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Gezondheidsraad
Health Council of the Netherlands

Aan de staatssecretaris van Sociale Zaken en Werkgelegenheid

Onderwerp : toezending advies N-fluoreen-2-ylaceetamide
Uw kenmerk : DGV/MBO/U-932542

Ons kenmerk : U-6770/HS/fs/543-E12

Bijlagen 01

Datum : 19 oktober 2011

Geachte staatssecretaris,

Graag bied ik u hierbij het advies aan over de effecten van N-fluoreen-2-ylaceetamide op de
vruchtbaarheid en het nageslacht; het betreft ook effecten die optreden na blootstelling via de
borstvoeding. Dit advies maakt deel uit van een uitgebreide reeks waarin voor de voortplan-
ting giftige stoffen worden geclassificeerd volgens richtlijnen van de Europese Unie. Het
gaat om stoffen waaraan mensen tijdens de beroepsuitoefening kunnen worden blootgesteld.

Dit advies is opgesteld door een vaste commissie van de Gezondheidsraad, de Subcom-
missie Classificatie reproductietoxische stoffen. Het is vervolgens getoetst door de Beraads-
groep Gezondheid en omgeving van de raad.

Er zijn onvoldoende gegevens over de effecten van 2-AAF op de voortplanting. De subcom-
missie kan daarom geen aanbevelingen doen ten aanzien van classificatie voor zowel effec-
ten op de vruchtbaarheid als op het nageslacht. 2-AAF wordt gebruikt als positieve controle
in carcinogeniteits- en genotoxiciteitsproeven. De subcommissie constateert echter dat
2-AAF niet is geclassificeerd wat betreft zijn kankerverwekkende eigenschappen. Ik adviseer
u dan ook de classificatie van 2-AAF op te nemen in het werkprogramma Classificatie van
kankerverwekkende stoffen.

Ik heb dit advies vandaag ter kennisname toegezonden aan de staatssecretaris van Infrastruc-
tuur en Milieu en aan de minister van Volksgezondheid, Welzijn en Sport.

Met vriendelijke groet,

prof. dr. I§G ning-Schepers,

voorzitter

Bezoekadres Postadres
Parnassusplein 5 Postbus 16052

2511 VX Den Haag 2500 BB Den Haag
Telefoon (070) 340 70 04 Telefax (070) 340 75 23

E-mail: h.stouten@gr.nl www.gr.nl
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Samenvatting

In het voorliggende advies heeft de Gezondheidsraad N-fluoreen-2-ylaceetamide
onder de loep genomen. N-fluoreen-2-ylaceetamide wordt vooral gebruikt in labo-
ratoria als positieve controle in genotoxiciteits- en carcinogeniteitsstudies. Dit
advies past in een reeks adviezen waarin de Gezondheidsraad op verzoek van de
minister van Sociale Zaken en Werkgelegenheid de effecten van stoffen op de
voortplanting beoordeelt. Het gaat vooral om stoffen waaraan mensen tijdens de
beroepsuitoefening kunnen worden blootgesteld. De Subcommissie Classificatie
reproductietoxische stoffen van de Commissie Gezondheid en beroepsmatige bloot-
stelling aan stoffen (GBBS) van de raad, hierna aangeduid als de commissie, kijkt
zowel naar effecten op de vruchtbaarheid van mannen en vrouwen als naar effecten
op de ontwikkeling van het nageslacht. Bovendien worden effecten van blootstel-
ling van de zuigeling via de moedermelk beoordeeld.

Op basis van Verordening (EG) 1272/2008 van de Europese Unie doet de commis-

sie een voorstel voor classificatie. Voor N-fluoreen-2-ylaceetamide komt de com-

missie tot de volgende aanbevelingen:

+ voor effecten op de fertiliteit adviseert de commissie om N-fluoreen-2-
ylaceetamide niet te classificeren wegens onvoldoende geschikte gegevens

+ voor effecten op ontwikkeling adviseert de commissie om N-fluoreen-2-
ylaceetamide niet te classificeren wegens onvoldoende geschikte gegevens

+ voor effecten tijdens de lactatie adviseert de commissie om N-fluoreen-2-
ylaceetamide te kenmerken met H362 (kan schadelijk zijn via de borstvoeding).

Samenvatting



Executive summary

In the present report, the Health Council of the Netherlands reviewed N-fluoren-
2-ylacetamide. N-fluoren-2-ylacetamide is predominantly used in laboratories as
a positive control in mutagenicity and carcinogenicity studies. This report is part
of a series, in which the Health Council evaluates the effects of substances on
reproduction, at the request of the Minister of Social Affairs and Employment. It
mainly concerns substances to which man can be occupationally exposed. The
Subcommittee on the Classification of Reproduction Toxic Substances of the
Dutch Expert Committee on Occupational Safety (DECOS) of the Health Coun-
cil, hereafter called the Committee, evaluates the effects on male and female fer-
tility and on the development of the progeny. Moreover, the Committee considers
the effects of a substance on lactation and on the progeny via lactation.

The Committee recommends classification according to Regulation (EC) 1272/

2008 of the European Union. For N-fluoren-2-ylacetamide, these recommenda-

tions are:

» for effects on fertility, the Committee recommends not classifying N-fluoren-
2-ylacetamide due to a lack of appropriate data

» for developmental toxicity, the Committee recommends not classifying N-
fluoren-2-ylacetamide due to a lack of appropriate data

» for effects during lactation, the Committee recommends labelling N-fluoren-
2-ylacetamide with H362 (may cause harm to breast-fed children).

Executive summary
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Scope
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Background

As a result of the Dutch regulation on registration of compounds toxic to repro-
duction that came into force on 1 April 1995, the Minister of Social Affairs and
Employment requested the Health Council of the Netherlands to classify com-
pounds toxic to reproduction. This classification is performed by the Health
Council’s Subcommittee on the Classification of Reproduction Toxic Substances
of the Dutch Expert Committee on Occupational Safety (DECOS). The classifi-
cation is performed according to European Union Regulation (EC) 1272/2008 on
classification, labelling and packaging (CLP) of substances and mixtures. The
CLP guideline is based on the Globally Harmonised System of Classification and
Labelling of Chemicals (GHS). The subcommittee’s advice on the classification
will be applied by the Ministry of Social Affairs and Employment to extend the
existing list of compounds classified as reproductive toxicant (category 1A and
1B and 2) or compounds with effects on or via lactation.

1.2

Committee and procedure

This document contains the classification of N-fluoren-2-ylacetamide by the
Health Council’s Subcommittee on the Classification of Reproduction Toxic
Substances, hereafter called the Committee. The members of the Committee are
listed in Annex A. The classification is based on the evaluation of published

Scope



human and animal studies concerning adverse effects with respect to fertility and
development as well as lactation of the above mentioned compound.

Classification for reproduction (fertility (F) and development (D)):

Category 1 Known or presumed human reproductive toxicant (H360(F/D))
Category 1A Known human reproductive toxicant
Category 1B Presumed human reproductive toxicant

Category 2 Suspected human reproductive toxicant (H361(f/d))

No classification for effects on fertility or development

Classification for lactation:
Effects on or via lactation (H362)
No labelling for lactation

The classification and labelling of substances is performed according to the
guidelines of the European Union (Regulation (EC)1272/2008) presented in
Annex B. The classification of compounds is ultimately dependent on an inte-
grated assessment of the nature of all parental and developmental effects
observed, their specificity and adversity, and the dosages at which the various
effects occur. The guideline necessarily leaves room for interpretation, dependent
on the specific data set under consideration. In the process of using the regula-
tion, the Committee has agreed upon a number of additional considerations (see
Annex C).

In 2011, the President of the Health Council released a draft of the report for
public review. No comments were received.

13

Effects on or via lactation

The recommendation for classifying substances for effects on or via lactation is
also based on Regulation (EC) 1272/2008. The guideline defines that substances
which are absorbed by women and have been shown to interfere with lactation or
which may be present (including metabolites) in breast milk in amounts suffi-
cient to cause concern for the health of a breastfed child, shall be classified and
labelled. Unlike the classification of substances for fertility and developmental
effects, which is based on hazard identification only (largely independent of dos-
age), the labelling for effects during lactation is based on risk characterization
and therefore, it also includes consideration of the level of exposure of the breast-
fed child.

Consequently, a substance should be labelled for effects during lactation
when it is likely that the substance would be present in breast milk at potentially
toxic levels. The Committee considers a concentration of a compound as

Scope
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potentially toxic to the breastfed child when this concentration leads to
exceeding the exposure limit for the general population, e.g. the acceptable daily
intake (ADI).

Literature searches were conducted in the on-line databases XTOXLINE,
MEDLINE, and CAPLUS, up to June 2009 without a starting date. An updating
search in PubMed in January 2011 did not result in relevant additional informa-
tion. Literature was selected primarily on the basis of the text of the abstracts.
Publications cited in the selected articles, but not selected during the primary
search, were reviewed if considered appropriate. In addition, handbooks and a
collection of most recent reviews were consulted. References are divided in liter-
ature cited and literature consulted but not cited.

The Committee describes both human and animal studies in the text. The
animal data are described in more detail in Annex D as well. Of each study the
quality of the study design (performed according to internationally
acknowledged guidelines) and the quality of documentation are considered.

Presentation of conclusions

The classification is given with key effects, species, and references specified. In
case a substance is not classified as toxic to reproduction, one of two reasons is

Lack of appropriate data preclude assessment of the compound for
reproductive toxicity
Sufficient data show that no classification for toxic to reproduction is

1.4 Data
1.5
given:
indicated.
1.6

Final remark

The classification of compounds is based on hazard evaluation only (Niesink et
al., 1995)27, which is one of a series of elements guiding the risk evaluation proc-
ess. The Committee emphasizes that for derivation of health-based occupational
exposure limits these classifications should be placed in a wider context. For a
comprehensive risk evaluation, hazard evaluation should be combined with dose-
response assessment, human risk characterization, human exposure assessment,
and recommendations of other organizations.

Scope
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Chapter

2

N-fluoren-2-ylacetamide

2.1

Introduction

N-fluoren-2-ylacetamide (2-AAF) is predominantly used in laboratories, since
2-AAF is used as a positive control in mutagenicity and carcinogenicity studies.
Occupational exposure may occur in its production and use in laboratories.
Chemists, chemical stockroom workers, and biomedical researchers have the
greatest possibility of occupational exposure to 2-AAF. The primary routes of
potential exposure to 2-AAF are inhalation and dermal contact. 2-AAF was
intended for use as a pesticide, but was never marketed because of its carcino-
genicity in experimental animals.226 2-A AF is not classified with respect to its
carcinogenic properties in the EU (see Table 3.2. of Regulation (EC) 1272/2008)
or the Netherlands. 2-AAF is considered a human carcinogen by the US National
Toxicology Program (NTP).2:26

The identity and some of the physicochemical properties of 2-AAF are given
below.

chemical name : N-fluoren-2-ylacetamide

CAS registry number : o 53-96-3

EC/EINECS number : 200-188-6

synonyms : acetamide, N-9H-fluoren-2-yl-; 2-acetamidofluorene; N-2-flu-

orenylacetamide; 2-acetylaminofluorene; 2-AAF
colour and physical state : tan, crystalline powder

N-fluoren-2-ylacetamide 12



molecular weight T 22326
molecular formula : C;sH;3NO
structure : e

o

melting point : 193°C

boiling point : 303°C

Log Pocqanol-water) : 3.21 (estimated)

vapour pressure : 1.26 x 10-5 Pa at 25°C (estimated)

solubility . slightly soluble in water (5.5 mg/L) (estimated)
Data from !

2.2

Human studies
Fertility studies

No data are available regarding the effects of exposure to 2-AAF on human fer-
tility.

Developmental toxicity studies

No data are available regarding the effects of exposure to 2-AAF on develop-
ment in humans.

Lactation

No data are available regarding the excretion of 2-AAF in breast milk or the
effects of exposure to 2-AAF on infants during the lactation period.

2.3

Animal studies

Fertility and developmental toxicity studies with 2-AAF in laboratory animals
are summarized in Annex D.

Fertility studies

N-fluoren-2-ylacetamide
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Oral

Lafaurie investigated the hormonal status of rats during 2-A AF-induced hepato-
carcinogenesis. Male rats (n=60) were administered 0.06% 2-AAF in a semi-syn-
thetic diet deprived of protein and riboflavin to enhance the occurrence of liver
cancer for 30 days (0.06% is equivalent to approximately 30 mg/kg bw/day,
assuming 1 mg/kg food is equivalent to 20 mg/kg bw/day). Thereafter, treatment
was continued by six periods of four weeks in which the animals received 0.06%
2-AAF in the semi-synthetic diet for two weeks followed by two weeks of semi-
synthetic diet only. Control groups (n=60/group) receiving either a normal diet or
the semi-synthetic diet were included. Four animals of each group were sacri-
ficed 2, 4, 6, 9, 16, 30, 45, 60, 90, 120, 150, 180, and 210 days after the start of
treatment. In the 2-A AF-treated groups, decreased body weight, which was
attributed to the semi-synthetic diet, decreased absolute testis weight, reduced
spermatogenic activity®, histological testicular lesions (e.g. near total loss of ger-
minal epithelium, interstitial oedema, tubules containing only Sertoli cells, thick-
ened basement membrane of tubules and tunica albuginea), and decreased
testosterone levels were observed.?3

The Committee remarks that the aim of the study was not to investigate the
effects of 2-AAF on male fertility but to explore the relation between hormonal
status and hepatocarcinogenesis. The Committee notes that the study did not
include a group that was exposed to 2-AAF and fed a normal diet. Furthermore,
the results of the end points measured varied considerably in the dosed group as
well as in both control groups. Based on especially the unusual pattern found in
serum testosterone levels in the group receiving a normal diet only, the
Committee questions the reliability of the results. Overall, the Committee is of
the opinion that due to the design and the variable results in all experimental
groups no firm conclusions on the effects of 2-AAF on male fertility parameters
can be drawn from this study.

In a subchronic study in rats, testicular effects were noted after exposure to
2-AAF. A group of 25 male rats was given a diet containing 0.06% 2-AAF for
three weeks, followed by one week control diet (0.06% is equivalent to approxi-
mately 30 mg/kg bw/day, assuming 1 mg/kg food is equivalent to 20 mg/kg bw/
day). This schedule was repeated three times. One group of five male rats was
treated with 30 mg/kg bw/day 2-AAF for one period of three weeks only; a con-

as evaluated by determining the percentage of stages VII and VIII of the cycle of the seminiferous
epithelium by the greatest diameter of frontal sections of the testes

N-fluoren-2-ylacetamide
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trol group of 27 males was included. At 55 weeks after start of the study, all sur-
viving animals were sacrificed and subjected to complete necropsy and
histopathology. In the group treated for 12 weeks, marked body weight depres-
sion and mortality (in 22/25 animals) were observed as well as testicular mes-
otheliomas (in 9/25), liver carcinomas (in 24/25; with extensive lung metastases
in 8/25), cholangiosarcomas (in 5/25), and Zymbal gland carcinomas (no inci-
dence presented). No tumours, mortality, or effects on body weight were seen in
the other two groups.6

Administration (gavage) of doses of 2-AAF (in corn oil or olive oil) ranging
from 110 to 1010 mg/kg bw/day, for three to five days, did not increase the pro-
portion of morphological abnormalities in sperm obtained from five to nine
CD-1, five HA/ICR, or seven or ten B6C3F ;| mice approximately five weeks
after the last treatment.16,30.31

Treatment (gavage) with doses of 2-AAF (in trioctanoin) of 5 or 10 mg/kg bw/
day, five days/week, for eight weeks, did not affect sperm morphology in 16
F344 rats (sampling time: 2.5 weeks after the last treatment).5-30

In a dominant lethal assay, male F344 rats were given doses of 2-AAF (in triocta-
noin) of 0, 25, or 50 mg/kg bw/day by gavage for five days, followed by 0, 12.5,
or 25 mg/kg bw/day, five days/week, for 18 days. The day following the last
treatment, 15 males per group were each caged with two nulliparous females for
two consecutive five-day post-treatment mating intervals. Nineteen days after the
first day of the mating intervals, all females were sacrificed and their uterine con-
tents were examined. No effects were observed on the mean numbers of implan-
tations and non-viable and viable implantations per female, on the frequencies of
females with one or more or with two or more non-viable implantations, nor on
the mean foetal death rate and the percentage foetal lethality. However, decreases
in the percentages of females with implantations after the first mating trials were
seen in both dose groups (low dose: 7/30; high dose 0/8; controls: 17/30).
Because of severe body weight loss after the first treatment week, doses were
lowered by one half, while after the fourth treatment week, high-dose animals
began to die from apparent liver toxicity. During the two-week mating trials,
4/18 and 14/18 males of the low- and high-dose group, respectively, died. At
necropsy on the 31th day after the last treatment of 10 low-dose animals and the
four surviving high-dose animals, especially histological lesions in the bladder
were reported. In an additional experiment, rats were given 40 daily doses of

5 mg/kg bw/day and 32-35 and 36-40 daily doses of 10 mg/kg bw/day (five per

N-fluoren-2-ylacetamide
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week). Treatment did not affect the mean numbers of implantations and non-via-
ble and viable implantations per female, the frequencies of females with one or
more or with two or more non-viable implantations, nor the mean foetal death
rate and the percentage foetal lethality. However, decreased percentages of
females with implantations were observed when they were mated with males
immediately after they had received 32 doses or more of 10 mg/kg bw.4

Male B6D2F | mice (n=30/group) were given 350 or 700 mg 2-AAF/kg bw by
gavage (in olive oil) and were caged immediately thereafter with non-treated vir-
gin females according to the above described schedule. Females were sacrificed
around the 13th day of pregnancy and the number of corpora lutea and dead and
living implantations were counted. Treatment did not cause differences in the fre-
quencies of fertile matings, females with one or more dead implantations and
dominant lethal mutations, nor in the numbers of corpora lutea, implantations,
and living implantations per female. Mortality was reported for 6/30 males given
700 mg 2-AAF/kg bw.33

Intraperitoneal

In an in vivo sperm morphology assay, male (C3H x C57BL6)F, mice (n=6) were
given intraperitoneal injections of 2-AAF (in DMSO/water) at 0, 125, 250, or
500 mg/kg bw/day for five days. Absolute testis weights were decreased at the
high dose and a dose-related increase in sperm abnormalities (not further speci-
fied) was noted at all dose levels.2°

No increases in sperm head abnormalities were seen in male (CBA x BALB/c)F,
mice following five daily intraperitoneal injections of 2-AAF (in 0.5% Tween 80
in water) of 0, 100, 250 500, 750, 1000, or 1500 mg/kg bw/day. Mortality was
observed at the three highest doses.35

Following intraperitoneal injections of doses of 2-AAF (in DMSO) of 220 to
1320 mg/kg bw for three or five days, dose-related increases were found in the
percentage of abnormal sperm obtained from two to ten B6C3F, or B6D2F | mice
(sampling time: five weeks after last treatment).3-30.32

In a dominant lethal assay, male Swiss mice (n=60-78/group) were treated with a
single intraperitoneal injection (in DMSO) of 56, 112, or 167 mg 2-AAF/kg bw.
An untreated control and a solvent control group were included. Approximately
24 hours after treatment, each male was paired with one untreated virgin female.

N-fluoren-2-ylacetamide
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The females were replaced with new ones at four-day intervals for subsequent
matings. Females were sacrificed 17 to 18 days from their initial caging with the
males, and their uterine contents were evaluated for live foetuses and dead
implantations (early and late death). No differences were found in the frequen-
cies of dead implantations, females with dead implantations and dominant lethal
mutations, nor in the mean numbers of implantations and dead and living
implantations.”

When (101/E1 x C3H/E1)F, mice (n=45/group) were similarly treated with 300
or 600 mg 2-AAF/kg bw (in DMSO), no significant differences were seen for the
frequencies of fertile matings, dead implants, and dominant lethal mutations and
for the numbers of corpora lutea, implantations, and living implantations per
female in the two dose groups. Slight toxicity (not specified) was seen at 300
mg/kg bw, but injection of 600 mg/kg caused mortality in 47% of the animals.
The low mating frequency during the first interval was considered the result of
the toxicity of 2-AAF.8

In a dominant lethal test with females, T-stock and (C3H x C57BL)F, animals
(n=41-48/group) were treated with single intraperitoneal injections (in DMSO)
of 1500 mg 2-AAF/kg bw and mated during post-treatment days 0.5-4.5 or
5.5-9.5. Females were sacrificed for uterine examination 17 days after mating.
Treatment did not affect any of the end points examined (frequencies of dead
implants and of females with one or more dead implants; numbers of implanta-
tions, living and dead implantations per female).!5

Developmental studies

Izumi treated groups of 10-12 pregnant mice with single intraperitoneal injec-
tions of 100 mg/kg bw of 2-AAF in propylene glycol on single days during ges-
tational day 8 to 15. Two control groups receiving no injection or propylene
glycol, respectively, were included. The animals were killed on gestational day
18. No information was provided on maternal toxicity. Treatment may have
induced decreased foetal body weights, increased resorptions, and skeletal mal-
formations and variations.20-2!

Due to poor reporting — articles were in Japanese with only summary and
tables in English — and design, however, the Committee could not evaluate this
study properly.

N-fluoren-2-ylacetamide
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Lactation

When rats were intraperitoneally injected with doses of 2-AAF of 0.2 mmol/kg
bw/day (45 mg/kg bw/day) on five or six days between lactational days five to
17, 0.05 to 0.13% of the dose administered was excreted in 1 mL of milk sam-
pled four to five hours after the third, fourth, fifth, and sixth injection. The milk
contained both parent compounds and metabolites.25 Malejka-Giganti et al. very
briefly reported that treatment of lactating rats with ten intraperitoneal 2-AAF
injections at total doses of 0.2 or 0.3 mmol/kg bw (45 or 67 mg/kg bw) induced
tumour incidences in the suckling young of 12/29 (total tumour number: 16) and
11/36 (total tumour number: 26), respectively, with mean latency periods of 15.7
and 12.1 month, respectively. In female offspring, there were mainly mammary
tumours, 28% of which were malignant; in male offspring, ear duct tumours and
occasionally osteogenic sarcomas and lung adenocarcinomas. In the controls,
5/24 rats had benign mammary tumours with a latency period of 17 months.24.25

2.4

In vitro studies

The capacity of 2-AAF and its metabolites to produce malformations was inves-
tigated in a series of in vitro experiments using cultured whole rat embryos. The
results indicated that metabolic, cytochrome P450-dependent activation was
required to induce malformations which included defects of the anterior neural
tube (incomplete or lack of closure; misalignment) and of the prosencephalon
(hypoplasia). None of the metabolites, tested without metabolic activation, pro-
duced this same spectrum of malformations. Neural tube defects were caused
only by 7-hydroxy-AAF, but 3-, 5-, and 9-hydroxy-AAF, which were not or
hardly active, may contribute to these defects. Prosencephalon defects (hypopla-
sia; ventrolateral protrusion) were induced by N-hydroxy-AF and N-acetoxy-
AAF. N-hydroxyaminofluorene, N-O-sulfonoxy-2-AAF, and nitrosofluorene
caused axial rotation (flexure) defects, which were rarely induced by bioacti-
vated 2-AAF.9:10-12,17-1922,34

When tested in the Frog Embryo Teratogenesis Assay — Xenopus laevis
(FETAX), 2-AAF induced malformations such as pericardial oedema, craniofa-
cial maldevelopment, skeletal kinking, and microencephaly. Generally, effects
occurred at lower concentrations and were more severe when a metabolic system
had been added.!3.14.28

N-fluoren-2-ylacetamide 18



The Committee notes that the relevance of these in vitro tests for the in vivo situ-
ation is limited.

2.5

Conclusion
Fertility

No studies are available regarding the effects of exposure to 2-AAF on human
fertility.

No studies are available regarding the effects of exposure to 2-AAF on func-
tional fertility in laboratory animals. In a study designed to explore the relation
between hormonal status and hepatocarcinogenesis, effects on testes, sperma-
togenesis, and serum testosterone levels were found in rats given 2-AAF in a
synthetic diet deprived of protein and riboflavin to enhance liver cancer daily for
30 days and intermittently for another 24 weeks.23 Due to the design and the var-
iable results in all experimental groups, the Committee could not evaluate the
results of this study properly. There were no effects on sperm morphology in
mice!6:30.31 or rats3-30 given 2-AAF by gavage for three to five days or eight
weeks, respectively. Intraperitoneal sperm morphology assays were positive in
mice3:3032 and conflicting in rats2%:35, Oral dominant lethal assays in rats* and
mice*33 were negative.

Overall, the Committee proposes not to classify 2-AAF for effects on fertility
due to a lack of appropriate human and animal data

Developmental toxicity

No studies are available regarding the effects of exposure to 2-AAF on develop-
ment in humans.

No valid studies are available regarding the effects of 2-AAF on
development in laboratory animals.

Overall, the Committee proposes not to classify 2-AAF for effects on develop-
ment due to a lack of appropriate human and animal data.

N-fluoren-2-ylacetamide
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Lactation

The Committee notes that 2-AAF is used in laboratories as a positive control in
carcinogenicity and mutagenicity studies. Oral (diet) administration of 2-AAF
for 12 weeks to rats induced liver tumours as well as testicular mesotheliomas,
extensive lung metastases, cholangiosarcomas, and Zymbal gland carcinomas.6
Intraperitoneal administration to lactating rats resulted in increased incidences of
mammary tumours in female offspring and ear duct tumours and occasionally
osteogenic sarcomas and lung adenocarcinomas in male offspring later in life.24
Experiments in which 2-AAF was intraperitoneally injected into lactating rats
showed the presence of 2-AAF and its metabolites in breast milk.25 The amounts
excreted may have been relatively small and the intraperitoneal route may be
considered less relevant. The Committee assumes that occupational exposure to
2-AAF leads to internal exposure and to the presence of 2-AAF and its metabo-
lites in breast milk. Since the Committee is of the opinion that the excretion of
these genotoxic carcinogenic compounds in breast milk should be avoided, it,
therefore, proposes to label 2-AAF for effects during lactation.

Proposed classification for fertility

Lack of appropriate data precludes the assessment of N-fluoren-2-ylacetamide
(2-AAF) for effects on fertility.

Proposed classification for developmental toxicity

Lack of appropriate data precludes the assessment of N-fluoren-2-ylacetamide
(2-AAF) for effects on development.

Proposed labelling for effects during lactation

H362.
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Annex

B

Regulation (EC) 1272/2008 of the
European Community

3.7 Reproductive toxicity
3.7.1 Definitions and general considerations
3.7.1.1 Reproductive toxicity includes adverse effects on sexual function and fertility in adult

males and females, as well as developmental toxicity in the offspring. The definitions presented
below are adapted from those agreed as working definitions in IPCS/EHC Document No 225, Princi-
ples for Evaluating Health Risks to Reproduction Associated with Exposure to Chemicals. For classi-
fication purposes, the known induction of genetically based heritable effects in the offspring is
addressed in Germ Cell Mutagenicity (section 3.5), since in the present classification system it is con-
sidered more appropriate to address such effects under the separate hazard class of germ cell muta-

genicity.

In this classification system, reproductive toxicity is subdivided under two main headings:

(a) adverse effects on sexual function and fertility;

(b) adverse effects on development of the offspring.

Some reproductive toxic effects cannot be clearly assigned to either impairment of sexual function

and fertility or to developmental toxicity. Nonetheless, substances with these effects, or mixtures con-

taining them, shall be classified as reproductive toxicants.
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3.7.1.2 For the purpose of classification the hazard class Reproductive Toxicity is differentiated

into:

*  adverse effects
« on sexual function and fertility, or
* on development;

»  effects on or via lactation.

3.7.13 Adverse effects on sexual function and fertility

Any effect of substances that has the potential to interfere with sexual function and fertility. This
includes, but is not limited to, alterations to the female and male reproductive system, adverse effects
on onset of puberty, gamete production and transport, reproductive cycle normality, sexual behaviour,
fertility, parturition, pregnancy outcomes, premature reproductive senescence, or modifications in

other functions that are dependent on the integrity of the reproductive systems.

3.7.1.4 Adverse effects on development of the offspring

Developmental toxicity includes, in its widest sense, any effect which interferes with normal devel-
opment of the conceptus, either before or after birth, and resulting from exposure of either parent
prior to conception, or exposure of the developing offspring during prenatal development, or postna-
tally, to the time of sexual maturation. However, it is considered that classification under the heading
of developmental toxicity is primarily intended to provide a hazard warning for pregnant women, and
for men and women of reproductive capacity. Therefore, for pragmatic purposes of classification,
developmental toxicity essentially means adverse effects induced during pregnancy, or as a result of
parental exposure. These effects can be manifested at any point in the life span of the organism. The
major manifestations of developmental toxicity include (1) death of the developing organism, (2)

structural abnormality, (3) altered growth, and (4) functional deficiency.

3.7.15 Adverse effects on or via lactation are also included in reproductive toxicity, but for
classification purposes, such effects are treated separately (see Table 3.7.1 (b)). This is because it is
desirable to be able to classify substances specifically for an adverse effect on lactation so that a spe-

cific hazard warning about this effect can be provided for lactating mothers.
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3.7.2 Classification criteria for substances

3.7.2.1 Hazard categories

3.7.2.1.1 For the purpose of classification for reproductive toxicity, substances are allocated to

one of two categories. Within each category, effects on sexual function and fertility, and on develop-

ment, are considered separately. In addition, effects on lactation are allocated to a separate hazard cat-

egory.

Table 3.7.1(a) Hazard categories for reproductive toxicants.

Categories

Criteria

CATEGORY 1

CATEGORY 2

Category 1A

Category 1B

Known or presumed human reproductive toxicant

Substances are classified in Category 1 for reproductive toxicity when
they are known to have produced an adverse effect on sexual function
and fertility, or on development in humans or when there is evidence
from animal studies, possibly supplemented with other information, to
provide a strong presumption that the substance has the capacity to
interfere with reproduction in humans. The classification of a sub-
stance is further distinguished on the basis of whether the evidence for
classification is primarily from human data (Category 1A) or from
animal data (Category 1B).

Known human reproductive toxicant

The classification of a substance in Category 1A is largely based on
evidence from humans.

Presumed human reproductive toxicant

The classification of a substance in Category 1B is largely based on
data from animal studies. Such data shall provide clear evidence of an
adverse effect on sexual function and fertility or on development in
the absence of other toxic effects, or if occurring together with other
toxic effects the adverse effect on reproduction is considered not to be
a secondary non-specific consequence of other toxic effects. However,
when there is mechanistic information that raises doubt about the rele-
vance of the effect for humans, classification in Category 2 may be
more appropriate.

Suspected human reproductive toxicant

Substances are classified in Category 2 for reproductive toxicity when
there is some evidence from humans or experimental animals, possi-
bly supplemented with other information, of an adverse effect on sex-
ual function and fertility, or on development, and where the evidence
is not sufficiently convincing to place the substance in Category 1. If
deficiencies in the study make the quality of evidence less convincing,
Category 2 could be the more appropriate classification.

Such effects shall have been observed in the absence of other toxic
effects, or if occurring together with other toxic effects the adverse
effect on reproduction is considered not to be a secondary non-specific
consequence of the other toxic effects.
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Table 3.7.1(b) Hazard category for lactation effects.
EFFECTS ON OR VIA LACTATION

Effects on or via lactation are allocated to a separate single category. It is recognised that for many
substances there is no information on the potential to cause adverse effects on the offspring via lacta-
tion. However, substances which are absorbed by women and have been shown to interfere with lac-
tation, or which may be present (including metabolites) in breast milk in amounts sufficient to cause
concern for the health of a breastfed child, shall be classified and labelled to indicate this property
hazardous to breastfed babies. This classification can be assigned on the:

(a) human evidence indicating a hazard to babies during the lactation period; and/or

(b) results of one or two generation studies in animals which provide clear evidence of adverse effect
in the offspring due to transfer in the milk or adverse effect on the quality of the milk; and/or

(c) absorption, metabolism, distribution and excretion studies that indicate the likelihood that the sub-
stance is present in potentially toxic levels in breast milk.

3722 Basis of classification

3.7.2.2.1 Classification is made on the basis of the appropriate criteria, outlined above, and an
assessment of the total weight of evidence (see 1.1.1). Classification as a reproductive toxicant is
intended to be used for substances which have an intrinsic, specific property to produce an adverse
effect on reproduction and substances shall not be so classified if such an effect is produced solely as

a non-specific secondary consequence of other toxic effects.

The classification of a substance is derived from the hazard categories in the following order of pre-
cedence: Category 1A, Category 1B, Category 2 and the additional Category for effects on or via lac-
tation. If a substance meets the criteria for classification into both of the main categories (for example
Category 1B for effects on sexual function and fertility and also Category 2 for development) then
both hazard differentiations shall be communicated by the respective hazard statements. Classifica-
tion in the additional category for effects on or via lactation will be considered irrespective of a clas-

sification into Category 1A, Category 1B or Category 2.

3.7222 In the evaluation of toxic effects on the developing offspring, it is important to consider

the possible influence of maternal toxicity (see section 3.7.2.4).

37223 For human evidence to provide the primary basis for a Category 1A classification there
must be reliable evidence of an adverse effect on reproduction in humans. Evidence used for classifi-
cation shall ideally be from well conducted epidemiological studies which include the use of appro-
priate controls, balanced assessment, and due consideration of bias or confounding factors. Less
rigorous data from studies in humans shall be supplemented with adequate data from studies in

experimental animals and classification in Category 1B shall be considered.
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3723 Weight of evidence

3.7.23.1 Classification as a reproductive toxicant is made on the basis of an assessment of the
total weight of evidence, see section 1.1.1. This means that all available information that bears on the
determination of reproductive toxicity is considered together, such as epidemiological studies and
case reports in humans and specific reproduction studies along with sub-chronic, chronic and special
study results in animals that provide relevant information regarding toxicity to reproductive and
related endocrine organs. Evaluation of substances chemically related to the substance under study
may also be included, particularly when information on the substance is scarce. The weight given to
the available evidence will be influenced by factors such as the quality of the studies, consistency of
results, nature and severity of effects, the presence of maternal toxicity in experimental animal stud-
ies, level of statistical significance for inter-group differences, number of endpoints affected, rele-
vance of route of administration to humans and freedom from bias. Both positive and negative results
are assembled together into a weight of evidence determination. A single, positive study performed
according to good scientific principles and with statistically or biologically significant positive results

may justify classification (see also 3.7.2.2.3).

37232 Toxicokinetic studies in animals and humans, site of action and mechanism or mode of
action study results may provide relevant information which reduces or increases concerns about the
hazard to human health. If it is conclusively demonstrated that the clearly identified mechanism or

mode of action has no relevance for humans or when the toxicokinetic differences are so marked that
it is certain that the hazardous property will not be expressed in humans then a substance which pro-

duces an adverse effect on reproduction in experimental animals should not be classified.

37233 If, in some reproductive toxicity studies in experimental animals the only effects
recorded are considered to be of low or minimal toxicological significance, classification may not
necessarily be the outcome. These effects include small changes in semen parameters or in the inci-
dence of spontaneous defects in the foetus, small changes in the proportions of common foetal vari-
ants such as are observed in skeletal examinations, or in foetal weights, or small differences in

postnatal developmental assessments.

3.7.2.3.4  Data from animal studies ideally shall provide clear evidence of specific reproductive
toxicity in the absence of other systemic toxic effects. However, if developmental toxicity occurs
together with other toxic effects in the dam, the potential influence of the generalised adverse effects
shall be assessed to the extent possible. The preferred approach is to consider adverse effects in the
embryo/foetus first, and then evaluate maternal toxicity, along with any other factors which are likely
to have influenced these effects, as part of the weight of evidence. In general, developmental effects

that are observed at maternally toxic doses shall not be automatically discounted. Discounting devel-
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opmental effects that are observed at maternally toxic doses can only be done on a case-by-case basis

when a causal relationship is established or refuted.

3.7.23.5 If appropriate information is available it is important to try to determine whether devel-
opmental toxicity is due to a specific maternally mediated mechanism or to a non-specific secondary
mechanism, like maternal stress and the disruption of homeostasis. Generally, the presence of mater-
nal toxicity shall not be used to negate findings of embryo/foetal effects, unless it can be clearly dem-
onstrated that the effects are secondary non-specific effects. This is especially the case when the
effects in the offspring are significant, e.g. irreversible effects such as structural malformations. In
some situations it can be assumed that reproductive toxicity is due to a secondary consequence of
maternal toxicity and discount the effects, if the substance is so toxic that dams fail to thrive and there

is severe inanition, they are incapable of nursing pups; or they are prostrate or dying.

3724 Maternal toxicity

3.7.24.1 Development of the offspring throughout gestation and during the early postnatal stages
can be influenced by toxic effects in the mother either through non-specific mechanisms related to
stress and the disruption of maternal homeostasis, or by specific maternally-mediated mechanisms. In
the interpretation of the developmental outcome to decide classification for developmental effects it
is important to consider the possible influence of maternal toxicity. This is a complex issue because
of uncertainties surrounding the relationship between maternal toxicity and developmental outcome.
Expert judgement and a weight of evidence approach, using all available studies, shall be used to
determine the degree of influence that shall be attributed to maternal toxicity when interpreting the
criteria for classification for developmental effects. The adverse effects in the embryo/foetus shall be
first considered, and then maternal toxicity, along with any other factors which are likely to have

influenced these effects, as weight of evidence, to help reach a conclusion about classification.

37242 Based on pragmatic observation, maternal toxicity may, depending on severity, influ-
ence development via non-specific secondary mechanisms, producing effects such as depressed foe-
tal weight, retarded ossification, and possibly resorptions and certain malformations in some strains
of certain species. However, the limited number of studies which have investigated the relationship
between developmental effects and general maternal toxicity have failed to demonstrate a consistent,
reproducible relationship across species. Developmental effects which occur even in the presence of
maternal toxicity are considered to be evidence of developmental toxicity, unless it can be unequivo-
cally demonstrated on a case-by-case basis that the developmental effects are secondary to maternal
toxicity. Moreover, classification shall be considered where there is a significant toxic effect in the
offspring, e.g. irreversible effects such as structural malformations, embryo/foetal lethality, signifi-

cant post-natal functional deficiencies.
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37243 Classification shall not automatically be discounted for substances that produce devel-
opmental toxicity only in association with maternal toxicity, even if a specific maternally-mediated
mechanism has been demonstrated. In such a case, classification in Category 2 may be considered
more appropriate than Category 1. However, when a substance is so toxic that maternal death or
severe inanition results, or the dams are prostrate and incapable of nursing the pups, it is reasonable
to assume that developmental toxicity is produced solely as a secondary consequence of maternal
toxicity and discount the developmental effects. Classification is not necessarily the outcome in the
case of minor developmental changes, when there is only a small reduction in foetal/pup body weight

or retardation of ossification when seen in association with maternal toxicity.

37244 Some of the end points used to assess maternal effects are provided below. Data on
these end points, if available, need to be evaluated in light of their statistical or biological signifi-
cance and dose response relationship.

Maternal mortality:

an increased incidence of mortality among the treated dams over the controls shall be considered evi-
dence of maternal toxicity if the increase occurs in a dose-related manner and can be attributed to the
systemic toxicity of the test material. Maternal mortality greater than 10 % is considered excessive
and the data for that dose level shall not normally be considered for further evaluation.

Mating index

(no. animals with seminal plugs or sperm/no. mated x 100) (*)

Fertility index

(no. animals with implants/no. of matings x 100)

Gestation length

(if allowed to deliver)

Body weight and body weight change:

Consideration of the maternal body weight change and/or adjusted (corrected) maternal body weight

shall be included in the evaluation of maternal toxicity whenever such data are available. The calcula-

() It is recognised that the Mating index and the Fertility index can also be affected by the male.
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tion of an adjusted (corrected) mean maternal body weight change, which is the difference between
the initial and terminal body weight minus the gravid uterine weight (or alternatively, the sum of the
weights of the foetuses), may indicate whether the effect is maternal or intrauterine. In rabbits, the
body weight gain may not be useful indicators of maternal toxicity because of normal fluctuations in

body weight during pregnancy.

Food and water consumption (if relevant):

The observation of a significant decrease in the average food or water consumption in treated dams
compared to the control group is useful in evaluating maternal toxicity, particularly when the test
material is administered in the diet or drinking water. Changes in food or water consumption need to
be evaluated in conjunction with maternal body weights when determining if the effects noted are

reflective of maternal toxicity or more simply, unpalatability of the test material in feed or water.

Clinical evaluations (including clinical signs, markers, haematology and clinical chemistry studies):

The observation of increased incidence of significant clinical signs of toxicity in treated dams relative
to the control group is useful in evaluating maternal toxicity. If this is to be used as the basis for the
assessment of maternal toxicity, the types, incidence, degree and duration of clinical signs shall be
reported in the study. Clinical signs of maternal intoxication include: coma, prostration, hyperactivity,

loss of righting reflex, ataxia, or laboured breathing.

Post-mortem data:

Increased incidence and/or severity of post-mortem findings may be indicative of maternal toxicity.
This can include gross or microscopic pathological findings or organ weight data, including absolute
organ weight, organ-to-body weight ratio, or organ-to-brain weight ratio. When supported by find-
ings of adverse histopathological effects in the affected organ(s), the observation of a significant
change in the average weight of suspected target organ(s) of treated dams, compared to those in the

control group, may be considered evidence of maternal toxicity.

3.7.2.5 Animal and experimental data

3.7.2.5.1 A number of internationally accepted test methods are available; these include methods
for developmental toxicity testing (e.g. OECD Test Guideline 414), and methods for one or two-gen-

eration toxicity testing (e.g. OECD Test Guidelines 415, 416).

3.72.52 Results obtained from Screening Tests (e.g. OECD Guidelines 421 — Reproduction/
Developmental Toxicity Screening Test, and 422 — Combined Repeated Dose Toxicity Study with
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Reproduction/Development Toxicity Screening Test) can also be used to justify classification,
although it is recognised that the quality of this evidence is less reliable than that obtained through
full studies.

37253 Adverse effects or changes, seen in short- or long-term repeated dose toxicity studies,
which are judged likely to impair reproductive function and which occur in the absence of significant
generalised toxicity, may be used as a basis for classification, e.g. histopathological changes in the

gonads.

37254 Evidence from in vitro assays, or non-mammalian tests, and from analogous substances
using structure-activity relationship (SAR), can contribute to the procedure for classification. In all
cases of this nature, expert judgement must be used to assess the adequacy of the data. Inadequate

data shall not be used as a primary support for classification.

3.7.2.55 It is preferable that animal studies are conducted using appropriate routes of administra-
tion which relate to the potential route of human exposure. However, in practice, reproductive toxic-
ity studies are commonly conducted using the oral route, and such studies will normally be suitable
for evaluating the hazardous properties of the substance with respect to reproductive toxicity. How-
ever, if it can be conclusively demonstrated that the clearly identified mechanism or mode of action
has no relevance for humans or when the toxicokinetic differences are so marked that it is certain that
the hazardous property will not be expressed in humans then a substance which produces an adverse

effect on reproduction in experimental animals shall not be classified.

3.7.2.5.6 Studies involving routes of administration such as intravenous or intraperitoneal injec-
tion, which result in exposure of the reproductive organs to unrealistically high levels of the test sub-
stance, or elicit local damage to the reproductive organs, including irritation, must be interpreted with

extreme caution and on their own are not normally the basis for classification.

3.7.2.5.7 There is general agreement about the concept of a limit dose, above which the produc-
tion of an adverse effect is considered to be outside the criteria which lead to classification, but not
regarding the inclusion within the criteria of a specific dose as a limit dose. However, some guide-
lines for test methods, specify a limit dose, others qualify the limit dose with a statement that higher
doses may be necessary if anticipated human exposure is sufficiently high that an adequate margin of
exposure is not achieved. Also, due to species differences in toxicokinetics, establishing a specific
limit dose may not be adequate for situations where humans are more sensitive than the animal

model.

3.72.5.8 In principle, adverse effects on reproduction seen only at very high dose levels in animal

studies (for example doses that induce prostration, severe inappetence, excessive mortality) would
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not normally lead to classification, unless other information is available, e.g. toxicokinetics informa-
tion indicating that humans may be more susceptible than animals, to suggest that classification is
appropriate. Please also refer to the section on maternal toxicity (3.7.2.4) for further guidance in this

area.

3.7.2.59 However, specification of the actual ‘limit dose’ will depend upon the test method that
has been employed to provide the test results, e.g. in the OECD Test Guideline for repeated dose tox-
icity studies by the oral route, an upper dose of 1 000 mg/kg has been recommended as a limit dose,

unless expected human response indicates the need for a higher dose level.

3.7.3 Classification criteria for mixtures

3.7.3.1 Classification of mixtures when data are available for all ingredients or only for some

ingredients of the mixture

3.7.3.1.1 The mixture shall be classified as a reproductive toxicant when at least one ingredient
has been classified as a Category 1A, Category 1B or Category 2 reproductive toxicant and is present
at or above the appropriate generic concentration limit as shown in Table 3.7.2 for Category 1A, Cat-

egory 1B and Category 2 respectively.

3.73.1.2 The mixture shall be classified for effects on or via lactation when at least one ingredi-
ent has been classified for effects on or via lactation and is present at or above the appropriate generic

concentration limit as shown in Table 3.7.2 for the additional category for effects on or via lactation.

Table 3.7.2 Generic concentration limits of ingredients of a mixture classified as reproduction toxicants or foreffects on or via

lactation that trigger classification of the mixture.

Ingredient classified as: Generic concentration limits triggering classification of a mixture as:
Category 1A Category 1B Category 2 Additional category
reproductive toxicant  reproductive toxicant  reproductive toxicant  for effects on or via |

actation

Category 1A >0,3%

reproductive toxicant [Note 1]

Category 1B >0,3%

reproductive toxicant [Note 1]

Category 2 >3,0%

reproductive toxicant [Note 1]

Additional category >0,3%

for effects on or via [Note 1]

lactation

Note The concentration limits in the table above apply to solids and liquids (w/w units) as well as gases (v/v units).

Note 1 If a Category 1 or Category 2 reproductive toxicant or a substance classified for effects on or via lactation is present in

the mixture as an ingredient at a concentration above 0,1 %, a SDS shall be available for the mixture upon request.
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3.73.2 Classification of mixtures when data are available for the complete mixture

3.7.3.2.1 Classification of mixtures will be based on the available test data for the individual
ingredients of the mixture using concentration limits for the ingredients of the mixture. On a case-by-
case basis, test data on mixtures may be used for classification when demonstrating effects that have
not been established from the evaluation based on the individual components. In such cases, the test
results for the mixture as a whole must be shown to be conclusive taking into account dose and other
factors such as duration, observations, sensitivity and statistical analysis of reproduction test systems.
Adequate documentation supporting the classification shall be retained and made available for review

upon request.

3733 Classification of mixtures when data are not available for the complete mixture:

bridging principles

3.7.33.1 Subject to paragraph 3.7.3.2.1, where the mixture itself has not been tested to determine
its reproductive toxicity, but there are sufficient data on the individual ingredients and similar tested
mixtures to adequately characterise the hazards of the mixture, these data shall be used in accordance

with the applicable bridging rules set out in section 1.1.3.
3.7.4 Hazard Communication

3.74.1 Label elements shall be used for substances or mixtures meeting the criteria for

classification in this hazard class in accordance with Table 3.7.3
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Table 3.7.3 Label elements for reproductive toxicity.

Classification Category 1A or Category 1B Category 2 Additional category
foreffects on or via
lactation

GHS Pictograms No pictogram

Signal Word Danger Warning No signal word

Hazard Statement

Precautionary Statement
Prevention

Precautionary Statement
Response

Precautionary Statement
Storage

Precautionary Statement
Disposal

H360: May damage fertility or the
unborn child (state specific effect if
known)(state route of exposure if it is
conclusively proven that no other
routes of exposure cause the hazard)

P201
P202
P281

P308 +P313
P405

P501

H361: Suspected of damaging fertil-
ity or the unborn child (state specific
effect if known) (state route of expo-
sure if it is conclusively proven that
no other routes of exposure cause the
hazard)

P201

P202

P281

P308 +P313
P405

P501

H362: May cause
harm to breast-fed
children.

P201
P260
P263
P264
P270

P308 +P313
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amex C
Additional considerations to
Regulation (EC) 1272/2008

The classification and labelling of substances is performed according to the
guidelines of the European Union (Regulation (EC)1272/2008) presented in
Annex B. The classification of compounds is ultimately dependent on an inte-
grated assessment of the nature of all parental and developmental effects
observed, their specificity and adversity, and the dosages at which the various
effects occur. The guideline necessarily leaves room for interpretation, dependent
on the specific data set under consideration. In the process of using the regula-
tion, the committee has agreed upon a number of additional considerations:

» If'there is sufficient evidence to establish a causal relationship between
human exposure to the substance and impaired fertility or subsequent devel-
opmental toxic effects in the offspring, the compound will be classified in
category 1A, irrespective of the general toxic effects (see Annex B,
3.7.2.2.1).

* Adverse effects in a reproductive study, reported without information on the
parental or maternal toxicity, may lead to a classification other than category
1B, when the effects occur at dose levels which cause severe toxicity in gen-
eral toxicity studies.

*  Clear adverse reproductive effects will not be disregarded on the basis of
reversibility per se.
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*  The committee does not only use guideline studies (studies performed
according to OECD” standard protocols) for the classification of compounds,
but non-guideline studies are taken into consideration as well.

Organisation for Economic Cooperation and Development
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D

Annex

Fertility and developmental toxicity
studies

Table 1a Fertility studies in animals: oral administration.

author species

experimental dose/route

period/design

general toxicity

effects on reproductive organs/
effects on reproduction

Cabral/ Neal, male Fischer

(1983) 344 rats
(n=5-27/
group)

male Sprague-
Dawley rats,
(n=60/group)

Lafaurie et
al. (1982)

3wk, followed by 0.06% in diet (30
1 wk control diet; mg/kg bw/d)
schedule repeated

3 times; only 3

wk; control group

included; sacri-

fice at 55 wk

30 d; then 6 peri- 0.06% (30 mg/kg
odsof 4 wkin  bw/d) in semi-syn-
which animals thetic diet deprived
received 2-AAF  of protein and ribo-
in semi-synthetic flavin (to enhance
diet for 2 wk fol- occurrence of liver
lowed by 2 wk of cancer; 1 control
semi-synthetic ~ group fed a normal
diet only diet; 1 control group
fed the semi-syn-
thetic diet

12-wk treatment: marked

bw depression and mortal-

ity (in 22/25 animals);
liver carcinomas (in 24/
25; with extensive lung
metastases in 8/25), chol-
angiosarcomas (in 5/25),
Zymbal gland carcinomas
(no incidence presented);
other groups: no effect on
bw, no mortality, no
tumours

not reported,

study designed to explore
relation between hor-
monal status and liver
cancer

testicular mesotheliomas (in 9/
25)

decreased absolute testis
weights; reduced spermato-
genic activity?; histological tes-
ticular lesions (e.g. near total
loss of germinal epithelium,
interstitial oedema, tubules con-
taining only Sertoli cells, thick-
ened basement membrane of
tubules and tunica albuginea);
decreased testosterone levels
generally, levels fluctuated con-
siderably
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Bishop et  male Fischer

al. (1988b) 344 rats
Salome (n=18/group)
(1988)
Harper/ male Ha/ICR
Legator Swiss mice
(1988) (n=5/group)
Salome
(1988)
Salome et male CD-1
al. (1988) Swiss mice
Salome (n=5-9/group)
(1988)
Salome et male B6C3F,
al. (1988) mice (n=7 or
Salome 10/group)
(1988)
Bishopet male F344
al. (1988a) rats (n=15/
group)
Bishop et male F344
al. (1988a) rats (n=15/
group)

5 d/wk, 8 wk;
sacrifice 2.5 wk
after final treat-
ment

2 or 5 d; sacrifice
35 d after final
treatment

3 d; sacrifice 34-
35 d after last
treatment

3 or 4 d; sacrifice
approx. 35 d after
last treatment

5 d/wk, for 23 d
males mated

0, 5, 10 mg/kg bw/d
(in trioctanoin);
gavage

0, 110, 222, 444,
666, 780, 888, 900
mg/kg bw/d (in olive
oil); gavage

two separate series:
0, 385, 462, 577,
728, 902 mg/kg bw/
d (in corn oil); and 0,
713, 828,950, 1082
mg/kg bw/d (in corn
oil); gavage

0, 720, 830, 954,
1010 mg/kg bw/d (in
corn oil); gavage

0, 5, 50 mg/kg bw/d
for 5 d; then 0, 12.5

post-treatment for 25 mg/kg bw/d; 5 d/

2 consecutive 5-d
periods; 2
females per male;
females sacri-
ficed 19 d after
mating

w for 18 d; gavage

5 d/w, for 32-40 d 0, 5 mg/kg bw; 40 d

0, 10 mg/kg bw/d,
32-35d or 36-40 d;
gavage

at 10 mg/kg: mortality
after wk 6; 4/18 survived

not reported; mortality in
1/5 animals at 900 mg/kg
bw

not reported; mortality in
3/9 at 902 mg/kg bw, and
in 1/8 at both 1032, 950,
713, and 577 mg/kg bw.
(also mortality in 1/5 in
solvent control in I8t
series)

not reported; mortality in
1/10 at 1010 mg/kg bw
and 1/7 at 830 mg/kg bw

severe bw loss after 1st
wk (leading to lowering
doses by one half); after
4th wk, mortality at high-
dose from apparent liver
toxicity;

during 2-wk mating trials:
mortality in 4/18 low-dose
and 14/18 high-dose ani-
mals; bladder lesions in
survivors sacrificed at
post-treatment d 31

at high dose, mortality
after 6th wk of treatment

no effect on sperm morphology

no effect on sperm morphology

no effect on sperm morphology

no effect on sperm morphology

no effect on the mean numbers
of implantations, non-viable and
viable implantations per female;
on frequencies of females with 1
or more or with 2 or more non-
viable implantations; on mean
foetal death rate and percentage
foetal lethality; decreased per-
centages of females with
implantations after st mating
trials at low (7/30) and high
dose (0/8) (controls: 17/30)

no effect on the mean numbers
of implantations, non-viable and
viable implantations per female;
on frequencies of females with 1
or more or with 2 or more non-
viable implantations; on mean
foetal death rate and percentage
foetal lethality; decreased per-
centages of females with
implantations when mated with
males immediately after having
received 32 doses or more of 10
mg/kg bw
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Shibuya et male B6D2F, 5d
mice (n=30/
group)

al. (1988)

males mated
post-treatment for
2 consecutive 5-d
periods; 2
females per male;
females sacri-
ficed 13 d after
mating

0, 350, 700 mg/kg
bw/d; gavage

not reported; mortality in
6/30 males at 700 mg/kg

bw

no effect on frequencies of fer-
tile matings, females with one
or more dead implantations and
dominant lethal mutations, or on
numbers of corpora lutea,
implantations, and living
implantations per female

a as evaluated by determining the percentage of stages VII and VIII of the cycle of the seminiferous epithelium by the greatest
diameter of frontal sections of the testes
Abbreviations: bw: body weight; d: day(s); wk: week(s)

Table 1b Fertility studies in animals: intraperitoneal administration.

author species experimental dose general toxicity effects on reproductive organs/
period/design effects on reproduction
Topham male (CBA x 5 d; sacrifice 5 wk 0, 100 250, 500, not reported; mortality no increase in sperm head
(1980) BALB/c)F, after last treatment 1000, 1500 mg/kg (not quantified) abnormalities
mice (n=5/ bw/d (in Tween 80/ observed at 500, 1000,
group) water) 1500 mg/kg bw
Salome/ male 3 or 5 d; sacrifice 0, 220, 440, 660,  not reported; mortality dose-dependent increase in per-
Logan (1988) B6C3F, 35-36 d after last 880, 1100, 1320 in 5-d group in 6/10 at  centage of abnormal sperm (stat.
Salome mice (n=2- treatment mg/kg bw/d (in 1320 mg/kg bw, 1/10 at sign. for 4 higher doses)
(1988) 10/group) DMSO) 1100 mg/kg bw, 2/8 at
660 mg/kg bw, 1/8 at
220 mg/kg bw;
considerable mortality
in all groups treated for
3da
Arany/Erna  male 5 d; sacrifice S wk 0, 1115,2220, 3330, not reported; mortality dose-dependent increase in per-
(1988) B6C2F, after last treatment 4440, 5550 mg/kg in 2/8 at 1115 mg/kg bw, centage of abnormal sperm (stat.
Salome mice (n=8- bw/d (in DMSO)  in 1/8 at 3330 mg/kg sign. for 3 higher doses)
(1988) 10/group) bw, in 2/10 at both 4440
and 5550 mg/kg bw
Quinto/De male 5d 0, 125, 250, 500 not reported at all dose levels: increase in
Marinis (Cs;BL¢ x mg/kg bw/d (in sperm abnormalities
(1983) C3H)F, mice DMSO/water); sac- at 500 mg/kg: reduced absolute
rifice the 5th wk testis weights
after 1st injection
Cauhan male Swiss 1d 0, 56, 112, 167 mg/ not reported no effect on frequencies of dead
(1988) mice (n=60- 24 h after treat- kg bw (in DMSO) implantations, females with
78/group)  ment, | male mated dead implantations, dominant

with 1 female for 4

d; then female
replaced with new
ones 4-d intervals
for at another 11
subsequent mat-

ings; females sacri-

ficed 17-18 d after
1st mating d

lethal mutations, on mean num-
bers of implantations and dead
and living implantations
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Ehling (1988) male (101/ 1d 0, 300, 600 mg/kg at 300 mg/kg bw: slight no effect on frequencies of fer-
El1 x C3H/ see above Cauhan bw (in DMSO) toxicity (not specified); tile matings, dead implants,
E1)F, mice at 600 mg/kg bw: mor- dominant lethal mutations, on
(n=45/group) tality in 47% numbers of corpora lutea,
implantations and living
implantations per female

Generoso female T- 1d 0, 1500 mg/kg bw  not reported no effect on frequencies of dead

(1988) stock and mated during post- (in DMSO) implants, of females with 1 or
(C3H x treatment 0.5-4.5 more dead implants, on numbers
CS57BL)F, and 5.5-9.5; sacri- of implantations, living and
mice (n=41- fice 17 d after mat- dead implantations per female

48/group)  ing
a at 1320 mg/kg bw: 5/10; at 1100 mg/kg bw: 4/8; at 880 mg/kg bw: 6/9; at 660 mg/kg bw: 3/6; at 440 mg/kg bw: 2/5; at 220 mg/
kg bw: 1/4
Abbreviations: bw: body weight; d: day(s); stat. sign.: statistically significant; wk: week(s)

Table 2 Developmental toxicity studies in animals.

author species experimental dose/route general toxicity  developmental toxicity
period/design
Izumi (1962)  Japanese dd  single dose on sin- 0, 100 mg/kg bw (in not reported decreased foetal weight at gd 9, 10,
strain mice  gle gd 8,9, 10, 11, propylene glycol); 11; increased percentage of resorp-
(n=10-12) 12,13, 14, or 15; intraperitoneal tions at gd 8, of number of malformed
animals sacrificed survivors at gd 10; increased number
on gestational d 18 of malformations at gd 8, 9, 10, 11,

13, 14 (including adactyly and mal-
direction of fingers; brachydactyly,
polydactyly, macrodactyly of toes;
malformation of wrist or ankle joint,
absence of tail, cleft palate, cleft lip,
cerebral hernia); skeletal malforma-
tions after staining included: abnor-
malities of the ribs, retarded
ossification of 13th rib, caudal verte-
brae, metacarpal or metatarsal bones
or phalanges of finger or toe.

Abbreviations: d: day(s); gd: gestational day
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