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1. EXPLANATION

Natamycin (pimaricin) is a polyene macrolide antibiotic produced by submerged aerobic
fermentation of Streptomyces natalensis and related species. Fermentation is conducted for
several days, and the antibiotic is isolated either by broth extraction or by extraction of the
mycelium. It is used as a food additive to control the growth of yeasts and moulds on the
surface of cheese and other non-sterile products, such as meat and sausages.

Natamycin was evaluated by the Committee at its twelfth and twentieth meetings (Annex 1,
references 17 and 41). At its twentieth meeting, the Committee established an ADI of 0–
0.3 mg/kg bw. Natamycin was evaluated at the present meeting at the request of the Codex
Committee on Food Additives and Contaminants.

The Committee considered information on the current uses of natamycin, biological data not
previously evaluated, and data on its intake.

The activity of natamycin against yeasts and moulds, but not bacteria, makes it convenient for
use in foods that undergo a ripening period after processing. Its low solubility in water and most
organic solvents makes it suitable for the surface treatment of foods. Natamycin is used
topically in veterinary medicine to treat mycotic infections, such as ringworm in cattle and
horses. Previously, it was used topically against fungal infections of the skin and mucous
membranes in humans. Its medical use is now confined to topical treatment of corneal fungal
infections and the prevention of such infections in users of contact lens.

2. BIOLOGICAL DATA

2.1 Biochemical aspects: Absorption, distribution, and excretion

Rats

The distribution of natamycin was studied by autoradiographic and bioautographic techniques.
In the autoradiographic study, five female Wistar rats (TNO, specific pathogen-free) were each
given a single dose of 50 mg/kg bw of [14C]natamycin (50 mg in 5 ml of 1% amylum) orally.
In the bioautographic study, four female rats were each given a single dose of 50 mg/kg bw (70
mg in 7 ml of 1% amylum) orally. No information on the purity of the compound was provided.
Before treatment, the animals were fasted for 24 h but were given a 5% glucose drinking-water
solution. One animal in each group was killed by immersion in a solid CO2 and acetone mixture
under mild ether anaesthesia 1, 2 (autoradiographic study only), 4, 8, and 24 h after treatment.
Whole-body sections of the animals were cut in a cryostat at –20 °C. In the autoradiographic
study, sections were freeze-dried (48 h) and exposed on photographic plates at –20 °C for 93
days (a few for 150 days). In the bioautographic study, the antibiotic activity of the sections was
evaluated by exposure on Whiffen agar plates inoculated with Saccharomyces cerevisiae strain
ATCC 9763 for 5, 10, 15, or 20 min (20, 40, 60, and 120 min for sections from the animals
killed 24 h after treatment). After exposure, the agar plates were incubated at 30 °C for 20 h and
photographed.

In the autoradiographic study, radiolabel was confined to the gastrointestinal tract after 93 days’
exposure (1 h, oesophagus, stomach, small intestine; 2 h, oesophagus, stomach, small intestine,
caecum; 4 h, stomach, small intestine, caecum, colon; 8 h, stomach, intestine; 24 h, caecum,
colon). After 150 days’ exposure, radiolabel was visible only faintly after magnification of the
pictures, in the liver, kidneys, and fatty tissue, in addition to the gastrointestinal tract. In the
bioautographic study, the antibiotic activity of natamycin was restricted to the gastrointestinal
tract (1 h, stomach, small intestine; 4 h, stomach, small intestine, caecum; 8 h, stomach, small
intestine, caecum) and lasted less than 24 h. No antibiotic activity was observed in the colon.
The results of the autoradiographic study indicate that natamycin is minimally absorbed into the
bloodstream and excreted almost entirely in the faeces. The lack of antibiotic activity and the
presence of radiolabel in the caecum and colon 24 h after dosing are consistent with the
breakdown of natamycin into microbiologically inactive compounds by bacterial flora in the
caecum and colon (Blankwater & Hespe, 1979).

A series of experiments was conducted to study the excretion and resorption of [14C]natamycin
and its degradation products in normal and cholestatic Wistar rats (induced by tying the bile
ducts with a ligature). In the first series, the excretion pattern of radiolabelled compound was
investigated in groups of three young male Wistar rats given [14C]natamycin at a dose of 0.1, 1,
or 10 mg/kg by quantifying the amount of radiolabel in the urine and faeces at 24-h intervals for
72 h and in expired breath hourly for up to 7 h. Another group received a single dose of 10
mg/kg bw intraperitoneally. A similar experiment was performed in which 10 mg/kg bw of the
degradation products of [14C]natamycin, obtained by acid hydrolysis to simulate that in the
stomach, were administered orally or intraperitoneally to three Wistar rats, and their urine,
faeces, and expired breath were analysed as described above.

Separate experiments were conducted to determine the elimination of [14C]-natamycin in the
bile by giving 10 mg/kg bw to two rats orally and to four rats by intraperitoneal injection. Bile
was obtained via a cannula in the bile duct at 1-h intervals for 7 h and analysed for radiolabel.
In a similar experiment, the elimination of [14C]natamycin via the bile was determined after
oral administration of 10 mg/kg bw, in which 0.1 ml of bile obtained from rats not treated with
natamycin was placed in the duodenum of treated animals. Bile was collected hourly for 7 h and
analysed for radiolabel.

A series of analyses was also carried out to quantify the radiolabel in the stomach, small
intestine, caecum, and large intestine of groups of two animals 1, 2, 4, 8, and 24 h after
administration of 10 mg/kg bw [14C]natamycin. Sections of the stomach, small intestine,
caecum, and large intestine were extracted in methanol, and the extracts were analysed for
radiolabel by thin-layer chromatography. One rat was given the non-radioactive form of the test
material and killed after 4 h. The concentration of natamycin was analysed in each section of
the gastrointestinal tract by high-performance liquid chromatography. The results were
compared with those obtained with the radioactive form. In each experiment, all animals were
fasted for 20 h before treatment. Water was available during fasting.

When 10 mg/kg bw [14C]natamycin were administered orally to normal or cholestatic rats,
most of the radiolabel (93–103%) was found in the faeces. Cholestatic rats had about 5% more
radiolabel in their urine than normal rats at this dose. The results were similar in rats treated
with 0.1 or 1 mg/kg bw. When natamaycin was delivered by intraperitoneal injection at a dose
of 10 mg/kg bw, about 16% of the radiolabel was found in urine and about 76% in faeces by 72
h, indicating significant elimination in the bile. Most of the elimination (63%) occurred within
24 h after administration of natamycin. Intraperitoneal administration of acid-hydrolysed
[14C]natamycin resulted in approximately twice as much radiolabel in the urine (61%) as in
faeces (30%), showing that hydrolysis transforms natamycin into breakdown products which
are more hydrophilic than intact natamycin and thus have less affinity for bile. In contrast, after
oral administration of acid-hydrolysed [14C]natamycin, most of the radiolabel was recovered in
faeces (94% as compared with 6.7% in urine); thus, hydrolysis did not appear to result in
significant systemic absorption. Little radiolabel associated with either intact or acid-hydrolysed
natamycin was eliminated as 14CO2 in expired breath (< 1%) after either oral or intraperitoneal
administration.

In experiments to determine the amount of radiolabel in bile after an oral or intraperitoneal dose
of 10 mg/kg bw [14C]natamycin, 40% of the total radiolabel was recovered over 7 h from the
bile of rats treated intraperitoneally and only 1% from the bile in rats treated orally. When
‘blank’ bile was administered duodenally each hour for 7 h to animals treated orally, the amount
of radiolabel recovered in the bile was similar to that recovered in animals not given bile.

In the stomach and small intestine, natamycin was mostly untransformed, as indicated by thin-
layer chromatography. Most degradation took place in the large intestine. The degradation
products were more hydrophobic than natamycin and were found from about 4 h after
treatment. Most of the dose of 10 mg/kg was degraded about 8 h after treatment, suggesting that
elimination is relatively rapid. Biotrans-formation was attributed to the bacterial flora in the
caecum and small intestine.

Overall, no more than 5–7% of the total radioactive dose was absorbed after oral administration
of [14C]natamycin, and approximately 90% of the administered compound passed through the
gastrointestinal tract without resorption and was eliminated in the faeces (Meier & Hespe,
1979).

Dogs

The resorption and excretion of natamycin were studied by autoradiography in dogs given the
compound in plastic coating on cheese at 0.75–0.88 mg/kg, in gelatin capsules at 1.00–1.03
mg/kg, or in a 1% starch suspension at 0.95–1.0 mg/kg. In another experiment, [14C]natamycin
was administered intravenously in 5 ml propylene glycol at a concentration of 1 mg/ml. In the
experiments with cheese, a radioactive plastic coating with a natamycin content of
approximately 2% was applied to one side of 20-g blocks of cheese. A single batch of
natamycin was labelled with 14C by incorporating labelled sodium acetate as the substrate in
the usual fermentation process. The quantity of applied radioactive natamycin was determined
by weighing the blocks of cheese before and after application of the radioactive plastic coating.
Tests were carried out with blocks that had been stored at 4 °C for various periods. Four female
beagle dogs, weighing 10–12.5 kg, were used in these experiments. Three of the four dogs were
used in multiple tests, but at least 2 weeks were allowed to elapse between experiments to
ensure complete elimination of radiolabelled material from the previous experiment. Before
dosing, the animals were fasted for about 16 h but were given drinking-water. Th animals were
housed individually in metabolism cages after dosing, and faeces and urine were collected daily
for 2–5 days. The samples were processed appropriately, and radiolabel was measured with a
liquid scintillation counter. The plastic coating was analysed by thin-layer chromatography to
quantify natamycin and reaction products formed during storage.

After oral administration, most of the radiolabel was eliminated in the faeces within 24 h, with
less than 4% of the total dose in urine. This pattern of excretion was consistent with all three
forms of orally administered natamycin. Storage of the cheese at 4 °C for various lengths of
time (1–57 days) had no effect on the pattern of radiolabel observed. Thin-layer
chromatographic analysis confirmed the presence of [14C]natamycin in the cheese coating after
up to 56 days at 4 °C. Approximately equal amounts of radiolabel were measured in faeces and
urine after intravenous administration of natamycin in propylene glycol, suggesting that
resorption occurred via biliary elimination. The amount of radiolabel recovered was < 100%
after adminis-tration in an oral capsule or a suspension and was > 100% after administration as
a cheese coating. This difference was probably due to uncertainties in the experimental
procedure. It is not clear from this study if excretion of natamycin in the faeces after oral
administration was due to the lack of absorption from the gastrointestinal tract or to resorption
of systemic natamycin via bile (Hespe & Meier, 1980).

Humans

Little information was available on the absorption, distribution, excretion, or metabolism of
natamycin in humans. No natamycin (< 1 µg/ml) could be detected in the blood after ingestion
of 500 mg by human subjects (Anonymous, 1968). This finding corroborates the statement that
natamycin is not absorbed from the gut in animals or humans (Raab, 1972).

2.2 Toxicological studies

2.2.1 Acute toxicity

The available data on the acute toxicity of natamycin are summarized in Table 1. They suggest
that male rats are more sensitive to the acute toxicity of orally administered natamycin than
females (Levinskas et al., 1966). However, in a study by van Eken and Wubs (1976) to
determine the LD50 values for natamycin and three of its potential metabolites after
intraperitoneal administration to mice, females were more susceptible to the lethal effects (Table
1). The LD50 values of the metabolites of natamycin in this study were higher than that for
natamycin, indicating that they are less acutely toxic than the parent compound. LD50 values of
3200, 3700, and > 4000 mg/kg were reported for aponatamycin (n = 2), mycosamine
hydrochloride (n = 2), and dinatamycinolidediole (range-finding study), respectively, which are
potential metabolites of natamycin.

Table 1. Acute toxicity of natamycin

Species Sex Route LD50
(g/kg bw)

Reference

Mouse NR Oral 1500
2500

Anonymous (1965)

Rat Male
Female

Oral 2700
4700

Levinskas et al. (1966)

Guinea-pig Female Oral 450 Struyk et al. (1958)

Rabbit Male Oral 1400 Levinskas et al. (1966)

Dog NR Oral 1000 Anonymous (1965)

Mouse Male
Female

Intraperitoneal 1600
420

van Eeken & Wubs (1976)

NR, not reported

In rabbits, doses of natamycin ž 500 mg/kg bw caused diarrhoea, and the animals that died had
haemorrhagic gastric mucosa. Complexing of natamycin with one-third its weight of a modified
polysaccharide increased its toxicity sixfold, and when it was fed to rats natamycin was detected in
their blood (Raab, 1972).

2.2.2 Short-term studies of toxicity

Rats

Oral administration of natamycin at doses of 50–70 mg/kg bw per day for 5–10 weeks had no
effect on the growth, blood, or tissues of rats. A daily oral dose of 150 mg/kg bw for 9 weeks
caused some growth inhibition, and a daily dose of 500 mg/kg bw caused 30% of the rats to die
within 2 weeks (Struyk, 1958).

Groups of 20 male and 20 female rats were fed diets containing natamycin at a concentration of
0, 125, 500, 2000, or 8000 mg/kg for 94–96 days. None of the five deaths observed could be
attributed to treatment. Growth was retarded and food intake was diminished at the two highest
concentrations. The results of haemato-logical examinations and organ weights were within
normal limits, and no gross or microscopic lesions were found that could be attributed to
natamycin (Levinskas et al., 1966).

Dogs

Groups of three male and three female beagle dogs received diets containing natamycin at a
concentration of 0, 125, 250, or 500 mg/kg for 2 years. All but one dog that receiving 250
mg/kg survived for 2 years; the death was unrelated to exposure to natamycin. No effect was
seen on food intake, but males receiving the highest concentration did not grow as rapidly as
controls initially, and after 15 months, when the dietary intake was reduced, some animals were
unable to maintain a satisfactory body weight. The results of haematological and clinical
chemical studies revealed no abnormalities. No effects of significance were found on organ
weights, and gross and microscopic examination showed no pathological changes (Levinskas et
al., 1966).

Groups of two male and two female beagle dogs were given diets containing natamycin at a
target concentration of 0, 375, or 750 mg/kg (equivalent to 0, 12, and 25 mg/kg bw per day) for
3 months. The natamycin was obtained in micronized form and was 90.5% pure. The animals
were monitored for clinical changes, body weight, food consumption, haematological, clinical
chemical, and urinary alterations, electrocardiography (wave intervals and heart rate at weeks 0,
4, 8, and 12), ophthalmology, and pupillary reactions. After being killed by an intravenous
overdose of pentobarbital, all animals were necropsied, and the weights of the thymus, heart,
liver, kidneys, adrenals, spleen, and testes were measured and gross lesions noted. The tissues
preserved in buffered formaldehyde saline and examined microscopically were brain, thyroid,
thymus, lung, heart, liver, kidneys, adrenals, spleen, pancreas, lymph nodes, urinary bladder,
ovaries, testes, stomach, ileum, colon, jejunum, caecum, and oesophagus. The statistical
evaluations included analysis of variance and the Student t test. A signed statement indicated
that the study had been conducted in compliance with regulations for Good Laboratory Practice
as specified in the Code of Federal Regulations (Title 21, part 58) of the USA and the OECD. A
signed and dated quality assurance statement indicated that the findings had been audited
throughout the study.

No dose- or treatment-related effects were seen in males or females with respect to mortality
rate, food consumption, body weight, haematological, clinical chemical, or urinary end-points,
electrocardiography, ophthalmology, absolute and relative organ weights, gross pathology, and
histopathology. The only effect attributed to treatment was diarrhoea, which occurred most
frequently in animals at the high dose but was also observed in controls and animals at the low
dose. The diarrhoea was attributed to local irritation of the gastrointestinal tract. Because of the
frequent occurrence of diarrhoea at 750 mg/kg, the authors noted that it would be difficult to
expose animals to higher doses. No NOEL could be identified (van Eeken et al., 1984).

2.2.3 Long-term study of toxicity and carcinogenicity

Rats

Groups of 35–40 male and female rats received diets containing natamycin at a concentration of
0, 125, 250, 500, or 1000 mg/kg for 2 years. The animals remained in good health, and their
survival was unaffected by treatment. Inhibition of growth rate and diminished food intake were
seen only for animals of each sex receiving the highest concentration. The results of
haematological investigations and determination of organ weights and gross and microscopic
lesions showed no differences between treated and control groups. The numbers and types of
tumours found in natamycin-treated rats were not significantly different from those in untreated
animals (Levinskas et al., 1966).

2.2.4 Genotoxicity

In vitro

Studies were conducted to evaluate the mutagenic potential of natamycin, its products of
degradation (i.e. aponatamycin, natamycinolidediol, and mycosamine hydrochloride), and
Delvocid (a 50% suspension of natamycin in water) in Bacillus subtilis, Salmonella
typhimurium, and Escherichia coli. B. subtilis was exposed in a standard rec assay (spot
diffusion method) according to Kada (citation not provided). E. coli strains WP2uvrA– and
WP2 and S. typhimurium strains TA1535, TA1538, TA98, and TA100 were evaluated in the
spot test for reverse mutation. All the tests were carried out by plating a 50-µl spot containing
the appropriate dilution of natamycin on a petri dish with the appropriate microbial strain. The
spot tests were carried out within 3 h of exposure and after storage for 1, 3, 7, or 14 days and 1,
2, or 4 months (It was not clear whether all tests were conducted at all intervals). The plate
incorporation assay was used to evaluate the mutagenicity of Delvocid at concentrations up to
1% alone (without addition of an exogenous metabolic activation system from rodent liver) and
in combination with up to 0.2 mol/L nitrite in E. coli WP2uvrA– and WP2 trp– and S.
typhimurium TA98 and TA100, with or without addition of exogenous metabolic activation.
Nitrite was tested with Delvocid, as other studies have shown that nitrite in combination with
some food preservatives forms reaction products that interact with DNA. The design of these
tests is shown in Table 2. In each spot test, negative controls were included with solvent or
buffer alone and positive controls with a known mutagen (N-methyl-N´-nitro-N-
nitrosoguanidine) or mixtures of sorbic acid and nitrite at pH 3.5 or 4.5. For the plate
incorporation assays, benzidine was used as the positive control. No statistical analyses were
reported. The author reported that no positive responses were observed in the spot tests in any
of the three test systems. Results for individual plates and summary data were not reported for
the spot tests. The authors concluded from the plate incorporation assays that Delvocid did not
induce reverse mutation when tested alone or with nitrite in any of the strains of S. typhimurium
or E. coli tested. The author commented on the slight positive response with nitrite at about 0.2
mol/L and concluded that Delvocid did not enhance the mutagenic effect (Khoudokormoff,
1977; Khoudokormoff & Gist-Brocades, 1978).

Table 2. Experimental design of study reported by Khoudokormoff (1977)

Material Concentrations
tested (%)

Bacterial system Metabolic
activation

Nitrite
concentration

Spot testa

Natamycinb 0.1–1c S. typhimurium, E.
coli, B. subtilisd

Noe < 400 mg/kg

Aponatamycin 0.5 S. typhimurium, E.
coli, B. subtilisd

Noe < 400 mg/kg

Pimaricinolidediol 0.5 S. typhimurium, E.
coli, B. subtilisd

Noe < 400 mg/kg

Mycosamine
hydrochloride

0.5 S. typhimurium, E.
coli, B. subtilisd

Noe < 400 mg/kg

Delvocidb,f

hydrochloride
2 S. typhimurium, E.

coli, B. subtilisd
Noe < 400 mg/kg

Plate incorporation assay on top agar
Delvocid 0.04–1

0.04–1

0.4

0.04–1

E. coli, S.
typhimuriumg

E. coli, S.
typhimuriumg

E. coli, S.
typhimuriumg

E. coli, S.
typhimuriumg

No

No

Yes

Yes

None

0.01–0.2
mol/L

0.01–0.5
mol/L

0.5 mol/L

a Carried out within 3 h of exposure and after storage for 1, 3, 7, or 14
days and 1, 2, or 4 months

b Tested at pH 2.5–6.5
c Only range provided
d E. coli strains WP2 trp– and WP2uvrA– and S. typhimurium strains

TA1535, TA1538, TA98, and TA100
e Reported that a metabolic activation system was added ‘if desired’;

no further details were provided
f Also tested in the presence of a cheese coating (WL30) at pH 4.3
g E. coli strains WP2 and WP2uvrA– and S. typhimurium strains TA98

and TA100

The Committee noted that the reporting of the results of these studies, described as preliminary,
had limitations which prevented verification of the author’s conclusions. For example, the
bacterial strains used were not assayed for the appropriate phenotypic markers or plasmids, the
criteria for a positive response were not reported, summary and individual data were not
reported for the spot test, and no statistical analyses were performed. Sufficient information was
not provided to indicate that the studies were adequately sensitive to detect positive responses in
all strains tested. Furthermore, the assays were conducted in a single trial with one plate per
dose. The usefulness of these studies is therefore limited.

Natamycin at a concentration of 1% and its known degradation products (aponatamycin,
dinatamycinolidediol, and mycosamine) at 0.5% and at pH and nitrite conditions similar to
those in preserved food products such as cheese and sausages, were reported to have no
mutagenic activity in B. subtilis under the conditions tested. No actual data were presented to
verify this statement (Khoudokormoff, 1978).

In vivo

Groups of 10 male rats taken from the second litters of the F1 generation in a three-generation
study of reproductive toxicity (see below) were fed on control diet until sexually mature, when
they received natamycin at 0, 5, 15, 50, or 100 mg/kg bw daily for 7 days by gastric intubation.
Each rat was mated each week for 8 consecutive weeks with two virgin untreated females. Each
female was killed and examined 13 days after mating. No differences were found between
control and test animals in respect of the numbers of implantation sites or live or dead fetuses or
the mutagenic index (Cox et al., 1973).

Five males and five females were selected at random from the five litters produced in the same
three-generation study. The animals were given colchicine 3–4 h before being killed, and a
bone-marrow preparation was made for examination for aberrant chromatin material. The
number of abnormalities in the metaphase chromosomal preparations of test groups did not
differ significantly from that in sham-treated controls (Cox et al., 1973).

2.2.5 Reproductive toxicity

(a) Multigeneration studies

Rats

Groups of 10 female and five male rats receiving diets containing natamycin at a concentration
of 0 or 1000 mg/kg were mated after 181 and 223 days. Other groups were mated after 48, 174,
and 250 days on the diets; four control and four test female young from the second mating were
fed on the same diet as their parents and mated when 107 days of age. The pups of natamycin-
treated animals had lower mean body weights at weaning than control pups, but examination of
the results of the 54 matings showed that their fertility, gestation, lactation, and viability indices
were similar to or better than those of the controls. There was a low incidence of abnormalities
among pups in this study, but none could be attributed to treatment (Levinskas et al., 1963;
Levinskas, 1966).

Groups of 10 male and 20 female rats were given a diet containing natamycin providing a dose
of 0 (two groups), 5, 15, 50, or 100 mg/kg bw per day for 11 weeks. These formed the F0
generation of a three-generation study of reproductive toxicity, two litters being produced in
each generation. Animals at 100 mg/kg had an increased number of fetuses born dead, a
decrease in the number born alive, and a decrease in the number surviving at 21 days. The
weight of pups was depressed in the second litters of the F0 and F1 generations and both litters
of the F2 generation. However, the fertility, gestation, viability, and lactation indices were
within normal limits for both litters of all three generations. The doses of 5, 15, and 50 mg/kg
had no detectable effect on growth or reproduction (Cox et al., 1973).

(b) Developmental toxicity

Rats

Groups of 20 female rats from the second litters of the F1 generation of the three-generation
study of reproductive toxicity were reared to maturity on control diet and mated with untreated
males. The females were given the same dose of natamycin as their parents (0, 5, 15, 50, or 100
mg/kg bw per day) by gastric intubation during the 6–15 days of gestation and were killed and
examined on day 20. No differences were found between control and test animals in respect of
the numbers of pregnancies, live litters, implantation sites, resorption sites, live and dead
fetuses, or skeletal and soft tissue abnormalities (Cox et al., 1973).

Rabbits

Groups of 10–12 female rabbits were given natamycin at a dose of 0, 5, 15, or 50 mg/kg bw per
day by gavage on days 6–18 of gestation. They were examined on day 29, and the numbers of
corpora lutea, implantation sites, resorption sites, and live and dead fetuses were recorded. No
adverse effects on nidation or maternal or fetal survival were found. The number of
abnormalities seen in the soft or skeletal tissues did not differ from that occurring spontaneously
in controls (Bailey & Morgareidge, 1974).

An aqueous suspension of Delvocid (50% natamycin) was administered to groups of 20–26
mated female Dutch belted rabbits by gavage at a dose of 5, 15, or 50 mg/kg bw per day on
days 6–18 of gestation. Two control groups were used: a vehicle control that received an equal
volume of sterile saline daily by gavage on days 6–18 of gestation and a positive control group
given 2.5 mg/kg bw of 6-aminonicotinamide by gavage on day 9 of gestation. The does were
observed daily for signs of toxicity, and body weights were recorded on days 0, 6, 9, 12, 15, 18,
and 29 of gestation. On day 29, all surviving does were killed, and the numbers of corpora
lutea, implantation sites, resorption sites, and live and dead fetuses, sex of fetuses, and fetal
body weights were evaluated at autopsy. The survival rate of the fetuses was determined, and
they were examined for external, soft-tissue, and skeletal anomalies. According to the protocol,
the study was conducted in compliance with proposed Good Laboratory Practice regulations
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