effect on running fits after intracollicular injection of
SEM (2 pL SEM) in the skull of male mice (ddY strain, 4 to 5 weeks old). Mice were treated with 3,
5,6, 7, 8, 10 or 20 pg/animal (n = 3 to 5, except for the middle dose, n = 10). Saline or distilled water
were used as controls. The mice were observed for 1 hour before being sacrificed. A dose of
6.4 pg/animal induced running fits in 50 % of the animals. Running fits started at about 10 minutes
after injection and were repeated often. Tonic and clonic convulsions often occurred after the running
fits, and they sometimes caused death of the mice. The mice injected with SEM intracollicularly
showed hypersensitivity to sounds. Pyridoxine and aminooxyacetic acid inhibited the effect on
running fits of SEM, as was also shown in the previous study. This study confirmed the results of the
previous study by Yamashita and Hirata (1977).
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Male mice (ddY strain, 4-5 weeks old) were injected with SEM dissolved in 5 puL of water or saline in
the left lateral ventricle (intracerebrally (i.c.)) (Yamashita, 1976). SEM was injected at doses of 0, 30
(n=10), 35 (n=5),40 (n=5), 50 (n=10) or 60 (n = 20) pg/mouse. In the 50 and 60 pg/mice groups,
5 out of 10 and 11 out of 20 of the rats died, respectively. The latent period for the first convulsions
decreased with dose: it was 22 minutes in the lowest dose and 13 minutes in the highest dose group.
SEM caused tremors and tonic and clonic convulsions in treated mice. It was also shown that mice fed
a vitamin Bg-deficient diet initiated tremors and convulsions at lower doses of SEM than mice fed a
normal diet. Vitamin Bg injected i.c. at the same time that 30 pg/mouse of SEM was injected i.c.
prevented convulsions in the mice. When higher doses of SEM were used and injected i.c. but
pyridoxine (a form of vitamin Bg) was injected i.p., the number of convulsions increased. SEM was
also injected in different sites of the brain at a dose of 20 pg/mice. It was concluded that SEM might
act on two sites of the brain, one related to running fits (adjacent to the lateral ventricle) and one
related to convulsions and tremors (midbrain).

The effect of SEM on development and maturity was tested in male juvenile rats (n = 6 to 8) treated
orally with 40 or 75 mg/kg b.w. per day at PND 51 to 60 (Maranghi et al., 2009). An open field test
was performed. Rats treated with SEM were less active, had less locomotor activity and had a
markedly decreased frequency of crossing than the control rats. Wall rearing and grooming increased
in the SEM-treated rats. In addition, a plus maze test was done showing a low level of locomotor
activity and a decreased frequency of stretched attended postures in SEM-treated rats. No NOAEL for
these effects was identified.

No neurotoxicity studies were identified for nifursol or DNSH.
Conclusions
No neurotoxicity studies were identified for furazolidone, AOZ, furaltadone or AMOZ.

Nitrofurantoin caused peripheral nerve damage in rats treated orally (20 to 100 mg/kg b.w. per day)
and i.p. (100 or 200 mg/kg b.w. per day). The CONTAM Panel concluded that these studies cannot
serve as a basis for identifying a NOAEL for neurotoxic effects of nitrofurantoin.

No neurotoxicity studies were identified for AHD or nitrofurazone.

SEM caused less locomotor activity, decreased curiosity and increased grooming when juvenile rats
were treated orally with 40 or 75 mg/kg b.w. per day for 10 days. SEM injections in the brains of mice
caused convulsions and behavioural changes, such as increased running fits, at a dose of 0.2 mg/kg
b.w. The CONTAM Panel concluded that these studies cannot serve as a basis for identifying a
NOAEL for neurotoxic effects of SEM.

No neurotoxicity studies were identified for nifursol or DNSH.

8.2.6.  Genotoxicity

Genotoxicity of furazolidone has been extensively tested in a variety of studies. Positive findings
were recorded in bacterial reverse mutation assays with S. Typhimurium TA100, TA98, TA98NR and
TA98/1,8-DNPg and E. coli strains WP2, WP2s and TC3960, with and without metabolic activation.
In E. coli PQ97 and S. Typhimurium TA1535/pSK1002, furazolidone induced SOS response. It was
positive in the sex-linked recessive lethal test in Drosophila melanogaster, and it induced gene
mutations in mammalian cells in vitro. Positive results were obtained in most of the in vitro
chromosome aberration assays, sister chromatid exchange (SCE) assays and micronucleus assays. In a
human lymphoblastoid cell line (TK6) (Borroto et al., 2005) and in human hepatoma HepG2 cells (Jin
et al., 2011), furazolidone induced DNA strand breaks. In the latter study, it was shown that
furazolidone also induced an increase in ROS and formation of 8-hydroxydeoxyguanosine adducts
indicating involvement of oxidative stress (Jin et al., 2011). In the in vivo bone marrow SCE assay in
mice, furazolidone gave a positive result at doses > 30 mg/kg b.w. (Madrigal-Bujaidar et al., 1997). Of
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the two in vivo mouse micronucleus tests with furazolidone, one was negative while another gave
equivocal results. Details and references for these studies are shown in Appendix H, Table H.1.

The metabolite of furazolidone, AOZ, was tested in the reverse mutation assay with S. Typhimurium
strains TA98, TA100, TA1535 and TA1537, and E. coli WP2uvrA. It was positive in TA1535, TA100
and WP2 in the presence of metabolic activation, while in the absence of metabolic activation it was
positive in TA1535 only (NOTOX, 1994f; Hoogenboom et al., 2002) (Appendix H, Table H.2). In
stimulated human lymphocytes, it induced a dose-dependent increase in chromosomal aberrations in
the absence of metabolic activation (NOTOX, 1994d; Hoogenboom et al., 2002). The in vivo
micronucleus assay with AOZ was performed on Swiss mice using single i.p. administration and
sampling after 24 and 48 hours using five animals per dose and sampling time (NOTOX, 1994h).
Owing to the higher susceptibility of males than females to the toxicity of AOZ, males were
administered 32-500 mg/kg b.w. AOZ and females were administered 270-1 500 mg/kg b.w. A
statistically significant increase of micronucleated polychromosome erythrocytes (PCEs) was detected
at only 48 hours of sampling in the males of the highest dose group. Large differences in toxicity and
mortality, as well as in the frequency of micronucleated PCEs, were observed, indicating a possible
non-genotoxic mechanism of action.

Only a few genotoxicity studies of furaltadone and its metabolite AMOZ were available to the
CONTAM Panel. In a bacterial reverse mutation assay with S. Typhimurium TAL100 without
metabolic activation, furaltadone was already positive at the lowest tested concentration of
10 ng/plate, whereas the N-oxide metabolite was negative at doses up to 1 000 ng/plate (Hoogenboom
et al.,, 1994). In the mouse lymphoma assay, furaltadone (concentration range: 10-1 000 pg/mL)
induced a 4- to 18-fold increase in the mutant frequency at the thymidine kinase (TK) locus in the
absence of metabolic activation, and a five- to six-fold increase in the presence of metabolic activation
(RRC NOTOX, 1991a). However, there are no data on its clastogenic activity. In the bacterial reverse
mutation assay with S. Typhimurium TA1538, TA98, TA1535 and TA100 and E. coli WP2uvrA,
AMOZ was negative in the presence and in the absence of metabolic activation (NOTOX, 1994e).
AMOZ was not clastogenic in the in vitro chromosomal aberration assay with and without metabolic
activation (NOTOX, 1994c).

In bacterial genotoxicity and mutagenicity tests, nitrofurantoin induced DNA single strand breaks in
nitroreductase-rich, but not nitroreductase-deficient, E. coli strains. Induction of reverse mutations was
detected in E. coli strains WP2 and WP2uvrA and S. Typhimurium TA100, TA98 and TA97, but not
in TA1535, TA1536 or TA1538. In yeast (Saccharomyces cerevisiae), it induced mitotic gene
conversions in D4-RDII and D7 strains, but not in the D4 strain and non-disjunction. In a diploid
Aspergillus nidulans, nitrofurantoin induced mitotic crossing-over. In Chinese hamster cells,
nitrofurantoin induced resistance to 6-thioguanine only in the presence of metabolic activation.
Nitrofurantoin induced DNA strand breaks in human foreskin fibroblasts and in a human
lymphoblastoid cell line (TK6) in vitro and increased the frequency of SCE and chromosomal
aberrations in isolated human lymphocytes in vitro. In vitro, nitrofurantoin did not induce unscheduled
DNA synthesis (UDS) in human fibroblasts or rat hepatocytes. Details and references for these studies
are shown in Appendix H, Table H.3.

In D. melanogaster, the result of the sex-linked recessive lethal test was negative, but positive results
were observed in the wing spot test (Appendix H, Table H.3).

In vivo, nitrofurantoin was negative in the mouse spot test and in the dominant lethal test in mice
(Appendix H, Table H.3). It also did not induce chromosomal aberrations in male germ cells or
dominant lethal effects in mice, whereas it induced DNA strand breaks in different organs in rats and
mice and SCEs in bone marrow cells of mice (Appendix H, Table H.3).

In an in vivo micronucleus study, nitrofurantoin was administered (5, 10 or 50 mg/kg b.w.) to young
(3-week-old) and adult (8-week-old) BALB/C mice with a single i.p. injection. The blood samples for
the micronucleus analysis were collected 48, 96, 168 and 336 hours after the administration. A
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significant increase in micronuclei frequency was observed at all doses of nitrofurantoin, with higher
levels in young animals than in adult animals. The peak level was observed after 48 hours and then
gradually declined. In adult animals, the micronuclei frequency declined to the background level,
whereas in young animals it remained elevated (Fuci¢ et al., 2005). The study indicates that young
animals are more sensitive to the genotoxic effects of nitrofurantoin than adult mice and that the
response in young mice persists for a significantly longer time.

In vivo mutagenicity testing of nitrofurantoin was performed with Big Blue transgenic mice
(Quillardet et al., 2006). The male Big Blue™ C57BL/6[L1Z] mice received 167 mg/kg b.w. per day
by gavage for 5 consecutive days. The animals were sacrificed 20 days after the last administration.
The frequencies of mutants in the cll gene from the shuttle vector were determined in lung, kidney,
bladder, caecum, colon, intestine, kidney, spleen and stomach. A weak mutagenic response was
observed in all organs; the highest was in kidney of nitrofurantoin-treated mice.

Kijima et al. (2015) investigated in vivo mutgenicity of nitrofurantoin, its constituent compound
5-nitro-2-furaldehyde and its metabolite AHD in F344 gpt delta male rats. The animals were exposed
to the tested compounds by gavage at a carcinogenic or the maximum tolerated dose and sacrificed at
4 or 13 weeks. An increase in gpt mutant frequency was observed in nitrofurantoin and 5-nitro-2-
furaldehyde treated groups, but not in the AHD-treated group. A significant increase of the
8-hydroxydeoxyguanosine level in kidney DNA was observed after 4 weeks in nitrofurantoin treated
rats, but not in 5-nitro-2-furaldehyde or AHD treated rats. In the nitrofurantoin group and to a lesser
extent also in the 5-nitro-2-furaldehyde treated group, the accumulation of hyaline droplets in the
proximal tubules that stained positive for a2u-globulin were observed. It is known that the
accumulation of a2u-globulin causes the proximal tubular cell injury that leads subsequently to
compensatory cell proliferation (Borghoff et al., 2001), which may be a mechanism of non-genotoxic
carcinogenicity of a2u-globulin inducing compounds. A sencond expriment with nitrofurantoin was
performed using female gpt delta rats, in which the effects of a2u-globulin were not involved. The
administration of nitrofurantoin at the same dose used for males caused significant elevations of both
gpt mutation frequency and 8-hydroxydeoxyguanosine levels to the same extent as in males indicating
that a2u-globulin -mediated nephropathy due to nitrofurantoin treatment did not affect susceptibility
to nitrofurantoin-induced genotoxicity.

Nitrofurantoin-induced genotoxic effects have also been studied in human patients treated with
nitrofurantoin. Sardas et al. (1990) found no increase in SCE frequency in the blood of 15 adult
patients with urinary tract infection that were treated daily with oral doses of 10 or 400 mg
nitrofurantoin for 10 days. Slapsyte et al. (2002) determined the frequencies of chromosomal
aberrations and SCE in children that were under long-term prophylactic treatment with nitrofurantoin.
A total of 69 0.2- to 13-year-old children treated with nitrofurantoin at a dose of 5-8 mg/kg b.w. per
day for the first 7 days and 1-2 mg/kg b.w. per day for the rest of the treatment period were included
in the study. Blood sampling was performed before the therapy and after 1, 3, 6 and 12 months.
However, for only 13 patients were blood samples available before the treatment and after 1—
12 months. All patients had also undergone X-ray examination (urethrocystography) prior to the
treatment. The only effect was a higher frequency of chromosomal aberrations due to X-ray
examination. A significant increase in SCE frequency was observed in the group of children from
whom blood samples were available both before and after the treatment only, and a significant
correlation was observed between cumulative dose of nitrofurantoin and SCE frequency in the
lymphocytes of children treated for 1 month. A similar effect was also observed in the group of
children after 12 months of the treatment; however, the correlation was not significant, probably
owing to the small sample size.

The results of the the in vivo mutgenicity study in F344 gpt delta male rats showed that AHD was not
mutagenic (Kijima et al., 2015). No other genotoxicity studies were identified for AHD.

Nitrofurazone induced differential toxicity in E. coli, but not in S. Typhimurium. It induced mutations
in E. coli WP2 and WP2uvrA strains and in S. Typhimurium TA98, TA100 and TA1535 strains in the
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presence and absence of metabolic activation, while it was negative in S. Typhimurium strains
TA1536, TA1537 and TA1538. Nitrofurazone induced mutations in Neurospora crassa, but not in A.
nidulans, while in D. melanogaster it did not induce sex-linked recessive lethal mutations. In Chinese
hamster ovary (CHO) cells, it induced HGPRT mutations and chromosomal aberrations in the
presence and absence of metabolic activation. In human, hamster and mouse cells, nitrofurazone
induced DNA strand breaks. It did not induce UDS in human cells. Contradictory results were
obtained on the induction of chromosomal aberrations in mammalian cells. In vivo, nitrofurazone did
not induce chromosomal aberrations in rats, micronuclei in mice or rats or sperm abnormalities in
mice. Details and references for these studies are shown in Appendix H, Table H.4.

Various genotoxicity studies focused on the nitrofurazone marker metabolite SEM (see also Appendix
H, Table H.5). In the S. Typhimurium reversion test with and without metabolic activation (S9 from
Aroclor-induced rat liver and from Aroclor-induced mouse liver and lung), SEM showed weak
mutagenic activity in strain TA1535 only. The mutagenic response was partially and totally depressed
in the presence of liver and lung S9, respectively. With strains TA1537, TA1538, TA98 and TA100,
negative results were obtained, either with or without S9 (De Flora, 1981; De Flora et al., 1984).
Negative results were obtained in a study using a modified test protocol with S. Typhimurium strains
G46, C3076, D3052, TA1535, TA1537, TA1538, TA98 and TA100 and the E. coli strains WP2 and
WP2uvrA, with and without metabolic activation by Aroclor-induced rat liver S9 (no experimental
details given) (McMahon et al., 1979). SEM hydrochloride tested with S. Typhimurium strains
TA1535, TA1537, TA98, TA100 and TA102 at doses ranging from 50 to 5 000 ug/plate with and
without exogenous metabolic activation showed a weak mutagenic response only for the strain
TA1535 at the highest tested concentration and only in the absence of S9 (Herbold, 2003).

SEM has been tested more recently in a series of genotoxicity tests including bacterial reverse
mutation assays with S. Typhimurium strains TA1535, TA1537, TA98 and TA100 and E. coli
WP2uvrA for tk locus mutations with mouse lymphoma cells (L5178Y) and for chromosomal
aberrations with CHO cells (TNO, 2004a, b, c). In the bacterial mutagenicity testing (concentration
range: 62-5 000 pg/plate), strain TA1535 showed a dose-dependent increase of revertant colonies. In
the absence of metabolic activation, a 16-fold increase in the number of revertants compared with the
control was observed, while in the presence of metabolic activation the increase was only two-fold.
Borderline mutagenicity was also observed in strain TA100, but only without metabolic activation
(TNO, 2004a). No mutagenicity was observed in the other bacterial strains (EFSA, 2005). In the in
vitro forward mutation assay at the tk locus with L5178Y cells, SEM (tested at concentrations ranging
from 0.21 to 10.0 mM) was positive in the absence of metabolic activation, while in the presence of
metabolic activation only a borderline increase in mutant colonies was observed at the highest dose
(TNO, 2004b). In the chromosomal aberration assay with CHO cells exposed to SEM for different
periods of time (4, 18 and 32 hours), and with sampling after 18 or 32 hours, the compound did not
significantly increase the number of aberrant cells, neither with nor without metabolic activation
(TNO, 2004c). However, with metabolic activation, an increase in endoreduplicated cells was
observed at the early sampling time (18 hours), indicating alterations in the cell cycle control rather
than genotoxicity. In a study with Chinese hamster V79 cells, SEM hydrochloride was tested at
concentrations ranging from 125 to 1 120 pg/mL. It was cytotoxic at concentrations above 800 pug/mL
after 4 hours’ exposure and at concentrations above 125 pg/mL after 18 hours’ exposure. With
metabolic activation, no cytotoxicity was observed. Chromosomal aberrations were determined at
concentrations of 250-1 120 pg/mL with and without metabolic activation after 4 hours’ exposure and
at concentrations of 125-500 pg/mL in the presence of metabolic activation. No significant increase in
the number of aberrant metaphases was observed (Herbold, 2004). Recently, Vlastos et al. (2010)
investigated the genotoxicity of SEM in vitro with human lymphocytes. SEM was tested at
concentrations of 0.5-20 pg/mL and revealed a slight increase in SCE frequency only at the highest
concentration. No increase in micronuclei frequency was found in vitro with human lymphocytes
tested at concentrations of 0.5-20 pg/mL.

The in vivo micronucleus study with two strains of mice (male BALB/C and CBA) that received a
single i.p. dose of SEM (40, 80 or 120 mg/kg b.w.), followed by blood analyses with the sensitive flow
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cytometry determination of micronuclei frequency 42 hours after administration, revealed negative
results in both strains (Abramsson-Zetterberg and Svensson, 2005). In an in vivo study, SEM did not
induce DNA damage (UDS) in liver of female mice that received a single oral dose (100 or
200 mg/kg) with sampling times 4 and 16 hours after the administration (CTL, 2004). However, in a
recent in vivo study with male Wistar rats exposed to SEM (single oral dose of 50, 100 or 150 mg/kg
b.w.) and sacrificed after 24 hours, the analysis of bone marrow polychromatic erythrocytes revealed a
significant increase of slightly more than two-fold in micronuclei frequency at all doses, but with no
dose-response pattern (Vlastos et al., 2010). It should be noted that these doses are relatively high and
similar. The discrepancy between the in vivo genotoxicity studies in mice (Abramsson-Zetterberg and
Svensson, 2005; CTL, 2004) and the rat study (Vlastos et al., 2010) might be the result of the
differences in responses between species and remains to be clarified.

No data on the genotoxicity of nifursol were identified in the open literature. Therefore, EFSA
requested access to the original study reports submitted to SCAN for the risk assessment of nifursol in
2001 and 2003 (see Documentation provided to EFSA). In the bacterial reverse mutations assay with
S. Typhimurium strains TA1535, TA1537, TA1538, TA98 and TA100, nifursol was clearly positive in
the TA100 strain with and without metabolic activation and in the TA98 strain without metabolic
activation. In Chinese ovary cells, nifursol induced a consistent but insignificant increase in
chromosomal aberrations without metabolic activation at the maximal soluble concentrations, whereas
in the isolated rat hepatocytes it did not induce UDS. The results of in vivo chromosomal aberration
and micronucleus assays in bone marrow were negative. An in vivo UDS assay in liver was negative,
whereas in intestinal tissue it was positive at higher concentrations. Irritation of the tissue was
observed at these concentrations and therefore it is not clear whether the increased incorporation of
tritiated thymidine is the consequence of UDS or irritation-induced scheduled DNA synthesis. In the
in vivo transgenic mutation assay with Muta-Mouse, no increase in the frequency of the lacZ vector
was detected in the ileum/jejunum. Other tissues were not analysed. Details and references for these
studies are shown in Appendix H, Table H.6.

No genotoxicity studies were identified for DNSH.
Conclusions

Table 8 summarises the results from the available genotoxicity studies for the nitrofurans and their
marker metabolites considered in this opinion.

Furazolidone has been shown to induce mutations in bacteria and insects. In mammalian cells in
vitro, it caused chromosomal aberrations, SCE and DNA strand breaks. In vivo micronucleus studies
gave negative or equivocal results, while in vivo it induced an increase in SCE frequency. The
CONTAM Panel concluded that these data provide sufficient evidence to show that furazolidone is
genotoxic in vitro. Based on the limited in vivo data, furazolidone may possibly be genotoxic in vivo.

The limited data on the genotoxicity of AOZ indicate that it is genotoxic in vitro and possibly also in
Vivo.

The genotoxicity studies of furaltadone indicate that it is a strong bacterial mutagen and induces
mutations in mammalian cells, but no study is available on its clastogenicity. The CONTAM Panel
concluded that it is mutagenic in vitro.

The genotoxicity data on AMOZ indicate that it is not genotoxic in vitro.

Nitrofurantoin induced DNA damage and mutations in different bacterial test systems, as well as in
insects. In mammalian cells in vitro, it induced mutations, DNA damage and chromosomal
aberrations. In vivo, nitrofurantoin has been shown to induce DNA damage in multiple organs,
micronuclei formation in mice and gene mutations in a transgenic mouse mutation assay. The study in
children under long-term prophylactic treatment with nitrofurantoin gave an indication of the possible
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induction of SCE in lymphocytes. Based on these data, the CONTAM Panel concludes that
nitrofurantoin is genotoxic in vitro and in vivo.

The only available mutagenicity study for AHD was a negative study with F344 gpt delta rats. Based
on these limited data, it is not possible to draw a conclusion about the genotoxicity of AHD.

Nitrofurazone was genotoxic and mutagenic in bacteria and fungi. In mammalian cells in vitro, it
induced DNA damage, SCE, chromosomal aberrations and mutations, although negative results were
also obtained in some studies. In the in vivo genotoxicity tests in rodents, nitrofurazone was not
genotoxic. Based on these data, the CONTAM Panel concludes that there is sufficient evidence to
consider nitrofurazone as genotoxic in vitro. Owing to the lack of in vivo mutagenicity tests, no
conclusion on the in vivo genotoxicity can be drawn.

The data on in vitro genotoxicity indicate that SEM is mutagenic in bacteria and mammalian cells.
Earlier studies showed that SEM is not clastogenic in vitro or in vivo. Based on these data, the AFC
Panel (EFSA, 2005) concluded that the weak genotoxicity exerted by SEM in vitro is not expressed in
vivo. The study by Vlastos et al. (2010), which was performed after the EFSA evaluation of SEM,
showed the in vivo clastogenic potential of SEM. However, owing to the lack of a dose-response
relationship, the result cannot be considered as clearly positive and remains to be clarified. Based on
the available information, the CONTAM Panel concludes that there is sufficient evidence to conclude
that SEM is genotoxic in vitro, but that no conclusion on genotoxicity in vivo can be drawn.

The data on in vitro genotoxicity indicate that nifursol is mutagenic in bacteria, and the chromosomal
aberration tests in mammalian cells are equivocal. The in vivo clastogenicity studies gave clear
negative results, as did the in vivo mutation assay with transgenic mice. Based on these data, the
CONTAM Panel concludes that nifursol is mutagenic in vitro but not genotoxic in vivo.

No genotoxicity studies were identified for DNSH.
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Table 8:  Summary of genotoxicity testing results in bacteria and in in vitro and in vivo mammalian test systems

Bacteria

Mammalian cells in vitro

Rodents in vivo

H C

Compound Mut | DSB SCE UDS CA MN Mut| DSB UDS SCE CA MN  Mut® Evaluation®

Furazolidone P P P N P P P -@ P - NIE - Genotoxic in vitro and possibly also in
vivo

AOZ P — - - - P - — — — — p@ — Genotoxic in vitro and possibly also in
Vivo

Furaltadone P — — P — — — Mutagenic in vitro

AMOZ N - — — N — - — — — — — — Non genotoxic in vitro

Nitrofurantoin P P P N P/N — P P — P — P/N P Genotoxic in vivo

AHD - - - - - - - N Not mutagenic in vivo but no other

genotoxicity data available

Nitrofurazone P P P — P/N — P — — N N N — Genotoxic in vitro

SEM P - (P) — N N P — N — - (P)N — Genotoxic in vitro

Nifursol P - - N E - - N/P - N N N Mutagenic in vitro but not genotoxic in
Vivo

DNSH - - — - - — - - - - - — - —

CA: chromosomal aberrations; DSB:
exchange; UDS: unscheduled DNA synthesis.

(a): Not tested.

(b): Studies with transgenic rodents.

(c): The results were evaluated in accordance with the EFSA opinion on the strategies for genotoxicity testing (EFSA SC, 2011).
(d): Possible non-genotoxic mechanism of action.

DNA strand breaks; E: equivocal; MN: micronucleus; Mut: mutations; N: negative result; P: positive result; (P): weak effect; SCE: sister chromatid
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8.2.7.  Chronic toxicity and carcinogenicity

The CONTAM Panel identified four carcinogenicity studies on furazolidone that had been submitted
by industry to JECFA for the evaluation of furazolidone (FAO/WHO, 1993a). With the exception of
the study with Fischer 344 rats (see below), the original documents were made available by the data
owner. For the study with Fischer 344 rats, the CONTAM Panel used the JECFA summary
(FAO/WHO, 1993a). In one study that had been submitted by industry to JECFA for the evaluation of
nitrofurazone (FAO/WHO, 1993b), furazolidone was also applied. This study (Siedler and Sierfoss,
1966; see below) was made available to EFSA by the data owner. No carcinogenicity studies on
furazolidone were identified in the public literature.

Groups of Swiss MBR/ICR mice (50/sex/group) were fed diets containing 0, 75, 150 or 300 mg/kg
furazolidone (purity not given), equal to a reported average daily dose of about 0, 12, 24 or 47 mg/kg
b.w. per day, respectively, for 13 months. After the treatment period, the animals were kept on control
diets for an additional 10 months. No substance-related effects were observed on feed consumption
and body weight. Mortality had increased in mid- and high-dose females at the end of the treatment
period of 13 months (8 out of 50 (hereafter in this section ‘8/50°), 4/50, 12/49 and 12/49 for control,
low-, mid- and high-dose groups, respectively). At the end of the study (month 23), mortality had
increased in mid- and high-dose females (33/50, 35/50, 46/49 and 48/49 for control, low-, mid- and
high-dose groups, respectively) and in high-dose males (34/50, 34/50, 36/50 and 48/51 for control,
low-, mid- and high-dose groups, respectively). The incidence of bronchial adenocarcinomas
significantly increased in both sexes (incidences in the control, low-, mid- and high-doses groups were
13/49, 19/48, 26/50 and 37/51 for males, and 15/50, 18/50, 20/47 and 30/48 for females, respectively).
The incidence of lymphosarcomas significantly increased in mid- and high-dose males (1/49, 7/48,
10/50 and 10/50 for the control, low-, mid- and high-dose groups, respectively) (Halliday et al., 1974).

Groups of 35 female Holtzman rats were fed diets containing 0 or 0.1 % furazolidone (purity not
given), corresponding to reported average doses of 0 or 57 mg/kg b.w. per day, respectively, for
45 weeks, followed by a control diet for 8 weeks. At termination (week 53), survival was significantly
reduced by the treatment: 19/35 mice survived in the treatment group, whereas 33/35 survived in the
control group. In the treatment group, the incidence of animals with mammary adenomas was 21/35,
whereas it was 2/35 in the controls, and the incidence of adenocarcinomas was 5/35 in the treatment
group compared with none in the controls (Siedler and Searfoss, 1966).

Groups of Fischer 344 rats (50/sex/group) were fed diets containing 0, 250, 500 or 1 000 mg/kg
furazolidone (purity not given) for 20 months (corresponding to 0, 12.5, 25 or 50 mg/kg b.w. per day,
respectively). The surviving rats were maintained on control diets for at least 4 months or until 90 %
of the rats had died. Extensive histopathological examinations were performed on all moribund and
sacrificed rats. In the mid-dose (males) and high-dose (males and females) groups, the mortality rate
increased after 24 months, with 90 % mortality in the highest dose group. At the end of the treatment
period, body weight gain had significantly decreased at mid- and high-dose animals (no numerical
data reported by JECFA) (FAO/WHO, 1993a). In the high-dose group, the number of erythrocytes
significantly decreased in males and females. Haemoglobin levels and haematocrit decreased in mid-
and high-dose females. The incidence of testicular atrophy increased in mid- and high-dose males and
the incidence of adrenal cortical hyperplasia increased in high-dose males only. Particularly in the
mid- and high-dose groups, increased incidences of dermal fibromas, sebaceous adenomas and thyroid
adenomas were observed in both sexes, and increased incidences of basal cell epitheliomas in males
were also observed. In 2/50 males of the high-dose group, basal cell carcinomas were found. In female
rats, an increased incidence of mammary neoplasms (benign and malignant combined) was observed
at all dose levels, but without a dose—response relationship (11/49, 29/50, 40/50 and 30/50 for control,
low-, mid- and high-dose groups, respectively). Mammary adenocarcinomas were found in only high-
dose females (6/50) (King et al., 1972b; Halliday et al., 1973b).

Groups of Sprague—Dawley rats (35/sex/group) were fed diets containing furazolidone for 2 years. The
actual average dose over the 2 years was reported as 0, 0.7, 3.4 or 10.4 mg/kg b.w. per day for males
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and 0, 0.8, 4.3 or 14 mg/kg b.w. per day for females. At the end of the study, survival had decreased in
female rats, particularly in the high-dose group (26/35, 22/35, 23/35 and 15/35 for control, low-, mid-
and high-dose groups, respectively). At termination of the study (day 726), a clear dose-related
reduction in red blood cell parameters (red blood cell count, haematocrit and haemoglobin) was
observed in mid- and high-dose female rats. A similar but smaller effect was seen at earlier sampling
times. In males and females of the high-dose group, a significantly increased incidence of adrenal
cortical hyperplasia was observed. In females, an increase in thyroid atrophy was observed in
1/33 animals of the mid-dose group and 8/35 animals of the high-dose group, but not in the control
and low-dose group. In females, an increased incidence of malignant mammary tumours was observed
(unspecified malignant mammary tumours: 1/34, 3/35, 4/33 and 4/35; adenocarcinomas: 1/34, 2/35,
2/35 and 3/35; carcinosarcomas: 0/34, 1/35, 2/33 and 1/35; for the control, low-, mid- and high-dose
groups, respectively). In addition, the incidence of mammary fibroadenomas increased in treated
animals, but without a clear dose—response relationship. The authors reported that the time of onset of
mammary neoplasms was approximately 2 months earlier in the mid- and high-dose females than in
the other groups (King et al., 1972a; Halliday et al., 1973a).

Sprague-Dawley rats (50/sex) were fed diets containing 0, 250, 500 or 1 000 mg/kg furazolidone
(purity not given) for 18 months (corresponding to 0, 12.5, 25 or 50 mg/kg b.w. per day, respectively,
when applying a default factor of 0.05 (EFSA SC, 2012)). After the treatment period, the animals were
maintained on a control diet. A dose-related increase in mortality was found in both sexes: 4/50,
11/50, 17/50 and 30/50 for males and 9/50, 12/50, 8/50 and 29/50 for females, for control, low-, mid-
and high-dose groups, respectively. High-dose animals were sacrificed at day 666, whereas controls
were sacrificed at day 895. Body weight gain significantly decreased in mid- and high-dose males and
in high-dose females. These effects were accompanied by reduced feed consumption in these dose
groups. A reduction in the number of red blood cells was seen in female rats, particularly in the mid-
and high-dose groups. Histopathological examination showed an increased incidence of hepatic
necrosis in all treated rats, but particularly in high-dose females: incidences were 1/50, 3/49, 2/50 and
5/49 for males and 1/49, 3/50, 3/50 and 12/50 for females of the control, low-, mid- and high-dose
groups, respectively. Female rats in all treated groups showed a dose-related increase in the incidence
of adrenal cortical hyperplasia (16/49, 26/50, 27/50 and 31/50 for control, low-, mid- and high-dose
groups, respectively). In male rats of the mid- and high-dose groups, an increased incidence of
testicular atrophy was found (10/50, 10/49, 33/50 and 49/49 for control, low-, mid- and high-dose
groups, respectively). The incidence of mammary neoplasms (unspecified) increased in all treated
females, but without a dose—response relationship (29/49, 41/50, 45/50 and 40/50 for control, low-,
mid- and high-dose groups, respectively). The combined incidence of mammary adenocarcinoma and
carcinosarcomas in female rats was 1/49, 1/50, 3/50 and 8/50 for control, low-, mid- and high-dose
groups, respectively. In male rats, the incidence of dermal fibroma increased in all treatment groups,
but without a dose-response relationship. Sebaceous gland adenoma (6/49) and adenocarcinomas
(1/49) were found in only high-dose males. In males of the mid- and high-dose groups, the incidence
of neural astrocytomas increased (2/50 and 5/49, respectively), whereas none of these tumours was
found in the control or low-dose group (King et al., 1972b; Halliday et al., 1973b).

No chronic toxicity studies were identified for AOZ.

For furaltadone, only one carcinogenicity study was identified in the scientific literature available in
the public domain. In another study that had been submitted by industry to JECFA for the evaluation
of nitrofurazone (FAO/WHO, 1993b), furaltadone was also applied. This study (Siedler and Sierfoss,
1966; see below) was made available to EFSA by the data owner.

Furaltadone hydrochloride (‘pure’) was administered to a group of 36 weanling female Sprague-
Dawley rats, weighing 40-72 g, in the diet at a concentration of 1 g/kg diet for a period of 46 weeks.
The animals were maintained on a control diet for an additional period of 20 weeks. A group of
26 untreated females served as the control group. Using the reported information on cumulative dose,
duration of administration, the growth of the animals and a conversion for the molecular weight of
furaltadone hydrochloride to furaltadone, the average furaltadone dose was estimated by the
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CONTAM Panel to be 54 mg/kg b.w. per day. A significant increase (p < 0.001) in the incidence of
mammary adenocarcinomas (25/32 versus 0/25 in the control) was observed. Based on this
observation, the authors concluded that furaltadone was strongly carcinogenic (Cohen et al., 1973).

Groups of 35 female Holtzman rats were fed diets containing 0 or 0.15 % furaltadone (purity not
given), corresponding to reported average doses of 0 or 85 mg/kg b.w. per day, respectively, for
45 weeks, followed by control diet for 8 weeks. At termination (week 53), survival was reduced,;
25/35 versus 33/35 in the control group. In treated animals, the incidence of mammary adenomas was
22/35 versus 2/35 in the controls, and the incidence of adenocarcinomas was 3/35 compared with none
in the controls (Siedler and Searfoss, 1966).

No chronic toxicity studies were identified for AMOZ.

For nitrofurantoin, several carcinogenicity studies were identified in the scientific literature available
in the public domain.

Nitrofurantoin (purity and crystalline form not specified) was administered to groups of 52-53 male
and 54 female BDF1 mice at 0, 750 or 3 000 mg/kg of diet. These dietary concentrations correspond to
doses of 0, 112.5 or 450 mg/kg b.w. per day, respectively, using the default factor of 0.15 as
recommended by the EFSA SC (2012) for a 2-year mice study. At the end of the experiment, survival
in males and females combined was 50.5, 42.5 and 46.2 in control, low-dose and high-dose groups,
respectively. In males, a reduced incidence of hepatic adenomas was observed; 6/53 in controls,
1/52 in low-dose mice and 0/52 in high-dose mice. No increase in the incidence of tumours at any site
was observed (Ito et al., 1983).

Groups of 50 male and 50 female Swiss (Crl:CDR_1(ICR)BR) mice, about 50 days of age, received
nitrofurantoin (pharmaceutical grade macrocrystals) in the diet for 22 months at concentrations
equivalent to an average dose of 0, 50, 100 or 200 mg/kg b.w. per day (0, 44, 84 or 181 mg/kg b.w. per
day for males and 0, 59, 116 or 224 mg/kg b.w. per day for females, respectively). Increased mortality
was observed in high-dose males. Kidney effects such as tubular dilatation and hyperplasia were found
in males and females of the mid- and high-dose groups. In males, the incidence of malignant
lymphomas at all sites were 2/50 (controls), 6/50 (low dose), 4/49 (mid dose) and 10/50 (high dose),
reaching significance at the high dose (p =0.012) only. However, the authors suggested that the
increase in this ‘common neoplasm’ was not related to treatment (Butler et al., 1990b).

Groups of 50 male and 50 female B6C3F1 mice, 8 to 9 weeks of age, were fed nitrofurantoin
(pharmaceutical grade microcrystalline powder) for 103 weeks at 0, 1300 or 2500 mg/kg diet.
Calculated average doses were reported to be 0, 277 or 577 mg/kg b.w. per day for females and 0, 295
or 567 for males, respectively. Mortality at termination of the experiment was reduced in females;
survival rates were 19/50, 37/50 and 37/50 in control, low-dose and high-dose groups, respectively. In
females, ovarian atrophy was seen in treated mice (48/50 in low-dose and 49/50 in high-dose animals),
compared with no such effect in the controls. In high-dose mice, kidney effects (mineralisation of the
renal medulla in females, and dilatation of renal tubules in males) were observed. High-dose males
showed testicular degeneration. In female mice, an increased incidence of malignant lymphomas was
observed: 12/50, 19/50 and 24/50 in control, low-dose and high-dose animals, respectively. Because of
unusually low survival of female mice in the control group (animals started to die in week
65 compared with in about week 85 for both dose groups; mortality at the end of the study was 60 %
for the control group versus about 25 % for treated females), NTP calculated adjusted rates for these
malignant lymphomas: 50.2 % (control), 43.4 % (low dose) and 52.7 % (high dose). These results
indicate that there is no treatment-related increase in malignant lymphomas in female mice. In high-
dose male mice, survival was only slightly higher (about 10 %) than that in the control and low-dose
groups, and no increase in any type of malignant tumours was observed (NTP, 1989).

In a study on ovarian atrophy, three groups of female B6C3F1 mice (n = 20), 5 to 6 weeks of age,
were administered nitrofurantoin (pharmaceutical grade) in the diet at concentrations corresponding to

EFSA Journal 2015;13(6):4140 93



¥
*

~-efsam

T — Nitrofurans in food

doses of 0, 350 or 500 mg/kg b.w. per day, respectively, for 64 weeks. At termination, survival was
20 in controls, 19 in low-dose and 18 in high-dose animals. At the end of the study, ovarian atrophy
was found in only treated animals: 0/20 in control, 18/19 in low-dose and 18/18 in high-dose animals.
There was no increase in the incidence of neoplasms of the reproductive system (ovaries, uterus,
vagina), which were the only tissues examined (Stitzel et al., 1989).

A group of 10 pregnant ICR/Jcl mice received three s.c. injections of nitrofurantoin (purity
unspecified) at 75 mg/kg b.w. suspended in a 1 % gelatine solution on days 13, 15 and 17 of gestation.
Groups of 22 gelatine-treated dams and 76 untreated dams served as controls. Offspring were foster-
nursed by untreated dams and were sacrificed 32 weeks after birth. Gross pathological lesions were
examined for tumours. The incidence of papillary adenomas of the lung increased in the offspring of
nitrofurantoin-treated dams (10/78 (12.8 %), p <0.002) compared with gelatine-treated controls
(5/203 (2.5 %)) and untreated controls (29/478 (5.3 %)) (Nomura et al., 1984).

A group of 36 weanling female Sprague-Dawley rats, weighing 40-72 g, was administered
nitrofurantoin (‘pure’) at 1 870 mg/kg diet for 16 weeks. Because of impaired growth and premature
mortality, the dose was reduced to 100 mg/kg diet for week 16—75. From week 75 to 80, the animals
were kept on a control diet. Using the reported information on the cumulative dose, duration of
administration and growth of the animals, the average dose on a body weight basis was estimated to be
187 mg/kg b.w. per day for the first 16 weeks and about 7 mg/kg b.w. per day for the second period.
The experiment was terminated at week 80. A group of 30 untreated rats served as controls. No
increase in tumour incidence was observed (Cohen et al., 1973).

Two groups of weanling, germ-free female Sprague—Dawley rats (11 control and 12 treated rats),
weighing 85-100 g, were fed nitrofurantoin (extracted from pharmaceutical grade, macrocrystalline
nitrofurantoin) at 0 or 1880 mg/kg of diet for 104 weeks. Using the default factor of 0.05 as
recommended by the EFSA SC (2012) for a 2-year rat study, this dietary concentration corresponds to
a dose of 94 mg/kg b.w. per day. The growth rate in treated rats was slightly retarded compared with
controls. The median survival time was 96 weeks for controls and 90 weeks for treated animals. The
incidences of mammary fibroadenomas were 2/11 in controls and 9/12 in rats treated with
nitrofurantoin (p < 0.01, Fisher’s exact test). No increase in the incidence of tumours at other sites was
observed (Wang et al., 1984).

Groups of Fischer 344 rats (50/sex/group) were administered nitrofurantoin (pharmaceutical grade
microcrystalline powder) in the diet containing 0, 600 or 1 300 mg/kg (females) and 0, 1 300 or
2 500 mg/kg (males) for 103 weeks. Calculated average doses were reported to be 0, 28 or 62 mg/kg
b.w. per day for females and 0, 59 or 111 mg/kg b.w. per day for males, respectively. Survival at
termination of the experiment did not differ between control and treated animals. Chronic tubular
nephropathy was observed in all treated rats, but the authors judged the severity to be greater in dosed
males. The incidence of microscopic renal tubular adenomas was 3/50 in controls, 11/50 in low-dose
males and 19/50 in high-dose males. In high-dose male rats, testis degeneration and atypical cells of
the epididymis were observed. Renal tubular carcinomas were seen in two high-dose males.
Osteosarcomas were seen in one low-dose male and two high-dose males. Reductions in the
incidences of preputial gland adenomas and carcinomas, and interstitial cell adenomas of the testes
were observed in males. No change in tumour incidence was observed in female rats (NTP, 1989).

Butler et al. (1990a) administered groups of 60 male and female Sprague—Dawley rats nitrofurantoin
(pharmaceutical grade macrocrystals) in the diet for 24 months at concentrations equivalent to an
average dose of 0, 24, 48 or 96 mg/kg b.w. per day. Body weight gain was reduced in high-dose
females and mortality increased in high-dose males. In high-dose males, an increased incidence of
testicular degeneration and epididymal fibrosis was observed. In the same paper (Butler et al., 1990a),
a separate oncogenicity study was reported, in which groups of 50 male and female Sprague—Dawley
rats received nitrofurantoin in the diet for 24 months at concentrations equivalent to 0, 12, 24 or
48 mg/kg b.w. per day. No effects on mortality were found and no increased incidence in neoplasms at
any site was observed.
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No chronic toxicity studies were identified for AHD.

Several carcinogenicity studies on nitrofurazone were identified in the scientific literature available
in the public domain. In addition, the CONTAM Panel identified two carcinogenicity studies on
nitrofurazone (Siedler and Searfoss, 1966, 1976) that had been submitted by industry to JECFA for the
evaluation of nitrofurazone (FAO/WHO, 1993b). The original documents were made available to the
CONTAM Panel by the data owner.

Nitrofurazone (99 % pure) was administered in the diet to groups of 50 male and 50 female B6C3F1
mice at concentrations of 0, 150 or 310 mg nitrofurazone/kg, equal to 0, 14 or 29 mg/kg b.w. per day,
respectively, for 2 years. At the end of the experiment, survival was reduced, particularly in male
mice: 31/50 and 27/50 for the low- and high-dose groups, respectively, compared with 39/50 for
controls. In female mice, there was an increased incidence of ovarian atrophy: 7/47 in controls,
44/50 in the low-dose group and 38/50 in the high-dose group. The incidence of ovarian granulosa cell
tumours increased: 4/50 and 9/50 in low- and high-dose females, compared with 1/47 in control
animals. In addition, the incidence of benign mixed tumours of the ovary increased: 17/50 in the low-
dose group and 20/50 in the high-dose group, compared with 0/47 in the controls. In male mice, there
were no increased incidences of any tumour type (NTP, 1988; Kari et al., 1989).

In a study on transplacental carcinogenesis reported by Nomura et al. (1984), a group of 20 pregnant
ICR/Jcl mice received three s.c. injections of nitrofurazone (purity not specified) at 75 mg/kg b.w.
suspended in 1 % gelatine solution on days 13, 15 and 17 of gestation. The offspring were foster-
nursed by untreated dams. Gross pathological lesions were examined for tumours. In contrast to
nitrofurantoin (see above), no increase in lung tumours (papillary adenomas) was observed when the
offspring were examined after 32 weeks. In the same study, new-born mice (n = 17) received one s.c.
injection of 75 mg nitrofurazone/kg b.w. 12 hours after birth and three further injections on days 7, 14
and 21. After 32 weeks, the incidence of papillary adenomas of the lung had increased: 19.7 % in the
treated animals compared with 2.5 % in the controls.

Groups of 35 female Holtzman rats were fed diets containing 0, 0.05 or 0.1 % nitrofurazone (purity
not given), corresponding to reported average doses of 0, 28 or 55 mg/kg b.w. per day, respectively,
for 45 weeks, followed by a control diet for 8 weeks. At termination (week 53), survival was reduced
in the high-dose group (23/35) compared with both the control and the low-dose group (both 33/35),
and the incidence of animals with benign mammary tumours (adenomas or adenofibromas) increased:
10/35 in the low-dose group and 12/35 in the high-dose group, versus 2/35 in the controls (Siedler and
Searfoss, 1966).

Male and female CFE rats (20/group/sex) were fed diets containing nitrofurazone corresponding to a
daily intake of 55 mg/kg b.w. per day for females and 50 mg/kg b.w. per day for males for 45 weeks.
At the end of this period, the animals were maintained on a control diet for a further 7 weeks. There
was no increased incidence of any tumour type in male rats. In females, a significant increase in the
incidence of benign mammary tumours was noted at week 52 (12/20) compared with untreated
controls (0/20) (Siedler and Searfoss, 1967).

In two experiments, nitrofurazone (purity about 97 %) was administered in the diet at a concentration
of 0.1 %, corresponding to 150 mg/kg b.w. per day, to a group of 20 female Holtzman rats for
36 weeks (experiment 1) and 30 female rats for 44.5 weeks (experiment 2). Animals were killed 15—
19 weeks after dosing was completed. At termination, the incidence of mammary fibroadenomas in
rats fed nitrofurazone-containing diets increased (11/18 in experiment 1 and 24/24 in experiment 2)
compared with the controls, for which there was none (Morris et al., 1969).

A group of 30 female weanling Sprague-Dawley rats were administered ‘pure’ nitrofurazone at
100 mg/kg diet for 46 weeks (average daily intake was 8-13 mg/rat). After the dosing period, the
animals were maintained on a control diet for 20 weeks. A control group of 30 rats received a control
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diet for 66 weeks. The incidence of mammary fibroadenomas in treated females that lived 22 weeks or
more was 22/29, compared with 2/29 in the control group (Ertlrk et al., 1970).

Groups of 50 male and 50 female Fischer 344/N rats, 6 to 7 weeks of age, were administered
nitrofurazone (99 % pure) at 0, 310 or 620 mg/kg diet for 103 weeks. The average amount of
nitrofurazone consumed was 11-12 mg/kg b.w. per day for low-dose and 24-26 mg/kg b.w. per day
for high-dose animals. Surviving animals were killed at week 111. At the end of the experiment,
survival was reduced in high-dose males (20/50) compared with the control (33/50) and low-dose
group (30/50). In male rats, increased incidences of testicular degeneration, characterised by atrophy
of the germinal epithelium and aspermatogenesis, were observed (12/50, 49/50 and 47/50 for control,
low-dose and high-dose groups, respectively). Adenomas of the sebaceous glands were observed in
high-dose males only (4/50). The incidence of mammary fibroadenomas increased without a dose—
response relationship in treated females: 8/49 (control), 36/50 (low dose) and 36/50 (high dose). In one
control and two high-dose females, adenocarcinomas were observed. In males, the incidence of
testicular interstitial cell tumours decreased with dose (45/50 in controls, 30/50 in low-dose group and
28/50 in high-dose group), whereas the incidence of carcinoma of the preputial gland increased with
dose (1/50 in controls, 8/50 in low-dose group and 5/50 in high-dose group), but without a dose—
response relationship. However, the combined incidence of preputial gland adenomas and carcinomas
was not statistically different from the controls. The authors stated that this combined incidence is the
most appropriate value to be used in the evaluation of these neoplasms because the adenomas and
carcinomas are derived from the same cell type, they form a morphological continuum and distinction
between both types of tumours is difficult to make (NTP, 1988; Kari et al., 1989).

In a study by Mori et al. (1960) evaluating the induction of pulmonary tumours, female mice (group
size not given) were fed a diet containing 0.1 % SEM hydrochloride for 7 months (equivalent to
approximately 150 mg/kg b.w. per day). At termination of the study, six of the eight survivors (75 %)
had developed lung tumours (not specified), compared with 1 of the 20 (5 %) control animals.

In a limited study, Toth et al. (1975) tested the effect of SEM on the development of lung and blood
vessel tumours in Swiss mice. SEM dissolved in drinking water at a concentration of 0.0625 % was
given to 50 male and 50 female mice for their lifetime. Groups of 100 male and 100 female mice
served as controls. Using a conversion factor of 0.09 for a chronic drinking water study (EFSA SC,
2012), this corresponds to a dose of 56 mg/kg b.w. per day. The incidence of lung tumours (adenomas
and adenocarcinomas) increased in treated males (30 % compared with 23 % in the controls) and
females (50 % compared with 21 % in the controls). Of these tumours, 20 % were reported to be
adenocarcinomas. The incidence of blood vessel tumours increased in female mice (18 % compared
with 5 % in the controls), but not in males.

Groups of male and female Charles River CD rats (26 per sex) were administered a diet containing 0,
500 or 1 000 mg SEM hydrochloride for an intended period of 104 weeks (Weisburger et al., 1981).
Using a default factor of 0.05, as recommended by the EFSA SC (2012) for a 2-year rat study, the
dietary concentrations correspond to a dose of 0, 25 or 50 mg SEM hydrochloride/kg b.w. per day,
respectively. Mortality in the high dose was so large that treatment was discontinued at week 32 and
the animals were maintained on a control diet. For the low dose, the treatment was stopped at week 78.
Signs of gross toxicity such as protrusion of the sternum, bowing of the legs and stiffness of the joints
were observed. Upon histological examination, osteoporosis was seen in the long bones. No numerical
details for effects in the different dose groups were reported. There was no indication of tumour
induction.

To study the chronic toxicity of SEM hydrochloride, Takahashi et al. (2014) fed groups of Wistar
Hannover GALAS rats a diet containing 0, 10, 50 or 250 mg/kg SEM hydrochloride (purity 99.3 %)
for 52 weeks. The dietary concentrations corresponded to reported average doses of 0, 0.6, 3.5 or
16.7 mg/kg b.w. per day for males and 0, 0.8, 4.5 or 21.8 mg/kg b.w. per day for females, respectively.
In addition, four groups of Wistar Hannover GALAS rats (50/sex/group) were fed a similar diet for
104 weeks, corresponding to reported average doses of 0, 0.6, 3.2 or 14.8 mg/kg b.w. per day for
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males and 0, 0.8, 3.8 or 19.4 mg/kg b.w. per day for females, respectively, to investigate the
carcinogenicity of SEM hydrochloride. No effect on survival was found in the 1-year study, but
mortality increased in mid- and high-dose males (8/50, 9/50, 17/50 and 15/50 for control, low-, mid-
and high-dose groups, respectively) and in mid- and high-dose females (7/50, 10/50, 17/50 and 13/50
for control, low-, mid- and high-dose groups, respectively). In the 1-year study, haematological
parameters and organ weights were not affected by treatment, but chlorine and glucose levels in serum
significantly increased in high-dose males and females. Upon histopathological examination, effects
on bones (disarrangement of chondrocytes) and joints (degeneration of articular cartilage) were found
in mid- and high-dose males and females, and males appeared to be more sensitive than females. In
mid- and high-dose males, the incidence of disarrangement of chondrocytes accompanied with an
increase in connective tissue in the tibia and sternum was 5/10 and 10/10 and in vertebrae was 2/10
and 8/10, respectively. These effects were not observed in the controls or low-dose animals. In
addition, the observed degeneration of the articular cartilage of the knee joints found in both males and
females was more prominent in males (2/10 and 10/10 for mid- and high-dose groups, respectively,
versus 0/10 in both the controls and low-dose group). These effects on bones were also found in the
2-year study at comparable incidences. In this study, no effect on the incidence of any type of tumour,
including lung tumours, was observed for male and female rats. Based on the effects on bones, a
NOAEL of 0.6 mg/kg b.w. per day can be derived.

The CONTAM Panel identified two carcinogenicity studies for nifursol that had been submitted to
SCAN for its evaluation as a feed additive (SCAN, 2001, 2003). The original documents were made
available by the data owner. No carcinogenicity studies on nifursol were identified in the public
literature.

Groups of Simonsen Long-Evans rats (40 per sex) were fed nifursol at dietary concentrations of 0,
400, 600, 800 or 1 000 mg/kg for 2 years and 3 months (Rude, 1970c). Using the default factor of 0.05
as recommended by the EFSA SC (2012) for a 2-year rat study, these dietary concentrations
correspond to 0, 20, 30, 40 or 50 mg/kg b.w. per day, respectively. The study was terminated when
mortality reached 30 %: 117 weeks for males and 118 weeks for females. Survival at the end of the
study was reduced in males of the two highest dose groups (70 and 75 % versus 92.5 % in the
controls). No statistically significant differences in body weight gain or food intake were reported
between controls and treated groups, and no treatment-related effects were seen following
haematological or urine analysis. However, no clinical chemistry parameters were measured in this
study. No increase in organ weights was observed, but liver weights showed a statistically significant
decrease in a dose-related manner at 30 mg/kg b.w. per day and higher in males. No dose-related
effect on liver weight was found in females. Histopathological examination did not reveal any
treatment-related effect. Some common benign neoplasms, such as interstitial cell adenoma in males,
mammary fibroadenomas in females and subcutaneous fibroma in both males and females, were
found, but differences did not show a dose—response relationship and were not statistically significant.
Dawe (1988), presenting a separate statistical analysis of the neoplastic changes observed in this study,
confirmed a positive trend for renal tubular adenoma in male rats (0/25, 1/20, 1/20, 1/25 and 3/25 for
control, 20, 30, 40 and 50 mg/kg b.w. per day, respectively), but concluded that the difference between
the control and the high-dose group was not significant (Fisher exact probability test, p > 0.1). The
incidence of mammary adenocarcinoma in female rats was not increased. Therefore, the authors
concluded that nifursol had no carcinogenic effect when given to rats in their feed for a period of
2 years and 3 months. The CONTAM Panel concluded that the study design was too limited to derive
a NOAEL for non-neoplastic effects.

Five groups of four male and four female Beagle dogs were fed diets containing 0, 400, 600, 800 or
1 000 mg/kg nifursol for 2 years. Using the default factor of 0.25 for a chronic dog study, these dietary
concentrations correspond to 0, 10, 15, 25 or 50 mg/kg b.w. per day, respectively. Tissue from animals
with gross pathology and liver tissues from all dogs were examined microscopically. Liver effects
such as mononuclear cell infiltration, dark pigmented Kupffer cells and periportal infiltration were
found in males in a dose-related manner at 15 mg/kg b.w. per day and higher. Similar effects were
seen in all female dogs (including controls), but without a dose—response relationship. Abnormalities
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of the gall-bladder (e.g. dilatation and amorphous material in the lumen) were found in high-dose
males and in females of the two highest dose groups. The authors stated that the liver lesions were
difficult to evaluate owing to infection with heart worm (Dirofilaria immitis) in a number of the dogs.
No neoplasms were observed in this study.

No chronic toxicity studies were identified for DNSH.
Conclusions

Furazolidone induced malignant tumours in mice and rats. These included mammary tumours in rats,
bronchial adenocarcinomas in male and female mice and neural astrocytomas in male rats. Based on
the increased incidence of these malignant tumours, the CONTAM Panel concluded that furazolidone
is carcinogenic. JECFA (FAO/WHO, 1993a) concluded that furazolidone is a genotoxic carcinogen.
Although the AOZ side-chain, which may be released from the parent compound and from bound
residues, may play a role in tumour formation, no experimental information is available on AOZ.

Furaltadone induced malignant mammary tumours in female rats. No studies in mice were identified.
Although the CONTAM Panel noted the limitations of the two available studies (small number of
animals, only female rats tested, only one dose level and short dosing period of 46 weeks), it
concluded that furaltadone is carcinogenic to rats. In addition, IARC (1987) concluded that there was
sufficient evidence for its carcinogenicity in experimental animals and classified furaltadone in Group
2B (possibly carcinogenic to humans).

No chronic toxicity studies were identified for AMOZ.

Nitrofurantoin was tested for its carcinogenicity in several studies in mice and rats and was found to
induce predominantly an increase in benign tumours (e.g. ovarian tubular adenomas, mammary
fibroadenomas). In one mice study, an increase in malignant lymphomas in males was observed, but
the authors concluded that the increase of this common tumour in mice was not treatment related.
Adjusted rates for the incidence of malignant lymphomas in male B6C3F1 mice as reported in the
NTP study (NTP, 1989) did not show any difference between control and treated mice. In male rats, a
few malignant tumours were found (renal tubular carcinomas in two high-dose males and
osteosarcomas in one low-dose male and two high-dose males). Based on these observations, the
CONTAM Panel concluded that there is limited evidence that nitrofurantoin is carcinogenic in rats.
IARC (1990a) concluded that two of the four studies in mice, including the transplacental study, were
inadequate for the evaluation. In one study, the incidence of ovarian tubular adenomas and benign
mixed tumours increased in female mice, and in another study there was an increase in malignant
lymphomas in male mice. In one rat study, an increase in mammary fibroadenomas was observed.
IARC (1990a) concluded that there was limited evidence for the carcinogenicity of nitrofurantoin in
experimental animals, and classified it in Group 3 (not classifiable as regards its carcinogenicity in
humans).

No chronic toxicity studies were identified for AHD.

Nitrofurazone increased the incidence primarily of benign tumours in mice and rats following oral
administration. In mice, an increase in the incidence of granulosa cell tumours and benign mixed
tumours of the ovary was observed and, in rats, an increase in mammary fibroadenomas was observed.
In male rats, a non-dose-related increase in carcinomas of the preputial gland was observed, but the
combined incidence of preputial gland adenomas and carcinomas, which was considered to be the
most appropriate parameter for this type of tumour, was not affected. The CONTAM Panel concluded
that there is no evidence for the carcinogenicity of nitrofurazone in mice, and that there is equivocal
evidence for its carcinogenicity in rats. Non-neoplastic effects were observed at the lowest dose
(14 mg/kg b.w. per day) tested in mice (reduced survival in males and ovarian atrophy) and the lowest
dose (11-12 mg/kg b.w. per day) tested in rats (testis degeneration), precluding the derivation of a
NOAEL. JECFA (FAO/WHO, 1993b) concluded that the data suggest that nitrofurazone is a
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secondary carcinogen, and that effects on steroidogenesis may be involved in the process of tumour
formation. IARC concluded that there is limited evidence for the carcinogenicity of nitrofurazone in
experimental animals and inadequate evidence for its carcinogenicity in humans. In its overall
evaluation, IARC placed nitrofurazone in Group 3 (not classifiable as regards its carcinogenicity in
humans) (IARC, 1990b).

SEM was reported to increase the incidence of lung tumours in two limited studies in mice. In one
study, the lung tumours were not specified; in the other study, an increase in malignant lung tumours
is indicated, particularly in female animals. In the two available rat studies, including a recent and
well-conducted study, no increase in tumour incidence was found. Recognising the shortcomings of
most of these studies, the CONTAM Panel concluded that there is limited evidence that SEM is
carcinogenic in mice, but not in rats. In addition, IARC (1987) evaluated SEM and concluded that
there was inadequate evidence for carcinogenicity of SEM in humans and inadequate or limited
evidence (lung tumours in mice) in experimental animals, and classified it as Group 3 (not classifiable
as regards its carcinogenicity in humans). The AFC Panel (EFSA, 2005) noted that SEM had been
shown to be carcinogenic in mice but not in rats and concluded that SEM is a weak non-genotoxic
carcinogen for which a threshold mechanism can be assumed. Based on the effects on bones observed
in male rats, a NOAEL of 0.6 mg/kg per day can be derived.

Based on the available information on nifursol, the CONTAM Panel concluded that there is no clear
indication of carcinogenic activity of nifursol. Because the available information was too limited, the
CONTAM Panel was not able to derive a NOAEL for nifursol.

No chronic toxicity studies were identified for DNSH.

8.3. Modes of action

Nitrofurans have been used as antibacterial agents and to some extent still are. They are rapidly
metabolised. The reduction of the nitro-group, the primary biotransformation route, initially results in
the formation of a radical nitroanion. The oxidation of this radical by oxygen back to the parent
compound results in the formation of superoxide and other radical oxygen species. This may lead to
oxidative stress and may be responsible for some of the adverse effects observed at higher levels of the
drugs, including some of the adverse effects in genotoxicity tests. Furazolidone (Jin et al., 2011), but
also AOZ and AMOZ (Zolla et al., 2005) and SEM (Hirakawa et al., 2003) caused DNA damage and
DNA fragmentation in in vitro systems by the production of ROS, which could be ameliorated by
addition of catalase or superoxide dismutase. These oxygen radicals can be detoxified by GSH
resulting in the formation of the oxidised form, GSSG, and potentially increased synthesis and even
depletion of GSH levels in the cell (Hoogenboom et al., 1992b). Antioxidants such as vitamin E and
selenium may also protect against damage (Boyd et al., 1979; Peterson et al., 1982), whereas
polyunsaturated fatty acids, for example, may exaggerate the effects (Boyd et al., 1979).

Further reduction of the nitro-group is thought to lead to a number of other highly reactive metabolites
such as the hydroxylamine and acrylonitrile derivatives. In vitro studies revealed that the latter can
bind to compounds containing thiol groups such as GSH or mercaptoethanol, forming a rather unstable
adduct (Vroomen et al., 1987b, 1990). Incubation of the GSH adduct with proteins results in a switch
of the nitrofuran adduct to the protein. Incubation of that protein with GSH results in the reversed
reaction. This process is called a retro-Michael reaction. However, it is unclear to what extent the
binding of the acrylonitrile derivative to proteins is responsible for the protein adducts observed both
in vitro and in vivo, i.e. the adducts initially detected in vivo and in vitro by the use of radiolabelled
drugs (Vroomen et al., 1986, 1987c; Hoogenboom et al., 1991c). Incubation of such adducts in pig
liver or pig hepatocytes with mercaptoethanol did not result in the exchange of the nitrofuran part. It
might be that the acrylonitrile derivative can also bind to other non-thiol amino acids, thereby forming
more stable adducts.
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The formation of protein adducts may be involved in certain adverse effects of nitrofurans such as the
irreversible inhibition of the pyruvate dehydrogenase complex, which is responsible for the conversion
of pyruvate into acetyl-CoA, which is essential in the case of nerve cells (Paul et al., 1952, 1953,
1956). In pig hepatocytes, this resulted in the accumulation of lactate in the culture medium, an effect
from which the cells only slowly recovered (Hoogenboom et al., 1991a). In human patients treated
with furazolidone, increased levels of pyruvate and lactate were observed in plasma (Paul and Paul,
1964). This inhibition is likely to be the cause of the polyneuritis observed in patients treated with the
drugs. It is unclear if other enzymes are affected by the formation of adducts, although reduced
activity of GSH reductase has also been reported (Murakami et al., 1989).

The reactive intermediates of nitrofurans may also be able to form DNA adducts and are most likely
responsible for mutagenic effects observed in bacterial tests at rather low levels (see Section 8.2.6). A
similar mechanism may cause the genotoxic effects observed in mammalian cells, although oxidative
stress may also play a role. Hiraku et al. (2004) reported that nitrofurazone could be metabolised by
CYP to produce short-lived nitro-radicals and cause formation of 8-oxodG DNA adducts in isolated
calf thymus DNA, as well as in exposed human promyelocytic leukaemia cells HL-60. Recently Jin et
al. (2011), in an in vitro study with metabolically active human hepatoma cells (HepG2), showed that
exposure to furazolidone induced increased formation of intracellular ROS and formation of
8-hydroxydeoxyguanosine, associated with damage to nuclear and mitochondrial DNA and cell cycle
arrest. In vivo in F344 gpt delta rats nitrofurantoin at carcinogenic dose induced an increase in
mutation frequency and eleveated elevels of 8-oxodG DNA adducts in the kidney (Kijima et al. 2015).
The predominant mutations were G-base substitutions and considering that 8- oxodG causes G:C-T:A
transversion mutations (Cheng et al., 1992), oxidative DNA damage including 8- oxodG formation
might contribute to guanine base substitution mutations observed in the gpt gene following
nitrofurantoin exposure. In rats and mice, most nitrofurans have been shown to be carcinogenic (see
Section 8.2.7). As a result, a number of these drugs are classified as genotoxic carcinogens.

The nitrofurans discussed in this opinion consist of a nitrofuran ring connected to a side-chain via an
azomethine (C=N) bond. Under acid conditions, this bond is rather labile and this can result in the
release of the free side-chain. Using the weakness of the azomethine bond at low pH, a method was
developed for the detection of protein adducts (bound residues) based on the release of the side-chain
from the proteins, subsequent derivatisation with NBA and detection by LC-UV and later LC-MS
(Hoogenboom et al., 1991c). Using this method, it was confirmed that these protein-bound residues
should be regarded as drug-like adducts and are not the result of incorporation of small radiolabelled
fragments of the parent compound into amino acids and proteins. Although levels decrease over time,
these adducts can be detected in treated animals for many months (see Section 8.1). As shown by Liu
et al. (2010a), this gradual degradation of bound residues allows the detection of the AOZ side-chain
in urine for many weeks.

The free side-chains all contain an H,N-N part and are as such hydrazines, which in general are
suspected carcinogens. Release of these side-chains may occur in the stomach and they may be
regarded as metabolites. However, detection of the free side-chains requires a special analytical
procedure and has rarely been studied. Free AOZ was detected in the blood of pigs treated with AOZ,
but also with furazolidone, the latter confirming that the release and absorption of free side-chains in
the stomach is feasible (Hoogenboom et al., 2002). This study indicated that a substantial part, but not
all, of the furazolidone was hydrolysed to AOZ. Furthermore, AOZ levels in plasma decreased only
slowly and were similar in the hepatic portal vein and mesenteric artery, indicating slow degradation
and excretion. It was also shown that free AOZ could be detected in the blood of rats fed with meat
from furazolidone-treated pigs. This implied that consumers could be exposed to free AOZ, requiring
more information on its properties.

Early studies hypothesised that AOZ, released in the stomach, actually plays an important role in the
neurotoxic effects of furazolidone (Palm et al., 1967; Stern et al., 1967). In particular, the inhibition of
MAO, an enzyme involved in detoxification of amines such as tryptamine, could play a role. Initially
it was hypothesised that ring cleavage of AOZ would result in the formation of HEH and that HEH
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was responsible for the inhibition. In vitro studies revealed that both AOZ and HEH could irreversibly
inhibit MAO activity (Hoogenboom et al., 1991b), but there is no proof for the conversion of AOZ
into HEH. In this study, nitrofurans were found to be able to inhibit MAO in cultured pig hepatocytes
but in a more reversible way.

Incubation of pig hepatocytes with AOZ resulted in the formation of protein-bound metabolites,
initially detected by the use of a radiolabelled compound (Hoogenboom et al., 2002). This formation
could be inhibited by both dimethyl sulphoxide and 4-chlorobenzenesulphonamide (a known inhibitor
of amidohydrolases), a strong indication that AOZ is metabolised into a reactive metabolite. Both
compounds also reduced the MAO inhibition by AOZ in pig hepatocytes, suggesting that the binding
of this reactive metabolite is also responsible for this effect. Remarkably, AOZ could be released from
these protein adducts under acid conditions and detected after derivatisation with NBA. This could
explain the observation that AOZ can be released from tissues of rats fed with meat containing bound
residues of furazolidone (McCracken et al., 1997). Furthermore, it was shown that AOZ is a
mutagenic compound in bacteria and causes genotoxic effects in mammalian cells (Hoogenboom et
al., 2002), potentially because of the formation of DNA adducts. As AOZ is likely to also be a
metabolite of furazolidone in rats and mice, it cannot be excluded that it plays an important role in the
carcinogenic effects observed with the drug.

An important question is to what extent other nitrofurans differ from furazolidone, owing to the
presence of different side-chains. It is clear from both in vitro and in vivo studies that furaltadone,
nitrofurantoin, nitrofurazone and nifursol are also able to form protein adducts from which the side-
chain can be released under acid conditions (see Sections 8.1.4 and 8.1.5). However, only for
furazolidone was it shown that the side-chain was actually released from the parent compound or the
protein-bound residues and can as such be considered as a metabolite. For the other compounds, no
studies were found that investigated this.

The limited studies in rats show a similar potency for furaltadone for inducing mammary
adenocarcinomas as for furazolidone (see Section 8.2.7). Furaltadone was also positive in
mutagenicity tests with bacteria and mammalian cells (see Section 8.2.6). However, contrary to the
finding for AOZ, AMOZ tested negative in the Salmonella/microsome test (NOTOX, 1994e) and was
also not clastogenic in the in vitro chromosomal aberration assay with peripheral human lymphocytes
both with and without metabolic activation (NOTOX, 1994c¢). When tested on pig hepatocytes, AMOZ
showed an inhibition of MAO activity, but at much higher concentrations than AOZ (Hoogenboom et
al., 1994).

Nitrofurazone showed induction of benign tumours in animals but apparently no malignant tumours.
There is limited evidence for the induction of lung tumours in mice by SEM, an effect not observed
with nitrofurazone, although an increased incidence of papillary adenomas was reported (see Section
8.2.7). SEM showed clear mutagenic effects in bacteria and is genotoxic in some but not all tests with
mammalian cells (see Section 8.2.6). Furthermore, SEM caused increased formation of micronuclei in
the bone marrow of treated rats (Vlastos et al., 2010), although a clear dose-response curve was
lacking.

The CONTAM Panel noted that the observed effects in rats and mice also point to other mechanisms
that are not genotoxic but may, for example, lead to the formation of mammary tumours, such as a
disturbance of hormonal balance. For nitrofurazone, for example, the long-term treatment resulted in
an increased incidence of ovarian atrophy, benign mixed ovary tumours and ovarian granulosa cell
tumours in female mice, and increased incidence of benign mammary tumours in rats. In male rats, an
increased incidence of testicular degeneration was observed. In the case of furazolidone, an increased
incidence of mammary adenomas was observed, in addition to the carcinomas. Treatment of male rats
also resulted in testicular atrophy. In some of these studies, an increased incidence of adrenal cortical
hyperplasia was also described, possibly resulting in a hormonal imbalance and causing some of the
effects that seem to be related to this. Also in vitro studies provided information on an endocrine
mediated mode of action. Maranghi et al. (2010) found that SEM showed weak anti-estrogenic effects
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since it inhibited a number of estrogen receptor mediated activities such as the activation of hERa in
transfected yeast cells, proliferation of MCF7 cells, and induction of ALP activity in an endometrial
cell-line. Together with observations in juvenile rats (see Section 8.2.2) these findings brought the
authors to the conclusion that SEM could act as an endocrine disruptor, possibly by intereference with
estradiol (E2) signalling. However an opposite effect was found for nitrofurazone, which stimulated
the proliferation of E2-dependent MCF-7 cells (Hiraku et al., 2004).

8.4. Observations in humans

8.4.1. Human pharmacological and toxicological data

In order to describe the human pharmacological and toxicological data, reviews and studies with a
large number of patients (n > 50) were used, preferably those studies that provided an incidence of the
adverse reactions observed. Studies reporting single or few, incidental cases have not been described.

Altamirano and Bondani (1989) have reviewed the adverse reactions to furazolidone that were
reported in the literature between 1955 and 1989. The study included 10 443 patients treated with
furazolidone of which 46 % were children, ranging in age from a few months to 15 years, and 15 %
were adults. The ages of the remaining patients (39 %) were not specified. Adverse reactions to the
drug were experienced by 8.3 % of the patients. These reactions were grouped as follows:
gastrointestinal, neurological, systemic, dermatological and haematological reactions and adverse
reactions on vital organs such as the heart, lung, liver and kidney. The most common side effects of
furazolidone were gastrointestinal reactions: nausea and/or vomiting and abdominal pain. The overall
frequency of the gastrointestinal reactions was 8 %. These reactions were observed for therapeutic
doses of 5 to 7 mg/kg b.w. per day, although some patients received higher doses. Gastrointestinal
reactions diminished if the drug was given with food. The frequency of neurological reactions to
furazolidone was 1.3 %, among which the most common side effects were headache (0.72 %), vertigo
(0.30 %) and giddiness (0.23 %). The frequency of systemic reactions was 0.56 % and fever was the
most commonly observed side effect (0.34 %). Adverse dermatological reactions were observed in
0.54 % of the patients and skin eruptions were most common (0.38 %). Haematological side effects
were found in 0.36 % of the reports and most of the adverse reactions were transient. In four reports
(0.04 %), furazolidone was associated with haemolytic anaemia observed in patients deficient in
G6PD. The incidence of adverse reactions on vital organs such as the heart, lung, liver and kidney
were 0.11, 0.11, 0.06 and 0.06 %, respectively. Other adverse reactions have been reported, of which
two are related to concomitant use of other substances. Patients who consume alcohol while taking
furazolidone can develop disulfiram-like reactions. These symptoms disappeared within 24 hours after
ingestion of alcohol ceased. If furazolidone is used at a dose larger than that recommended or for
longer than 5 days, patients should be informed about the possibility of adverse reactions, such as a
hypertensive crisis, caused by MAO-inhibitor drugs and foods containing tyramine. In the reports
reviewed (n =10 443), no deaths have been associated with adverse reactions to furazolidone. The
authors concluded that most of the adverse reactions reported were mild and in only rare cases was
discontinuation of the treatment necessary.

Rogers et al. (1956) reviewed laboratory and clinical data related to the use of furazolidone in animals
and humans. The clinical use of furazolidone for the treatment of trichomonal vaginitis and the
occurrence of adverse reactions in four study groups was reported. Furazolidone was administered in
vaginal suppositories containing 0.25 % furazolidone and/or a water-soluble insufflation powder
containing 0.1 % furazolidone for oral intake. Side effects of the treatments in the four study groups
were briefly reported. Only one woman (n=124) had to discontinue treatment because of local
irritation. In the other patients, no systemic or local adverse drug reactions (sensitisation) were
observed.

Furazolidone is used for the treatment of stomach infections caused by Helicobacter pylori in some
developing countries in Asia and South America (see also Section 1.3.1). Zullo et al. (2012) reviewed
data regarding the eradication and safety of furazolidone therapies for H. pylori infections. A total of
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31 studies met the inclusion criteria identified in the paper and reported data of patients enrolled from
1997 to 2011. Six different furazolidone-based drug combinations have been used (including
combinations with other antibiotics and bismuth salts). Furazolidone was administered twice daily at
two doses, 100 or 200 mg furazolidone per dose, for 7 or 14 days. The severity of the side effects was
graded as: (1) absent, (2) mild, (3) moderate (frequently interfering with daily activities), (4) marked
(impeding daily activity) and (5) severe (causing treatment interruption). Side effects (grade 2 to 5)
were reported by 805 (32.2 %) of 2 420 patients, who reported one or more symptoms. Severe side
effects (grade 5) were reported by 3.8 % of all patients. The incidence of the side effects and severe
side effects was significantly higher following the 200 mg bis in die (b.i.d., twice daily) regimen than
following the 100 mg b.i.d. treatment. Similarly, the incidence of side effects and severe side effects
was higher following the 14-day regimen than following the 7-day regimen. The six most reported
symptoms (out of a total of 1337 reported) were nausea (15.3 %), dizziness (13.8 %), taste
disturbance (9.5 %), fatigue (9.3 %), anorexia (7.0 %) and abdominal pain (6.6 %). However, the exact
composition of the six different furazolidone-based drug combinations was not reported and it is not
clear how or if the side effects of the concomitant drugs could be ruled out.

Young (1961) described in a brief paper the side effects related to the i.v. administration of
furaltadone to 54 patients suffering from miscellaneous bacterial infections. Ages of patients ranged
between 6 and 71 years. Single daily doses ranged from 600 to 1 500 mg for 1 to 4 consecutive days.
Multiple daily doses ranged from 200 to 400 mg per dose and were injected between one and four
times per day for 1 to 7 consecutive days. The highest daily dose in the multiple dose regimen was
900 mg. Adverse reactions were observed in 5 out of 54 patients. Nausea was observed in two
patients. Each of the following side effects was observed in one patient: vomiting, chills and fever
after each dose, minor skin rash during therapy and urticaria during and after the last dose.

Bottiger and Westerholm (1977) have reviewed adverse drug reactions for a sulphonamide
combination (sulphamethizole + sulphamethoxypyridazine) versus nitrofurantoin reported to the
Swedish Adverse Drug Reactions Committee from 1966 to 1975. For the treatment of urinary tract
infections, nitrofurantoin was given orally: 50 mg per tablet four times daily. The number of patients
experiencing adverse reactions to nitrofurantoin during these 10 years was 781. Eight of these patients
died (1.0 %), three of them because of interstitial pneumonia. The following adverse drug reactions
were recorded: pulmonary reactions (46.4 %), fever (23.4 %), skin reactions (19.3 %), liver damage
(4.6 %), blood/bone marrow reactions (2.0 %), neuropathy (2.0 %) and miscellaneous reactions
(2.2 %). Remarkably, pulmonary reactions were extremely rare in the treated Swedish children. This
might be because the dose in children was adjusted by many Swedish physicians to 1 mg/kg b.w. per
day. The commonly used dose in adults, 50 mg four times a day, roughly corresponds to 3 mg/kg b.w.
per day. Strikingly, in this review, no gastrointestinal reactions were reported. In a follow-up study
from Holmberg et al. (1980), which reviewed reports of adverse reactions to nitrofurantoin received by
the Swedish Adverse Drug Reaction Committee from 1966 to 1976, it was mentioned that only a few
cases of gastrointestinal disturbances were reported.

Brumfitt and Hamilton-Miller (1998) reviewed the efficacy and safety profile of nitrofurantoin used
for long-term prophylaxis (1 year) to prevent recurrent urinary tract infections. Between 1975 and
1992, case records were collected from 219 female patients, ranging from 9 to 89 years of age. Three
dose regimens and two drug formulations were used: group A (43 patients) received 50 mg
microcrystalline nitrofurantoin twice a day, group B (110 patients) received 100 mg macrocrystalline
nitrofurantoin once daily and group C (66 patients) received 50 mg macrocrystalline nitrofurantoin.
Patients were advised to take the medication with a snack or with milk. Side effects were observed in
37 % of all patients. Nausea was the most common adverse reaction observed for both crystalline
forms. However, the incidence of nausea caused by the microcrystalline form (50 mg b.i.d.) was
higher (46.5 % of group A) than the incidence of nausea observed for the macrocrystalline form used
in two different dose regimens (13.6 % of group B and 12.1 % of group C). For all adverse reactions,
there was a clear trend, with the lowest incidence with 50 mg of the macrocrystalline form, the
intermediate incidence with 100 mg of the macrocrystalline form and the highest incidence with
50 mg twice daily of the microcrystalline form. The number of patients reporting adverse events
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relating to the gastrointestinal tract, the genito-urinary tract, the skin or other reactions were 52, 13, 11
and 16, respectively. Older patients were not more likely to experience an adverse reaction than
younger ones (the difference observed was not significant). It should be noted that the effective daily
dose for prophylaxis is about one-quarter of that used therapeutically.

D’Arcy (1985) has analysed information retrieved from a database that was set up and maintained by
the major manufacturer of nitrofurantoin (at that time), Norwich Eaton Pharmaceuticals, Inc.,
Norwich, New York. This database contains reported side effects available from the literature, clinical
studies and reports from practitioners and regulatory authorities worldwide from 1953 to 1984. Dosage
regimens of nitrofurantoin treatments have not been given. The total number of patients worldwide
suffering from side effects registered in this database is 3 383. The author has calculated the incidence
of adverse reactions using 121 430 000 courses of therapy as the denominator. Consequently, the
overall incidence for all adverse reactions is 0.003 %. Therefore, this approach presents a very low
occurrence rate for the selected side effects. The author mentions that anorexia, nausea and vomiting
are the most common side effects of nitrofurantoin therapy, but these reactions are not further
discussed in this paper and, consequently, these side effects are not taken into account for the
calculation of the overall incidence. D’Arcy has calculated incidences for pulmonary, hepatic,
neurological and haematological reactions. Incidences were very low and, of the courses of therapy,
ranged from 0.001 % for pulmonary reactions to 0.0003 % for hepatic reactions. D’Arcy seperated
pulmonary reactions into four categories: acute, subacute, chronic and miscellaneous pulmonary
reactions. The overall fraction of patients, registered in the Norwich Eaton database, suffering from
pulmonary reactions was 0.51 (1 724 out of 3 383 patients). Pulmonary reactions constituting a high
proportion of the overall side effects was also observed in Swedish patients (Béttiger and Westerholm,
1977; Holmberg et al., 1980; Holmberg and Boman, 1981). Nitrofurantoin has been associated with
acute hepatocellular and cholestatic injury and is less common with chronic active hepatitis. A typical
neurological reaction observed during nitrofurantoin treatment was peripheral neuropathy. Referring
to Holmberg et al. (1980), 2 % of all cases reported to the Swedish Adverse Drug Reaction Committee
during 1966 to 1976 were attributed to polyneuropathy. A well-documented adverse reaction of
nitrofurantoin is haemolytic anaemia observed in patients with G6PD deficiency.

Gleckman et al. (1979) reviewed the literature on adverse reactions to nitrofurantoin and categorised
these side effects into gastrointestinal disturbances, skin eruptions, haematological disorders,
neurological defects, hepatotoxicity, pulmonary complications and miscellaneous abnormalities.
Incidences of the side effects were not mentioned. Anorexia, nausea and vomiting are the most
common side effects, followed by skin eruptions, consisting of macular, maculopapular or urticarial
lesions. These authors also mention the well-known adverse reaction haemolytic anaemia in patients
with G6PD deficiency. With respect to the neurological reactions, they focus on peripheral neuropathy
and mention that this side effect has also been observed for other nitrofurans such as nitrofurazone and
furaltadone. Although acute and chronic hepatotoxicity has been observed, these are rare events during
nitrofurantoin therapy. It is stated that nitrofurantoin-induced pulmonary reactions have been observed
in hundreds of patients, but an incidence is not given. The pulmonary reactions have been classified
arbitrarily into acute, subacute and chronic side effects.

Karpman and Kurzrock (2004) reviewed adverse reactions of nitrofurantoin versus those of
trimethoprim and sulphamethoxazole in children. In 2004, the authors could find only two articles that
specifically dealt with adverse reactions to nitrofurantoin in children (Coraggio et al., 1989; Uhari et
al., 1996 - see Section 8.4.2). From a few other publications addressing adverse reactions in adults and
children, incidences in children could be obtained. The general adverse reactions found in adults also
apply to children: gastrointestinal, cutaneous/allergic, pulmonary, hepatic, haematological and
neurological reactions. Karpman and Kurzrock quoted incidences and incidence rates for
gastrointestinal and allergic side effects, but it is not mentioned how these were calculated. The
incidence rate of nausea and vomiting was reported to be 4.4 cases per 100 person-years in children
younger than 16 years (Uhari et al., 1996). An incidence of 3.2 % was mentioned for allergic reactions
in children younger than 15 years. With respect to pulmonary reactions, the authors referred to a report
from the national monitoring centre for adverse drug reactions in Sweden (Holmberg and Boman,
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1981). In a 10-year period, 447 cases of pulmonary reactions were reported and only three cases
(0.7 %) involved children. All were classified as mild acute reactions which subsided after the therapy
was stopped. An epidemiological study in Finland evaluated 921 children who received long-term
nitrofurantoin prophylaxis and found no adverse pulmonary reactions over a 10-year period (Uhari et
al., 1996). Incidences of hepatotoxicity were not given, but, although hepatic reactions are rare in
children, they can be fatal. Nitrofurantoin is contraindicated in the first few months of life because of
the inability of the immature liver to handle oxidative stress. This has been illustrated by a fatal
incident of haemolytic anaemia in a new-born child after maternal treatment with nitrofurantoin at the
end of pregnancy. Peripheral neuropathy is the most common neurological adverse reaction in children
and it has also been described in an evaluation of the reporting system of the US Food and Drug
Administration for adverse drug reactions (Coraggio et al., 1989).

Rascher and Neubert (2012) studied the efficacy and safety of the prophylaxis of recurrent urinary
tract infections in children in Germany, where long-term prophylaxis with nitrofurantoin is allowed to
start at the age of 3 months and may be continued for a maximum period of 6 months. The
prophylactic dose varies from 1 to 2 mg/kg b.w. per day. The use of nitrofurantoin in Germany from
1982 to 2009 led to 222 registered events. Six of these events (2.7 %) were observed in children aged
between 4 and 9 years. A causal connection with nitrofurantoin therapy could be established for two
events: lung fibrosis in a 9-year-old girl and hepatitis in an 8-year-old girl. No increase in adverse
reactions in children could be observed during this 27-year period.

Stricker et al. (1988) reviewed hepatic injuries associated with the use of nitrofurantoin and nifurtoinol
(hydroxymethyl-nitrofurantoin) that had been reported since 1963 to the Netherlands Centre for
Monitoring of Adverse Reactions to Drugs. In this period of 25 years, 50 cases were associated with
nitrofurantoin and, in 38 cases, a causal relationship was considered to be likely. Criteria for the
probability of this causality were given. In all cases, the daily dose ranged from 100 to 400 mg.
Clinical, biochemical and histopathological findings were reported. Acute hepatic injury was observed
in 25 cases, whereas 13 cases presented a chronic type of reaction. Based on the estimated sales
figures in the Netherlands (1977 to 1986), the authors estimated an incidence of symptomatic
nitrofurantoin-induced hepatic injury of approximately 0.020 to 0.035 %. The authors state that the
mechanism of nitrofurantoin-induced hepatic injury seemed to be immunoallergic. This suggestion
was also addressed by Bjornsson et al. (2010) who investigated drug-induced autoimmune hepatitis
among patients of the Mayo Clinic in the USA. Over a period of 10 years (1997-2007), 1 536 patients
were diagnosed with autoimmune hepatitis (AIH) and, after applying new exclusion criteria, a total of
261 well-characterised AIH cases were identified. Out of these 261 patients, 11 cases (4.2 %) were
related to the use of nitrofurantoin. Besides various clinical and biochemical findings, 8 out of
11 nitrofurantoin patients had abnormalities on hepatic imaging (liver atrophy), a finding seen in only
8 out of 33 of a random sample of the rest of the AIH group.

Nitrofurazone is still used topically for wounds, burns and skin infections. Glascock et al. (1969)
reviewed the literature from 1945 to 1965, inclusive, on the topical use of nitrofurazone. The
concentrations in the various formulations varied from 0.02 to 1.0 %. During this 20-year period, more
than 1 000 reports were published, but only 136 studies provided both the number of patients treated
and the number of those who showed allergic reactions. These studies comprised a total of
15 162 treated patients, of which 176 patients (1.2 %) had allergic reactions to the formulation
containing nitrofurazone. No distinction was made for allergic reactions that could be attributed to the
constituents of the vehicles (e.g. polyethylene glycols) used in the nitrofurazone formulations. Bajaj
and Gupta (1986) studied the incidence of contact hypersensitivity to 15 antibacterial agents applied
topically. This study includes data gathered from January 1980 to December 1983 and is composed of
390 patients suspected of contact dermatitis to topical antibacterial agents. Patch tests were carried out
with various commercially available drugs. In the case of nitrofurazone, 390 patients were tested with
patches containing 0.2 % nitrofurazone (formulation not known). From this group, 93 patients were
tested with both ointment and powder containing nitrofurazone (concentration unknown, probably
0.2 %). Out of these 390 patients, 141 patients (36.2 %) showed hypersensitive reactions. Out of the
93 patients tested with two formulations, 30 patients (32.2 %) gave positive reactions to ointment and
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32 patients (34.4 %) gave positive reactions to powder, both within 48 hours. Among the 15 bacterial
agents tested, nitrofurazone was the most common sensitiser. The authors stated that the role of the
vehicle (bases and preservatives) could not be tested, but, in the case of nitrofurazone, the two
different formulations did not show a significant difference in sensitisation.

No reviews of nifursol were identified because nifursol has not been used in human medicine (see
Section 1.3.1).

In conclusion, furazolidone and nitrofurantoin have the following adverse reactions in common:
gastrointestinal, neurological, systemic, dermatological and haematological reactions and adverse
reactions on vital organs such as the heart, lung, liver and kidney. The most common side effects of
furazolidone and nitrofurantoin were gastrointestinal reactions: nausea and/or vomiting and abdominal
pain. In contrast to nitrofurantoin, no deaths have been associated with adverse reactions to
furazolidone. In the case of nitrofurantoin, severe pulmonary side effects were, on rare occasions,
fatal. Both drugs have been associated with haemolytic anaemia, observed in patients deficient in
G6PD. Because nitrofurantoin has a long history of therapeutic use, much more information on
adverse reactions is available than for the other nitrofurans. The topical use of nitrofurazone may lead
to allergic reactions.

8.4.2.  Epidemiological data on nitrofurans

Only a limited number of epidemiological studies on nitrofurans have been published and these relate
primarily to nitrofurantoin.

Selby et al. (1989) used pharmacy records for a cohort of 143 574 patients in California, USA, for the
period 1969-1973 to test the association of 215 drugs with subsequent incidence of cancers at 56 sites
in the human body over a period of up to 15 years. In total, 1305 patients used systemic
nitrofurantoin and three cases of cancers of the nervous system were recorded; 0.6 cases would be
expected for this group. In addition, 317 patients used topical nitrofurazone and no associations with
cancers were recorded for this group.

In Finland, a study was undertaken to compile data on adverse reactions to long-term antimicrobial
therapy for recurrent urinary tract infections in children (Uhari et al., 1996). From 16 409 children
(< 16 years of age) who had received long-term antimicrobial therapy during the period 1976-1985, a
sample of 1 607 girls and 218 boys were included in the study. In the study group, 5 066 (girls) and
607 (boys) treatments were received and the mean duration of each course of treatment was 316 days.
Adverse reactions were recorded in 10.4 % of the courses of treatment and 8.2 % of the courses of
treatment were discontinued. Common adverse reactions to nitrofurantoin were nausea and vomiting
at a rate of 4.4 (95 % confidence interval 3.4-5.4) per 100 person-years. Children of less than 2 years
of age had adverse reactions to nitrofurantoin more often than those receiving treatment with
sulphonamides, while the reverse occurred for children aged 2-15 years. Most adverse reactions
occurred during the first 6 months of treatment and no serious life-threatening adverse reactions were
observed. The conclusion from the study was that nitrofurantoin, and sulphonamides, are safe drugs
for long-term preventative therapy.

A prospective study was undertaken in the USA (Chalasani et al., 2008) to investigate, inter alia, the
causative relationship of prescription medications with drug-induced liver injury. In total, 300 patients
(2 years of age or older) were included in the study; 93 % were adults (> 18 years), 18 % were older
than 65 years and 60 % were female. A single prescription medication was implicated in 217 cases
(73 %) and one of the more common implicated agents was nitrofurantoin (n = 13); the other most
common implicated agents were amoxicillin/clavulanate (n=23), isoniazid (n=13) and
trimethoprim/sulphamethoxazole (n = 13). Of the 26 patients who died or had a liver transplant within
6 months following recognition of drug-induced liver injury, nitrofurantoin was the implicated agent
in two patients, with a final causality score of ‘very likely’.
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In the Netherlands, a study was undertaken to establish if women treated with nitrofurantoin for
urinary tract infections and renal impairment were at a higher risk of ineffectiveness of treatment
and/or serious adverse effects than women without renal impairment (Geerts et al., 2013). A cohort of
21 317 women treated with nitrofurantoin and a cohort of 7 926 women treated with trimethoprim
were included in the study. Ineffectiveness of treatment was defined as use of another antimicrobial
within 1 month of the start of treatment with nitrofurantoin and the definition of a serious adverse
event was one leading to hospitalisation within 90 days. The incidence density for ineffectiveness of
treatment was not higher for nitrofurantoin-treated women (5.4 per 1000 person-days) than for
trimethoprim-treated women (6.3 per 1 000 person-days), and moderate renal impairment (estimated
glomerular filtration rate of 30-49 mL/min/1.73 m?) was not associated with ineffectiveness of
treatment. The incidence density for serious adverse events was 0.02 per 1 000 person-days for
nitrofurantoin treatment, compared with 0.01 per 1 000 person-days for trimethoprim treatment and, in
patients with renal impairment (<50 mL/min/1.73 m?), the risk of pulmonary adverse events
significantly increased for nitrofurantoin treatment; no such event was reported for trimethoprim-
treated patients.

Two studies are reported on the effect of nitrofurantoin treatment during pregnancy for urinary tract
infections on the teratogenic risk to the fetus. In the first study, in Hungary, the outcome for three
groups of pregnant women was studied (Czeizel et al., 2001). In total, 1 079 (2.8 %) of 38 151 women
who had new-born infants without any congenital abnormalities (population control group),
774 (3.4 %) of 22 865 women who had new-born infants or fetuses with congenital abnormalities and
23 (2.8 %) of 812 women who had new-born infants or fetuses with Down’s syndrome (patient
controls) had been treated with nitrofurantoin. Although the incidence (3.4 %) of nitrofuran treatment
was higher for the group of women who had new-born infants or fetuses with congenital abnormalities
than for the control groups (2.8 %), when biases are excluded, no increased teratogenic potential was
found for nitrofurantoin treatment. This study concluded that treatment with nitrofurantoin during
pregnancy does not present a detectable teratogenic risk to the fetus.

In the second study, in Norway, the outcome in terms of (1) an increased rate of malformations
following first-trimester exposure to nitrofurantoin and (2) an increased rate of negative pregnancy
outcomes following exposure to nitrofurantoin during the last 30 days of pregnancy was studied
(Nordeng et al., 2013). The incidence of malformations was 31 (2.3 %) of 1 334 women who had been
dispensed nitrofurantoin during the first trimester, compared with 162 (2.8 %) of 5 800 women in the
disease control group, i.e. women who had been dispensed pivmecillinam during the first trimester,
giving an odds ratio of 0.79 (95 % confidence interval 0.51-1.23). The incidence of neonatal jaundice
was 103 (10.8 %) of 959 women who had been dispensed nitrofurantoin during the last 30 days of
pregnancy, compared with 10 336 (8.1 %) of 127 507 unexposed women, giving an odds ratio of
1.31 (95 % confidence interval 1.02-1.70). This study concluded that the teratogenic potential of
nitrofurantoin is low, but use in late pregnancy may increase the risk of neonatal jaundice.

In conclusion, positive associations of nitrofurantoin, given at therapeutic doses, were reported in
individual studies with adult cancers of the nervous system, with drug-induced liver injury and with
increased risk of pulmonary adverse events in patients with renal impairment. A study of long-term
therapy with nitrofurantoin for recurrent urinary tract infections in children found no association with
life-threatening adverse reactions. Two studies reported that treatment of women with nitrofurantoin
during pregnancy does not give rise to an increased teratogenic risk for the fetus, although one study
found that treatment with nitrofurantoin during the last 30 days of pregnancy may increase the risk of
neonatal jaundice.

8.5. Considerations of critical effects, dose-response modelling and possibilities for
derivation of a health-based guidance value

Nitrofurans have a short half-life due to extensive metabolism and, therefore, they do not occur
generally as residues in foods of animal origin. Reactive metabolites are formed that are able to bind
covalently to tissue macromolecules and, when such animal tissues are consumed as food, the side-
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chains may be released from these metabolites under the acidic conditions of the human stomach,
namely AOZ, AMOZ, AHD, SEM and DNSH in the case of furazolidone, furaltadone, nitrofurantoin,
nitrofurazone and nifursol, respectively. Owing to the long half-lives of bound metabolites, these
releasable side-chains are also used as marker metabolites. At least in the case of furazolidone, it was
shown that AOZ can also be released in the stomach of pigs treated with furazolidone, and that AOZ
itself is able to form protein-bound adducts in pig tissues which can be hydrolysed to give free AOZ
again in the stomach of the consumer. This was shown in studies with isolated pig hepatocytes
incubated with AOZ. This metabolic pathway also offers an explanation for the fact that AOZ could
be released from tissues of rats that were fed with protein-bound residues of furazolidone (see Section
8.1.5).

As only few, if any, toxicity studies were available for the nitrofuran marker metabolites, the
CONTAM Panel, in addition to the evaluation of the toxicological information for the five nitrofuran
marker metabolites, also evaluated the toxicological information for the parent compounds. For all
five nitrofurans considered in this opinion, studies on their carcinogenic effects were available. A
description of the relevant benign and malignant tumours can be found in Section 8.2.7. For the hazard
characterisation of the carcinogenic effects, the CONTAM Panel focused on the evaluation of the
malignant tumours only.

8.5.1. Furazolidone and AOZ

Several studies reported that furazolidone is carcinogenic in experimental animals (see Section 8.2.7).
Furazolidone induced bronchial adenocarcinomas in male and female mice, malignant mammary
tumours in female rats, neural astrocytomas in male rats and sebaceous adenocarcinomas in male and
female rats. There is no information on the carcinogenicity in humans. Furazolidone induced
mutations in bacterial test systems and caused SCE and DNA strand breaks in mammalian cells in
vitro. In vivo, micronucleus studies gave negative or equivocal results, but an increase in SCE
frequency was observed. Based on these data, the CONTAM Panel concluded that furazolidone is
genotoxic in vitro and may possibly be genotoxic in vivo, and considered furazolidone to be a
substance which is genotoxic and carcinogenic. Therefore, the CONTAM Panel concluded that the
derivation of a health-based guidance value (HBGV) is not appropriate, and decided to apply an MOE
approach for its risk characterisation.

The CONTAM Panel considered the tumour data from four carcinogenicity studies to be suitable for
dose-response modelling:

1. Halliday et al. (1974)—bronchial adenocarcinomas observed in male and female Swiss
MBR/ICR mice;

2. King et al. (1972a) and Halliday et al. (1973a)—malignant mammary tumours
(adenocarcinomas and carcinosarcomas) observed in female Sprague—Dawley rats;

3. King et al. (1972b) and Halliday et al. (1973b)—mammary adenocarcinomas observed in
female Fischer 344 rats;

4. King et al. (1972b) and Halliday et al. (1973b)—malignant mammary tumours
(adenocarcinomas and carcinosarcomas) in female and neural astrocytomas observed in male
Sprague—Dawley rats.

The study by Siedler and Searfoss (1966) described in Section 8.2.7 was not suitable for dose—
response modelling, as only one dose was included.

Table 1.9 (Appendix I Section 1.1) shows the benchmark dose (BMD) results for the four considered
tumour types (bronchial adenocarcinomas, malignant mammary tumours, mammary adenocarcinomas
and neural astrocytomas) and details are shown in Appendix I, Section I.1. The CONTAM Panel noted
that, in all four carcinogenicity studies, there was considerable mortality before the end of the studies.
When animals died before the end of the study without having developed tumours, it remains
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unknown if they would have developed tumours had they not died. This creates an additional
uncertainty for the dose—response relationship which cannot be accounted for in the statistical analysis
(with the information available). Therefore, the benchmark dose lower (BMDL) and upper (BMDU)
confidence limits should be considered as indicative. From the results, the CONTAM Panel selected
the lowest BMDL,, value (lower 95 % confidence limit or a benchmark response of 10 % extra risk)
of 3.5 mg/kg b.w. per day as a reference point for the carcinogenic effects of furazolidone.

For AOZ, the marker metabolite of furazolidone, there is no information on its carcinogenicity, but the
limited data indicate that it is genotoxic in vitro and possibly in vivo. Because of its genotoxicity, the
CONTAM Panel concluded that the derivation of an HBGV for AOZ is not appropriate. The
CONTAM Panel assumed that the carcinogenicity of furazolidone could be caused by AOZ and,
therefore, the BMDL,, value of 3.5 mg/kg b.w. per day for furazolidone can be used for AOZ.

Because the residues of furazolidone are expressed as its marker metabolite AOZ, and the molecular
weights of furazolidone and AOZ differ, the CONTAM Panel concluded that the reference point to be
used in the risk characterisation of the carcinogenic effects of residues of furazolidone, expressed as
AOZ, is 102/ 225 x 3.5 = 1.6 mg/kg b.w. per day.

For non-neoplastic effects of furazolidone, only limited information is available from long-
term/carcinogenicity studies, such as effects on red blood cell parameters and increases in adrenal
cortex and thyroid atrophy. For the most sensitive effect—a reduction in the number of red blood cells,
observed at the end of the chronic study in Sprague-Dawley rats (Halliday et al., 1973a)—the
CONTAM Panel performed BMD analysis because this approach is a scientifically more advanced
method to the NOAEL approach for deriving a reference point, as it makes extended use of available
dose—response data and it quantifies the uncertainties in the dose-response data, resulting, overall, in a
more consistent reference point (EFSA, 2009). For the reduction in the number of red blood cells, a
BMDLs of 0.1 mg/kg b.w. per day has been derived (see Appendix I, Section 1.2). This value can be
applied as reference point for the non-neoplastic effects of furazolidone.

There is only limited information on the toxicity of AOZ (see Section 8.2.2). In two 90-day studies in
rats and dogs, effects on red blood cell parameters and the spleen were found for rats at a dose of
6 mg/kg b.w. per day and for dogs at the lowest tested dose of 1 mg/kg b.w. per day (NOTOX, 1995b;
Brinck et al., 1995). In addition, in male and female dogs, dose-related effects on enzymes in blood
(ALP, AST) and bilirubin were found (Brinck et al., 1995). BMD analysis was performed on the
effects on the red blood cell count and serum levels of ALP, AST and bilirubin in dogs (see Appendix
I, Section 1.3). For the effect on red blood cells in dogs, a BMDLgs of 0.04 mg/kg b.w. per day was
derived. For the other effects, the lowest BMDL s was 0.02 mg/kg b.w. per day for the effect of AOZ
on ALP.

Because the residues of furazolidone are expressed as its marker metabolite AOZ, the CONTAM
Panel concluded that the BMDLys of 0.02 mg/kg b.w. per day for AOZ can be used as a reference
point in the risk characterisation of the non-neoplastic effects of residues of furazolidone, expressed as
AOZ.

8.5.2. Furaltadone and AMOZ

For furaltadone, there are two limited studies (using only one dose level) showing that it induces
malignant mammary tumours in rats (see Section 8.2.7). With regard to its genotoxicity, it is a strong
bacterial mutagen and it induces mutations in mammalian cells in vitro (see Section 8.2.6). Although
the information is limited, the CONTAM Panel concluded that furaltadone is considered to be a
genotoxic carcinogen, for which the derivation of an HBGV is inappropriate, and therefore decided to
apply an MOE approach for its risk characterisation.

Two chronic studies were available on the carcinogenicity of furaltadone, and both used only one dose
level. In the study of Cohen et al. (1973), female Sprague—Dawley rats received an oral dose of
54 mg/kg b.w. per day in the diet. In this study, a rather high incidence of malignant mammary
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tumours (25 out of 32) was observed. In the other study, in which a single dose of 85 mg/kg b.w. per
day was administered to female Holtzman rats in the diet, the incidence of malignant mammary
tumours was much lower: 3 out of 35. To be prudent, the CONTAM Panel used the Cohen study to
estimate a BMDL . To circumvent the problem of the single dose in the Cohen data, a dose—response
analysis for the tumour data was performed, assuming that the shape parameter of the fitted model was
the same as for furazolidone. This resulted in a rather wide BMD confidence interval of 0.03 to
40 mg/kg b.w. per day (see Appendix I, Section 1.4), indicating a large uncertainty in the BMD
estimate. Given the large difference between the BMDL and the BMDU, the CONTAM Panel
considered that the available data do not provide a suitable basis for deriving a reference point for the
carcinogenic effects of furaltadone.

Comparing the confidence interval for furaltadone with that for furazolidone (25-86 mg/kg b.w. per
day), the CONTAM Panel noted that, although they overlap to some extent, the interval for
furaltadone reflects a lower dose range. This indicates that furaltadone may be more potent than
furazolidone. This, however, contradicts the study by Siedler and Searfoss (1966) on Holtzman rats in
which both compounds were studied. A slightly higher but equimolar dose of furaltadone, i.e.
85 mg/kg b.w. per day (0.26 mmol/kg b.w. per day), compared with 57 mg/kg b.w. per day
(0.25 mmol/kg b.w. per day) of furazolidone induced a similar, low incidence of mammary
adenocarcinomas (furaltadone, 3 out of 35; furazolidone, 5 out of 35). Recognising the limitations of
the available data, the CONTAM Panel concluded that there are no clear indications that furaltadone is
more potent than furazolidone with respect to the induction of mammary adenocarcinomas.

For AMOZ, the marker metabolite of furaltadone, no information on carcinogenicity was identified,
but the limited data that are available on its mutagenicity/genotoxicity indicate that it is non-genotoxic
in vitro. The CONTAM Panel could not conclude on the carcinogenicity of AMOZ.

There is no information on non-neoplastic effects of furaltadone or AMOZ that could be used for the
derivation of a reference point for the risk characterisation.

8.5.3. Nitrofurantoin and AHD

In several long-term studies in mice and rats (see Section 8.2.7), nitrofurantoin induced
predominantly benign tumours (e.g. ovarian tubular adenomas, mammary fibroadenomas). In one
study, a few malignant tumours were observed in male rats (renal tubular carcinomas in two high-dose
males, and osteosarcomas in one low-dose male and two high-dose males). Based on these
observations, the CONTAM Panel concluded that the evidence that nitrofurantoin is carcinogenic in
experimental animals is limited. In vitro, nitrofurantoin induced mutations, DNA damage and
chromosomal aberrations. In vivo, it has been shown to induce DNA damage in multiple organs,
micronuclei formation in mice and gene mutations in a transgenic mouse mutation assay. In humans
(children), there are indications that long-term prophylactic treatment might induce SCEs in
lymphocytes. The CONTAM Panel concluded that nitrofurantoin is genotoxic in vivo. Although there
is only limited evidence for the carcinogenicity of nitrofurantoin, the CONTAM Panel concluded that,
to be prudent, the compound should be considered a substance which is genotoxic and carcinogenic,
for which the derivation of an HBGV is not appropriate. It therefore decided to apply an MOE
approach for risk characterisation of nitrofurantoin.

Based on the low incidence of osteosarcomas observed in male rats (NTP, 1989), the CONTAM Panel
derived a BMDL,, of 61 mg/kg b.w. per day as a reference point for the carcinogenic effect of
nitrofurantoin (see Appendix I, Section 1.5). The CONTAM Panel recognised that this can be
considered a conservative approach because, owing to the very low incidence of the osteosarcomas,
the BMDUy, is infinite.

For AHD, the marker metabolite of nitrofurantoin, there is no information on carcinogenicity and
limited information on genotoxicity. The CONTAM Panel considered that AHD may play a role in the
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carcinogenicity of nitrofurantoin and therefore the BMDL,, value of 61 mg/kg b.w. per day for
nitrofurantoin can be used for the risk characterisation of the carcinogenic effects of AHD.

Because the residues of nitrofurantoin are expressed as its marker metabolite AHD, and the molecular
weights of nitrofurantoin and AHD differ, the CONTAM Panel concluded that the reference point to
be used in the risk characterisation of the carcinogenic risks of residues of nitrofurantoin, expressed as
AHD, is 115/238 x 61 = 29.5 mg/kg b.w. per day.

Regarding the non-neoplastic effects of nitrofurantoin, the testes and in particular spermatogenesis
were considered to be the most sensitive targets, with large effects (up to two-fold) seen at the lowest
tested oral dose of 10 mg/kg b.w. per day (see Section 8.2.4.1). A BMD analyses was performed for
the effect of nitrofurantoin on spermatogenic index, number of tubuli containing spermatozoa, time of
motility of spermatozoa and concentration of spermatozoa as reported by Yunda et al. (1974).
However, as there were only three dose groups (including controls), the estimated BMD confidence
intervals were unstable, i.e. depended on the chosen start values of the parameters, and the CONTAM
Panel concluded that (with current statistical methodology) no reliable BMD confidence intervals
could be derived. Instead, the CONTAM Panel selected the lowest dose tested of 10 mg/kg b.w. per
day at which effects on spermatogenesis were observed as a reference point for the non-neoplastic
effects of nitrofurantoin, noting that the effects at this dose are substantial.

For AHD, the marker metabolite of nitrofurantoin, there is no information on non-neoplastic effects.
The CONTAM Panel assumes that the non-neoplastic effects of nitrofurantoin may be caused by AHD
and therefore the lowest dose tested of 10 mg/kg b.w. per day at which effects on spermatogenesis
were observed for nitrofurantoin can be used for AHD.

Because the residues of nitrofurantoin are expressed as its marker metabolite AHD, and the molecular
weights of nitrofurantoin and AHD differ, the CONTAM Panel concluded that the reference point to
be used in the risk characterisation of the non-neoplastic effects of residues of nitrofurantoin,
expressed as AHD, is 115 /238 x 10 = 4.8 mg/kg b.w. per day.

8.5.4. Nitrofurazone and SEM

Following long-term oral administration to mice and rats, nitrofurazone increased the incidence of
benign tumours such as granulosa cell adenomas and benign mixed tumours of the ovary in mice and
mammary fibroadenomas in rats. In one study with rats, a non-dose-related increase in carcinomas of
the preputial gland was observed, but the combined incidence of preputial gland adenomas and
carcinomas, which was considered to be the most appropriate parameter for this type of tumour, was
not affected (see Section 8.2.7). Based on this observation, the CONTAM Panel concluded that there
is no evidence of the carcinogenicity of nitrofurazone in mice, and that evidence for the
carcinogenicity of nitrofurazone in rats is equivocal. Nitrofurazone was genotoxic in vitro but no
conclusion on the in vivo genotoxicity can be drawn. Therefore, no clear conclusion on the
genotoxicity and carcinogenicity of nitrofurazone can be drawn. In addition, the available information
is not suitable to derive a reliable reference point for the possible carcinogenicity of nitrofurazone in
rats.

SEM, the marker metabolite of nitrofurazone, increased the incidence of lung tumours in two limited
studies in mice, using only one dose level. In one study, the lung tumours were not specified; in the
other study, an increase in malignant lung tumours in female mice was indicated in only a semi-
guantitative way. In the two available rat studies, no increase in tumour incidence was found (see
Section 8.2.7). Recognising the shortcomings of most of these studies, the CONTAM Panel concluded
that there is limited evidence that SEM is carcinogenic in mice, and that there is no evidence in rats.
The Panel noted that this is contrary to the response of nitrofurazone. SEM is mutagenic in bacteria
and in mammalian cells in vitro, and showed clastogenic potential in vivo, but without a dose—
response relationship. The CONTAM Panel concluded that SEM is genotoxic in vitro, but that no
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conclusion on its genotoxicity in vivo can be drawn. The available information is too limited to
conclude on a reference point for carcinogenicity of SEM in mice.

Because of the limitations in the database, the CONTAM Panel cannot derive a reference point that
can be used in the risk assessment of the carcinogenic effects of residues of nitrofurazone, expressed
as its marker metabolite SEM.

In repeated-dose toxicity studies (see Section 8.2.2) with nitrofurazone, the main toxic effects were on
reproductive organs. Based on effects on the testes in rats, a NOAEL of 13.5 mg/kg b.w. per day was
identified in a 13-week study. In studies on spermatogenesis (see Section 8.2.4.1), effects on the testes
and the epididymis were seen, but the most sensitive endpoint was massive spermiation failure
observed in rats at the lowest tested dose of 12.5 mg/kg b.w. per day administered orally for up to
12 weeks. In addition, reproductive toxicity studies (see Section 8.2.4.3) in mice confirmed that the
testis is the target organ, as disruption of fertility (related to degeneration of the seminiferous tubules),
abnormal sperm morphology and a reduced testicular spermatid concentration were seen at the lowest
tested dose of 14 mg/kg b.w. per day. Testes degeneration was also observed in chronic toxicity
studies (see Section 8.2.7) in nearly all dosed rats (49 out of 50 and 47 out of 50 for doses of 11 and
24 mg/kg b.w. per day, respectively, versus 12 out of 50 in the controls). For a number of endpoints
(testis and epididymis weight and testicular and epididymal sperm number), BMD analysis was
performed, and the lowest BMDL s value of 4.6 mg/kg b.w. per day was obtained for the decrease in
epididymis weight in rats (see Appendix I, Section 1.6). The CONTAM Panel noted that this BMDL g5
value is not much lower than dose levels at which strong effects were seen in rats, i.e. massive
spermiation failure at 12.5 mg/kg b.w. per day and testis degeneration at 11 mg/kg b.w. per day, but
the data for both of these endpoints were not suitable for a BMD analysis.

In a 90-day study in which rats were orally administered SEM, a number of severe effects such as
deformation of limbs and osteochondral lesions were observed in all dose groups, including the lowest
dose of 23 mg/kg b.w. per day (see Section 8.2.2). In a chronic study with rats, disarrangement of
chondrocytes in bones and degeneration of the articular cartilage in knee joints were observed, with a
NOAEL of 0.6 mg/kg b.w. per day (see Section 8.2.7). In a teratogenicity study, an increase in cleft
palate was seen at the lowest tested dose of 10 mg/kg b.w. (see Section 8.2.4.2). Upon BMD analysis
(see Appendix I, Section 1.7), a lowest BMDL, for effects on bones was derived of 1.0 mg/kg b.w.
per day.

The CONTAM Panel noted that, in contrast to nitrofurazone, the available data for SEM do not
indicate an effect on the testes, but concluded that the BMDL,, of 1.0 mg/kg b.w. per day for SEM
could be used as a reference point for the risk characterisation of the non-neoplastic effects of residues
of nitrofurazone, expressed as its marker metabolite SEM.

8.5.5. Nifursol and DNSH

Based on the limited available information on nifursol, the CONTAM Panel concluded that there is no
clear indication that the compound is carcinogenic. In vitro, nifursol is mutagenic in bacteria and
induces chromosomal aberrations, but in vivo clastogenicity studies and an in vivo mutation assay with
transgenic mice gave clear negative results. Based on these data, the CONTAM Panel concludes that
nifursol is genotoxic in vitro, but not in vivo. However, the available toxicological information is too
limited to derive an HBGV and the CONTAM Panel decided to apply an MOE approach for the risk
characterisation of nifursol. For several endpoints, i.e. effects on red blood cell parameters and on
spleen weight observed in a 13-week rat study (see Section 8.2.2), and effects on liver weight
observed in a chronic study with rats (see Section 8.2.7), a BMD analysis was carried out (see
Appendix I, Section 1.8). A lowest BMDLgs of 11 mg/kg b.w. per day was derived for effects on liver
weight. The CONTAM Panel concluded that this value could be used as a reference point for the non-
neoplastic effect of nifursol.
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For DNSH, the marker metabolite of nifursol, there is no information on its toxicity, carcinogenicity
or mutagenicity/genotoxicity. Because the residues of nifursol are expressed as its marker metabolite
DNSH, and the molecular weights of nifursol and DNSH differ, the CONTAM Panel concluded that
the reference point to be used in the risk characterisation of residues of nifursol, expressed as DNSH,
is 242/365 x 11 = 7.3 mg/kg b.w. per day.

0. Risk characterisation

The CONTAM Panel considered the nitrofurans furazolidone, furaltadone, nitrofurantoin,
nitrofurazone and nifursol in this scientific opinion. Nitrofurans have short half-lives and, therefore,
they do not occur generally as residues in foods of animal origin. Reactive metabolites are formed that
are able to bind covalently to tissue macromolecules and, when such animal tissues are consumed as
food, the side-chains may be released, namely AOZ, AMOZ, AHD, SEM and DNSH. Owing to the
long half-lives of bound metabolites, these releasable side-chains are also used as marker metabolites.
At least in the case of furazolidone, it was shown that AOZ can also be released in the stomach of pigs
treated with furazolidone, and that AOZ itself is able to form protein-bound adducts in pig tissues
which can be hydrolysed to give free AOZ again in the stomach of the consumer (see Section 8.1.5).

The CONTAM Panel considered the application of a read-across approach between the nitrofuran
marker metabolites, but because of the different critical effects observed, the CONTAM Panel
characterised the risk for each of the marker metabolites separately. As nitrofuran marker metabolites
are hydrazines, which are excluded from the threshold of toxicological concern approach, such an
approach was not applied for the risk characterisation.

Only limited occurrence data on nitrofurans and their marker metabolites in food were available for
this opinion (see Section 5.2). The CONTAM Panel concluded that these data are too limited to carry
out a reliable human dietary exposure assessment. Therefore, the CONTAM Panel cannot characterise
the risk of actual exposure to nitrofuran marker metabolites.

9.1. Evaluation whether a reference point for action of 1 ug/kg for nitrofuran metabolites as
defined in the legislation in food of animal origin is adequate to protect public health

To evaluate whether or not an RPA of 1 pg/kg for nitrofuran metabolites, as defined in the legislation
(Commission Decision 2002/657/EC and Commission Decision 2005/34/EC), in foods of animal
origin is adequate to protect public health, the CONTAM Panel considered the exposure to nitrofuran
marker metabolites resulting from illicit nitrofuran use. Such exposure is covered by exposure scenario
1A, in which foods of animal origin (excluding milk and dairy products) are contaminated with one
nitrofuran marker metabolite at a concentration equal to the RPA level of 1 pg/kg. These are mainly
meat and meat products, fish and fish products, eggs and egg products and honey.

Based on scenario 1A, the median chronic dietary exposure for AOZ, AMOZ, AHD, SEM or DNSH
across dietary surveys for the average consumer would be 5.5 and 2.6 ng/kg b.w. per day for toddlers
(the highest exposed population group) and adults, respectively. The minimum and maximum chronic
dietary exposures across dietary surveys for the average consumer would be 3.3 and 8.0 ng/kg b.w. per
day, respectively, for toddlers and 1.9 and 4.3 ng/kg b.w. per day, respectively, for adults (see Table
5).

When comparing the median chronic dietary exposure to the furazolidone marker metabolite AOZ,
based on scenario 1A, across dietary surveys for the average consumer with the BMDL,, for
carcinogenicity of furazolidone, expressed as AOZ (1.6 mg AOZ/kg b.w. per day), the MOE would be
about 2.9 x 10° for toddlers and 6.2 x 10° for adults. For the minimum and maximum chronic dietary
exposures across dietary surveys for the average consumer, the MOEs for toddlers would be about
4.8 x10° and 2.0 x 10°, respectively, and for adults would be about 8.4 x 10° and 3.7 x 10°,
respectively (Table 9).
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For substances that are both genotoxic and carcinogenic, the EFSA Scientific Committee proposed
that an MOE of 10 000 or higher, if based on the BMDL,, from an animal carcinogenicity study,
would be of low concern from a public health point of view (EFSA, 2005). Considering that the
calculated MOEs for carcinogenicity would be of the order of 10°, they are of low concern.
Furthermore, they are considered sufficiently large to cover the additional uncertainty regarding the
carcinogenicity data and the BMDL,, and the uncertainty related to the assumption that the
carcinogenicity of furazolidone is caused by its metabolite AOZ.
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Table 9:  Mean chronic dietary exposure to nitrofuran marker metabolites under scenario 1A and the calculated margins of exposure for toddlers and adults

Toddlers Adults
Mean chronic dietary exposure to nitrofuran marker metabolites (ng/kg b.w. per day) Median Range Median Range
under scenario 1A® 5.5 3.3-8.0 2.6 1.9-4.3
Substance Reference point MOE for toddlers MOE for adults
Description mg/kg b.w. per day Median Range Median Range
AOZ BMDLy, (neoplastic)—bronchial adenocarcinomas, mice®™ 1.6 2.9 x 10° 2.0-4.8 x 10° 6.2 x 10° 3.7-8.4 x 10°
BMDL s (non-neoplastic)—effect on ALP, dogs 0.02 3.6 x 10° 2.5-6.1 x 10° 7.7 x 10° 4.7-11 x 10°
AMOZ BMDL (neoplastic) Not identified - - - -
BMDL (non-neoplastic) Not identified — — — —
AHD BMDLy, (neoplastic)—osteosarcomas, male rats® 29.5 5.4 x 10° 3.7-8.9 x 10° 1.1 x 10 0.7-1.6 x 10’
Effect dose (non-neoplastic)—spermatogenesis, rats® 4.8 8.7 x 10° 6.0-15 x 10° 1.8 x 10° 1.1-2.5 x 10°
SEM BMDL (neoplastic) Not identified - - - -
BMDL,, (non-neoplastic)—effects on bones, rats 1.0 1.8 x 10° 1.3-3.0 x 10° 3.8 x10° 2.3-53x10°
DNSH BMDL (neoplastic) Not applicable - - - -
BMDL g5 (non-neoplastic)—effect on liver weight® 7.3 1.3 x 10° 0.9-2.2 x 10° 2.8 x 10° 1.7-3.8 x 10°

AHD: 1-aminohydantoin; AMOZ: 3-amino-5-methylmorpholino-2-oxazolidinone; AOZ: 3-amino-2-oxazolidinone; BMDL: benchmark dose lower confidence limit; b.w.: body weight; DNSH:

3,5-dinitrosalicylic acid hydrazide; MOE: margin of exposure; RPA: reference point for action; SEM: semicarbazide.

(a): Scenario 1A contains foods of animal origin, excluding milk and dairy products, that are contaminated with one nitrofuran marker metabolite at a concentration equal to the RPA value of
1 pg/kg (meat and meat products, fish and fish products, eggs and egg products and honey).

(b): BMDL, calculated from data on furazolidone; value should be considered as indicative.

(c): BMDLy, calculated from data on nitrofurantoin.

(d): Effect dose identified from study on nitrofurantoin.

(e): BMDLgs calculated from data on nifursol.
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For non-neoplastic effects, the CONTAM Panel identified a BMDLys of 0.02 mg/kg b.w. per day for
the effect on ALP caused by AOZ. When comparing this BMDLgs with the median chronic dietary
exposure to AOZ, based on scenario 1A, across dietary surveys for the average consumer, the MOE
would be about 3.6 x 10° for toddlers and 7.7 x 10° for adults. For the minimum and maximum
chronic dietary exposures across dietary surveys for the average consumer, the MOEs for toddlers
would be about 6.1 x 10° and 2.5 x 10°, respectively, and for adults would be about 1.1 x 10* and
4.7 x 10°, respectively (Table 9).

The CONTAM Panel noted that MOEs of 100 are often considered of low concern for threshold
effects (FAO/WHO, 2009). Considering that the calculated MOEs for the effect on ALP would be of
the order of 10° or higher, they are considered sufficiently large and do not indicate a health concern
for non-neoplastic effects.

The CONTAM Panel concluded that it is unlikely that exposure to food contaminated with AOZ at or
below 1 pg/kg represents a health concern.

The CONTAM Panel could not conclude on the carcinogenicity of the furaltadone marker metabolite
AMOZ. Given that there are no clear indications that furaltadone is more potent than furazolidone
with respect to the induction of mammary adenocarcinomas, the CONTAM Panel concluded that the
cancer risk from AMOZ, if any, would not be greater than that from AOZ and hence does not indicate
a health concern.

The CONTAM Panel could not identify a reference point for non-neoplastic effects for AMOZ and
therefore the risk could not be assessed.

When comparing the median chronic dietary exposure to the nitrofurantoin marker metabolite AHD,
based on scenario 1A, across dietary surveys for the average consumer with the BMDL,, for
carcinogenicity of nitrofurantoin, expressed as AHD (29.5 mg AHD/kg b.w. per day), the MOE would
be about 5.4 x 10° for toddlers and 1.1 x 10" for adults. For the minimum and maximum chronic
dietary exposures across dietary surveys for the average consumer, the MOEs for toddlers would be
about 8.9 x 10° and 3.7 x 10° respectively, and for adults would be about 1.6 x 10" and 6.9 x 10°,
respectively (Table 9).

Considering that the calculated MOEs for carcinogenicity would be of the order of 10° and higher,
they are considered sufficiently large to cover the uncertainty related to the assumption that the
carcinogenicity of nitrofurantoin is caused by its metabolite AHD.

When comparing the median chronic dietary exposure to the nitrofurantoin marker metabolite AHD,
based on scenario 1A, across dietary surveys for the average consumer with the effect dose® on
spermatogenesis of nitrofurantoin, expressed as AHD (4.8 mg AHD/kg b.w. per day), the MOE would
be about 8.7 x 10° for toddlers and 1.8 x 10° for adults. For the minimum and maximum chronic
dietary exposures across dietary surveys for the average consumer, the MOEs for toddlers would be
about 1.5 x 10° and 6.0 x 10°, respectively, and for adults would be about 2.5 x 10° and 1.1 x 10°,
respectively (Table 9).

The calculated MOEs for effects on spermatogenesis of AHD are not based on a NOAEL or a BMDL
but on an effect level at which the effects are substantial. However, as the MOEs are of the order of
10° or higher, they are considered to be sufficiently large and do not indicate a health concern for non-
neoplastic effects of AHD.

The CONTAM Panel concluded that it is unlikely that exposure to food contaminated with AHD at or
below 1 pg/kg represents a health concern.

% |owest dose tested at which effects on spermatogenesis were observed.
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SEM is carcinogenic in mice, but not in rats. However, the available information is too limited to
conclude on a reference point for carcinogenicity in mice and the cancer risk cannot be assessed.

For non-neoplastic effects, the CONTAM Panel identified a BMDL,, of 1.0 mg/kg b.w. per day for
the effect on bones caused by SEM. When comparing this BMDL,, with the median chronic dietary
exposure to SEM, based on scenario 1A, across dietary surveys for the average consumer, the MOE
would be about 1.8 x 10° for toddlers and 3.8 x 10° for adults. For the minimum and maximum
chronic dietary exposures across dietary surveys for the average consumer, the MOEs for toddlers
would be about 3.0 x 10° and 1.3 x 10°, respectively, and for adults would be about 5.3 x 10° and
2.3 x 10°, respectively (Table 9).

Considering that the calculated MOEs for the effect of SEM on bones would be of the order of 10°,
they are considered sufficiently large and do not indicate a health concern for non-neoplastic effects.

No information regarding the carcinogenicity is available for the nifursol marker metabolite DNSH.
Based on the limited available information on nifursol, the CONTAM Panel concluded that there is no
clear indication that nifursol is carcinogenic.

For non-neoplastic effects, the CONTAM Panel identified a BMDLys for the effects of nifursol on
liver weight, expressed as DNSH (7.3 mg DNSH/kg b.w. per day). When comparing this BMDL s
with the median chronic dietary exposure to DNSH, based on scenario 1A, across dietary surveys for
the average consumer, the MOE would be about 1.3 x 10° for toddlers and 2.8 x 10° for adults. For the
minimum and maximum chronic dietary exposures across dietary surveys for the average consumer,
the MOEs for toddlers would be about 2.2 x 10° and 9.1 x 10°, respectively, and for adults would be
about 3.8 x 10° and 1.7 x 10°, respectively (Table 9).

Considering that the calculated MOEs for the effect of DNSH on liver weight would be of the order of
10° or higher, they are considered sufficiently large and do not indicate a health concern for non-
neoplastic effects.

Overall, the CONTAM Panel concludes that the presence of AOZ, AHD and DNSH in food at or
below a level of 1 pg/kg is unlikely to be a health concern. Owing to the lack of appropriate data, the
CONTAM Panel cannot assess the cancer risk or the risk of non-neoplastic effects of AMOZ. The
presence of SEM in food at or below a level of 1 pug/kg is unlikely to be a health concern for non-
neoplastic effects but, owing to the lack of appropriate data, the cancer risk of SEM cannot be
assessed.

9.2. Assessment of the appropriateness of applying the reference point for action that is
considered adequate to protect public health to other commodities than food of animal
origin

No occurrence of AOZ, AMOZ, AHD or DNSH has been reported in foods of non-animal origin.

Therefore, the CONTAM Panel considered that this term of reference does not apply to these
substances.

Only SEM is reported to occur in foods of non-animal origin owing to its occurrence in the food
additive carrageenan, which is used in a large variety of foods of both non-animal and animal origin.
Because the available information on SEM is too limited to conclude on a reference point for
carcinogenicity, the risk characterisation focuses on non-neoplastic effects only.

To address this term of reference, the CONTAM Panel decided to use exposure scenario 2A, in which
foods of non-animal origin for which carrageenan is authorised as an additive are contaminated with
SEM at a concentration in the final food product equal to the RPA level of 1 pg/kg.

Based on scenario 2A, the median chronic dietary exposure for SEM across dietary surveys for the
average consumer would be 14 and 5.7 ng/kg b.w. per day for toddlers (the highest exposed
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population group) and adults, respectively. The minimum and maximum chronic dietary exposures
across dietary surveys for the average consumer would be 4.6 and 41 ng/kg b.w. per day, respectively,
for toddlers and 3.3 and 13 ng/kg b.w. per day, respectively, for adults (see Table 7).

As the exposure to SEM from dairy products in which carrageenan is used is not covered by scenario
1A or scenario 2A, the CONTAM Panel considered scenario 2C, in which foods of animal origin
(including only those milk and dairy products for which carrageenan is authorised as an additive) and
foods of non-animal origin (for which carrageenan is authorised as an additive) are contaminated with
SEM at a concentration equal to the RPA level of 1 pg/kg.

Based on scenario 2C, the median chronic dietary exposure for SEM across dietary surveys for the
average consumer would be 29 and 9.6 ng/kg b.w. per day for toddlers (the highest exposed
population group) and adults, respectively. The minimum and maximum chronic dietary exposures
across dietary surveys for the average consumer would be 17 and 55 ng/kg b.w. per day, respectively,
for toddlers and 6.4 and 16 ng/kg b.w. per day, respectively, for adults (see Table 7).

For non-neoplastic effects, the CONTAM Panel identified a BMDL,, of 1.0 mg/kg b.w. per day for
the effect on bones caused by SEM. When comparing this BMDL o with the median chronic dietary
exposure to SEM, based on scenario 2A, across dietary surveys for the average consumer, the MOE
would be about 7.1 x 10* for toddlers and 1.8 x 10° for adults. For the minimum and maximum
chronic dietary exposures across dietary surveys for the average consumer, the MOEs for toddlers
would be about 2.2 x 10° and 2.4 x 10, respectively, and for adults would be about 3.0 x 10° and
7.4 x 10 respectively (Table 10).

When comparing the BMDL,, of 1.0 mg/kg b.w. per day with the median chronic dietary exposure to
SEM, based on scenario 2C, across dietary surveys for the average consumer, the MOE would be
about 3.4 x 10* for toddlers and 1.0 x 10° for adults. For the minimum and maximum chronic dietary
exposures across dietary surveys for the average consumer, the MOEs for toddlers would be about
5.9 x 10" and 1.8 x 10*, respectively, and for adults would be about 1.6 x 10° and 6.3 x 10,
respectively (Table 11).

The calculated MOEs for the effect of SEM on bones would be of the order of 10* or higher. These
MOEs are considered to be sufficiently large and, therefore, the CONTAM Panel concludes that the
presence of SEM in food at or below a level of 1 pg/kg is unlikely to be a health concern for non-
neoplastic effects. Owing to the lack of appropriate data, the CONTAM Panel cannot assess the cancer
risk of SEM.
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Table 10: Mean chronic dietary exposure to semicarbazide under scenario 2A and the calculated margins of exposure for toddlers and adults

L . . Toddlers Adults
Mean chronic dietary exposure to nitrofuran marker metabolites (ng/kg b.w. per day) Medi .
. @ edian Range Median Range
under scenario 2A
14 4.6-41 5.7 3.3-13
Substance Reference point MOE for toddlers MOE for adults
Description mg/kg b.w. per day Median Range Median Range
SEM BMDL (neoplastic) Not identified - - - -
BMDL4, (non-neoplastic)—effects on bones, rats 1.0 7.1 x10* 2.4-22 x 10* 1.8 x 10° 0.7-3.0 x 10°

BMDL: benchmark dose lower confidence limit; b.w.: body weight; MOE: margin of exposure; RPA: reference point for action; SEM: semicarbazide.
(a): Scenario 2A contains foods of non-animal origin for which carrageenan is authorised as an additive and contaminated with SEM at a concentration in the final food product equal to the
RPA level of 1 pg/kg.

Table 11: Mean chronic dietary exposure to semicarbazide under scenario 2C and the calculated margins of exposure for toddlers and adults

Toddlers Adults
Mean chronic dietary exposure to nitrofuran marker metabolites (ng/kg b.w. per day) Median Range Median Range
under scenario 2C® 29 17-55 9.6 6.4-16
Substance Reference point MOE for toddlers MOE for adults
Description mg/kg b.w. per day Median Range Median Range
SEM BMDL (neoplastic) Not identified - - - -
BMDL4, (non-neoplastic)—effects on bones, rats 1.0 3.4 x10* 1.8-5.9 x 10* 1.0 x 10° 0.6-1.6 x 10°

BMDL: benchmark dose lower confidence limit; b.w.: body weight; MOE: margin of exposure; RPA: reference point for action; SEM: semicarbazide.
(a): Scenario 2C contains foods of animal origin—including only those milk and dairy products for which carrageenan is authorised as an additive—and foods of non-animal origin—for which
carrageenan is authorised as an additive—which are contaminated with SEM at a concentration equal to the RPA level of 1 pg/kg.
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10. Uncertainty analysis

The CONTAM Panel concluded that the available occurrence data on the prohibited substances
nitrofurans and their marker metabolites in food were too limited and therefore preclude a reliable
human dietary exposure assessment and consequently a detailed evaluation of the inherent uncertainties.
Therefore, the CONTAM Panel performed different scenarios by calculating the hypothetical human
dietary exposure considering the RPA of 1.0 pug/kg as a maximum occurrence value in meat and meat
products, fish and fish products, eggs and egg products and honey consumed as such or as part of
composite dishes. This is in agreement with the request to evaluate if the RPA is low enough to protect
human health. These scenarios represent highly unlikely situations in which all considered foods of
animal origin are contaminated with one nitrofuran marker metabolite. This introduces substantial
uncertainty in the estimations of potential human exposure. SEM not only is a marker metabolite of
nitrofurazone, but can also originate from several other sources. Except for carrageenan, which is
authorised for use as a food additive in a variety of food products, these other sources have been
eliminated owing to changes in legislation or are covered by potential occurrence in foods of animal
origin, as considered in scenario 1A. Therefore, the CONTAM Panel, in addition to the scenarios which
cover foods of animal origin only, calculated the potential chronic dietary exposure to SEM taking into
consideration those food categories which may contain carrageenan as an additional potential source of
contamination, considered in scenarios 2A and 2C. Depending on the assumed concentration of SEM in
carrageenan or the final food, these estimations introduce a substantial uncertainty in the exposure
estimations.

In humans, there is potential for additional non-dietary exposure to certain nitrofurans from licensed
medicines via oral or topical administration; however, the extent of this additional exposure is not
known.

For some nitrofurans, and especially marker metabolites, few, if any, toxicity studies were available. In
most cases, the CONTAM Panel used data from toxicity studies on parent compounds to derive
reference points for the marker metabolites. Metabolites of the parent compounds, other than the marker
metabolites, may also be responsible for toxic effects observed in toxicity studies on parent compounds.
The Panel assumes equal potency and equal bioavailability of the nitrofurans and their marker
metabolites. The BMDL for carcinogenic effects of furazolidone in rats was potentially underestimated
because of the increased mortality at higher doses. There were some indications that furaltadone has a
higher potency than furazolidone in inducing mammary tumours in rats, but data were too limited to
draw a conclusion.

The CONTAM Panel assumed that the carcinogenicity of furazolidone could be caused by AOZ,
because of its genotoxic effects in vitro and in vivo. However, in view of the similar carcinogenic
potencies of furaltadone and furazolidone, the apparent lack of genotoxicity of AMOZ may cast some
doubt on the role of AOZ in the carcinogenicity of furazolidone. For the genotoxicity of several marker
metabolites, results from in vitro studies only are available and, therefore, there is uncertainty regarding
the genotoxicity in vivo.

Overall, the CONTAM Panel considered that the impact of the uncertainties on the risk assessment of
human exposure to nitrofurans and their metabolites through the consumption of food is substantial. The
approach taken is more likely to overestimate than underestimate the risk.
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

General

Nitrofurans are synthetic broad spectrum antimicrobial agents. The nitrofurans considered in
this opinion are furazolidone, furaltadone, nitrofurantoin, nitrofurazone and nifursol.

Nitrofurans share a nitrofuran ring which is coupled to a side-chain via an azomethine bond.
The side-chains differ for the various drugs, being 3-amino-2-oxazolidinone (AOZ) for
furazolidone,  3-amino-5-methylmorpholino-2-oxazolidinone (AMOZ) for furaltadone,
1-aminohydantoin (AHD) for nitrofurantoin, semicarbazide (SEM) for nitrofurazone, and
3,5-dinitrosalicylic acid hydrazide (DNSH) for nifursol.

In veterinary medicine, nitrofurans are no longer authorised for use in food-producing animals
in the EU. In human medicine, furazolidone, nitrofurantoin and nitrofurazone are still used.

Nitrofurans have short half-lives in animals and, therefore, they do not occur generally as
residues in foods of animal origin. Reactive metabolites are formed that are able to bind
covalently to tissue macromolecules, such as proteins and DNA. When animal tissues are
consumed as food, the side-chains may be released, namely AOZ, AMOZ, AHD, SEM and
DNSH.

Methods of analysis

Because of the short half-lives of the parent nitrofurans, analytical methods have been
developed to test for the presence of covalently bound metabolites which have relatively long
half-lives.

The side-chains of the covalently bound residues are used as marker metabolites.

Generally, both screening and confirmatory methods for the nitrofuran marker metabolites
AOZ, AMOZ, AHD, SEM and DNSH in foods of animal origin use acid hydrolysis and
nitrobenzaldehyde derivatisation of the released marker metabolites.

Screening for the resulting nitrophenyl derivatives is generally undertaken by enzyme-linked
immunosorbent assays or biosensor methods, providing sufficient analytical sensitivity to meet
the current minimum required performance limit (MRPL) of 1 ug/kg.

Confirmatory methods are based on liquid chromatography—tandem mass spectrometry
(LC-MS/MS) and also adequately meet the MRPL of 1 pg/kg.

Appropriateness of using marker metabolites of nitrofurans

Nitrofuran parent compounds can only be detected in animal tissues and products for a short
period after treatment of the animals and, therefore, monitoring of nitrofuran residues in
livestock based on the identification of the parent compounds is not appropriate.

Metabolites binding covalently to proteins and persisting for several weeks in edible tissues,
from which the side-chains AOZ, AMOZ, AHD, SEM and DNSH may be released, serve as
excellent marker metabolites for the illicit use of nitrofurans in food-producing animals.

As other nitrofuran metabolites that persist at higher concentrations have not been identified, the
marker metabolites AOZ, AMOZ, AHD, SEM and DNSH are appropriate for the reference
point for action (RPA) for foods of animal origin.
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Occurrence/exposure

Ilicit treatment of food producing animals with nitrofurans may result initially in levels of
marker metabolites at the mg/kg level in edible products.

Data on occurrence of nitrofuran metabolites (AOZ, AMOZ, AHD and SEM) in food, reported
by Member States from the National Residue Monitoring Plans, have been extracted for the
period 2002 to 2013; there were 214 non-compliant targeted samples reported for nitrofurans
over that 12 year period. The categories in which nitrofurans were reported in decreasing level
of incidence were poultry, bovines, sheep/goats, pigs, farmed game, honey, rabbit, aquaculture,
horses and wild game.

Data were extracted also from the Rapid Alert System for Food and Feed (RASFF) database for
the years 2002 to 2014; there were 808 notification events reported for nitrofuran metabolites
(AOZ, AMOZ, AHD and SEM), of which 416 were for crustaceans and products thereof and
150 were for poultry meat and poultry meat products.

In the last decade, the number of non-compliant samples has decreased, as indicated by the
national residue monitoring plans and the RASFF notifications. Most of the non-compliant
samples concern AOZ and SEM in poultry, bovine, sheep and goats, and crustaceans.

The EFSA Panel on Contaminants in the Food Chain (CONTAM Panel) concluded that data
extracted from the European Commission database and the RASFF database were too limited to
carry out a reliable human dietary exposure assessment.

The CONTAM Panel calculated the hypothetical human dietary exposure considering the
occurrence of one nitrofuran marker metabolite at an occurrence value equal to the RPA of
1 po/kg, for two scenarios (1A and 1B). These scenarios represent worst-case situations, in
which all considered foods covered by each scenario are contaminated with one nitrofuran
marker metabolite at the level of the RPA, a highly unlikely situation.

Exposure scenario 1A represents the occurrence of nitrofuran marker metabolites owing to
illicit nitrofuran use. In this scenario, foods of animal origin, excluding milk and dairy products,
are considered to contain one nitrofuran marker metabolite at the concentration level of 1 pg/kg.
The mean chronic dietary exposure across dietary surveys would range from 1.9 to 4.3 ng/kg
b.w. per day for adults and would be the highest for toddlers (3.3 to 8.0 ng/kg body weight
(b.w.) per day).

Besides arising from nitrofurazone use, SEM may occur in food from other sources, including
use of the food additive carrageenan. The CONTAM Panel considered scenarios (2A-2D)
covering the different sources.

Exposure scenario 2C covers all potential dietary exposure to SEM. This scenario includes
foods of animal origin (including only those milk and dairy products for which carrageenan is
authorised as an additive) and foods of non-animal origin for which carrageenan is authorised as
an additive. These foods are considered to be contaminated with SEM at a concentration equal
to the RPA level of 1 pug/kg. The mean chronic dietary exposure to SEM across dietary surveys
would range from 6.4 to 16 ng/kg b.w. per day for adults and would be the highest for toddlers
(17 to 55 ng/kg b.w. per day).

Hazard identification and characterisation

Toxicokinetics

Reduction of the nitro-group seems to be the most important metabolic pathway potentially
leading to reactive intermediates that are capable of binding to proteins and to DNA. Various
other metabolites may be formed in this pathway, including the open-chain cyano-metabolite.
Apart from the marker metabolites, very few metabolites have been detected as residues in
tissues of treated animals.
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Nitroreduction and subsequent redox cycling results in the generation of reactive species
(including oxygen species) that might be responsible for some of the adverse effects.

Thiol-containing compounds such as glutathione play a role in detoxification of some nitrofuran
metabolites, but glutathione adducts have been detected in vitro only and seem to be rather
unstable owing to a retro-Michael reaction (exchange with other thiol group-containing
compounds).

Based on studies with radiolabelled nitrofurans, high levels (mg/kg range) of metabolites are
present in tissues shortly after the last treatment. A proportion of the metabolites cannot be
extracted from the tissues with organic solvents and are assumed to be protein-bound. Levels of
these residues decrease gradually but are still detectable after 45 days in muscle, kidney and
liver of treated pigs and probably for much longer. The decrease of residues in liver and kidney
is faster than in muscle tissue.

As has been shown in different animal species, the side-chains can be released from a
proportion of the residues after acid treatment (leading to cleavage of the azomethine bond).

Feeding of rats with protein-bound residues of radiolabelled furazolidone showed that some of
the radiolabel was excreted in urine and so must have been absorbed in the gastrointestinal tract.
The radiolabel was also detected in tissues of rats and was partly non-extractable. AOZ could be
released by acid treatment from these non-extractable residues in rat tissues.

Free AOZ was detected in plasma of pigs treated with furazolidone, showing that release of
AOZ from furazolidone occurs in these animals, suggesting that acid hydrolysis in the stomach
may be an important metabolic pathway for nitrofurans.

Free AOZ was detected in the blood of rats fed with meat containing only protein-bound
residues of furazolidone, showing that AOZ can also be released from these residues, probably
in the stomach at low pH.

Toxicity studies

Acute toxicity studies in laboratory animals showed that for furazolidone, nitrofurantoin and
nitrofurazone the lung is an important target for toxicity, leading to decreased respiratory
function and death. Signs of neurotoxicity such as hyperirritability, tremors and convulsions
were also found.

Furazolidone and AOZ

For AOZ, hepatotoxicity, decreased body weight gain and anaemia were observed in repeated-
dose toxicity studies at the lowest tested dose of 0.9 mg/kg b.w. per day in rats and at 1 mg/kg
b.w. per day in dogs.

Furazolidone in mice was embryotoxic at the lowest dose tested of 200 mg/kg b.w. per day and
caused decreased body weight and viability of pups after birth, but no malformations were
found.

Furazolidone and its marker metabolite AOZ are genotoxic in vitro and possibly also in vivo. As
AOZ can be released from bound residues of furazolidone metabolites, these bound residues
should be considered genotoxic.

Furazolidone induced malignant mammary tumours in rats, bronchial adenocarcinomas in male
and female mice and neural astrocytomas in male rats. The CONTAM Panel concluded that
furazolidone is carcinogenic in mice and rats. No information on the carcinogenicity of AOZ,
the marker metabolite of furazolidone, was identified, but it is presumed that AOZ may play a
role in tumour formation.
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Furaltadone and AMOZ

Furaltadone is a bacterial and mammalian cell mutagen in vitro. The marker metabolite AMOZ
is not genotoxic in vitro.

Furaltadone induced malignant mammary tumours in female rats. The CONTAM Panel
concluded that furaltadone is carcinogenic in rats. There is no information on the chronic
toxicity or the carcinogenicity of AMOZ.

Nitrofurantoin and AHD

Nitrofurantoin caused toxic effects in liver, kidney and testes, necrosis of the ovarian follicles,
decreased weight gain and neurotoxicity in repeated-dose toxicity studies, with a NOAEL of
about 120 mg/kg b.w. per day in rats and mice.

Furazolidone, furaltadone, nitrofurantoin and nitrofurazone caused toxic effects on the testes in
rats and mice, but no NOAEL could be identified. Effects were observed at the lowest dose
tested of 10 mg/kg b.w. per day for nitrofurantoin.

Nitrofurantoin was embryotoxic in mice and rats and caused decreased body weight and
viability of pups after birth. A NOAEL of 10 mg/kg b.w. per day was identified for
embryotoxicity in rats. Malformations were found in offspring of rats and rabbits, with a
NOAEL of 30 mg/kg b.w. per day.

Nitrofurantoin caused peripheral nerve damage in rats treated orally at the lowest dose tested of
20 mg/kg b.w. per day.

In vitro, nitrofurantoin induces mutations, chromosomal aberrations and DNA damage. In vivo,
it induces DNA damage in multiple organs, micronuclei formation in mice and gene mutations
in a transgenic mouse mutation assay. For AHD, the only in vivo mutagenicity study which is
available shows a negative result.

Nitrofurantoin induced an increase mainly in benign tumours in mice and rats, but in male rats a
few malignant tumours were found. Based on these observations, the CONTAM Panel
concluded that there is limited evidence that nitrofurantoin is carcinogenic in rats. No
information on the chronic toxicity or the carcinogenicity of AHD was identified.

Nitrofurazone and SEM

Nitrofurazone caused toxic effects in liver, kidney and testes, decreased weight gain and
neurotoxicity in repeated-dose toxicity studies. The NOAEL for effects on the testes in rats was
13.5 mg/kg b.w per day. SEM caused severe deformation of limbs and osteochondral lesions at
the lowest tested dose of 23 mg/kg b.w. per day in rats.

Nitrofurazone was not teratogenic in mice and rabbits at doses that were not maternotoxic. For
fetotoxicity/maternotoxicity an overall NOAEL of 14 mg/kg b.w. per day was identified.

For SEM, in a study looking at the incidence of cleft palate and resorptions only, an effect was
found when rats were treated orally with SEM at 25 mg/kg b.w. per day or higher, but not when
treated at 10 mg/kg b.w. per day.

Nitrofurazone showed reproductive toxicity in mice at the lowest dose tested (14 mg/kg b.w. per
day).

SEM caused neurobehavioural effects in juvenile rats when treated orally at the lowest dose
tested of 40 mg/kg b.w. per day for 10 days.

Nitrofurazone and its marker metabolite SEM are genotoxic in vitro. In vivo tests gave negative
results with nitrofurazone, whereas no conclusion can be drawn on the in vivo genotoxicity of
SEM.
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Nitrofurazone increased the incidence of mainly benign tumours in mice and rats following oral
administration. In male rats, a non-dose-related increase in carcinomas of the preputial gland
was observed. The CONTAM Panel concluded that there is no evidence for the carcinogenicity
of nitrofurazone in mice, and that evidence for its carcinogenicity in rats is equivocal. Non-
neoplastic effects of nitrofurazone were observed in a chronic toxicity study at the lowest dose
tested of 14 mg/kg b.w. per day in mice (ovarian atrophy in females and reduced survival in
males) and the lowest dose tested of about 11 mg/kg b.w. per day in rats (testes degeneration).

SEM increased the incidence of malignant lung tumours, particularly in female mice. In rats, no
increase in tumour incidence was found. The CONTAM Panel concluded that there is limited
evidence that SEM is carcinogenic in mice, but not in rats. Based on effects on bones observed
in a chronic toxicity study in male rats, a NOAEL of 0.6 mg/kg per day was derived for non-
neoplastic effects of SEM.

Nifursol and DNSH

From a 13-week study in which nifursol caused slight changes in red blood cell parameters, a
NOAEL of about 14 mg/kg b.w. per day was identified.

Nifursol did not have any effects on reproduction in rats treated for three generations at doses of
54 mg/kg b.w. per day or lower.

Nifursol is genotoxic in vitro, whereas in vivo it induced neither chromosomal aberrations nor
mutations.

For nifursol the available chronic toxicity studies in rats and dogs did not show clear indication
for carcinogenicity. The toxicological information was too limited to derive a NOAEL for non-
neoplastic effects of nifursol. No information on the chronic toxicity or the carcinogenicity of
DNSH was identified.

Mode of action

Reduction of the nitro-group seems to be the key metabolic pathway leading to reactive
intermediates, including reactive oxygen species. Reactive metabolites are capable of binding to
proteins and to DNA, being thereby responsible for most of the adverse effects resulting from
exposure to nitrofurans.

With the exception of AOZ, no information was identified regarding the mode of action of the
nitrofuran marker metabolites.

AOZ plays a role in the inhibition of monoamine-oxidase in animals treated with furazolidone.
This may result in an increased susceptibility to neurotoxic effects of certain biogenic amines
such as tyramine.

Protein binding of reactive nitrofuran metabolites may play a role in the irreversible inhibition
of the pyruvate dehydrogenase complex, another potential mechanism underlying neurotoxic
effects of nitrofurans, such as polyneuritis.

Human data

The oral administration of furazolidone and nitrofurantoin in humans may lead to a range of
adverse reactions, particularly nausea, vomiting and abdominal pain. Both drugs have also been
associated with haemolytic anaemia observed in patients deficient in glucose-6-phosphate
dehydrogenase.

The topical use of nitrofurazone may lead to allergic reactions.

Epidemiological studies are reported only for patients treated with nitrofurantoin, and
associations were found for cancers of the nervous system in adults, for drug-induced liver
injury and for increased risk of pulmonary adverse events in patients with renal impairment.
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Considerations for derivation of a health-based guidance value

Because furazolidone is genotoxic and carcinogenic, the derivation of an health-based guidance
value (HBGV) is not appropriate. A BMDL4, value for bronchial adenocarcinomas in mice of
3.5 mg/kg b.w. per day (1.6 mg/kg b.w. per day, expressed as AOZ) was selected as a reference
point for carcinogenic effects.

Non-neoplastic effects of furazolidone and AOZ were found on red blood cell parameters and
enzymes in blood. The lowest BMDL was estimated for the effect of AOZ on ALP (BMDL s of
0.02 mg/kg b.w. per day). The CONTAM Panel concluded that this value can be used as a
reference point for the risk characterisation for non-neoplastic effects.

Furaltadone is genotoxic and carcinogenic and therefore the derivation of an HBGV is not
appropriate. The CONTAM Panel concluded that the available data do not provide a suitable
basis for deriving a reference point. For AMOZ, there is no information on its carcinogenicity,
and the limited available data indicate that it is non-genotoxic in vitro. Therefore, the CONTAM
Panel concluded that the risk of its carcinogenicity cannot be assessed.

There is no information on non-neoplastic effects of furaltadone or AMOZ that could be used
for the derivation of a reference point.

Nitrofurantoin is genotoxic in vivo. Based on the limited evidence for its carcinogenicity, the
CONTAM Panel concluded that the compound should be considered genotoxic and
carcinogenic. Thus, the derivation of an HBGV for nitrofurantoin is not appropriate. A BMDL o
value for osteosarcomas in male rats of 61 mg/kg b.w. per day (29.5 mg/kg b.w. per day,
expressed as AHD) was selected as a reference point for carcinogenic effects.

For non-neoplastic effects, the most sensitive endpoint for nitrofurantoin is impaired
spermatogenesis, but the available data did not allow for a BMD analysis or the derivation of a
NOAEL. Effects were observed at the lowest dose tested of 10 mg/kg b.w. per day (4.8 mg/kg
b.w. per day, expressed as AHD) and this was selected as a reference point for non-neoplastic
effects. The CONTAM Panel noted that the effects at this dose are substantial.

Nitrofurazone is genotoxic in vitro but no conclusion could be drawn on its genotoxicity in vivo
and carcinogenicity. For SEM, which is genotoxic in vitro, the CONTAM Panel concluded that
it is carcinogenic in mice, but the available information was not suitable to derive a reference
point.

Non-neoplastic effects of nitrofurazone were found on the testes and the epididymis in rats,
while, for SEM, effects on bone development were observed. The lowest BMDL was estimated
for the effect of SEM on bone development (BMDL,, of 1.0 mg/kg b.w.). The CONTAM Panel
concluded that this value can be used as a reference point for the risk characterisation for non-
neoplastic effects.

For nifursol, there is no clear indication that it is carcinogenic; it is genotoxic in vitro but not in
vivo. For DNSH, there is no information on its mutagenicity/genotoxicity or carcinogenicity.

For non-neoplastic effects, a BMDL s value for the effect on liver weight of 11 mg/kg b.w. per
day (7.3 mg/kg b.w. per day, expressed as DNSH) was selected as a reference point.

Risk characterisation

As different critical effects are observed for the different marker metabolites, the CONTAM
Panel characterised the risk for each marker metabolite separately.

For the actual exposure to nitrofuran marker metabolites, no reliable human dietary exposure
assessment could be carried out and, therefore, the CONTAM Panel could not characterise the
risk.

EFSA Journal 2015;13(6):4140 126



¥
*

~-efsam

European Food Safety Authority

Nitrofurans in food

Evaluation whether a reference point for action of 1 pug/kg for nitrofuran metabolites as defined in the
legislation in food of animal origin is adequate to protect public health.

For AOZ, considering exposure scenario 1A, median chronic dietary exposure across dietary
surveys for the average consumer would result in a margin of exposure (MOE) for
carcinogenicity of about 2.9 x 10° for toddlers and 6.2 x 10° for adults, and an MOE for non-
neoplastic effects of about 3.6 x 10° for toddlers and 7.7 x 10° for adults. The CONTAM Panel
considered that, for AOZ, these MOEs for carcinogenicity and non-neoplastic effects are
sufficiently large and do not indicate a health concern.

The CONTAM Panel could not conclude on the carcinogenicity of the furaltadone marker
metabolite AMOZ. Given that there are no clear indications that furaltadone is more potent than
furazolidone with respect to the induction of mammary adenocarcinomas, the CONTAM Panel
concluded that the cancer risk of AMOZ, if any, would not be greater than that from AOZ and
hence does not indicate a health concern. The CONTAM Panel could not identify a reference
point for non-neoplastic effects for AMOZ.

For AHD, considering exposure scenario 1A, median chronic dietary exposure across dietary
surveys for the average consumer would result in an MOE for carcinogenicity of about 5.4 x 10°
for toddlers and 1.1 x 10" for adults and an MOE for non-neoplastic effects of about 8.7 x 10°
for toddlers and 1.8 x 10° for adults. The CONTAM Panel considered that, for AHD, these
MOEs for carcinogenicity and non-neoplastic effects are sufficiently large and do not indicate a
health concern.

For SEM, the cancer risk could not be assessed. Considering exposure scenario 1A, median
chronic dietary exposure across dietary surveys for the average consumer would result in an
MOE for non-neoplastic effects of about 1.8 x 10° for toddlers and 3.8 x 10° for adults. The
CONTAM Panel considered that, for SEM, these MOEs for non-neoplastic effects are
sufficiently large and do not indicate a health concern.

For DNSH, considering exposure scenario 1A, median chronic dietary exposure across dietary
surveys for the average consumer would result in an MOE for non-neoplastic effects of about
1.3 x 10° for toddlers and 2.8 x 10° for adults. The CONTAM Panel considered that, for DNSH,
these MOEs for non-neoplastic effects are sufficiently large and do not indicate a health
concern.

Assessment of the appropriateness of applying the reference point for action that is considered adequate
to protect public health to other commodities than food of animal origin.

AOZ, AMOZ, AHD and DNSH have not been reported to occur in foods of non-animal origin.
Only SEM is reported to occur in foods of non-animal origin owing to its potential presence in
the food additive carrageenan, which is used in a large variety of foods. The food additive
carrageenan may also be used in foods of animal origin.

For SEM, the cancer risk could not be assessed. Considering exposure scenario 2C, median
chronic dietary exposure across dietary surveys for the average consumer would result in an
MOE for non-neoplastic effects of about 3.4 x 10* for toddlers and 1.0 x 10° for adults. The
CONTAM Panel considered that, for SEM, these MOEs for non-neoplastic effects are
sufficiently large and do not indicate a health concern.

RECOMMENDATIONS

There is a need for a carcinogenicity study on SEM conducted in accordance with the current
guidelines. There is also a need for information on the mechanisms underlying the genotoxic
and carcinogenic effects of SEM.
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DOCUMENTATION PROVIDED TO EFSA

1. Original study reports submitted to WHO for the risk assessment of furazolidone by the Joint
FAO/WHO Expert Committee on Food Additives (JECFA) in 1992 that were made available by
the data owner.

Halliday RP, Sutton ML, Sigler FW and Levin RA, 1973a. Chronic toxicopathological safety study
(two years) of NF-180 in rats. Unpublished final report project no 475.09-C d.d.
9 November 1973. Pathological and Toxicology Section, Norwich Pharmacal Company,
Norwich, New York, NY, USA, not published.

Halliday RP, Sutton ML and Sigler FW, 1973b. Tumorgenesis evaluation (lifetime) of NF-180 in
Sprague-Dawley and Fischer 344 rats. Unpublished interim report no 2 project no 475.09D
d.d. 9 November 1973. Part I: Sprague-Dawley evaluation. Pathological and Toxicology
Section, Norwich Pharmacal Company, Norwich, New York, NY, USA, not published.

Halliday RP, Sutton ML and Sigler FW, 1974. Tumorgenesis evaluation (twenty-three months) of
furazolidone (NF-180) in mice. Unpublished final report project no 475.09E d.d. 31 January
1974. Pathological and Toxicology Section, Research and Development Department,
Norwich Pharmacal Company, Norwich, New York, NY, USA, not published.

King CD, Sutton ML and Levin RA 1972a. Chronic toxicopathological safety study (two years) of
NF-180 in rats. Unpublished status report no 1 project no 475.09c d.d. 18 October 1972.
Pathological and Toxicology Section, Research and Development Department, Norwich
Pharmacal Company, Norwich, New York, NY, USA, not published.

King CD, Sutton ML, Wong LCK and Laughlin PJ, 1972b. Tumorgenesis evaluation (two years) of
NF-180 in Spraque-Dawley and Fischer 344 rats. Unpublished status report no 1 project no
475.09D d.d. 18 October 1972. Pathological and Toxicology Section, Research and
Development Department, Norwich Pharmacal Company, Norwich, New York, NY, USA,
not published.

Mitchell JM, Trimmer JE, Areia D and Wessel JL, 1990a. Acute oral toxicity study of furazolidone
in rats. Unpublished report d.d. 5 July 1991 from project no 5884-90. Bio/Dynamics Inc.,
East Millstone, NJ, USA, not published.

Mitchell JM, Trimmer JE, Areia D and Wessel JL, 1990b. Acute oral toxicity study of furazolidone
in mice. Unpublished report d.d. 5 July 1991 from project no. 5885-90. Bio/Dynamics Inc.,
East Millstone, NJ, USA, not published.

Siedler AJ and Searfoss W, 1966. Effects of long-term feeding of various nitrofurans to rats.
Unpublished report problem no 440.07 d.d. 13 October 1966. Division of Chemotherapy,
Research and Development Department, Norwich Pharmacal Company, Norwich, New
York, NY, USA. Submitted to WHO by SmithKline Beecham Animal Health, West
Chester, PA, USA, not published.

Siedler AJ and Searfoss W, 1967. Effects of long-term feeding of various nitrofurans to rats.
Unpublished report problem no 440.07 d.d. 4 January 1976. Division of Chemotherapy,
Research and Developmental Department, Norwich Pharmacal Company, Norwich, New
York, NY, USA. Submitted to WHO by SmithKline Beecham Animal Health, West
Chester, PA, USA, not published.

2. Letter from Marinalg International received on 11 February 2015 in reply to EFSA’s request for
updated information on the formation and occurrence of semicarbazide in seaweeds used as a food
additive.
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3.

Original study report submitted to EFSA for the risk assessment of semicarbazide in food by the
AFC Panel in 2005, which was made available by the data owner.

CTL (Central Toxicology Laboratory), 2004. Semicarbazide: in vivo mouse liver unscheduled DNA
synthesis assay. CTL study no SM1207, not published.

Original study reports submitted to EFSA for the risk assessment of semicarbazide in food by the
AFC Panel in 2005, which was made available by the data owner.

Herbold B, 2003. Semicarbazide hydrochloride—Salmonella/microsome test plate incorporation
method. Bayer HealthCare Study no T 5072934, not published.

Herbold B, 2004. Semicarbazide hydrochloride. In vitro chromosome aberration test with Chinese
hamster V79 cells. Bayer HealthCare Study no AT01020, not published.

Original study reports submitted to the European Commission for the risk assessment of nifursol by
the SCAN in 2001 and 2003, which were made available by the data owner.

Allen JA and Proudlock RJ, 1987. Micronucleus test on nifursol. Company report, HRC Report No
PDR 455/878, Huntingdon Research Centre, Huntingdon, UK, not published.

Allen JA, Proudlock RJ and Birt DM, 1987. Analysis of metaphase chromosomes obtained from
bone marrow of rats treated with nifursol. Company report, HRC Report No PDR
458/87564, Huntingdon Research Centre, Huntingdon, UK, not published.

Ballantyne M, 2003. Nifursol®: evaluation of the possible induction of lacZ- mutations in tissues of
treated MutaTMMice, not published.

Benford DJ, 1987a. Nifursol: unscheduled DNA synthesis in hepatocytes and intestinal cells
following oral exposure of rats. Report No 10/87/TX, Robens Institute, University of
Surrey, Guildford, UK, not published.

Benford DJ, 1987b. Intestinal irritation by nifursol. Report No 18/87/TX, Robens Institute,
University of Surrey, Guildford, UK, not published.

Briill LP, 2003. Determination of Nifursol® and metabolites in turkey skin, muscle, kidney and liver
using LC-TIS/MS/MS: depletion study sample analysis, not published.

Cavagnaro J and Cortina T, 1985a. In vitro chromosomal aberrations in Chinese hamster ovary cells
with nifursol. Company report, Hazleton Report No 186-110, not published.

Cavagnaro J and Cortina T, 1985b. In vitro chromosomal aberrations in Chinese hamster ovary cells
with nifursol (repeat test). Company report, Hazleton Report No 186-110, not published.

Cavagnaro J and McCarrol NE, 1985. Salmonella typhimurium/mammalian microsome plate
incorporation assay with compound nifursol. Company report, Hazleton Report No 186-
107, not published.

Cavagnaro J and Sernau RC, 1985. Final report: unscheduled DNA synthesis rat hepatocyte assay.
Company report, Hazleton Report No 186-109, not published.

Connelly J, 1988. Investigation of binding of nifursol to rat tissue DNA in vivo. Report No
11/87/TX, Robens Institute, University of Surrey, Guildford, UK, not published.
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Dawes RLF, 1988. Nifursol—analysis of benign tumours. Company report, Internal Document No
56645/86/88, Duphar B.V., Weesp, Netherlands, not published.

George GM, Frahm LJ and McDonnell JP, 1973. Depletion of nifursol residues in turkey tissue
from birds medicated with 75 ppm nifursol. Report No TR-37473. Pharmaceutical
Development and Analysis Department, Salsbury Laboratories, Charles City, 1A, USA, not
published.

Green SI, 1980. Mutagenicity testing of nifursol using Ames’ test system as performed by M+E
consultants, 35 Dean Hill, Plymouth PL9 9AF, dated Jan 1980. Company report, Wickham
Laboratories, Wickham, UK, not published.

Jorgenson TA, 1967. Three generation reproduction study in rats. Company report, Project No 145,
Test No RRT-35-67. Salsbury Laboratories, Research Division, Charles City, IA, not
published.

Kan CA, 2003. A Nifursol® depletion study in turkeys, not published.

Lozano JA and Morrison JL, undated. The metabolism of nifursol (3,5-dinitrosalicylic acid 5-
nitrofurfurylidene hydrazine) in the turkey and rat. Company report, Salsbury Laboratories,
Research Division, Charles City, IA, USA, not published.

Rude TA, 1970b. Pathology associated with a chronic oral toxicity test of nifursol given
continuously in the feed of dogs for two years. Company report, Project No 145, Test No
DCT-3567. Salsbury Laboratories, Research Division, Charles City, 1A, USA, not
published.

Rude TA, 1970c. Rat chronic toxicity: chronic oral toxicity study of nifursol given continuously in
the feed of rats for two years and 3 months (27 months). Company report, Project No 145,
Test No RCT-3567. Salsbury Laboratories, Research Division, Charles City, IA, USA, not
published.

van Kolfschoten, 1988. Review of the genotoxic potential of nifursol. Company report, Internal
Document No 56645/74/88, Duphar B.V., Weesp, Netherlands, not published.

Wood JD, Coleman M, Heywood R, Street AE, Gopinath C, Jolly DW, Gibson WA and Anderson
A, 1984. Nifursol toxicity to rats by continuous dietary administration for 13 weeks
followed by a 4-week withdrawal period (final report). Company report, HRC Report No
SLY 3/84961, Huntingdon Research Centre, Huntingdon, UK, not published.

Original study reports submitted to EMA for the risk assessment of furazolidone by the Committee
for Veterinary Medicinal Products (CVMP) in 1995, which were made available by the data owner.

Brinck P, Damm Jgrgensen K and Skydsgaard M, 1995. 3-amino-oxazolidinone-2, 3-month oral
(dietary) toxicity study in the dog, not published.

de Groot AJL and van Zeeland AA, 1994. Evaluation of the formation of DNA adducts by 3-amino-
oxazolidinone-2 in male mouse liver (in vivo assay), not published.

NOTOX, 1994a. Assessment of acute oral toxicity with 3-amino-5(4-morphomethyl)-2-
oxazolidinon in the rat. NOTOX project 107696, not published.

NOTOX, 1994b. Assessment of acute oral toxicity with 3-amino-oxazolidinone-2 in the rat.
NOTOX project 107663 22/04/1994, not published.
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7.

NOTOX, 1994c. Evaluation of the ability of 3-amino-5(4-morphomethyl)-2-oxazolidinon to induce
chromosome aberrations in cultured peripheral human lymphocytes (with independent
repeat) NOTOX project 107685, not published.

NOTOX, 1994d. Evaluation of the ability of 3-amino-oxazolidinone-2 to induce chromosome
aberrations in cultured peripheral human lymphocytes (with independent repeat) NOTOX
project 107652, not published.

NOTOX, 1994e. Evaluation of the mutagenic activity of 3-amino-5(4-morphomethyl)-2-
oxazolidinon in the Ames Salmonella/microsome test and the Escherichia coli/microsome
test (with independent repeat). NOTOX project 107674, not published.

NOTOX, 1994f. Evaluation of the mutagenic activity of 3-amino-oxazolidinone-2 in the Ames
Salmonella/microsome test and the Escherichia coli/microsome test (with independent
repeat) NOTOX project 107641, not published.

NOTOX, 1994g. Micronucleus test in bone marrow cells of the mouse with 3-amino-oxazolidinone-
2. Notox project 127057, not published.

NOTOX, 1994h. Micronucleus test in bone marrow cells of the mouse with 3-amino-oxazolidinone-
2. Notox project 130196, not published.

NOTOX, 1995a. 14-day dietary dose range finding study with 3-amino-oxazolidinone-2 in the rat.
Notox project 129307, not published.

NOTOX, 1995b. 90-day dietary toxicity study with 3-amino-oxazolidinone-2 in the rat. NOTOX
project 129757, not published.

RCC NOTOX B.V., 1990a. Evaluation of the mutagenic activity of furaltadone hydrochloride in an
in vitro mammalian cell gene mutation test with L5178Y mouse lymphoma cells (with
independent repeat) RCC NOTOX project 059039, not published.

RCC NOTOX B.V., 1990b. Evaluation of the mutagenic activity of furazolidone in an in vitro
mammalian cell gene mutation test with L5178Y mouse lymphoma cells (with independent
repeat) RCC NOTOX project 059028, not published.

Data on usage levels of carrageenan (E407). Submitted to EFSA by nine data providers.
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APPENDICES

Appendix A. Sources of semicarbazide in food, other than those arising from nitruforazone use,
and resulting exposures

A.l. Sources

In addition to arising from nitrofurazone use (see Section 1), SEM may occur in food from different
sources, which are summarised below.

A.1l.1l. Azodicarbonamide use in foamed plastic gaskets

SEM is a minor thermal decomposition product of azodicarbonamide (Stadler et al., 2004), which is a
blowing agent used in sealing gaskets for metal lids on glass bottles and jars (EFSA, 2005). Owing to
the migration of SEM from the gasket into the food, SEM occurrence has been reported in packaged
food such as baby food. The AFC Panel reported on the occurrence of SEM in baby foods and other
miscellaneous foods. Data from five Member States (Finland, Germany, Ireland, Spain and the
Netherlands) and industry were reported. The average concentrations in baby food were similar for the
different data providers (range of mean concentrations across data providers 7-16 pg/kg) and the
overall average concentration was 13 pg/kg (n = 385; concentration range 0.1-140 pg/kg). For ready-
to-eat infant milk, an average concentration of 9 pug/kg was reported (n = 7; concentration range 5—
14 ug/kg). For other miscellaneous foods (e.g. fruit, vegetables, jams, pickles, sauces and fish), lower
levels were reported with an average concentration of 1 pug/kg (n = 121; concentration range < 0.03—
10 pg/kg) (EFSA, 2005).

The use of azodicarbonamide in food contact materials has been prohibited in the EU since August
2005 (Commission Directive 2004/1/EC™).

A.1.2. Azodicarbonamide use as flour additive

Azodicarbonamide can be used as a flour additive to improve the physical properties of flours,
particularly those low in gluten (de la Calle and Anklam, 2005). Pereira et al. (2004) estimated that the
use of azodicarbonamide-treated flour for breaded chicken products can result in SEM concentrations
in the breaded chicken between 0.2 and 5 pg/kg.

The use of azodicarbonamide as a flour additive is not permitted in the EU, not being included in the
Community list of food additives approved for use in foods (Annex Il of Regulation (EC) No
1333/2008%).

A.1.3. Hypochlorite treatment

High levels of SEM (up to 400 ug/kg) have been found in carrageenan*' (Hoenicke et al., 2004).
Carrageenan is prepared from red seaweed, and SEM has been detected in the raw material and was
reported by the authors to occur naturally. In addition, Hoenicke et al. (2004) showed that bleaching of
carrageenan with a sodium hypochlorite solution, containing 0.05-0.1 % active chlorine used for the
production of processed Euchema seaweed (PES; a semi-refined carrageenan) results in additional
formation of SEM. Based on data submitted by Marinalg, the industry association for producers of
agar, alginates, carrageenan and PES, the AFC Panel reported a mean SEM concentration of 65 pg/kg
in PES (n = 25; range 9-380 pg/kg (EFSA, 2005). Marinalg indicated on 11 February 2015 that there

% Commission Directive 2004/1/EC of 6 January 2004 amending Directive 2002/72/EC as regards the suspension of the use
of azodicarbonamide as blowing agent. OJ L 7, 13.1.2004, p. 45-46.

0 Regulation (EC) No 1333/2008 of the European Parliament and of the Council of 16 December 2008 on food additives. OJ
L 354, 31.12.2008, p. 16-33.

4 Carrageenan (food additive E 407) is used as a thickening, gelling and suspending agent in food, for example in ice cream,
pudding, yoghurt, fruit jellies, chocolate milk and different meat products.
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have been no processing changes in the production of carrageenan or PES, since the submission of the
data used by the AFC Panel, that would impact the accuracy of the submitted data earlier.

SEM has also been detected in egg powder. Contamination occurred during the extraction of lysozyme
from egg albumin due to the use of bleach solution to sanitise the carrageenan column used for the
extraction of lysozyme. However, another possible cause of SEM in egg powder could be the heat
treatment (EFSA, 2005).

Hoenicke et al. (2004) studied the formation of SEM in foods treated with hypochlorite solution. SEM
was formed in chicken, egg white powder, carrageenan, locust bean gum, gelatine and starch, after
overnight treatment with a hypochlorite solution containing 1 % active chlorine. The increase in SEM
formation following hypochlorite treatment was in the range of the method variability for shrimps,
milk, soybean flakes and red seaweed. Treatment with a hypochlorite solution containing 0.015 %
active chlorine resulted in only a little formation of SEM in carrageenan and starch.

The AFC Panel evaluated the occurrence of SEM in food due to the use of chlorinated water as a
processing aid.*” Given that the concentrations used by the food industry are 100- to 1 000-fold lower
than the concentration of 0.015 % active chlorine that gave barely any detectable SEM formation in
the tests performed by Hoenicke et al. (2004), given that the chlorine wash will be for a far shorter
period than the overnight conditions used in the laboratory tests, and given that the processes also
generally incorporate a final rinse with chilled water with just 0.0002 to 0.0004 % free chlorine, the
AFC Panel concluded that the use of chlorinated water as a processing aid is highly unlikely to give
any detectable residues of SEM in the washed food.

The AFC Panel also considered disinfection of equipment and surfaces with disinfecting agents such
as sodium hypochlorite and concluded that, with effective rinsing, no subsequent formation of SEM is
to be expected (EFSA, 2005).

A.1.4. Natural occurrence

Natural occurrence of SEM has been reported in shrimps/prawns, seaweed, crayfish and honey, mostly
at a concentration below the MRPL of 1 pg/kg, but concentrations up to 12 pg/kg in crayfish have
been reported (Hoenicke et al., 2004; Saari and Peltonen, 2004; VVan Poucke et al., 2011; Crews, 2014;
McCracken et al., 2013)

A2 Exposure

In 2005, the AFC Panel estimated the exposure to the different sources of SEM described above
(EFSA, 2005).

For a 9-month old infant of 8.8 kg b.w. eating exclusively food and drink from glass jars and bottles
containing SEM, the AFC Panel estimated that the exposure to SEM would be 0.35 pg/kg b.w. per day
for an average consumer (of the category ‘consumers only’) and 0.69 pg/kg b.w. per day for a high
consumer (95th percentile). For an infant (4.5 kg b.w.) consuming only pre-packaged infant milk in
glass bottles with metal lids, the intake was estimated to be 1.4 pg/kg b.w. per day. For adults, the
exposure is considerably lower. Assuming the consumption of 1 kg of food contaminated with SEM at
an average concentration of 1 pg/kg, the exposure for an adult (60 kg b.w.) would be 0.02 pg/kg b.w.
per day. However, given that the use of azodicarbonamide in food contact materials is prohibited in
the EU, the European population should no longer be exposed via this route.

“2 Chlorinated water may be used as a processing aid to wash foods, e.g. fruit and vegetables, provided that it meets the
definition of a processing aid, i.e. it does not perform a function such as preservation in the final product and leaves no
harmful residues (Directive 89/107/EEC). It is a reasonably widespread practice to wash certain ready-to-eat foods using
water with a chlorine content up to 0.0001 % (EFSA, 2005).
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The dietary exposure from breaded meat products imported into the EU was estimated to be
1 pg/person considering the consumption of 200 g of product containing 5 pg/kg SEM. This exposure
corresponds to 17 ng/kg b.w. per day for a 60 kg b.w. person. No dietary exposure from imported
bread and bakery ware was estimated, as the import of these products into the EU is probably very
low.

For a high consumer of egg products, the exposure to SEM was estimated to be 8 ng/kg b.w. per day
for a 60 kg b.w. person.

The exposure could be up to 5ng/kg b.w. per day from the use of carrageenan, assuming that
consumption was up to the full ADI for carrageenan (75 mg/kg b.w. per day) and that all consumed
carrageenan contained SEM at 65 pg/kg.

In addition, the AFC Panel noted that SEM may be formed at low levels during drying of some foods,
it may be present at very low background levels naturally or it may also derive from as yet
unidentified sources.

EFSA Journal 2015;13(6):4140 157



¥
*

~-efsam

European Food Safety Authority

Nitrofurans in food

Appendix B. Occurrence data

Table B.1: Number of samples analysed for the nitrofuran marker metabolites (3-amino-2-
1-aminohydantoin, semicarbazide)

oxazolidinone, 3-amino-5-methylmorpholino-2-oxazolidinone,
present in the EFSA Chemical Occurrence database

Country EFSA Foodex level 2 Year of sampling
2010 2011 2012 2013
Czech Eggs, fresh 40 4
Republic® Fish meat 36
Livestock meat 252 16
Poultry 148 16
Game mammals 4
Liquid milk 48
Honey 16 4
Denmark® Composite food (including frozen products) 4
Eggs, fresh 152 160 160 200
Fish meat 68 28 116 68
Crustaceans 184 260 276 816
Fish and other seafood (including amphibians, 104
reptiles, snails and insects)
Livestock meat 1288 1300 1308 1340
Poultry 320 284 340 284
Edible offal, farmed animals 460 312 256
Honey 52 20 72
Spain® Ready-to-eat meals for infants and young children 40
(@): All results for samples reported by the Czech Republic are below the reported LODs (LODs < 1 ug/kg).
(b): All results for samples reported by Denmark are below the reported CCp values (CCP values < 1 pg/kg).
(c): All results for samples reported by Spain are below the reported CCa values (CCa values < 1 ug/kg).
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Appendix C. Consumption data

Table C.1: Dietary surveys considered for the chronic dietary exposure assessment with the number of subjects in the different age classes

Number of subjects®

a . b Age
Code® Country Dietary survey® Method Days (yegrs) Infants  Toddlers O_ther Adolescents  Adults  Elderly Very
children elderly
BE/1  Belgium Diet National 2004 24-hour dietary 2 15— 584 1304 518 712
recall 105
BE/2  Belgium Regional Flanders Food record 3 2-5 36 625
BG/1  Bulgaria NUTRICHILD 24-hour recall 2 0.1-5 860 428 433
cz Czech SISP0O4 24-hour recall 2 4-64 389 298 1 666
Republic
DK  Denmark Danish Dietary Survey  Food record 7 4-75 490 479 2822 309 209
DE/1  Germany DONALD 20062008 Dietary record 3 1-10 261 660
DE/2  Germany National Nutrition 24-hour recall 2 14-80 1011 10 419 2 006 490
Survey 1l
IE Ireland NSFC Food record 7 18-64 958
EL Greece Regional Crete Dietary record 3 4-6 839
ES/1  Spain AESAN Food record 3 18-60 410
ES/2  Spain AESAN-FIAB 24-hour recall 2 17-60 86 981
ES/3  Spain NUT INKO05 24-hour recall 2 4-18 399 651
ES/4  Spain enKid 24-hour recall 2 1-14 179 156 209
FR France INCA2 Food record 7 3-79 482 973 2276 264 84
IT Italy INRAN-SCAI 2005-06  Food record 3 0198 169 36" 193 247 2313 290 228
CYy Cyprus Childhealth Dietary record 3 11-18 303
LV Latvia EFSA_TEST 24-hour recall 2 7-66 189 470 1 306
HU Hungary National Repr Surv Food record 3 18-96 1074 206 80
NL/1  Netherlands DNFCS 2003 24-hour dietary 2 19-30 750
recall
NL/2  Netherlands  VCP kids Food record 3 2-6 322 957
Fl/1 Finland DIPP Food record 3 1-6 497 933
Fl/2 Finland FINDIET 2007 48-hour recall 2 25-74 1575 463
F1/3 Finland STRIP Food record 4 7-8 250
SE/1  Sweden RIKSMATEN 1997-98  Food record 7 18-74 1210
SE/2  Sweden NFAn 24-hour recall 4 3-18 1473 1018
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B o Age Number of subjects®
a .
Code™ Country Dietary survey Method Days (years) Infants Toddlers O_ther Adolescents  Adults  Elderly Very
children elderly
UK United NDNS Food record 7 19-64 1724
Kingdom

(a): Abbreviations to be used consistently in all tables on exposure assessment.

(b): More information on the dietary surveys is given in the EFSA guidance ‘Use of the EFSA Comprehensive European Food Consumption Database in Exposure Assessment’ (EFSA, 2011b).
(c): Number of available subjects for chronic exposure assessment in each age class.

(d): 95th percentiles calculated over a number of observations fewer than 60. These require cautious interpretation, as the results may not be statistically robust (EFSA, 2011b).
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Appendix D. Dietary exposure for scenario 1B

Table D.1: Summary statistics for the hypothetical chronic dietary exposure (ng/kg b.w. per day) to
nitrofuran marker metabolites estimated by age class for scenario 1B.

io 1B®
Age class Number of surveys Scenario

Minimum Median Maximum
Mean dietary exposure
Infants 2 20.2 —® 82
Toddlers 7 24.6 36 44
Other children 15 9.5 23 39
Adolescents 12 4.8 94 14
Adults 15 4.4 6.8 10
Elderly 7 4.1 5.1 7.8
Very elderly 6 4.1 5.3 7.8
95th percentile dietary exposure®
Infants 1 —@ —@ O
Toddlers 4 53 57 103
Other children 15 18 40 67
Adolescents 12 11 18 27
Adults 15 9.5 13 17
Elderly 7 8.3 9.4 16
Very elderly 5 8.3 9.5 11

The minimum, median and maximum of the mean and 95th percentile exposure values across dietary surveys in European

countries are shown.

In order to avoid the impression of too high precision, the numbers for all exposure estimates are rounded to two figures.

b.w.: body weight; RPA: reference point for action.

(a): Scenario 1B contains foods of animal origin, including milk and dairy products, that are contaminated with one
nitrofuran marker metabolite at a concentration equal to the RPA value of 1 pg/kg.

(b): Not calculated; estimates available from only two dietary surveys.

(c): The 95th percentile estimates obtained from dietary surveys/age classes with fewer than 60 observations may not be
statistically robust (EFSA, 2011b) and therefore are not included in this table.

(d): Estimates available from only one dietary survey: 73 ng/kg b.w. per day.
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Appendix E. Semicarbazide

Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA.* Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pg/kg was considered.

Maximum usage  Concentration

o Food o level of _ of SEM in the
Food category authorisation MPL @ FoodEx1 code FoodEXx1 description carrageenan in final product
group ]
the final product (ng/kg)
(mg/kg)

Unflavoured fermented milk products, heat-treated after gs 1.3 A.01.001028 Yoghurt, cow milk, plain 10 000 0.65
fermentation (1.3) (legislation: (EU) No 1129/2011, A.01.001036 Yoghurt, sheep milk
applicable as from 01/06/2013) A.01.001037 Yoghurt, goat milk

A.01.001038 Sour milk

A.01.001039 Acidophilus milk

A.01.001040 Kefir

A.01.001041 Buttermilk

A.01.001042 Kumis

A.01.001043 Cieddu

A.01.001044 Kaeder milk

A.01.001045 Skyr

A.01.001046 Taette

A.01.001047 Filmjolk

A.01.001048 Viili
Flavoured fermented milk products including heat- qgs 14 A.01.001032 Yoghurt, cow milk, with 5000 0.33
treated products (1.4) (legislation: (EU) No 1129/2011, fruit
applicable as of 01/06/2013)
Dehydrated milk as defined by Directive 2001/114/EC s 1.5 A.01.000981 Dried milk nr 1.00
(1.5) (legislation: (EU) No 1129/2011, applicable as of
01/06/2013)

Table continued overleaf.

3 Call for food additives usage level and/or concentration data in food and beverages intended for human consumption. Published: 27 March 2013. Deadline 15 September 2013. Available at:
http://www.efsa.europa.eu/en/data/call/130327.htm
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Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA. Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pug/kg was considered.

(continued)

Maximum usage

Concentration

Food level of of SEM in the
Food category authorisation MPL group® FoodEXx1 code FoodEXx1 description carrageenan in final product
the final product (ng/kg)
(mg/kg)
Unflavoured pasteurised cream (excluding reduced fat gs 1.6.1 A.01.001000 Cream and cream products 5500 0.36
creams) (1.6.1) (legislation: (EU) No 1129/2011,
applicable as of 01/06/2013)
Unflavoured live fermented cream products and gs 1.6.2 Same as for unflavoured live fermented cream 5500 0.36
substitute products with a fat content of less than 20 % products and substitute products with a fat content
(1.6.2) of less than 20 % (1.6.2)
Other creams (1.6.3) (legislation: (EU) No 1129/2011, gs 1.6.3 Same as for unflavoured live fermented cream 5500 0.36
applicable as of 01/06/2013) products and substitute products with a fat content
of less than 20 % (1.6.2)
Unripened cheese excluding products falling in category qgs 1.7.1 A.01.001054 Quark 6 300 0.41
16 (1.7.1), except mozzarella A.01.001055 Quark with fruit
Processed cheese (1.7.5) (legislation: (EU) No qgs 1.75 A.01.001056 Cheese, processed, 5000 0.33
1129/2011, applicable as of 01/06/2013) sliceable
A.01.001057 Cheese, processed
spreadable
A.01.001058 Cheese, processed, with
condiments
A.01.001059 Cheese, processed, with
ham
A.01.001060 Cheese, processed, with
mushrooms
A.01.001061 Cheese, processed, with
pepper herbs
Table continued overleaf.
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Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA. Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pug/kg was considered.

(continued)

Food

Maximum usage

Concentration
level of

of SEM in the

Food category authorisation MPL @ FoodEx1 code FoodEx1 description carrageenan in .
group - final product
the final product
(mg/kg) (ng/kg)
Processed cheese (1.7.5) (legislation: (EU) No gs 1.75 A.01.001063 Cheese, processed, low fat
1129/2011, applicable as of 01/06/2013) A.01.001064 Cheese, processed cheese,
plain

Cheese products (excluding products falling in category gs 1.7.6 Same as for processed cheese (1.7.5) (legislation: 5000 0.33
16) (1.7.6) (legislation: (EU) No 1129/2011, applicable (EU) No 1129/2011, applicable as of 01/06/2013)
as of 01/06/2013)
Dairy analogues, including beverage whiteners (1.8) gs 1.8 A.01.001240 Milk and milk product 117 0.08
(legislation: (EU) No 1129/2011, applicable as of imitates
01/06/2013)
Other fat and oil emulsions including spreads, as defined qgs 2.2.2 A.01.001389 Margarine and similar nr 1.00
by Council Regulation (EC) No 1234/2007, and liquid products
emulsions (2.2.2) (legislation: (EU) No 1129/2011,
applicable as of 01/06/2013)
Vegetable oil pan spray (2.3) (legislation: (EU) No gs 2.3 A.01.001362 Vegetable fat nr 1.00
1129/2011, applicable as of 01/06/2013)
Edible ices (3) (legislation: (EU) No 1129/2011, qgs 3 A.01.001888 Ices and desserts 10 000 0.65
applicable as from 01/06/2013)
Dried fruit and vegetables (4.2.1) qgs 4.2.1 A.01.000647 Dried fruits 10 000 0.65

A.01.000683 Mixed dried fruits 10 000 0.65
Fruit and vegetables in vinegar, oil, or brine (4.2.2) qgs 4.2.2 A.01.000723 Fruit in vinegar, oil, or 10 000 0.65
(legislation: (EU) No 1129/2011, applicable as of brine
01/06/2013)
Table continued overleaf.
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Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA. Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pug/kg was considered.

(continued)

Maximum usage

Concentration

L Food I level of . of SEM in the
Food category authorisation MPL @ FoodEx1 code FoodEx1 description carrageenan in .
group - final product
the final product
(mg/kg) (ng/kg)

Fruit and vegetable preparations excluding compote gs 4241 A.01.000684 Fruit salad 10 000 0.65
(4.2.4.1) (legislation: (EU) No 1129/2011, applicable as A.01.000685 Fruit chips
of 01/06/2013) A.01.000686 Fruit, purée

A.01.000687 Fruit cocktail

A.01.000714 Candied fruits

A.01.000724 Fermented fruit products

A.01.000725 Fruit fillings for pastries

A.01.000726 Fruit, chocolate coated

A.01.000449 Coconut milk (Cocos 300 0.02

nucifera)

Jam, jellies and marmalades and sweetened chestnut 10 000 4252 A.01.000657 Jam, marmalade and other 10 000 0.65
purée, as defined by Directive 2001/113/EC (4.2.5.2) fruit spreads
(legislation: (EC) No 1333/2008, applicable as of
16/12/2008)
Other similar fruit or vegetable spreads (4.2.5.3) 10000 4.25.3  Covered under jam, marmalade and other fruit 10 000 0.65
(legislation: (EU) No 1129/2011, applicable as of spreads
01/06/2013)
Nut butters and nut spreads (4.2.5.4) (legislation: (EU) qgs 4.2.54  Covered under vegetable fats
No 1129/2011, applicable as of 01/06/2013)
Processed potato products (4.2.6) (legislation: (EU) No qgs 4.2.6 A.01.000471 French fries 8 000 0.52
1129/2011, applicable as of 01/06/2013) A.01.000477 Potato croquettes

A.01.001879 Potato crisps
Table continued overleaf.
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Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA. Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pug/kg was considered.

(continued)

Maximum usage

Concentration

o Food o level of _ of SEM in the
Food category authorisation MPL @ FoodEx1 code FoodEXx1 description carrageenan in final product
group .
the final product (ng/kg)
(mg/kg)
Cocoa and chocolate products, as covered by Directive gs 5.1 A.01.001295 Chocolate (Cocoa) 1913 0.12
2000/36/EC (5.1) ,only energy-reduced or with no added products
sugars A.01.000421 Cocoa beverage- 18 000 1.17
preparation, powder

A.01.001532 Hot chocolate 288 0.02
Other confectionery including breath refreshening gs 5.2 A.01.001311 Candies, with sugar 980 0.06
microsweets (5.2) not be used in jelly mini-cups, A.01.001312 Candies, sugar free
defined, for A.01.001314 Caramel, hard
the purpose of this Regulation, as jelly confectionery of A.01.001315 Caramel, soft
a firm consistency, contained in semi rigid A.01.001316 Toffee
mini-cups or mini-capsules, intended to be ingested in a A.01.001317 Fudge
single bite by exerting pressure on the mini-cups A.01.001318 Dragée, sugar coated
or mini-capsule to project the confectionery into the A.01.001321 Liquorice candies
mouth A.01.001322 Gum drops

A.01.001323 Jelly candies
Chewing gum (5.3) (legislation: (EU) No 1129/2011, qgs 53 A.01.001326 Chewing gum with added 15 000 0.98
applicable as of 01/06/2013) sugar

A.01.001327 Chewing gum without

added sugar

Decorations, coatings and fillings, except fruit-based s 5.4 A.01.001310 Confectionery (non- 6 500 0.42
fillings covered by category 4.2.4 (5.4) (legislation: chocolate)
(EU) No 1129/2011, applicable as of 01/06/2013)
Starches (6.2.2) (legislation: (EU) No 1129/2011, qgs 6.2.2 Not considered, as the codes covering starches in
applicable as of 01/06/2013) the FoodEx1 classification are milling products and

not part of recipes
Table continued overleaf.
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(continued)

Maximum usage .
9 Concentration

Food level of of SEM in the
Food category authorisation MPL @ FoodEx1 code FoodEx1 description carrageenan in .
group the final product final product
(mg/kg) (ng/kg)

Breakfast cereals (6.3) (legislation: (EU) No 1129/2011, gs 6.3 A.01.000184 Breakfast cereals 3900 0.25
applicable as of 01/06/2013)
Dry pasta (6.4.2), only gluten free and/or pasta intended gs 6.4.2 A.01.000183 Pasta, gluten free nr 1.00
for hypoproteic diets
Potato gnocchi (6.4.4) except fresh refrigerated potato gs 6.4.4 Not specifically specified under the FoodEx1
gnocchi classification system
Fillings of stuffed pasta (ravioli and similar) (6.4.5) qgs 6.4.5 Not specifically specified under the FoodEx1
(legislation: (EU) No 1129/2011, applicable as of classification system
01/06/2013)
Noodles (6.5) (legislation: (EU) No 1129/2011, gs 6.5 Not considered, as it is not specifically specified
applicable as of 01/06/2013) under the FoodEX1 classification system
Batters (6.6) (legislation: (EU) No 1129/2011, gs 6.6 Covered under fine bakery wares
applicable as of 01/06/2013)
Pre-cooked or processed cereals (6.7) (legislation: (EU) gs 6.7 Covered under the breakfast cereal
No 1129/2011, applicable as of 01/06/2013)
Bread and rolls (7.1), except products in 7.1.1 and 7.1.2 gs 7.1 A.01.000098 Bread and rolls 3900 0.25
Fine bakery wares (7.2) (legislation: (EU) No qgs 7.2 A.01.000252 Fine bakery wares 3900 0.25
1129/2011, applicable as of 01/06/2013) A.01.000253 Pastries and cakes 20 000 1.30

A.01.000302 Biscuits (cookies) 3291 0.21
Other sugars and syrups (11.2) (legislation: (EU) No qgs 11.2 A.01.001333 Molasses and other syrups 12 000 0.78
1129/2011, applicable as of 01/06/2013)
Table-top sweeteners in liquid form (11.4.1) (legislation: gs°® 1141  A.01.001280 Sugar substitutes nr 1.00

(EU) No 1129/2011, applicable as of 01/06/2013)

Table continued overleaf.
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Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA. Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pg/kg was considered.

(continued)

Maximum usage

Concentration
level of

Food category authorisation MPL FOOd(a) FoodEXx1 code FoodEx1 description carrageenan in OT SEM in the

group the final product final product
(mg/kg) (ng/kg)

Table-top sweeteners in powder form (11.4.2) gs® 11.4.2 Covered by sugar substitutes

(legislation: (EU) No 1129/2011, applicable as of

01/06/2013)

Salt substitutes (12.1.2) (legislation: (EU) No gs 12.1.2 Not specifically specified under the FoodEx1

1129/2011, applicable as of 01/06/2013) classification system

Seasonings and condiments (12.2.2) (legislation: (EU) gs 12.2.2 A.01.001649 Condiment 3300 0.21

No 1129/2011, applicable as of 01/06/2013)

Vinegars (12.3) (legislation: (EU) No 1129/2011, gs 12.3 Covered by

applicable as of 01/06/2013) condiments

Mustard (12.4) (legislation: (EU) No 1129/2011, gs 12.4 Covered by

applicable as of 01/06/2013) condiments

Soups and broths (12.5) (legislation: (EU) No qgs 12.5 A.01.001856 Ready-to-eat soups 109 0.01

1129/2011, applicable as of 01/06/2013)

Sauces (12.6) (legislation: (EU) No 1129/2011, gs 12.6 A.01.001684 Savoury sauces 9900 0.64

applicable as of 01/06/2013)

Salads and savoury-based sandwich spreads (12.7) qgs 12.7 A.01.001665 Dressing 5000 0.33

(legislation: (EU) No 1129/2011, applicable as of

01/06/2013)

Yeast and yeast products (12.8) (legislation: (EU) No qgs 12.8 Not specifically specified under the FoodEx1

1129/2011, applicable as of 01/06/2013) classification system

Protein products, excluding products covered in category qgs 12.9 Not specifically specified under the FoodEx1

1.8 (12.9) (legislation: (EU) No 1129/2011, applicable classification system

as of 01/06/2013)

Follow-on formulae, as defined by Directive 300 13.1.2  A.01.001722 Follow-on formulae 300 0.00

2006/141/EC (13.1.2)

Table continued overleaf.
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Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA. Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pg/kg was considered.

(continued)

Maximum usage

Concentration

Food level of of SEM in the
Food category authorisation MPL @ FoodEx1 code FoodEx1 description carrageenan in .
group the final product final product
(mg/kg) (ng/kg)
Other foods for young children (13.1.4) 300 13.1.4  A.01.001728 Cereal-based food for 300 0.00
infants and young children
A.01.001733 Ready-to-eat meals for
infants and young children
A.01.001739 Yoghurt, cheese and milk-
based desserts for infants
and young children
A.01.001743 Fruit juice and herbal tea
for infants and young
children
Dietary foods for special medical purposes, as defined in gs 13.2 A.01.001784 Medical food (are 8000 0.52
Directive 1999/21/EC (excluding products from food specially formulated and
category (13.1.5) (13.2) (legislation: (EU) No intended for the dietary
1129/2011, applicable as of 01/06/2013) management of a disease
that has distinctive
nutritional needs that
cannot be met by normal
diet alone; intended to be
used under medical
supervision)
Dietary foods for weight control diets intended to qgs 13.3 A.01.001749 Food for weight reduction 5000 0.33
replace total daily food intake or an individual meal (the
whole or part of the total daily diet) (13.3) (legislation:
(EU) No 1129/2011, applicable as of 01/06/2013)
Table continued overleaf.
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Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA. Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pg/kg was considered.

(continued)

Food

Maximum usage

Concentration
level of

of SEM in the

Food category authorisation MPL @ FoodEx1 code FoodEx1 description carrageenan in .
group - final product
the final product
(mg/kg) (ng/kg)
Foods suitable for people intolerant to gluten, as defined gs 134 Covered under bread and rolls
by Regulation (EC) No 41/2009 (13.4), including dry
pasta
Fruit juices, as defined by Directive 2001/112/EC, and gs 1412  A.01.001394 Fruit and vegetable juices 450 0.03
vegetable juices (14.1.2), only vegetables juices
Fruit nectars, as defined by Directive 2001/112/EC, and qgs 14.1.3  Covered under fruit and vegetable juices
vegetable nectars and similar products (14.1.3), only
vegetable nectars
Flavoured drinks (14.1.4) (legislation: (EU) No gs 1414  A.01.001471 Soft drinks 450 0.03
1129/2011, applicable as of 01/06/2013)
Other (14.1.5.2), excluding unflavoured leaf tea, gs 14.15.2  A.01.000963 Milk-based beverages 500 0.03
including flavoured instant coffee A.01.001527 Iced coffee 250 0.02
Cider and perry (14.2.3) (legislation: (EU) No gs 1423  A.01.001549 Wine-like drinks (e.g. 20 0.00
1129/2011, applicable as of 01/06/2013) cider, perry)
Fruit wine and made wine (14.2.4) (legislation: (EU) No qgs 14.2.4  Covered by wine-like drinks 20 0.00
1129/2011, applicable as of 01/06/2013)
Mead (14.2.5) (legislation: (EU) No 1129/2011, qgs 14.25  Covered under wine-like drinks 20 0.00
applicable as of 01/06/2013)
Spirit drinks, as defined in Regulation (EC) No qgs 1426  A.01.001561 Spirits 20 0.00
110/2008 (14.2.6) ,except whisky or whiskey
Aromatised wines (14.2.7.1) (legislation: (EU) No qgs 14.2.7.1  Covered under wine-like drinks 20 0.00
1129/2011, applicable as of 01/06/2013)
Table continued overleaf.
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(continued)

Food category authorisation

MPL

Food
group®

FoodEXx1 code FoodEXx1 description

Maximum usage
level of
carrageenan in .
the final product f'n?l g/rl?gd)uct

(mg/kg) .

Concentration
of SEM in the

Aromatised wine-based drinks (14.2.7.2) (legislation:
(EU) No 1129/2011, applicable as of 01/06/2013)

gs

14.2.7.2

Covered under wine-like drinks

20 0.00

Aromatised wine-product cocktails (14.2.7.3)
(legislation: (EU) No 1129/2011, applicable as of
01/06/2013)

gs

14.2.7.3

A.01.001569 Alcoholic mixed drinks

20 0.00

Other alcoholic drinks, including mixtures of alcoholic
drinks with non-alcoholic drinks and spirits with less
than 15 % of alcohol (14.2.8)

as

14.2.8

Covered under alcoholic mixed drinks

Potato-, cereal-, flour- or starch-based snacks (15.1)
(legislation: (EU) No 1129/2011, applicable as of
01/06/2013)

as

151

A.01.001878 Snack food

8 000 0.52

Processed nuts (15.2) (legislation: (EU) No 1129/2011,
applicable as of 01/06/2013)

gs

15.2

Covered under snack food

Desserts, excluding products covered in categories 1, 3
and 4 (16) (legislation: (EU) No 1129/2011, applicable
as of 01/06/2013)

as

16

Covered under ices and desserts

10 000 0.65

Food supplements supplied in a solid form, including
capsules and tablets and similar forms, excluding
chewable forms (17.1)

Food supplements supplied in a liquid form (17.2)
(legislation: (EU) No 1129/2011, applicable as of
01/06/2013)

ags

gs

17.1

17.2

A.01.001752 Dietary supplements

Covered under dietary supplements

50 488 3.28

50 488 3.28

Table continued overleaf.
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Table E.1: Concentration of semicarbazide (SEM) in the final product as calculated for the different food categories of non-animal products and milk and
dairy products, for which carrageenan is authorised as an additive and their equivalent FoodEx1 category, based on the maximum usage levels reported to
EFSA. Usage levels were reported to EFSA through a public call for data; when a usage level was not reported, the concentration of 1 pg/kg was considered.
(continued)

Maximum usage  Concentration

Food level of of SEM in the

Food category authorisation MPL group® FoodEXx1 code FoodEXx1 description carrageenan in final product
the final product (ng/kg)
(mg/kg)

Food supplements supplied in a syrup-type or chewable gs 17.3 Covered under dietary supplements 50 488 3.28
form (17.3) (legislation: (EU) No 1129/2011, applicable
as of 01/06/2013)
Processed foods not covered by categories 1 to 17, gs 18 Covered under other food categories

excluding foods for infants and young children (18)
(legislation: (EU) No 1333/2008, applicable as of
16/12/2008)

MPL: maximum permitted level; nr: not reported to EFSA; gs: quantum satis.
(a): Food group is as defined in Regulation (EC) No 1333/2008 of the European Parliament and of the Council on food additives. OJ L 354, 31.12.2008, p. 16.

EFSA Journal 2015;13(6):4140 172



~ efsam

European Food Safety Authority N itrOfLI rans in fOOd

Appendix F. Dietary exposure for scenarios 2B and 2D

Table F.1: Summary statistics for the hypothetical chronic dietary exposure (ng/kg b.w. per day) to nitrofuran marker metabolites estimated by age class for
scenarios 2B and 2D.

Age class Number of surveys Scenario 2B Scenario 2D®

Minimum Median Maximum Minimum Median Maximum
Mean dietary exposure
Infants 2 10 —© 11 7.7 —© 12
Toddlers 7 10 21 47 1.7 13 21
Other children 15 16 24 35 8.5 11 18
Adolescents 12 11 14 18 4.4 6.8 8.2
Adults 15 6.0 8.9 15 3.7 5.0 6.3
Elderly 7 4.4 6.7 9.1 34 4.0 4.9
Very elderly 6 5.2 6.5 9.2 3.2 4.3 4.7
95th percentile dietary exposure®®
Infants 1 —® —® —® ) ) )
Toddlers 4 35 42 64 15 25 39
Other children 15 32 42 68 14 19 32
Adolescents 12 19 26 35 8.2 12 16
Adults 15 11 17 28 6.5 8.7 10.2
Elderly 7 8.8 11 17 5.6 7.1 8.3
Very elderly 5 8.5 11 17 54 8.0 8.4

The minimum, median and maximum of the mean and 95th percentile exposure values across dietary surveys in European countries are shown

To avoid the impression of too high precision, the numbers for all exposure estimates are rounded to two figures.

b.w.: body weight; SEM: semicarbazide; RPA: reference point for action.

(a): Scenario 2B contains foods of animal origin, excluding milk and dairy products, and foods of non-animal origin, for which carrageenan is authorised as an additive, contaminated with SEM
at a concentration equal to the RPA level of 1 pg/kg.

(b): Scenario 2D contains foods of animal origin, excluding milk and dairy products, contaminated with SEM at a concentration equal to the RPA level of 1 pg/kg, and foods of non-animal
origin and milk and dairy products, for which carrageenan is authorised as an additive, contaminated with SEM at concentrations calculated from maximum usage levels of carrageenan and
actual concentrations of SEM in carrageenan.

(c): Not calculated; estimates available only from two dietary surveys.

(d): The 95th percentile estimates obtained from dietary surveys/age classes with fewer than 60 observations may not be statistically robust (EFSA, 2011b) and therefore were not included in
this table.

(e): Estimates available from only one dietary survey: 29 ng/kg b.w. per day.

(f): Estimates available from only one dietary survey: 48 ng/kg b.w. per day.
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Appendix G. Acute toxicity

Table G.1: Medium lethal doses (LDsy) for furazolidone, 3-amino-2-oxazolidinone (AOZ), 3-amino-5-methylmorpholino-2-oxazolidinone (AMOZ),
nitrofurantoin, nitrofurazone and semicarbazide (SEM)

Route of

Animal species (age) administration LDsp (Mmg/kg b.w.) Comment Reference
Furazolidone
Rat (adult) Oral 1508 Yellow powder in mixture with 1 % Mitchell et al. (1990a)
methylcellulose
Mouse (adult) Oral 1110 Yellow powder in mixture with 1 % Mitchell et al. (1990b)
methylcellulose
AOZ
Rat Oral 2739 Colourless crystals in distilled water NOTOX (1994b)
AMOZ
Rat Oral > 2000 Colourless crystals NOTOX (1994a)
Nitrofurantoin
Rat (60 days) Oral 1493 Nitrofurantoin sodium Goldenthal (1971)
Rat (1 day) Oral 89 Nitrofurantoin sodium Goldenthal (1971)
Rat (male) Oral 604 5-15 % acacia in water Preti (1970), as cited by NTP (1989 )
Rat (male) i.p. 112 5-15 % acacia in water Preti (1970), as cited by NTP (1989 )
Rat (50 days) s.C. 178 Nitrofurantoin sodium Goldenthal (1971
Rat (1 day) s.C. 152 Nitrofurantoin sodium Goldenthal (1971
Rat (adult) s.C. 35 Macrocrystals, vitamin E deficient diet Boyd et al. (1979)
Rat (adult) s.C. 400 Macrocrystals Boyd et al. (1979)
Mice oral 360 Chemical form not specified NIOSH (1983), as cited by NTP (1989)
Mice i.p. 150 Chemical form not specified NIOSH (1983), as cited by NTP (1989)
Chicken Oral 148 Macrocrystals Peterson et al. (1982)
Chicken Oral 53 Macrocrystals, selenium and vitamin E Peterson et al. (1982)
deficient diet
Nitrofurazone
Rat Oral 590 Crystals in acacia solution Krantz and Evans (1945)
Rat Oral 590 Crystals Miyaji (1971)
Rat Oral 800 Chemical form not specified Anderson (1983), as cited by FAO/WHO,
(1989h)
Mice Oral 380 Macrocrystals Krantz and Evans (1945)
Mice Oral 640 Macrocrystals Miyaji (1971)
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Animal species (age) a drrFfi?]liJstfrinon LDs (mg/kg b.w.) Comment Reference
Mice Oral 587@ Needle-like solid in gum acacia (10 %) Dodd (1946)
(460 to 582)®
Mice i.p. 300 Chemical form not specified Smith et al. (1963)
SEM

Rats i.p. 212 Chemical form not specified De la Fuente del Rey (1986)
Mice i.p. 123.3 Chemical form not specified Jenney et al. (1958)

Mice s.C. 125.5 Chemical form not specified Jenney et al. (1958)

Mice V. 125.6 Chemical form not specified Jenney et al. (1958)

Mice Oral 176 Chemical form not specified Jenney et al. (1958)

b.w.: body weight; LDsy: median lethal dose.

(a): LDso when a mixture of seven lots was administered.

(b): Range of LDsgs for seven different lots.
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Appendix H. In vitro and in vivo genotoxicity studies

Table H.1: In vitro and in vivo genotoxicity studies of furazolidone

Concentration/

Metabolic

Test organism/system Method T A Outcome Reference
reatment activation
Forward mutation assay ~ Up to 12 pg/mL — S9 mix Dose-dependent streptomycin resistance Chatterjee et al.
Vibrio cholera forward mutation (1983)
Escherichia coli PQ37 SOS Chromotest 0.05-25 nM/mL — S9 mix Dose-dependent induction of SOS response Akinshina et al.
(1992)
Salmonella enterica subsp.  SOS/umu assay Up to 12 pg/mL —S9 mix Dose-dependent increase in the SOS response  Pal et al. (1992)
enterica serovar
Typhimurium
TA1535/pSK1002
E coli WP2; WP2s Reverse mutation assay 5-10 mM — S9 mix Dose-dependent induction of revertants Akinshina et al.
(1992)
E. coli strain TC3960 Mutations in lacl gene 10 uM — S9 mix Induced mutation frequency 30 times over the  Bertenyi and
(AuvrB, pKM101) spontaneous frequency. Predominantly base Lambert (1996)
pair substitutions
S. Typhimurium TA 100, Reverse mutation assay 0.01-10 pg/plate + S9 mix Furazolidone caused dose-dependent Vroomen et al.
TA98 induction of revertants (tested only in TA100)  (1987a)
S. Typhimurium TA 98, Reverse mutation assay 0.1-2.5 pg/plate + S9 mix The highest dose was toxic in all strains. Ni et al. (1987)
TA 98NR, TA 98/1,8- Positive in all strains with and without S9 mix
DNP;
Sex-linked recessive 0.18,0.44 or 0.5 mM in + S9 mix Positive Kramers (1982)
Drosophila melanogaster lethal test DMSO
CHO cells Gene mutation assay up to 125 pg/mL/5 hours  + S9 mix Positive. Toxic > 100 pg/mL Gao et al. (1989)
Isolated human In vitro chromosomal 0.5-100 uM —S9 mix Negative. No data on toxicity Tonomura and
lymphocytes aberration assay and Sasaki (1973)
UDS
Isolated human In vitro chromosomal 0.2-20.0 pg/mL — S9 mix Significant increase in SCE at 0.2 and Cohen and Sagi
lymphocytes aberration and SCE assay 2 pg/mL, and chromosome breaks at 2 ug/mL.  (1979)
At 20 pg/mL the cells did not enter metaphase
Isolated human SCE 2-10 pg/mL —S9 mix Significant increase in SCE frequency at Madrigal-Bujaidar
lymphocytes concentrations > 4 pg/mL et al. (1997)
Bovine and porcine In vitro chromosomal 0.05-500 mg/L — S9 mix Positive. No toxicity was observed Queinnec et al.
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Test organism/system Method Concentration/ Me_tabc_)llc Outcome Reference
Treatment activation
lymphocytes aberration assay (1975); Babile et al.
(1978)
Human lymphoblastoid Comet assay 20-60 pg/mL —S9 mix Significant increase in percentage tail DNA, Borroto et al.
cell line (TK®6) tail length and olive tail moment. No dose (2005)
response
Human hepatoma cells Comet assay 12.5, 25, and 50 pg/mL — S9 mix Significant increase in OTM at all Jinetal. (2011)
HepG2 (3 hours) concentrations.
Induction of ROS formation. 8-
hydroxydeoxyguanosine staining revealed
oxidative damage of nuclear and
mitochondrial DNA
Isolated human In vitro micronucleus 0.001-10 uM —S9 mix Significant increase in micronucleus Barragan
lymphocytes assay Synthetic free form frequency at all concentrations Hernandez et al.
(2011)
Swiss CD-1 mice In vivo micronucleus 300 mg/kg b.w. in Negative. Toxicity was observed Enninga and

assay

methyl cellulose

Weterings (1990) as
cited by FAO/WHO
(1993c)

Swiss Webster mice In vivo micronucleus 100 and 500 mg/kg b.w. Equivocal Paik (1985)
assay p.o.
Mice Bone marrow SCE assay 8.6, 30.0, or 75.0 mg/kg Significant increase in SCE frequency at Madrigal-Bujaidar
b.w. concentrations > 30 mg/kg b.w. etal. (1997)

CHO: Chinese hamster ovary; DMSO: dimethyl sulphoxide; OTM: olive tail moment; SCE: sister chromatid exchange; ROS: reactive oxygen species; UDS: unscheduled DNA synthesis.
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Table H.2: In vitro and in vivo genotoxicity studies of the furazolidone metabolite 3-amino-2-oxazolidinone (AOZ)

Test organism/system Method Concentration/ Me_tabc_)llc Outcome Reference
treatment activation

DNA adduct formation in Electrochemical 32, 125, 500 mg/kg b.w. An increase in the frequency of 7- deGroot and van
mice liver in vivo detection of 7- 4 hours methyguanine, but no O6-methylguanine Zeeland (1994)

methylguanine and O6-

methylguanine
Salmonella Typhimurium Reverse mutation assay 100-5 000 pg/plate + S9 mix In the absence of S9 mix, AOZ was positive in  NOTOX (1994f)
TA1537, TA98, TA1535, TA1535. In the presence of S9 mix, it was
TA100; Escherichia coli positive in TA1535, TA100 and WP2uvrA
WP2uvrA (GLP)
S. Typhimurium TA98, Reverse mutation assay 0.1-5 mg/plate + S9 mix Positive in TA1535 and TA100 in the Hoogenboom et al.
TA100, TA1535, TA1537 presence of metabolic activation. In the (2002)

absenceof metabolic activation, weak response
only in TA1535

Isolated human lymphocytes  In vitro micronucleus 0.0001-0.01 uM — S9 mix AOZ induced significant increase in Barragan Hernandez

assay micronucleus frequency at 0.01 uM etal. (2011)
Isolated human lymphocytes  In vitro chromosomal 1 000, 3 330, + S9 mix Dose-dependent induction of chromosomal NOTOX (1994d)

aberration assay 5 000 pg/mL fixed after aberrations only in the absence of S9 mix

24 hours, 5000 pg/mL (GLP)
fixed after 48 hours

Isolated human lymphocytes  In vitro chromosomal 0.33-5 mg/mL + S9 mix Dose-dependent induction of chromosomal Hoogenboom et al.

aberration assay

aberrations only in the absence of S9 mix

(2002)

Swiss mice (OF-1 SPF-
quality; 7 weeks old)

In vivo micronucleus
assay

Male 500, 1 000 mg/kg
b.w.; female 1 000,

2 000 mg/kg b.w.; single
i.p. administration
sampling at 24 and 48
hours

Positive. High mortality was observed at the
higher doses. At lower doses statistically
significant increase of micronucelated PCE
was detected only at 24-hour sampling. The
animals treated with the lower dose were
lethargic (GLP)

NOTOX (1994g)

Swiss mice (OF-1, SPF-
quality; 7 weeks old)

In vivo micronucleus
assay

Male: 32-500 mg/kg
b.w.; female 250—

1 500 mg/kg b.w.; single
i.p. administration,
sampling at 24 and 48
hours

Positive: Statistically significant increase in
micronucelated PCE was detected only at 48-
hour sampling in the highest dose group
males. Large differences in toxicity and
mortality were observed indicating possible
non-genotoxic mechanism (GLP)

NOTOX (1994h)

b.w.: body weight; GLP: good laboratory practice; PCE: polychromosome erythrocyte.
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Table H.3: In vitro and in vivo genotoxicity studies of nitrofurantoin

Concentration/

Metabolic

Test organism/system Method o Outcome Reference
Treatment activation
Escherichia coli B/r and nrf  Single DNA strand 50 pg/mL —S9 mix Positive in B/r strain, negative in nrf270 strain  McCalla et al.
270 breaks that lacks nitrofurazone reductase activity (1971)
E. coli B/r rec+, RecA and DNA repair test 0.5 uM — S9 mix Positive in E. coli and in S. Typhiumurium Yahagi et al. (1974)
RecB; Salmonella
Typhimurium TA1978,
TA1538
E. coli WP2; S. Reverse mutation assay 0.003-0.3 uM — S9 mix Positive in E. coli; negative in S. Yahagi et al.( 1974)
Typhimurium TA1535, Typhimurium
TA1536, TA1537, TA1538
S. Typhimurium TA100, Reverse mutation assay 0.3, 3 pg/plate. — S9 mix Positive. Urine positive Wang and Lee
TA100FR Urine of rats fed with (1976)
feed containing 0.5 %
nitrofurantoin
E. coli WP2, WP2uvrA Reverse mutation assay 10, 100 pg/plate + S9 mix Positive. The WPuvrA strain was more McCalla and
sensitive than the wild-type WP2 Voutsinos (1974) ;
Setnikar et al.
(1976); Lu et al.
(1979)
E. coli WP2, EE97 Reverse mutation assay Below MIC: WP2 0.2; — S9 mix Positive in all strains below the MIC Obaseiki-Ebor and
(WP2pkM101); (fluctuation assay) 0.4 pg/mL; EE97 0.1, Akerele (1986)
S. Typhimurium TA97, 0.2 pg/mL; TA97: 0.32;
0.64 pg/mL
S. Typhimurium TA98, Reverse mutation assay 0.025-5 pg/plate + S9 mix Positive in TA98 and TA100. Negative in Goodman et al.
TAL00, TA1535, TA1538 TA1535 and TA1538 (1977); DeFlora,
(1979)
S. Typhimurium TA100, Reverse mutation assay 2 and 10 pg/plate + S9 mix Positive in TA100, negative in nitroreductase ~ Rosenkranz and
TAL100FRI deficient strain TA100FRI Speck (1976)
S. Typhimurium TA98, Reverse mutation assay No information + S9 mix Positive in TA100 and TA98 (potency 775 DeFlora et al. (1984)

TA100; TA1535, TA1537,
TA1538

revertants/nmol); negative in TA1535,
TA1537 and TA1538

Table continued overleaf.
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Table H.3: In vitro and in vivo genotoxicity studies of nitrofurantoin (continued)

Test organism/system Method Concentration/ Me_tabc_)llc Outcome Reference
Treatment activation
S. Typhimurium TA98, Reverse mutation assay 1-100 pg/plate + S9 mix The highest dose was toxic in all strains. Ni et al. (1987)
TA98NR, TA98/1,8-DNPg Positive in all strains with and without S9 mix
Human lymphoblastoid cell ~ Comet assay 2-15 pg/mL — S9 mix Significant increase in percentage tail DNA, Borroto et al. (2005)
line (TK6) Tail length and olive tail moment. No dose
response
Saccharomyces cerevisiae Mitotic gene conversion  2-42 mM (estimated — S9 mix Nitrofurantoin induced mitotic gene Setnikar et al.
D4, D4-RDIl and D7 from graph) conversion in strains D4-RDII and D7, but not  (1976); Siebert et al.
in strain D4 (1979); Callen
(1981)
Aspergillus nidulans Non-disjunction and No information —S9 mix Positive for both endpoints Bignami et al.
mitotic crossing-over (1974)
(spot test)
S. cerevisiae a host Mitotic gene conversion 72 mg/kg b.w. p.o. Negative Siebert et al. (1979)
mediated assay with mice
S. cerevisiae D4-RDlIl ina Mitotic gene conversion 500 mg/kg b.w. p.o. — S9 mix Positive Setnikar et al. (1976)
host-mediated assay with
rats
Drosophila melanogaster Sex-linked recessive 0.9 mM in DMSO Negative Kramers (1982)
lethal test
CHO cells Gene mutation assay Up to 200 pug/mL/5 hours £ S9 mix Nitrofurantoin induced mutations to 6- Gao et al. (1989)
thioguanine resistance in the presence, but not
in the absence, of S9 mix
Rat liver nuclei and human DNA fragmentation in 112 mg/mL 30 minutes — S9 mix Positive in rat liver nuclei and in HUF22 cells  Parodi et al. (1983)
foreskin fibroblasts (HUF22)  vitro
Human lymphoblastoid cell ~ Comet assay 2-15 pg/mL — S9 mix Significant increase in percentage tail DNA, Borroto et al. (2005)
line (TK6) Tail length and olive tail moment. No dose
response
Isolated human lymphocytes  In vitro chromosomal 1-100 pM — S9 mix Negative for both endpoints Tonomura and

aberrations and UDS

Sasaki (1973)

Table continued overleaf.
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Table H.3: In vitro and in vivo genotoxicity studies of nitrofurantoin (continued)

Test organism/system

Method

Concentration/
Treatment

Metabolic
activation

Outcome

Reference

Isolated human lymphocytes

In vitro chromosomal
aberrations and SCE

5, 20, 40 uM 24 hours

— 89 mix

A significant increase of chromatide-type
chromosomal aberrations and SCE at 20 and

Slapsyte et al. (2002)

40 uM
NMRI mice In vivo chromosomal 8 or 40 mg/kg b.w. i.p. Negative Fonatsch (1977)
aberration in for 5 days
spermatocytes
Mice Dominant lethal test 16 and 80 mg/kg b.w. i.p. Negative Epstein et al. (1972)

Sprague-Dawley rats

In vivo micronucleus
assay

50, 100, 200 mg/kg b.w.
i.p.—half dosed 30 hours
and half 6 hours before
sacrifice

Negative. No evidence that the compound
reached target tissue is given. Positive control
thiethylenemelamine gave positive response

Goodman et al.
(2977)

Sprague—Dawley rats, Swiss
mice

In vivo DNA
fragmentation

14-112 mg/kg b.w. i.p.
Sacrificed between 6 and
168 hours after
administration

DNA fragmentation in liver, spleen, kidney,
lung, bone marrow. In kidney also at
14 mg/kg b.w.

Parodi et al. (1983)

Swiss mice

In vivo bone marrow
SCE

32, 64 mg/kg b.w. i.p.
Sampling 24 and 72
hours after
administration

Dose-dependent increase in SCE frequency

Parodi et al. (1983)

BALB/C mice (3 and 8
weeks old)

In vivo micronucleus
assay

5, 10, 50 mg/kg b.w.;
single i.p. injection
before and 48, 96, 168
and 336 hours after
administration

Significant increase in the frequency of
micronucleus at all doses. In old but not young
animals the micronucleus frequency dropped
to the frequency before administration

Fucic¢ et al. (2005)

Male Big BlueTM
C57BL/6[L1Z] mice

Transgenic mouse
mutation assay

167 mg/kg b.w.; p.o five
consecutive days/20 days
after last administration

Frequency of cll gene mutations from the
shuttle vector was determined in different
organs. More than 1.5-fold mutant frequency
increase only in kidney

Quillardet et al.
(2006)

Table continued overleaf.
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Table H.3: In vitro and in vivo genotoxicity studies of nitrofurantoin (continued)

Test organism/system

Method

Concentration/
Treatment

Outcome

Reference

Blood lymphocytes of
treated children

In vivo chromosomal
aberrations and SCE

Prophylactic treatment
5-8 mg per day for 7
days and 1-2 mg per day
for rest of the treatment
period. Sampling: before
the startand at 1, 3, 6
and 12 months of therapy

A significant correlation between cumulative
dose and SCE frequency was observed after 1
month of therapy but not after 12 months. The
increase in the rate of chromosomal
aberrations was ascribed to the X-ray
examination prior to the treatment

Slapsyte et al. (2002)

Blood lymphocytes of
treated women

In vivo SCE

Urinary tract infection
treatment 10 or 400 mg
per day for 10 days.
Sampling before and
after treatment

Negative

Sardas et al. (1990)

b.w.: body weight; CHO: Chinese hamster ovary; DMSO: dimethyl sulphoxide; i.p.: intraperitoneal; MIC: minimum inhibitory concentration; p.o.: per os; SCE: sister chromatid exchange.

EFSA Journal 2015;13(6):4140

182



~ efsam

European Food Safety Authority

Nitrofurans in food

Table H.4: In vitro and in vivo genotoxicity studies of nitrofurazone

Test organism/system Method Concentration/ Me_tabc_)llc Outcome Reference
treatment activation
Eschericihia coli B/r and nrf ~ Single DNA strand 25, 50 pg/mL — S9 mix Positive in B/r strain negative in nrf207 strain ~ McCalla et al.
207 breaks that lacks nitrofurazone reductase activity (1971)
E. coli WP2, WP2uvrA, Reverse mutation assay 10-100 pg/plate + S9 mix Positive. Negative in nitrofurazone reductase McCalla and
nrf343 and nrf345 activity deficient nrf343 and nrf345 strains Voutsinos (1974)
E. coli WP2, WP2uvrA Reverse mutation assay 50-250 uM — S9 mix Positive. The WPuvrA strain was more Luetal. (1979)
sensitive than the wild-type WP2
Salmonella Typhimurium Reverse mutation assay 100 ng/mL (TA1535; — S9 mix Positive. In TA100 significant induction at Green et al. (1977)
TA1535, TAL100; E. coli (fluctuation assay) WP2uvrA) concentration > 0.1 ng/mL
WP2uvrA 0.01-1 ng/mL (TA100)
S. Typhimurium TA1535, Reverse mutation assay 0.5-5 pg/plate — S9 mix Negative in S. Typhimurium strains, positive Mc Calla et al.
TA1975; TA1536, TA1537, in E. coli strain (1975)
TA1538, TA1976, TA1977,
TA1978; E. coli WP2uvrA
E. coli WP2, EE97 (WP2 Reverse mutation assay Below MIC: WP2 0.04;  — S9 mix Positive in all strains below MIC Obaseiki-Ebor and
pkM101); (fluctuation assay) 0.08 pg/mL; EE97: 0.02, Akerele (1986)
S. Typhimurium TA 97 0.04 pg/mL; TA97: 0.32;
0.64 pg/mL

E. coli B/r rec+, RecA and DNA repair test 0.5 uM — S9 mix Positive in E. coli; negative in S. Yahagi et al.
RecB; S.Typhimurium Typhiumurium (1976)
TA1978, TA1538
S. Typhimurium TA1535, Reverse mutation assay 0.1-1 pg/plate — S9 mix Negative in S. Typhiumurium TA1535; Yahagi et al.
TA100 positive in TA100 (1974)
S. Typhimurium TA98, Reverse mutation assay 0.025-5 pg/plate + S9 mix Positive in TA98 and TA 100, negative in Goodman et al.
TA100, TA1535, TA1538 TA1535 and TA1538 (1977)
Aspergillus nidulans Forward mutation to 8- 100-1000 pg/mL — S9 mix Negative Bignami et al.

azaguanine resistance (1974)

and induction of mthA1l

repressors
Neurospora crassa Ad-3 mutation induction 1 mM — S9 mix Positive Ong (1977)
Drosophila melanogaster Sex-linked recessive 5 mM in DMSO Negative Kramers (1982)

lethal test
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Test organism/system Method Concentration/ Me_tabc_)llc Outcome Reference
treatment activation
Mouse L929, Hamster DNA strand breaks 125-500 pM 90 minutes ~ — S9 mix Positive Olive and McCalla
BHK-21, human KB cells (1975)
Human lymphoblastoid cell  Comet assay 5-30 pg/mL — S9 mix Significant increase in percentage tail DNA, Borroto et al.
line (TK6) tail length and olive tail moment. No dose (2005)
response
Chinese hamster lung cells Chromosomal 0.1 mg/mL + S9 mix Negative without metabolic activation, Matsuoka et al.
(CHL) aberrations positive with metabolic activation (1979)
Isolated human lymphocytes In vitro chromosomal 1-100 uM — S9 mix Negative for both endpoints Tonomura and
aberrations and UDS Sasaki (1973)
CHO cells Chromosomal 25-200 pg/mL for + S9 mix Positive for chromosomal aberrations. Weak Anderson and

aberrations, HGPRT
mutations

2 hours

mutagenic response without dose response

Philips (1985)

Male Wistar rats

Chromosomal
aberrations in bone
marrow

Single dosage 40, 120,
400 mg/kg b.w. sampling
after 6, 24, 48 hours: five
daily doses of 15, 45 or
150 mg/kg b.w. sampling
6 hours after the last
dosage

Negative. Mitotic index was decreased at
400 mg/kg b.w. The positive control EMS
gave positive response in both treatment
schedules

Anderson and
Philips (1985)

Sprague—Dawley rats

In vivo micronucleus
assay; chromosomal
aberrations

15, 30, 60 mg/kg b.w.
i.p.—half dosed 30 hours
and half 6 hours before
sacrifice

Negative. No evidence that the compound
reached target tissue is given. Positive control
thiethylenemelamine gave positive response

Goodman et al.
(1977)

b.w.: body weight; CHL: Chinese hamster lung; CHO: Chinese hamster ovary; DMSO: dimethyl sulphoxide; EMS: ethyl methanesulphonate; i.p.: intraperintoneal; MIC: minimum inhibitory
concentration; UDS: unscheduled DNA synthesis.
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Table H.5: In vitro and in vivo genotoxicity studies of semicarbazide

Test organism/system Method Concentration/ Me_tabc_)llc Outcome Reference
treatment activation
Salmonella Typhimurium Reverse mutation No data + S9 mix Negative McMahon et al.
G46, C3076, D3052, assay—modified (1979)
TA1535, TA1537, TA1538, protocol
TA98, TA100; Eschericihia
coli WP2, WP2uvrA
S. Typhimurium TA1535, Reverse mutation assay No data + S9 mix Positive only in TA1535; the activity DeFlora et al.
TA1537, TA1538, TA98, decreased in the presence of metabolic (1981); DeFlora
TA100 activation et al. (1984)
S. Typhimurium TA1535, Reverse mutation assay 50-7 000 pg/plate + S9 mix Positive only in TA1535 at doses Herbold (2003)
TA1537, TA98, TA100 and > 5000 pg/plate only in the absence of
TA102 metabolic activation (GLP)
S. Typhimurium TA1535, Reverse mutation assay 62-5 000 pg/plate + S9 mix Dose-dependent increase of revenants in TNO (2004a)
TA1537, TA98 and TAL100, TA1535. Higher activity without metabolic
and E. coli WP2uvrA activation. Borderline activity in TA100
without metabolic activation
L5178Y cells In vitro forward mutation  0.21-10.0 mM + S9 mix Positive without metabolic activation. With TNO (2004b)
assay at tk locus metabolic activation slight increase of mutant
colonies at the highest concentration
CHO cells In vitro chromosomal 75-1 115 pg/mL, 4, 18,32 £+ S9 mix Negative for chromosomal aberration. With TNO (2004c)
aberration hours exposure; sampling metabolic activation after 18 hours increase in
after 18 and 32 hours endoreduplicated cells
Chinese hamster V79 cells In vitro chromosomal 125-1 120 pg/mL + S9 mix Negative (GLP) Herbold (2004)
aberration sampling after 4 and 18
hours
Isolated human lymphocytes  In vitro micronucleus 0.5-20 pg/mL — S9 mix No significant increase in micronucleus and Vlastos et al.
and SCE assays SCE frequency over the control (2010)
Male mice Balb/C and CBA  In vivo micronucleus Single i.p. dose 40, 80 or Negative: no increase in micronucleus Abramsson-

(flow-cytometry
determination)

120 mg/kg b.w.; blood
sampling after 42 hours

frequency, no suppression of the percentage
PCE. The positive control, colchicine, gave a
positive response

Zetterberg and
Svensson (2005)

Female CD-1 mice

In vivo UDS in liver

Single p.o. dose 100 or
200 mg/kg b.w.; sampling

Negative. Positive controls induced marked
increase in UDS compared with vehicle

CTL (2004)
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Test organism/system Method Concentration/ Me_tabc_)llc Outcome Reference
treatment activation
after 4 and 16 hours control (GLP)
Male Wistar rats (5-6 weeks In vivo micronucleus Single p.o. dose 50, 100, Significant, > twofold increase in Vlastos et al.
of age) assays 150 mg/kg b.w./sampling micronucleus frequency over the control atall ~ (2010)

after 24 hours

doses without dose—response pattern

b.w.: body weight; CHO: Chinese hamster ovary; GLP: good laboratory practice; p.o.: per os; PCE: polychromosome erythrocyte; SCE: sister chromatid exchange; UDS: unscheduled DNA

synthesis.
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Table H.6: In vitro and in vivo genotoxicity studies of nifursol

Concentration/

Metabolic

Test organism/system Method o Outcome Reference
treatment activation
DNA binding in rat tissue in 200 mg/kg b.w, Weak radioactivity associated with DNA was Connelly (1988)
vivo radiolabelled nifursol. detected in liver, kidney and intestines.
Binding was measured in It cannot be excluded that DNA-associated
liver, kidney and radioactivity represents a nifursol impurity or a
intestine after 6 and 24 minor nifursol metabolic product incorporated
hours into DNA (GLP)
Salmonella Typhimurium Reverse mutation assay 0.2-20 pg/plate + S9 mix Negative. However, the rates of spontaneous Green (1980)
TA1535, TA1537, TA1538, reverse mutations are not typical of the test
TA98, TA100 strains used
S. Typhimurium TA1535, Reverse mutation assay 6.7-1 500 pg/plate + S9 mix Positive in TA100 with and without metabolic Cavagnaro and
TA1537, TA1538, TA9S, acitivation. Positive in TA98 only with McCarrol (1985)
TAL100 metabolic activation (GLP)
Chinese hamster ovary cells  In vitro chromosomal 2.5, 8.8, 25,85 and + S9 mix Significantly elevated humber of chromosomal Cavagnaro and
(CHO K-1) aberration 250 pg/mL, 2 hours aberrations at 85 pg/mL without metabolic Cortina (1985a)
exposure, sampling after activation. At higher concentrations precipitate
10 hours was formed and was not analysed
CHO cells In vitro chromosomal 50, 75, 100, 150 and + S9 mix Consistent but insignificant increase in Cavagnaro and

aberration

200 pg/mL, 2 hours
exposure, sampling after
10 hours

chromosomal aberration was observed at the
maximal soluble concentration without
metabolic activation. (GLP)

Cortina (1985b)

Isolated rat hepatocytes In vitro UDS 1,5, 10, 50, 100, Negative. Small increases were observed but Cavagnaro and
500 pg/mL none was significant and without dose response.  Sernau (1985)
(GLP)
Male and female mice In vivo bone marrow Single dose Negative. No significant increase in the Allen and

micronucleus assay

10 000 mg/kg b.w. by
gavage; sampling after
24, 42 and 72 hours

frequency of MN PMC; no decrease in the ratio
of PMC to NMC. Positive control (mitomicyn
C) gave clear positive response

Proudlock (1987)

Male and female rat

In vivo bone marrow
chromosomal aberration
assay

Single dose

10 000 mg/kg b.w. by
gavage; sampling after 6,
24 and 48 hours

Negative. No significant increase in the
frequency of cells with chromosomal
aberrations. The positive control,
cyclophosphamide caused significant increase
in the frequency of cells with chromosomal
aberrations. (GLP)

Allen et al. (1987)
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Test organism/system

Method

Metabolic
activation

Concentration/
treatment

Outcome

Reference

Male Wistar rats

In vivo UDS in liver and
intestinal cells

Single dose 100, 300 or
1 000 mg/kg b.w. by
gavage; sampling after 2
and 12 hours

Negative in liver cells.

In intestinal cells UDS was induced at 300 or
1 000 mg/kg b.w. after 12 hours. Statistically
significant only in the 300 mg/kg b.w. group.
Irritation of intestinal tissue was observed.
(GLP)

Benford (1987a)

Male Wistar rats

In vivo UDS in intestinal
and gut cells

Single dose 100, 300 or
1 000 mg/kg b.w. by
gavage; sampling after 2
and 12 hours

Increased incorporation of tritiated thymidine at
300 or 1 000 mg/kg b.w. after 12 hours.
Statistically significant only in the 300 mg/kg
b.w. group. Irritation of intestinal tissue was
observed (GLP)

Benford (1987b)

Muta-Mice

Transgenic mouse
mutation assay

550 or 850 mg kg b.w.
for 28 days p.o.,
necropsy at day 31

Frequency of lacZgene mutations from the
shuttle vector was determined in the
ileum/jejunum. No increase was observed
(GLP)

Ballantyne (2003)

b.w.: body weight; CHO: Chinese hamster ovary; GLP: good laboratory practices; NMC : normochromatic micronucleated erythrocytes; PMC : polychromatic micronucleated erythrocytes; p.o.:
per os; UDS: unscheduled DNA synthesis.
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Appendix I. Benchmark dose analyses

The results of the BMD analyses are reported in general as follows:

Quantal endpoints. The dataset analysed and the results of the analyses using five quantal dose—
response models (log-logistic, log-probit, Weibull, gamma, logistic) are tabulated. For each model, the
log-likelihood values, whether the model was accepted or not (according to goodness-of-fit test,
p > 0.05), and the BMD confidence interval (BMDL, BMDU) for the accepted models are reported.
The (maximum likelihood estimates of the) BMD values are reported for the endpoints that were used
in the risk characterisation (i.e. Tables 1.2 (for furazolidone) and 1.20 (for SEM)), except for
nitrofurantoin (see Section 1.5). An overall BMD confidence interval is reported based on the lowest
BMDL and highest BMDU from the five models. Finally, a figure shows the dose-response data,
together with one of the fitted models (the log-logistic in each case). The BMD analysis for the effect
of furaltadone on mammary tumours is reported in a concise way because the analysis was not used in
the risk assessment due to the large difference between the BMDL and BMDU.

Continuous endpoints. The dataset analysed is tabulated. The results of the fitted (four-parameter)
exponential and Hill model are shown in figures for all endpoints and in tables for the endpoints used
for the risk characterisation. The legends of the figures provide details, including parameter estimates,
and the established BMDL, BMD and BMDU. An overall BMD confidence interval is reported based
on the lowest BMDL and highest BMDU from the two models.

Note that these overall BMD confidence intervals reflect intervals with a greater confidence than the
90 % level related to the confidence intervals for the individual models (due to the extreme values
calculated for the different models used), in particular in the case of quantal data where five models
were used.

A benchmark response (BMR) of 10 % was used for quantal data and 5 % for continuous data as
recommended by the EFSA Scientific Committee (EFSA, 2009).

Uncertainty in BMD calculations may be reflected by the width of the confidence interval (BMDL to
BMDU), or by the BMDU/BMDL ratio. Therefore, BMDL and BMDU values are reported for all the
BMD analyses shown and BMD values are only reported for those endpoints that were used in the risk
characterisation.

Accounting for the uncertainty in the BMD calculation in each of these analyses, the CONTAM Panel
noted that for the endpoints used to characterise the risk, the BMDU/BMDL ratio (from the overall
cofindence interval (Cl)) did not exceed one order of magnitude. The BMD analyses for
osteosarcomas caused by nitrofurantoin, resulted in a BMDU of infinity (see Section 1.5) and,
therefore, no BMDU/BMDL ratio was calculated.

1.1. Furazolidone: carcinogenicity endpoints

The CONTAM Panel considered the tumour data from four carcinogenicity studies suitable for dose—
response modelling:

1. Halliday et al. (1974): bronchial adenocarcinomas observed in male and female Swiss
MBR/ICR mice;

2. King et al. (1972a); Halliday et al. (1973a): malignant mammary tumours (adenocarcinomas
and carcinosarcomas) observed in female Sprague—Dawley rats;

3. King et al. (1972b); Halliday et al. (1973b): mammary adenocarcinomas observed in Fischer
344 rats;
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4. King et al. (1972b); Halliday et al. (1973b): malignant mammary tumours (adenocarcinomas
and carcinosarcomas) in female and neural astrocytomas observed in male Sprague—Dawley
rats.

The BMDL and BMDU that are derived from these four studies should be considered to be indicative,
because all four studies had mortality before the end of the study. The animals that died prematurely
without tumours might have developed tumours (in response to the dose) had they not died. This
results in additional uncertainty in the estimated dose—response relationship, which is not covered by
the reported BMD confidence intervals.

1.1.1. Bronchial adenocarcinomas in mice

The data for bronchial adenocarcinomas in mice from Halliday et al. (1974) are given in Table I.1. The
data from both male and female animals were combined. The dose—response analysis revealed no
significant differences between both genders, thus the results hold equally for both males and females.

Table 1.1: Dose-response data for bronchial adenocarcinomas from Halliday et al. (1974 )

Dose Number of animals with bronchial

(mg/kg b.w. per day) Number of animals adenocarcinomas Sex
0 49 13 M
12 48 19 M
24 50 26 M
47 50 37 M
0 50 15 F
12 50 18 F
24 47 20 F
47 48 30 F

b.w.: body weight; F: female; M, male.

As Table 1.2 shows, the lowest BMDL,, was 3.5 mg/kg b.w. per day and the highest BMDU,, was
22 mg/kg b.w. per day, resulting in an overall BMD confidence interval of 3.5-22 mg/kg b.w.

The results in Table 1.2 were re-calculated by the BMDS software, resulting in the same values for the
BMDLyo. (Note: the BMDS software does not provide for combining dose-response data from
different subgroups differing in one or more model parameters, but in this case the two subgroups
were assumed to have identical dose—response curves.)

The data for both genders were also analysed separately. The overall BMDy, confidence interval for
males was 1.2-21 mg/kg b.w. per day and for females 2.0-48 mg/kg b.w. per day. These values are in
line with the results reported by Carlsson Forslund (2014).

Table 1.2: Benchmark dose analysis® for bronchial adenocarcinoma

Number of Log- BMDL,, BMD ;o BMDU,™
Model A Accepted (mg/kg b.w. (mg/kg b.w. per  (mg/kg b.w. per

parameters likelihood

per day) day) day)

Null 1 —-270.06 -
Full 8 —-250.86 -
Two.stage 3 —252.2 Yes 5.23 9.86 194
Log.logist 3 -252.27 Yes 4.49 114 22.2
Weibull 3 —-252.22 Yes 3.75 10.5 21.9
Log.prob 3 -252.32 Yes 4.96 11.7 22.4
Gamma 3 —252.23 Yes 3.47 10.7 22
Logistic 2 -252.2 Yes 7.8 9.24 11.5

b.w.: body weight.
(a): Covariate: sex; BMR: 0.1 extra risk; constraint: no; p-value goodness of fit: 0.05.
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(b): The BMDL and BMDU values should be considered to be indicative.

log.logist

<
i

T version: 50.9
model A 18
log-lik -252.27
a- 0.2871
BMD- 11.3588
c 1.6867
dtype 4

b: 41.79
ces.ans 3
CES 0.1
conv 0
scaling on x: 1
selected all
extrarisk 0.1
Cl

4.49 22.21

bronch.adenocarc

0 10 20 30 40

dose

Figure 1.1: The dose-response data for the bronchial adenocarcinomas (triangles: males; circles:
females) with the fitted log-logistic model, assumed to be identical for both sexes based on the
statistical analysis of the two dose responses. The two dashed lines indicate the benchmark response of
10 % and the associated benchmark dose for this curve. Note that the data for males were slightly
shifted to the right, to visually distinguish the confidence intervals for the responses.

1.1.2.  Malignant mammary tumours

The mammary tumours as reported in two studies in Sprague—Dawley rats (Table 1.3; Halliday et al.,
1973a and Halliday et al., 1973b) were combined in the BMD analysis. Only the background response
was found to differ significantly between both studies. Therefore, both studies estimate the same value
for the BMDy,. The overall BMDy, confidence interval was 25-86 mg/kg b.w. per day (Table 1.4).

Table 1.3: Data on malignant mammary tumours (adenocarcinomas and carcinosarcomas) from two
carcinogenicity studies as used for the benchmark dose analysis

Dose Number of Number of animals with

(mg/kg b.w. per day) animals mammary tumours Reference
0 35 1 Halliday et al. (1973a)
0.8 35 3 Halliday et al. (1973a)
4.3 35 4 Halliday et al. (1973a)
14 35 4 Halliday et al. (1973a)
0 50 1 Halliday et al. (1973b)
125 50 1 Halliday et al. (1973b)
25 50 3 Halliday et al. (1973b)
50 50 8 Halliday et al. (1973b)

b.w.: body weight.
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Table 1.4: Benchmark dose (BMD) analysis® for mammary tumours, in which study was included as
a covariate. The BMDLy,s and BMDUyss hold similarly for both studies, as only parameter a
(background response) was found to differ between the studies.

Number of Log- BMDL,o BMDU;,"
Model Par.covar® o9 Accepted  (mg/kg b.w. (mg/kg b.w.

parameters  likelihood

per day) per day)

Null 1 -89.31 —
Full 8 —82.51 —
Two.stage a® 4 —83.84 Yes 25.4 72.8
Log.logist a® 4 -83.85 Yes 25.1 82.9
Weibull a® 4 —83.85 Yes 25.3 82.2
Log.prob a® 4 -83.85 Yes 24.8 86
Gamma a® 4 —83.85 Yes 25.3 81.8
Logistic a® 3 -83.7 Yes 33.6 60.9

b.w.: body weight; BMDL,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU:benchmark
dose upper confidence limit.

(a): BMR: 0.1 extra risk; constraint: no; p-value goodness of fit: 0.05.

(b): a = background response parameter in the dose-response model.

(c): Par.covar = model parameter(s) that were found to differ significantly between the subgroups (studies).

(d): The BMDL and BMDU values should be considered to be indicative.

log.logist

version: 50.9
model A 18
log-lik -83.85
- a-a 0.0788
T a-b 0.0147
BMD- 38.9057
c 17416
dtype 4

b: 137.4
ces.ans 3
CES 0.1
conv 0
scaling on x: 1
selected all
extrarisk 0.1
ClI

25.14 82.93

0.30
1

0.25
1

mamm.tum.neg
0.15
1

0.10

0 10 20 30 40 50

dose

Figure 1.2: The dose-response data for the malignant mammary tumours (triangles: Halliday et al.,
1973b; circles: Halliday et al., 1973a) with the fitted log-logistic model, assumed to differ in the
background response but not in sensitivity to the compound, nor in shape, based on the statistical
analysis of the two dose responses. The two horizontal dashed lines indicate the benchmark response
of 10 % for each study, the vertical dashed line the associated benchmark dose for these curves (which
holds for both datasets in this case).
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1.1.3. Mammary adenocarcinomas

Mammary adenocarcinomas were reported in both studies with Sprague—Dawley rats, as well as in the
study with Fisher 344 rats (Table 1.5; Halliday et al., 1973a; Halliday et al., 1973b). The data from
these three studies were combined (for females only). No significant differences in dose-response
among studies were found other than in the background response. The overall BMDy, confidence

interval was 37-60 mg/kg b.w. per day (Table 1.6).

Table 1.5: Data on mammary adenocarcinomas from three carcinogenicity studies as used for the

benchmark dose analysis

Dose Number Number of female animals
(mg/kg b.w.  of female with mammary Rat strain Reference
per day) animals adenocarcinoma
0 34 1 Sprague—Dawley Halliday et al. (1973a)
0.8 35 2 Sprague—Dawley Halliday et al. (1973a)
4.3 33 2 Sprague—Dawley Halliday et al. (1973a)
14 35 3 Sprague—Dawley Halliday et al. (1973a)
0 49 1 Sprague—Dawley Halliday et al. (1973b)
125 50 0 Sprague—Dawley Halliday et al. (1973b)
25 50 3 Sprague—Dawley Halliday et al. (1973b)
50 50 8 Sprague—Dawley Halliday et al. (1973b)
0 49 0 Fischer 344 Halliday et al. (1973b)
125 50 0 Fischer 344 Halliday et al. (1973b)
25 50 0 Fischer 344 Halliday et al. (1973b)
50 50 6 Fischer 344 Halliday et al. (1973b)

b.w.: body weight.

Table 1.6: Benchmark dose (BMD)® results for mammary adenocarcinomas, in which study was
included as a covariate. The BMDLs and BMDUs hold similarly for both studies, as only parameter a

(background response) was found to differ between the studies.

BMDL® BMDU,@
Model Par.covar®  No.par Iikelz_l(i)r?oo g Accepted kf_r\?f/gfr b(,r\T/]vg/;I)(gr Sens.subgr
day) day)

Null 1 —103.99 —

Full 12 —86.52 —

Two.stage a® 5 —90.34 Yes 37.4 60.3 —
Log.logist a® 5 —89.24 Yes 39.4 54.3 —
Weibull a® 5 —89.26 Yes 40 54.4 —
Log.prob a® 5 -89.23 Yes 38.1 55.3 —
Gamma a® 5 -89.23 Yes 39 54.6 —
Logistic a® 4 —88.69 Yes 43.4 53 —

b.w.: body weight; BMDL4: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU:benchmark

dose upper confidence limit.

(a): BMR: 0.1 extra risk; covariate: study; constraint: no; p-value goodness of fit: 0.05.
(b): Par.covar = model parameter(s) that were found to differ significantly between the subgroups (studies).
(c): a=background response parameter in the dose—response model.

(d): The BMDL and BMDU values should be considered to be indicative.
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o version: 50.9
™ model A 18
=} log-lik -89.24
a2 0.0583
a3 0

a-4 0.0243
BMD- 47.2396
¢ 5.0307
dtype 4

b: 73.11
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selected all
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Figure 1.3: The dose-response data for the mammary adenocarcinomas (triangles: Fisher rat study
reported by Halliday et al., 1973b; pluses: Sprague—Dawley rat study reported by Halliday et al.,
1973b; circles: Sprague-Dawley rat study reported by Halliday et al., 1973a) with the fitted log-
logistic model, assumed to differ in the background response but not in sensitivity to the compound,
nor in shape, based on the statistical analysis of the two dose responses. The three horizontal dashed
lines indicate the benchmark response of 1 0 % for each study, the vertical dashed line the associated
benchmark dose for these three curves (which holds for all three datasets in this case).

1.1.4.  Astrocytomas
The astrocytomas reported in Sprague—Dawley rats (Table 1.7; Halliday et al., 1973b) were analysed
for the males. The overall BMD,, confidence interval was 35-120 mg/kg b.w. per day (see Table 1.8).

Table 1.7: Data on astrocytomas from one carcinogenicity study as used for the benchmark dose
analysis

Dose Number of Number of males with

(mg/kg b.w. per day) males astrocytomas Reference
0 50 0 Halliday et al., 1973b
125 50 0 Halliday et al., 1973b
25 50 2 Halliday et al., 1973b
50 50 5 Halliday et al., 1973b

b.w: body weight.
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Table 1.8: BMD® results for of astrocytomas in male Sprague—Dawley rats

Log-

BMDL;,® (mg/kg b.w.

BMDU,™ (mg/kg b.w.

Model No.par likelihood Accepted per day) per day)

Null 1 -30.34 —

Full 4 —24.65 —

Two.stage 3 -25.14 Yes 36.7 102
Log.logist 3 —25.13 Yes 36.1 117
Weibull 3 —25.14 Yes 36.4 116
Log.prob 3 —25.03 Yes 35.2 119
Gamma 3 -25.11 Yes 36.1 112
Logistic 2 —25.65 Yes 41.2 72.3

b.w.: body weight; BMDL,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU:benchmark

dose upper confidence limit.

(a): BMR: 0.1 extra risk; no covariate; constraint: no; P-value goodness of fit: 0.05.

(b): The BMDL and BMDU values should be considered to be indicative.

astro.neg
0.10 0.15 0.20

0.05

0.00

log.logist

version: 50.9
model A 18
log-lik -25.13
a- 0

BMD- 48.3639
c 2.0978
dtype 4

b: 137.8
ces.ans 3
CES 0.1
conv 0
scaling on x: 1
selected all
extrarisk 0.1
Cl

36.11 116.8

Figure 1.4: The dose-response data for astrocytomas in male Sprague—Dawley rats, with the fitted
log-logistic model. The dashed lines indicate benchmark response of 10 % and associated benchmark

dose.
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1.15. Summary

Table 1.9 shows the BMD results for the four tumour types considered. From these results, the
CONTAM Panel selected the lowest BMDL o value of 3.5 mg/kg b.w. per day as a reference point for
the carcinogenic effects of furazolidone.

Table 1.9: Summary of benchmark dose results for furazolidone

Single or BMDL 4, @
Tumour type Study® combined Species Sex (mg/kg (ﬁ:;IIE; E)Ow
dataset b.w. per d N
analysed day) per day)
Bronchial 1 Gender Mice M and F 35® 22
adenocarcinomas combined
Malignant mammary ~ 2and3  Studies SD rats F 250© 86
tumours combined
Mammary 2and3  Studies SD and Fisher F 370 60
adenocarcinomas combined 344 rats
Neural astrocytomas 3 Single SD rats M 35 120

b.w.: body weight; BMDL,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU:benchmark

dose upper confidence limit; F: female; M: male;SD: Sprague—Dawley.

(@): Number refers to the following reference: (1) Halliday et al. (1974); (2) Halliday et al. (1973a); (3) Halliday et al.
(1973b).

(b): Holds equally for each gender.

(c): Holds equally for each study in the dataset.

(d): The BMDL and BMDU values should be considered to be indicative.

1.2. Furazolidone: red blood cells

In both chronic studies reported by Halliday et al. (1973a;b) the number of red blood cells were
measured at various points during the studies (days 360, 527 and 726 in the study reported by Halliday
et al. (1973a) and days 544 and 656 in the study reported by Halliday et al. (1973b); Table 1.10). The
data from all five observation days were combined for BMD analysis, which resulted in significant
differences in the background red blood cell values among the observation days, with a decreasing
trend with age. Also the within-group variances tended to increase with age. No significant difference
was found, however, for sensitivity to furazolidone among the observation days. Therefore, the
calculated BMDgs confidence interval holds for all observation days.
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Table 1.10: Data on number of red blood cells in female Sprague-Dawley rats as used for the
benchmark dose analysis

Dose (mg/kg b.w. Number of

Day . RBC = SD Reference
per day) animals

360 0 15 6.88 £0.43 Halliday et al. (1973a)
0.8 15 6.59 £ 0.36 Halliday et al. (1973a)

4.3 14 6.24 £ 0.59 Halliday et al. (1973a)

14 15 6.17 £ 0.50 Halliday et al. (1973a)

527 0 15 6.96 £ 0.58 Halliday et al. (1973a)
0.8 13 6.62 £ 0.53 Halliday et al. (1973a)

4.3 10 6.55 + 0.69 Halliday et al. (1973a)

14 14 6.38 + 0.67 Halliday et al. (1973a)

726 0 9 6.3£15 Halliday et al. (1973a)
0.8 7 6.0 £0.5 Halliday et al. (1973a)

4.3 6 49+1.6 Halliday et al. (1973a)

14 7 48+1.1 Halliday et al. (1973a)

544 0 17 6.27 £ 0.61 Halliday et al. (1973b)
125 17 5.87 +0.88 Halliday et al. (1973b)

25 18 5.70 + 1.33 Halliday et al. (1973b)

50 15 5.28 + 0.66 Halliday et al. (1973b)

656 0 15 6.12+0.72 Halliday et al. (1973b)
12.5 15 5.83+1.21 Halliday et al. (1973b)

25 15 4.86 +1.49 Halliday et al. (1973b)

50 6 5.13+1.27 Halliday et al. (1973b)

b.w.: body weight; RBC: number of red blood cells; SD: standard deviation.

The overall confidence interval for the BMDys was 0.10-4.88 mg/kg (see Figure 1.5).

Exponential model Hill model

m5-av . m5-av _
version: 50.9 version: 50.9
loglk  156.56 loglk  156.53
var-360 0.00526 var-360 0.00526
var-527 0.00815
var-544  0.0245
var-656 0.0508
var-726  0.0532

var-527 0.00815
var-544  0.0245
var-656 0.0508
var-726  0.0532

a-360 6.84 a-360 6.84
a-527 7 a-527 7
a-544 6.34 a-544 6.34
a-656 5.92 a-656 5.92
& a726 5.7 8 a726 5.7
2 CED- 1.24 2 CED- 1.24
& c- 1.05e-06 4 c- 1.05e-06
d- 0.334 d- 0.348
CES -0.05 CES -0.05
conv : 1 conv : 1
scaling factoron x : 1 scaling factoron x : 1
dtype : 10 dtype : 10
selected : all selected : all

remov ed:
none

remov ed:
none

covariate: day
-05 0.0 05 1.0 15 -05 0.0 05 1.0 15

CEDL 0.1018 o0 10.Dose CEDL 0.1046
CEDU 4.88 9 CEDU 4.878

covariate: day

log10-Dose

Figure 1.5: Dose—response data and fitted model for red blood cells measured on various observation
days (indicated by different marks and colours) in the two chronic studies on furazolidone. The
background red blood cell levels for the various observation days are indicated in the right-hand side
legend as parameter a followed by day number. The BMDs, BMDLs and BMDUSs are shown in the
legends on the right side of the figures (see CED, CEDL and CEDU). Note that the benchmark
response is 5 %, indicated as CES (critical effect size) in the legend.
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1.3

Brinck et al. (1995) reported the effects of AOZ on four blood parameters (red blood cell count and
levels of ALP, AST and bilirubin) in dogs (see Table 1.11), all of which were subjected to a BMD
analysis.

3-amino-2-oxazolidinone: non-neoplastic lesions

Table 1.11: Dose-response data for the effect of 3-amino-2-oxazolidinone on four blood parameters in
dogs as used for the benchmark dose analysis

Dose (mafkg baw. per day) N“g‘fber RBC£SD ALP:SD AST+SD BiliburinesD o
el (10%0)  (nkatll)  (ukat/L) (umol/L)
0 3 559+053 162+019 046008 16+01 M
1 3 523+006 3.08+039 057+008  22+0.26 M
3 3 508+0.18 58+051 088+012  443+115 M
6 3 459+009 829+456 135+027  6.1+044 M
0 3 637045 133+011 06+013 177015 F
1 3 564044 236+041 064+007 197021 F
3 3 507039 438+059 081+003  42+0.79 F
6 3 482+022 639+07 117+036  6.93+2.69 F

ALP: alkaline phosphatase; b.w.: body weight; F: female; M: male; RBC: red blood cell count; SD: standard deviation.

1.3.1.

Effect on red blood cell count in dogs (Brinck et al., 1995)

A significant difference in red blood cell count between males and females was found, but not in the
sensitivity to AOZ. Therefore, the BMDgs confidence interval holds similarly for both sexes. The
overall BMDgs confidence interval is 0.04-1.2 mg/kg b.w. per day (see Figure 1.6).

Exponential model
m5-a

Hill model
m5-a

N version: 50.9 24 version: 50.9
loglik 35.32 loglik 35.31
var- 0.00309 var- 0.00309
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Q A - @ -
£ [ : g [ .
2 b: 0.09056 2 LA b: 61.6
& 8 \}- CES -0.05 g B83- CES -0.05
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A scaling factoron x : 1 1 scaling factoron x : 1
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N none ~ none
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log10-Dose
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Figure 1.6: Dose—response data for the effect of 3-amino-2-oxazolidinone (AOZ) on the number of
red blood cells in dogs with fitted exponential and Hill model. The background red blood cell levels
differ significantly among sexes, but not the sensitivity for AOZ. The BMDs, BMDLs and BMDUs
are shown in the legends on the right side of the figures (see CED, CEDL and CEDU). Note that the
benchmark response is 5 %, indicated as CES (critical effect size) in the legend.
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1.3.2.

Effect on serum alkaline phosphatase level in dogs (Brinck et al., 1995)

For ALP, both sexes differ significantly in sensitivity to AOZ. The overall BMDgys confidence interval
in males is 0.02-0.18 mg/kg b.w. per day and in females 0.03-0.29 mg/kg b.w. per day (see Figure 1.7,

Table 1.12).
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Figure 1.7: Dose-response data for the effect of 3-amino-2-oxazolidinone (AOZ) on alkaline
phosphatase levels in dogs with fitted exponential and Hill model. Sensitivity to AOZ differs
significantly among sexes. The BMDs, BMDLs and BMDUs for males and females are shown in the
legends on the right side of the figures (see CED, CEDL and CEDU). Note that the benchmark
response is 5 %, indicated as CES (critical effect size) in the legend.
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Table 1.12: Benchmark dose results for the effect of 3-amino-2-oxazolidinone on alkaline phosphatase
levels in dogs

Analysis with exponential models

Model Converged npar Loglik
Full 1 9 7.76
Full-v 1 10 10.9
ml-v 1 3 —22.89
m2-v 1 4 -3.38
m2-av 1 5 -1.55
m2-bv 1 5 —2.67
m2-abv 1 6 -1.51
m3-v 1 5 541
m4-v 1 5 6.69
m5-v 1 6 6.93
m5-vab 1 8 10.66
m5-bv 1 7 10.02
m5-v 1 6 6.93
m5-bv 1 7 10.02
Analysis with Hill models

Model Converged npar Loglik
full-v 1 10 10.9
ml-v 1 3 —22.89
m2-v 1 4 -8.76
m2-av 1 5 —7.54
m2-bv 1 5 -8.52
m2-abv 1 6 —7.49
m3-v 1 5 3.95
m4-v 1 5 6.66
m5-v 1 6 6.93
m5-vab 1 8 10.63
m5-bv 1 7 9.98
m5-v 1 6 6.93
m5-bv 1 7 9.98
1.3.3.  Effect on serum aspartate aminotransferase level in dogs (Brinck et al., 1995)

For AST, males and females were found to differ significantly in sensitivity to AOZ, although the
difference was not large. The overall BMDys confidence interval for males is 0.08-0.9 mg/kg b.w. per

day and 0.18-1.6 mg/kg b.w. per day for females (see Figure 1.8).
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Figure 1.8: Dose response data for the effect of 3-amino-2-oxazolidinone on aspartate
aminotransferase in dogs with fitted exponential and Hill model. Males and females differed
significantly in both a (background response) and b (sensitivity). The BMDs, BMDLs and BMDUs for
males and females are shown in the legends on the right side of the figures (see CED, CEDL and
CEDU). Note that the benchmark response is 5 %, indicated as CES (critical effect size) in the legend.

1.3.4.  Effect on serum bilirubin levels in dogs (Brinck et al., 1995)

For bilirubin, males and females were not found to differ significantly in dose response. The overall
BMDgs confidence interval is 0.20-0.97 mg/kg b.w. per day (Figure 1.9).
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Figure 1.9: Dose—response data for the effect of 3-amino-2-oxazolidinone on bilirubin in dogs with
fitted exponential and Hill model. Males and females did not differ significantly in a (background
response) or b (sensitivity). The BMDs, BMDLs and BMDUs for males and females are shown in the
legends on the right side of the figures (see CED, CEDL and CEDU). Note that the benchmark
response is 5 %, indicated as CES (critical effect size) in the legend. Regarding the CED note the
scaling factor of 6.
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1.3.5. Summary

Table 1.13 shows the BMD results for the effect of AOZ on the four blood parameters considered.
From these results, the CONTAM Panel selected the lowest BMDL g5 value of 0.02 mg/kg b.w. per day
for the effect of AOZ on ALP.

Table 1.13: Summary of benchmark dose results for non-neoplastic lesions caused by 3-amino-2-
oxazolidinone in dogs

Target Sex BMDLgs (mg/kg b.w.  BMDUgs (mg/kg b.w.

per day) per day)
Red blood cell count M and F 0.04® 1.2
Serum alkaline phosphatase level M 0.02 0.18
Serum alkaline phosphatase level F 0.03 0.29
Serum aspartate aminotransferase level M 0.08 0.9
Serum aspartate aminotransferase level F 0.18 1.6
Serum bilirubin levels in dogs M and F 0.2@ 0.97

b.w.: body weight; BMDL,,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU: benchmark
dose upper confidence limit F: female M: male.
(a): Holds equally for each gender.

1.4. Furaltadone: mammary tumours

There is a chronic study on furaltadone (Cohen et al., 1973), but this study included only a single dose
(other than the control). The average furaltadone dose was estimated to be 54 mg/kg b.w. per day, and
a significant increase in the incidence of mammary adenocarcinoma (25/32 versus 0/25 in the control)
was observed. Such data do not allow for a quantitative estimate of the potency, and therefore we
combined the Cohen data with the data from the studies on furazolidone (see analysis above). In the
analysis of the combined datasets, it was assumed that the shape parameter of the fitted model is the
same among the two chemicals. This assumption is supported by the empirical finding that the shape
parameter of fitted dose-response models in different carcinogens tends to be similar (Slob and Setzer,
2014). With this assumption, a finite BMD confidence interval may result, although the data for
furaltadone include only one dose and a control.
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log-logistic in terms of BMD

version: 50.9
model A 18
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c 1.7416
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Figure .10: The Cohen data for furaltadone (black circles) combined with the data for
furazolidone (red triangles and green crosses). Note that this is only the best fit, and many more curves
can describe these data (see Figure 1.11).

In this analysis the background response (parameter a) is assumed to depend on study (hence three
values), while the potency parameter b depends on compound (hence two values). The shape
parameter c is assumed to be the same for the three datasets.

Figure 1.11 shows the range of curves that are compatible with the combined dataset, assuming that the
shape parameter is constant for all three subgroups. The black curves relate to the Cohen dataset. The
wide variety of plausible curves results in a wide overall BMD;,, confidence interval for furaltadone:
0.03-40 mg/kg. This large confidence interval is in this case because the observed response in the
single dose in the Cohen study happens to be close to 100 %. Had the response been more
intermediate, the confidence interval would have been smaller.

This analysis indicates that furaltadone is most probably more potent than furazolidone, as is also clear
from just observing the confidence intervals around the observed responses (see Figure 1.10).
However, it is uncertain to what extent furaltadone is more potent.
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Figure 1.11: A selection of curves that are compatible with the data for furaltadone (black curves)
and for furazolidone (red and green curves), such that the shape parameter is the same for all three
datasets

1.5. Nitrofurantoin: osteosarcomas

The chronic study with nitrofurantoin (NTP, 1989) resulted in few osteosarcomas in male rats, as
shown in Table 1.14. The results of the BMD analysis are summarised in Table 1.15. The overall
BMDy, confidence interval is 61 to infinite mg/kg b.w. per day. Thus, only a lower bound for the
BMD;, could be assessed, since the BMD is not defined for a BMD confidence interval for which the
upper bound is infinite. Due to the very low incidence of osteosarcomas, no graphical representation
of the dose response data is presented.

Table 1.14: Data on osteosarcomas in male rats for nitrofurantoin reported by NTP (1989) as used for
the b enchmark dose analysis

Dose (mg/kg b.w. per day) Number of rats Number of rats with osteosarcomas
0 50 0
28 50 1
62 50 2

b.w.: body weight.

Table 1.15: Benchmark dose® results for osteosarcomas caused by nitrofurantoin

BMDL,, (mg/kg BMDU, (mg/kg b.w.

Model No.par Log-likelihood Accepted b.w. per day) per day)
Null 1 -14.71 — NA NA
Full 3 -13.3 (No) NA NA
Two.stage 3 -13.3 Yes 68.5 6 450
Log.logist 3 -13.3 Yes 61.9 Inf
Weibull 3 -13.3 Yes 61.7 Inf
Log.prob 3 -13.3 Yes 61.3 5.07 x 10°
Gamma 3 -13.3 Yes 61.7 Inf
Logistic 2 -13.62 Yes 62.4 Inf

b.w.: body weight; BMDL,,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU: benchmark
dose upper confidence limit; Inf: infinity; NA: not available.
(a): No covariate; BMR: 0.1 extra risk; constraint: no; p-value goodness of fit: 0.05.
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1.6. Nitrofurazone: non-neoplastic effects
For nitrofurazone, both a rat and a mouse study is available in which testes-related effects were found
(Nishimura et al., 1995; George et al., 1996); see Table 1.16 and 1.17.

Table 1.16: Dose—response data for the effect of nitrofurazone on testis and epididymis weight in rats
(Nishimura et al., 1995)

Dose (mg/kg b.w. per day) Number of rats Testis weight + SD Epididymis weight + SD
0 10 3.69+0.34 1.2+0.1
12.5 10 3.87+£0.22 1.18+0.18
25 10 2.01+£042 0.84 £0.93
50 10 1.45+0.17 0.74+0.6

b.w.: body weight; SD: standard deviation.

Table 1.17: Dose—response data for the effect of nitrofurazone on epididymal sperm number and
testicular spermatid number in mice (George et al., 1996)

Dose (mg/kg Number Epididymal sperm Testicular spermatid
b.w. per day) of mice number +* standard error of the number * standard error of the
mean mean
0 40 933 £ 50 9.6+0.4
14 20 817 +91 8.1+04
51 20 716 +50 7.7+0.4
102 20 15+14 1.2+0.3

b.w.: body weight.

1.6.1.  Effect on testes weight

The overall BMDgs confidence interval for testis weight in rats is 12-19 mg/kg b.w. per day (Figure
1.12).

Exponential model Hill model
m5- m5-
version: 60.0 version: 60.0
o | loglik  26.4 loglik  26.38
~ var- 0.0156 var- 0.0157
a- 3.77 a- 3.77
o CED- 18.8 CED- 17.3
- c- 0.382 - c- 0.382
= d- 10 < d- 10
2 o | 2
(3]
q;’ b: 1.557e-14 O;’ b: 22.11
9 CES -0.05 9 CES -0.05
5 <A conv : 1 k7 conv : 1
e scaling factoronx: 1 @ scaling factoron x : 1
° dtype : 10 dtype : 10
o
selected : all selected : all
© remov ed: remov ed:
=] none none
T T T T T T T T T T T T
CEDL 14.89 CEDL 12.23
0.6 0.8 10 12 14 16 CEDU 19.2 0.6 0.8 10 12 14 16 CEDU  17.96
log1l0-dose log10-dose

Figure 1.12:  Dose-response data for the effect of nitrofurazone on testis weights in rats with fitted
exponential and Hill model. The BMDs, BMDLs and BMDUs for males and females are shown in the
legends on the right side of the figures (see CED, CEDL and CEDU). Note that the benchmark
response is 5 %, indicated as CES (critical effect size) in the legend.
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1.6.2.  Effect on epididymis weight

The overall BMDgys confidence interval for epididymis weight in rats is 4.6-20 mg/kg b.w. per day
(Figure 1.13).

Exponential model Hill model
m5- m5-
version: 60.0 - version: 60.0
r loglik  -32.71 T loglik  -32.72
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T -] i & Su——
= b: 1.805e-11 = . b: 16.18
S g CES -0.05 S g | CES -0.05
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s dtype : 10 S \ dtype : 10
1
= selected : all S ! selected : all
remov ed: remov ed:
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) ) ) ) ) ) CEDU 19.94 : : . i . ) CEDU 18.82
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Figure 1.13:  Dose-response data for the effect of nitrofurazone on epididymis weights in rats with
fitted exponential and Hill model. The BMDs, BMDLs and BMDUs for males and females are shown
in the legends on the right side of the figures (see CED, CEDL and CEDU). Note that the benchmark
response is 5 %, indicated as CES (critical effect size) in the legend.

1.6.3.  Effect on epididymal sperm number

The overall BMDgs confidence interval for epididymal sperm number in mice is 25-92 mg/kg b.w. per
day (Figure 1.14).

Exponential model Hill model
m5- m5-
version: 60.0 version: 60.0
loglik -121.16 loglik -121.16
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Figure 1.14:  Dose-response data for the effect of nitrofurazone on epididymal sperm number in
mice with fitted exponential and Hill model. The BMDs, BMDLs and BMDUs for males and females
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are shown in the legends on the right side of the figures (see CED, CEDL and CEDU). Note that the
benchmark response is 5 %, indicated as CES (critical effect size) in the legend.

1.6.4.  Effect on testicular spermatid number

The overall BMD,s confidence interval for testicular spermatid number in mice is 24-82 mg/kg b.w.
per day (Figure 1.15).

Exponential model Hill model
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Figure 1.15:  Dose-response data for the effect of nitrofurazone on testicular spermatid number in
mice with fitted exponential and Hill model. The BMDs, BMDLs and BMDUs for males and females
are shown in the legends on the right side of the figures (see CED, CEDL and CEDU). Note that the
benchmark response is 5 %, indicated as CES (critical effect size) in the legend.

1.6.5. Summary

Table 1.18 shows the BMD results for the effect of nitrofurazone on the testis. From these results, the
CONTAM Panel noted the lowest BMDLys value of 4.6 mg/kg b.w. per day for the effect of
nitrofurazone on epididymis weight in rats.

Table 1.18: Summary of benchmark dose results for non-neoplastic lesions caused by nitrofurazone

Target Species BMDL g (mg/kg b.w. per day) BMDUgs (mg/kg b.w. per day)
Testis weight rat 12 19
Epididymis weight rat 4.6 20
Epididymal sperm number mice 25 92
Testicular spermatid number mice 24 82

b.w.: body weight; BMDL,,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU: benchmark
dose upper confidence limit.

1.7. Semicarbazide: non-neoplastic effects

1.7.1.  Disarrangement of epiphyseal chondrocytes tibia

Takahashi et al. (2014) reported the effects of semicarbazide on disarrangement of epiphyseal
chondrocytes tibia in Wistar Hannover GALAS rats (see Table 1.19). The results of the BMD analysis
are shown in Table 1.20. The overall BMD,, confidence interval is 1.0-3.8 mg/kg b.w. per day. Figure
1.16 shows the data with the fitted log-logistic model.
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Table 1.19: Dose—-response data for disarrangement of epiphyseal chondrocytes tibia in rats
(Takahashi et al., 2014)

Dose Number of Number of rats with disarrangement of epiphyseal

(mg/kg b.w. per day) rats chondrocytes tibia Sex

0 10 0 M
0.6 10 0 M
3.5 10 5 M
16.7 10 10 M

0 10 0 F
0.8 10 0 F
45 10 2 F
21.8 10 10 F

b.w.: body weight; F: female; M: male.

Table 1.20: Benchmark dose® results for disarrangement of epiphyseal chondrocytes tibia
(semicarbazide)

BMDL,, BMD;; BMDUy,

Model Par.covar  No.par Iiktle_l(i)r?oo d Accepted tg.r\T/]vg.llyl)(gr b(.r\T/]vg.]/ggr b(.r\T/]vg.]/ggr Sens.subgr
day) day) day)

Null 1 -51.15 -

Full 8 -12.36 -

Two.stage — 3 —14.35 Yes 1.55 2.05 2.81 —
Log.logist — 3 -14.82 Yes 1.34 2.33 3.23 —
Weibull — 3 -14.34 Yes 1.03 1.99 3.09 —
Log.prob — 3 —14.52 Yes 1.31 2.28 3.19 —
Gamma — 3 -14.33 Yes 1.09 2.11 3.12 —
Logistic b 3 -11.94 Yes 1.61 3.17 3.78 m

b.w.: body weight; BMDL,,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU: benchmark
dose upper confidence limit.
(a): Covariate: sex; BMR: 0.1 extra risk; constraint: no; p-value goodness of fit: 0.05.

log.logist
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version: 60.0
model A 18
log-lik -14.82
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Figure 1.16:  Dose-response data for disarrangement of epiphyseal chondrocytes tibia with fitted
log-logistic model. No significant differences in dose response were found between males (red
triangles) and females (black circles)
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1.7.2.  Cleft palate in fetuses of treated Sprague—-Dawley rats

Steffek et al. (1972) found effects from semicarbazide on cleft palate in Sprague—-Dawley rat fetuses
(see Table 1.21). The results of the BMD analysis are shown in Table 1.22, resulting in an overall
BMD;, confidence interval of 5.4-21 mg/kg b.w. per day. Figure 1.17 shows the data with the fitted
log-logistic model.

Table 1.21: Dose—response data for the effect of semicarbazide on cleft palate in Sprague—Dawley rats
(Steffek et al., 1972)

Number of fetuses with cleft

Dose (mg/kg b.w. per day) Number of fetuses palate
5 32 0
10 107 0
25 28 12
50 42 40
100 22 22

b.w.: body weight.

Table 1.22: Benchmark dose @ results for cleft palate in Sprague—Dawley rat fetuses (semicarbazide)

BMDL, (mg/kg b.w. BMDUy (mg/kg b.w.

Model No.par Log-likelihood Accepted ver day) oer day)
Null 1 —144.87

Full 5 -27.16

Two.stage 3 -38.21 No

Log.logist 3 —27.83 Yes 5.4 20.9
Weibull 3 -30.3 No

Log.prob 3 —27.44 Yes 14.8 20.6
Gamma 3 —28.06 Yes 14.9 20.5
Logistic 2 -31.61 No

b.w.: body weight; BMDL,,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU: benchmark

dose upper confidence limit.
(a): No covariate; BMR: 0.1 extra risk; constraint: no; p-value goodness of fit: 0.05.

log.logist

version: 60.0
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log-lik -27.83
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Figure 1.17:  Dose-response data for cleft palate in Sprague—Dawley rat fetuses with fitted log-
logistic model
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1.7.3. Summary

Table 1.23 shows the BMD results for the effect of SEM on the non-neoplastic effects considered.
From these results, the CONTAM Panel selected the lowest BMDL 14 value of 1.0 mg/kg b.w. per day
for the effect of SEM on disarrangement of epiphyseal chondrocytes tibia.

Table 1.23: Summary of benchmark dose results for non-neoplastic effects caused by
semicarbazide in rats

Target BMDL,, (mg/kg b.w. per  BMDU,, (mg/kg b.w. per

day) day)
Disarrangement of epiphyseal chondrocytes tibia 1.0@ 3.8
Cleft palate 5.4 21

b.w.: body weight; BMDL,,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU: benchmark
dose upper confidence limit.
(a): Holds equally for each gender.

1.8. Nifursol: non-neoplastic effects

1.8.1.  Non-neoplastic effects reported by Wood et al. (1984)

Wood et al. (1984) reported the effects of nifursol on packed cell volume (PCV), mean corpuscular
volume (MCV) and spleen weight in a 13-week study in rats (see Table 1.24). The endpoints MCV and
PCV in both sexes, and spleen weight in females were selected for BMD analysis.

Table 1.24: Dose-response data for the effect of nifursol on packed cell volume, mean corpuscular
volume and spleen weight in Sprague—Dawley rats (Wood et al., 1984)

Dose (mg/kg Number of Sex MCV® PCV@ Spleen weight
b.w. per day) animals (fL) (%) (9)
0 10 M 68 + 3.1 56+ 1.9 n.m.
13.7 10 M 68 + 2.6 55+1.5 n.m.
28.0 10 M 67 2.5 54+1.2 n.m.
39.7 10 M 66 + 3.4 55+1.2 n.m.
53.6 10 M 6320 55+25 n.m.
67.2 20 M 62+ 2.5 53+ 1.7 n.m.
0 10 F 70+2.2 54+1.8 0.53 £ 0.067
14.9 10 F 69 +2.3 53+ 1.6 0.58 £ 0.067
30.2 10 F 69+1.9 51+2.0 0.62 £ 0.079
44.0 10 F 69 +4.0 50+2.0 0.62 +0.079
61.8 10 F 67+2.1 49+28 0.59 + 0.088
78.8 20 ® F 67 +2.4 49+1.6 0.65 + 0.097

b.w.: body weight; BMDL,,: lower 95 % confidence limit for a benchmark response of 10 % extra risk; BMDU: benchmark
dose upper confidence limit; F: female; fL: femtolitre; M: male; MCV: mean corpuscular volume; n.m.: not modelled; PCV:
packed cell volume.

(a): Data from week 13.

(b): For spleen weight only, 10 animals in high-dose group.

Males were found to be significantly more sensitive regarding MCV, while females were more
sensitive regarding PCV (Figure 1.18 and 1.19).

The overall BMDgs confidence intervals are:
MCV: 28-47 mg/kg b.w. per day (males);

PCV: 18-39 mg/kg (females).
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The dose—response analysis of spleen weight showed a significant trend, but the responses at all (five)
non-zero doses were very similar (see Figure 1.20), i.e. despite the large number of doses, there is very
little dose—response information below the maximum response. As a result, the lower bound of the
BMD is not determined by these data. It might also by hypothesised that the control group in this
dataset was an outlier, while there is in reality no dose-related response. The latter is supported by
another dataset on spleen weights in which the maximum response was found to be much larger.
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Figure 1.18:  Dose-response data for the effect of nifursol on mean corpuscular volume with fitted
exponential and Hill model for males (triangles) and females (circles). The BMDs, BMDLs and
BMDUs for males and females are shown in the legends on the right side of the figures (see CED,
CEDL and CEDU). Note that the benchmark response is 5 %, indicated as CES (critical effect size) in
the legend.
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Figure 1.19:  Dose-response data for the effect of nifursol on packed cell volume with fitted
exponential and Hill model for males (triangles) and females (circles). The BMDs, BMDLs and
BMDUs for males and females are shown in the legends on the right side of the figures (see CED,
CEDL and CEDU). Note that the benchmark response is 5 %, indicated as CES (critical effect size) in
the legend.
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Figure 1.20:  Dose-response data for the effect of nifursol on spleen weights with fitted exponential
and Hill model for females. The BMDs, BMDLs and BMDUs for males and females are shown in the
legends on the right side of the figures (see CED, CEDL and CEDU). Note that the benchmark
response is 5 %, indicated as CES (critical effect size) in the legend.

1.8.2.  Effect of nifursol on liver weight (Rude et al., 1970c)

Liver weights in male Simonsen Long-Evans rats, reported by Rude et al. (1970c) showed a clear
dose-related decrease in a 2-year rat study (Table 1.25, with an overall BMDgs confidence interval of
11-26 mg/kg b.w. per day (Figure 1.21, Table 1.26).

Table 1.25: Dose-response data for the effect of nifursol on liver weight in male Simonsen Long—
Evans rats (Rude et al., 1970c)

Dose (mg/kg b.w. per day) Number of animals Liver weight + SD (g)
0 37 151+1.73
17.0 35 151+1.9
25.9 36 13.3+1.8
35.0 28 135+1.7
43.5 39 12.3+ 155
b.w.: body weight; SD: standard deviation.
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Figure 1.21:  Dose-response data for the effect of nifursol on liver weights with fitted exponential
and Hill model for males. The BMDs, BMDLs and BMDUs for males and females are shown in the
legends on the right side of the figures (see CED, CEDL and CEDU). Note that the benchmark
response is 5 %, indicated as CES (critical effect size) in the legend.
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Table 1.26: Benchmark dose results for the effect of nifursol on liver weight in male rats

Analysis with exponential models

Model Converged npar Loglik
Full 1 6 117.92
ml- 1 2 85.94
m2- 1 3 111.36
m3- 1 4 113.2
m4- 1 4 111.36
mb5- 1 5 113.42

Analysis with Hill models

Model Converged npar Loglik
Full NA 6 117.92
ml- 1 2 85.94
m2- 1 3 110.87
m3- 1 4 113.25
m4- 1 4 110.87
m5- 1 5 113.8

1.8.3.  Summary

Table 1.27 shows the BMD results for the effect of nifursol on the non-neoplastic effects considered.
From these results, the CONTAM Panel selected the lowest BMDLgs value of 11 mg/kg b.w. per day
for the effect of nifursol on liver weight.

Table 1.27: Summary of benchmark dose results for non-neoplastic effects caused by nifursol in rats

Target Sex BMDL g (mg/kg BMDUgs (mg/kg
b.w. per day) b.w. per day)
Mean corpuscular volume M 28 47
F 78 224
Packed cell volume M 59 133
F 18 39
Liver weight M 11 26

b.w.: body weight; BMDLgs: lower 95% confidence limit for a benchmark response of 5 % extra risk; F: female; M: male.
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ABBREVIATIONS

ABP
ADI
AFC Panel

AHD
AlH
ALP
ALT
AMOZ
AOZ
APCI
AST
BCRP/ABCG2
BgvVv
b.i.d.
BMD
BMDL
BMDL,
BMDU
BMR
BrdU
b.w.
CAS
CCa.
CCp
CDso
CED
CEDL
CEDU
CES
CHL
CHO

Cl

Crnax
CONTAM Panel
CPAHD
CPSEM
CVMP
CYP
DAD
DMSO
DNSH
d.w.

Androgen-binding protein
Acceptable daily intake

EFSA Scientific Panel on Food Additives, Flavourings, Processing Aids and

Materials in Contact with Food

1-aminohydantoin

Autoimmune hepatitis

alkaline phosphatase

Alanine aminotransferase
3-amino-5-methylmorpholino-2-oxazolidinone
3-amino-2-oxazolidinone

Atmospheric pressure chemical ionisation
Aspartate aminotransferase

Breast cancer resistance protein

Federal Institute for Consumer Health Protection and Veterinary Medicine
bis in die (twice daily)

Benchmark dose

Benchmark dose lower confidence limit

Lower 95 % confidence limit for a benchmark response of 10 % extra risk
Benchmark dose upper confidence limit
Benchmark response

Bromodeoxyuridine

Body weight

Chemical Abstracts Service

Decision limit

Detection capability

Median convulsant dose

Critical effect dose

Critcal effect dose lower confidence limit

Critcal effect dose upper confidence limit

Critical effect size

Chinese hamster lung

Chinese hamster ovary

Confidence interval

maximum serum concentration

EFSA Scientific Panel on Contaminants in the Food Chain
1([(2-carboxyphenyl) methylene]-amine)-hydantoin
[(2-carboxyphenyl) methylene]-semicarbazide
Committee for Veterinary Medicinal Products
Cytochrome P450

Diode-array detection

Dimethyl sulphoxide

3,5-dinitrosalicylic acid hydrazide

Dry weight
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EC European Commission

EEA European Economic Area (EEA

ELISA Enzyme-linked immunosorbent assays

EMA European Medicines Agency

EMEA European Agency for the Evaluation of Medicinal Products
ESI Electrospray ionisation

EU European Union

F Female

FAD Flavine adenine dinucleotide

FAO Food and Agriculture Organization

FAPAS Food Analysis Performance Assessment Scheme
fL Femtolitre

FL Fluorescence detection

FMN Flavine mononucleotide

FSA Food Standards Agency

FSANZ Food Standards Australia New Zealand

FSH Follicle-stimulating hormone

G6PD Glucose-6-phosphate dehydrogenase

GGT Gamma-glutamy! transferase

GSH Glutathione

GSSG Glutathione-disulphide

HBGV Health-based guidance value

HEH 2-hydroxy-ethylhydrazine

HPLC High-performance liquid chromatography

IARC International Agency for Research on Cancer

i.c. Intracerebral

i.p. Intraperitoneal

IRMM Institute for Reference Materials and Measurements
[AY2 Intravenous

JECFA Joint FAO/WHO Expert Committee on Food Additives
LC-MS Liquid chromatography—mass spectrometry
LC-MS/MS Liquid chromatography—tandem mass spectrometry
LDsg Median lethal dose

LOAEL Lowest-observed-adverse-effect level

LOD Limit of detection

Log Koy Octanol/water partition coefficient

LOQ Limit of quantification

M Male

MAO Monoamine oxidase

MCHC Mean corpuscular haemoglobin concentration
MCV Mean corpuscular volume

mm Marker metabolite

MN Micronucleus

MOE Margin of exposure
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MPL Maximum permitted level

MRL Maximum residue limit

MRPL Minimum required performance limit

NADPH Nicotinamide adenine dinucleotide phosphate

NA Not applicable

NAT N-acetyltransferases

NBA 2-nitrobenzaldehyde

ND Not detectable

n.m. Not modelled

NMC Normochromatic micronucleated erythrocytes

NOAEL No-observed-adverse-effect level

NOEL No-observed-effect level

NPAHD 1([(2-nitrophenyl) methylene]-amine)-hydantoin

NPAMOZ 3([(2-nitrophenyl) methylene]-amine)-5-methylmorpholino-2-oxazolidinone

NPAOZ 3([(2-nitrophenyl) methylene]-amine)-2-oxazolidinone

NPDNSH 3[(2-nitrophenyl) methylene]-5-dinitrosalicylic acid hydrazide

NPSEM [(2-nitrophenyl) methylene]-semicarbazide

NR nitroreductase

nr Not reported

OoT™M Olive tail moment

p.o. per os (orally)

PCE Polychromosome erythrocyte

PCV Packed cell volume

PES Processed Euchema seaweed

PMC Polychromatic micronucleated

PND Postnatal day

as guantum satis

RASFF Rapid Alert System for Food and Feed

RIVM National Institute for Public health and Environment (Rijksinstituut voor
Volksgezondheid en Milieu)

ROS Reactive oxygen species

RPA Reference point for action

s.C. subcutaneous

SCAN Scientific Committee on Animal Nutrition

SCE Sister chromatid exchange

SCO Sertoli cell only

SEM Semicarbazide

SPE Solid phase extraction

TK Thymidine kinase

T max Time to peak concentration

ubDS Unscheduled DNA synthesis

UHPLC Ultra-high-performance liquid chromatography

UK United Kingdom

USA United States of America
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United States Department of Agriculture
Ultraviolet
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World Health Organization
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