3

V.

Open voor de beste ervaring deze PDF-portfolio in
Acrobat X of Adobe Reader X, of hoger.

Installeer Adobe Reader nu!



http://www.adobe.com/go/reader_download_nl


Ethyl methanesulphonate

Evaluation of the effects on reproduction, recommendation for classification






Gezondheidsraad Voorzitter
Health Council of the Netherlands

Aan de Staatssecretaris Sociale Zaken en Werkgelegenheid

Onderwerp : Aanbieding advies ‘Ethyl methanesulphonate’
Uw kenmerk : DGV/MBO/U-932542

Ons kenmerk : U 1049/AvdB/543-B8

Bijlagen 01

Datum : 30 september 2004

Mijnheer de staatssecretaris,

Bij brief van 3 december 1993, nr DGV/MBO/U-932542, verzocht de Staatssecretaris van
Welzijn, Volksgezondheid en Cultuur namens de Minister van Sociale Zaken en Werkgelegenheid
om naast het afleiden van gezondheidskundige advieswaarden ook te adviseren over andere
onderwerpen ten behoeve van de bescherming van beroepsmatig aan stoffen blootgestelde
personen. In 1995 heeft de Staatssecretaris van Sociale Zaken en Werkgelegenheid besloten tot het
opstellen van een zogenaamde niet-limitatieve lijst van voor de voortplanting vergiftige stoffen.
Op deze lijst komen stoffen die volgens de richtlijnen van de Europese Unie ingedeeld moeten
worden in categorie 1, 2 en 3 wat betreft effecten op de voortplanting en stoffen die schadelijk
kunnen zijn voor het nageslacht via de borstvoeding. De Gezondheidsraad is verzocht om voor
stoffen een classificatie volgens de EU-criteria voor te stellen.

In dit kader bied ik u hierbij een advies aan over ethyl methaansulfonaat. Dit advies is
opgesteld door de Commissie Reproductietoxische stoffen van de Gezondheidsraad en beoordeeld
door de Beraadsgroep Gezondheid en Omgeving.

Ik heb deze publicatie heden ter kennisname aan de Minister van Volksgezondheid, Welzijn en
Sport en aan de Staatssecretaris van de Volkshuisvesting, Ruimtelijke Ordening en Milieu
gestuurd.

Hoogachtend,

W

o

of. dr JA Knottnerus

Bezoekadres Postadres
Parnassusplein 5 Postbus 16052

2511 VX Den Haag 2500 BB Den Haag
Telefoon (070) 340 7520 Telefax (070) 340 75 23

E-mail: A.vd.burght@gr.nl www.gr.nl





Ethyl methanesulphonate

Evaluation of the effects on reproduction, recommendation for classification

Committee for Compounds Toxic to Reproduction,
a committee of the Health Council of the Netherlands

to:

the Minister and State Secretary of Social Affairs and Employment

No. 2004/080SH, The Hague, September 9, 2004






The Health Council of the Netherlands, established in 1902, is an independent scientific
advisory body. Its remit is “to advise the government and Parliament on the current level
of knowledge with respect to public health issues...” (Section 21, Health Act).

The Health Council receives most requests for advice from the Ministers of Health,
Welfare & Sport, Housing, Spatial Planning & the Environment, Social Affairs &
Employment, and Agriculture, Nature & Food Quality. The Council can publish advi-
sory reports on its own initiative. It usually does this in order to ask attention for devel-
opments or trends that are thought to be relevant to government policy.

Most Health Council reports are prepared by multidisciplinary committees of Dutch
or, sometimes, foreign experts, appointed in a personal capacity. The reports are avail-
able to the public.

This report can be downloaded from www.healthcouncil.nl.

Preferred citation:

Health Council of the Netherlands. Committee for Compounds Toxic to Reproduction.
Ethyl methanesulphonate; Evaluation of the effects on reproduction, recommendation
for classification. The Hague: Health Council of the Netherlands, 2004; publication no.
2004/080SH.

all rights reserved

ISBN: 90-5549-540-9






Contents

Samenvatting 7

Executive summary 9

1.1
1.2
1.3
1.4
1.5
1.6
1.7

Scope 11
Background 71

Committee and procedure 11
Additional considerations /2
Labelling for lactation 73
Data 13

Presentation of conclusions /4
Final remark 74

2.1
2.2
23
24

Ethyl methanesulphonate (EMS) 15
Introduction 15

Human studies /6
Animal studies /6
Conclusion 24

References 26

Contents





mgoOQw

Annexes 3/
The committee 32

Comments on the public draft 34

Directive (93/21/EEC) of the European Community 35
Fertility and developmental toxicity studies 4/
Abbreviations 50

Contents





Samenvatting

In het voorliggende advies heeft de Gezondheidsraad ethyl methaansulfonaat (EMS)
onder de loep genomen. EMS is een direct alkylerende verbinding, die met name
gebruikt wordt als modelstof in biomedisch onderzoek. 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 bloot-
gesteld. De Commissie Reproductietoxische stoffen, een commissie van de raad, kijkt
naar effecten op de vruchtbaarheid van mannen en vrouwen zowel als op de ontwikke-
ling van het nageslacht. Bovendien worden effecten van blootstelling van de zuigeling
via de moedermelk beoordeeld.

Op basis van Richtlijn 93/21/EEC van de Europese Unie doet de commissie een voorstel

voor classificatie. Voor EMS komt de commissie tot de volgende aanbevelingen:

*  Voor effecten op de fertiliteit adviseert de commissie omEMS te classificeren in
categorie 2 (Stoffen die dienen te worden beschouwd alsof zij bij de mens de vrucht-
baarheid schaden) en te kenmerken met T;R60.

*  Voor effecten op de ontwikkeling van het nageslacht adviseert de commissie om
EMS te classificeren in categorie 3 (Stoffen die in verband met hun mogelijke voor
de ontwikkeling van de mens schadelijke effecten reden geven tot bezorgdheid) en te
kenmerken met Xn;R63.

*  Voor effecten tijdens lactatie, adviseert de commissie om EMS niet te kenmerken
wegens onvoldoende geschikte gegevens.

Samenvatting





Op grond van wat bekend is uit onderzoek naar ontwikkelingsstoornissen als gevolg van
blootstelling aan EMS, classificeert de commissie EMS in categorie 3 (er is reden voor
bezorgdheid). Op basis van het toxicologisch werkingsmechanisme van direct alkyle-
rende stoffen kan echter gesteld worden dat EMS waarschijnlijk schadelijke effecten
heeft op de ontwikkeling.
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Executive summary

In the present report the Health Council of the Netherlands reviewed ethyl methane-
sulphonate (EMS). EMS is a direct alkylating substance, which is among other things
used as a model compound in biomedical research. This report is part of a series, in
which the Health Council evaluates the effects of substances on reproduction, at request
of the Minister of Social Affairs and Employment. It mainly concerns substances to
which man can be occupationally exposed. The Committee for Compounds toxic to
reproduction, a committee of the Health Council, evaluates the effects on male and
female fertility and on the development of the progeny. Moreover, the effects of expo-
sure on lactation are considered.

According to the Directive 93/21/EEC of the European Union, the committee recom-

mends a classification. The committee's recommendations for EMS are:

*  For effects on fertility, the committee recommends classifying EMS in category 2
(substances which should be regarded as if they impair fertility in humans) and
labeling EMS with T;R60.

* For developmental toxicity, the committee recommends classifying EMS in cate-
gory 3 (Substances which cause concern for humans owing to possible developmen-
tal toxic effects) and labeling EMS with Xn;R63.

*  For effects during lactation, the committee is of the opinion that EMS cannot be
labelled due to a lack of appropriate data.

Executive summary





Based on the available studies concerning the effects of exposure to EMS on develop-
ment, the committee recommends classifying EMS in category 3 (cause concern for
humans). However, general information about the mechanism of toxicity of direct alky-
lating compounds shows that adverse effects on development are to be expected after
exposure to EMS.
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Chapter

1

Scope

1.1

Background

As a result of the Dutch regulation on registration of compounds toxic to reproduction
that came into force on 1 April 1995, the Minister of Social Affairs and Employment
requested the Health Council of the Netherlands to classify compounds toxic to repro-
duction. The classification is performed by the Health Council's Committee for Com-
pounds toxic to reproduction according to the guidelines of the European Union
(Directive 93/21/EEC). The committee'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 toxic to reproduction (category 1, 2 or 3) or labelled as may cause harm to
breastfed babies (R64).

1.2

Committee and procedure

The present document contains the classification of ethyl methanesulphonate by the
Health Council's Committee for Compounds toxic to reproduction. The members of the
committee are listed in Annex A. The first draft of this report was prepared by Dr. W.
Mennes, Centre for Substances and Integrated Risk Asssessment, RIVM, Bilthoven,
The Netherlands, by contract with the Ministry of Social Affairs and Employment. The
classification is based on the evaluation of published human and animal studies concern-
ing adverse effects with respect to fertility and development and lactation of the above
mentioned compound.
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Classification and labelling was performed according to the guidelines of the European
Union listed in Annex C.

Classification for fertility and development:

Category 1 Substances known to impair fertility in humans (R60)
Substances known to cause developmental toxicity in humans (R61)

Category 2 Substances which should be regarded as if they impair fertility in humans (R60)
Substances which should be regarded as if they cause developmental toxicity in humans
(R61)

Category 3 Substances which cause concern for human fertility (R62)

Substances which cause concern for humans owing to possible developmental toxic
effects (R63)

No classification for effects on fertility or development

Labelling for lactation:
May cause harm to breastfed babies (R64)

No labelling for lactation

In 2003, the President of the Health Council released a draft of the report for public
review. The individuals and organisations that commented on the draft report are listed
in Annex B. The committee has taken these comments into account in deciding on the
final version of the report.

1.3

Additional considerations

The classification of compounds toxic to reproduction on the basis of the Directive 93/
21/EEC is ultimately dependent on an integrated 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 directive necessarily leaves room for interpretation,
dependent on the specific data set under consideration. In the process of using the direc-
tive, the committee has agreed upon a number of additional considerations.

» Ifthere is sufficient evidence to establish a causal relationship between human
exposure to the substance and impaired fertility or subsequent developmental toxic
effects in the progeny, the compound will be classified in category 1, irrespective
the general toxic effects (see Annex C, 4.2.3.1 category 1).

* Adverse effects in a reproductive or developmental study, in the absence of data on
parental toxicity, occurring at dose levels which cause severe toxicity in other stud-
ies, need not necessarily lead to a category 2 classification.

» If, after prenatal exposure, small reversible changes in foetal growth and in skeletal
development (e.g. wavy ribs, short rib XIII, incomplete ossification) in offspring
occur at a higher incidence than in the control group in the absence of maternal
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effects, the substance will be classified in category 3 for developmental toxicity. If
these effects occur in the presence of maternal toxicity, they will be considered as a
consequence of this and therefore the substance will not be classified for develop-
mental toxicity (see Annex C, 4.2.3.3 developmental toxicity final paragraph).

* Clear adverse reproductive effects will not be disregarded on the basis of reversibil-
ity per se.

» Effects on sex organs in a general toxicity study (e.g. in a subchronic or chronic tox-
icity study) may warrant classification for fertility.

*  The committee not only uses guideline studies (studies performed according to
OECD standard protocols” for the classification of compounds), but non-guideline
studies are taken into consideration as well.

1.4

Labelling for lactation

The recommendation for labelling substances for effects during lactation is also based
on Directive 93/21/EEC. The Directive defines that substances which are absorbed by
women and may interfere with lactation or which may be present (including metabo-
lites) in breast milk in amounts sufficient to cause concern for the health of a breastfed
child, should be labelled with R64. Unlike the classification of substances for fertility
and developmental effects, which is based on a hazard identification only (largely inde-
pendent of dosage), the labelling for effects during lactation is based on a risk character-
isation and therefore also includes consideration of the level of exposure of the breastfed
child.

Consequently, a substance should be labelled for effects during lactation when it is
likely that the substance would be present in breast milk in potentially toxic levels. The
committee considers a concentration of a compound as potentially toxic to the breastfed
child when this concentration leads to exceedence of the exposure limit for the general
population, eg the acceptable daily intake (ADI).

1.5

Data

Literature searches were conducted in the on-line databases Toxline+, Toxcenter and
Medline, starting from 1965 upto 2003. Literature was selected primarily on the basis of
the text of the abstracts. Publications cited in the selected articles, but not selected dur-
ing the primary search, were reviewed if considered appropriate. In addition, handbooks
and a collection of most recent reviews were consulted. References are divided in litera-
ture cited and literature consulted but not cited.

Organisation for Economic Cooperation and Development
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The committee chose to describe both the 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.

1.6

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 given:

* Lack of appropriate data preclude assessment of the compound for reproductive tox-
icity.

» Sufficient data show that no classification for toxic to reproduction is indicated.

1.7

Final remark

The classification of compounds is based on hazard evaluation” only, which is one of a
series of elements guiding the risk evaluation process. The committee emphasises 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 organisations.

for definitions see Tox95
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Chapter

2

Ethyl methanesulphonate (EMS)

2.1

Introduction

Name :  Ethyl methanesulphonate

CAS-no 1 62-50-0

Synonyms : Methanesulphonic acid ethyl ester; EMS; half-myleran;
Use :  Biomedical research / experimental mutagen

Mol weight 1 12415

Chem formula : CH;-CH,-O-S0,-CHj;

Conversion factor : 1 ppm=5.1 mg/m? (101kPa, 25° C); 1 mg = 0.20 ppm

1% = 10000 ppm = 50746 mg/m>

Ethyl methanesulphonate (EMS) is possibly carcinogenic to humans (IARC74,
IARCS87), based on sufficient evidence in experimental animals. The Dutch Expert
Committee on Occupational Substances considered EMS as a genotoxic carcinogen.

EMS is an alkylating substance which has been and still is extensively used for the
study of toxic events, resulting from the ethylation of tissue macromolecules, notably
DNA (DEC&9). Depending on the ability of the compound to reach the molecular target,
direct alkylating compounds may also react with the genetic material of germ cells and
somatic cells of the foetus. As mutations can be the basis of abnormal development, the
Committee Compounds toxic to reproduction is of the opinion that due to these proper-
ties, effects on reproduction are to be expected after exposure to EMS.

Ethyl methanesulphonate (EMS)
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Human studies

No publications were found concerning effects of EMS on human fertility.

No publications were found concerning developmental effects of EMS in man.

No publications were found concerning the excretion of EMS in human breast milk.

2.2
Fertility
Development
Lactation

23

Animal studies

Tables 1 and 2 (Annex D) summarize the fertility and developmental toxicity studies
with EMS in experimental animals.

General introduction

Studies have been performed to acquire insight into the heritable effects of EMS, either
via a direct action on the fertilised egg, embryo and foetus or on the effects of these sub-
stances on gametogenesis and gametes in males. OECD has incorporated EMS as a pos-
itive reference substance in a number of testing guidelines for genotoxicity, among
which guideline 478 for the assessment of dominant lethality in rodents (OEC96).

However, standard fertility or developmental toxicity studies are not available for EMS.
Most of the studies are limited to parenteral (in particular intraperitoneal) and usually
single dosing. Information on general or parental toxicity is commonly not provided, but
in some studies, parental lethality has been observed. In other studies, not necessarily at
lower dose levels, no effects on parental survival or even sublethal effects have been
mentioned.

In the subsequent sections, a number of studies have been reviewed in more detail.
These are chosen because they provide a sufficient level of experimental detail, or
because they are illustrative for other aspects, e.g. effects on sperm quality, effects on
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glutathione or covalent binding to biomacromolecules. By no means are these studies
performed according to regulatory guidelines for reproductive toxicity studies.

Fertility studies

Fertility studies (only in males) with oral exposure have been summarized in table 1.1,
Annex D. Parenteral fertility studies have been summarized in tables 1.2 and 1.3 for
females and males, respectively, while in table 1.4 studies on effects on sperm cells and
covalent binding studies have been described.

Most of the studies on fertility are dominant lethal tests for heritable genotoxicity,
and have been carried out in males (oral or i.p.) or in females (i.p. only). In addition,
sperm morphology studies have been incorporated. Most of the sperm morphology stud-
ies have been carried out in animals treated via i.p. injection.

One oral study into sperm quality is available (Tak00). The alkylating activity of EMS in
the developing sperm cell has also been studied with radioactive EMS (Seg78).
Although the latter study is no dominant lethal or sperm quality study per se, it provides
a mechanistic background for the observations in these studies and is therefore incorpo-
rated in this section. In addition, the role of the male reproductive tract GSH status on
the reproductive toxicity of EMS in male animals has been studied (Gan92, Tea85,
Tea87).

The most relevant studies are summarized below.

Oral exposure

The effects of EMS on male fertility were studied in a combined dominant lethal / sperm
morphology / sperm motility study in rats (Tak00). Male animals (Crj:CD(sd)IGS strain;
n =9 per group for dominant lethal study and n =2 x 8 for sperm analysis study) were
treated with 0 or 100 mg/kg bw/d during 5 consecutive days by oral gavage. Males were
allowed to mate with untreated females 24 h after the last treatment or after a 28-day
withdrawal period. Pregnant females were sacrificed at day 20 of pregnancy and off-
spring were examined for postimplantation losses and foetal abnormalities. Sperm anal-
ysis was carried out in the epididymides at the same points in time. No clinical signs
were observed during treatment, apart from a decrease in body weight in the males. At
the end of the withdrawal period, the body weight had not fully recovered.

No effects on libido were observed. Immediately after treatment, an insignificant
decrease in the number of implantations per female was observed, but after the with-
drawal period this decrease became significant. Inmediately after treatment, a
decreased number of live foetuses was found. This effect was less pronounced, after the
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28 day withdrawal period. Increased foetal body weight was seen in foetuses sired by
treated males probably due to smaller live litter size that was observed. EMS did not
affect offspring sex ratio and no external anomalies were observed. In treated males,
decreased absolute testis and epididymis weights were found only at the end of the with-
drawal period. No treatment-related deviant sperm motility and morphology parameters
were seen in males immediately after treatment. After the withdrawal period, decreases
in percentage motile sperm cells and sperm cell velocity, lower sperm counts and
increased percentages of tailless and anomalous sperm cells were seen (Tak00).

In a dominant lethal study with male mice of the C3D2F1 and DBA/2J strains (n = 15
per treatment group), animals were treated with a single oral or i.p. dose with 0 or 200
mg/kg bw. At 48 hours after exposure, males were mated for three periods of 7-days
with untreated females (Soa76). Offspring were studied at gestation day 17. Results
were compared with a pooled control group (including those for the anaesthetic) and
with results obtained from a second group of males treated with 200 mg/kg via intraperi-
toneal injection. General toxicity effects were not reported.

After oral dosing, no effects on the percentage of fertile matings were observed for
both strains. For C3D2F1 males at week 1 and 2 but not at week 3, a slight increase in
pre-implantation loss was observed after both oral and i.p. administration but statistical
significance was only reached at week 2 after i.p. dosing. For DBA/2J males, signifi-
cantly increased pre-implantation loss was observed for all mating intervals and for both
routes. In both strains and after both oral and i.p. administration, increased post implan-
tation loss was observed in litters sired during week 1 or 2 post treatment, but not in lit-
ters conceived in week 3. The extent of the post-implantation loss was independent of
strain or route of administration. Pre-implantation loss was only based on reduction in
the number of implants per female in comparison with controls. No account was taken
for the number of corpora lutea, but females were not treated (Soa76).

In a fertility study, male rats (n = unspecified) were mated to untreated females (one to
one) for 13 consecutive weeks post treatment with EMS either via a single i.p. dose of
300 mg/kg bw or via 15 consecutive oral daily doses of 20 mg/kg/d (Jac61). After the
single i.p. dose, loss of body weight was observed, but not after the repeated exposure.
Fertility was monitored as live foetuses per litter.

Complete loss of fertility was observed during week 1-3 following the single i.p.
dose. This recovered during week 4 and 5 to normal during the rest of the study. The
repeated oral dose caused a transient loss of fertility during weeks 3-5 post treatment
(Jac6l).

Ethyl methanesulphonate (EMS)
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Intraperitoneal exposure

Male mice of the (SECxC57BL)F1, (101xC3H)F1 or T-stock strains (10 per treatment
group; control group not specified) were submitted to a dominant lethal assay (Gen69).
The animals were dosed with 0, 300 or 400 mg/kg bw, via a single i.p. injection. Imme-
diately after treatment, males were mated up to day 19.5. The females that had mated
were removed at 12 h post treatment and every other day thereafter. Females were exam-
ined at day 13-17 of gestation and scored for corpora lutea, living embryos and dead
implants.

No lethality was observed at 300 mg/kg bw. At 400 mg/kg bw (not tested for domi-
nant lethality) mortality was 28%, 8% or 5% in (SECxC57BL)F1, (101xC3H)F1 or T-
stock strains respectively. Sub-lethal effects were not mentioned.

Dominant lethal events were observed in all three strains of mice. Males from the T-
stock strain were slightly more resistant to EMS than males of the two hybrid strains.
The most sensitive period was from post treatment days 2.5 to 13.5 i.e. the spermatozoa
and late spermatid stages. After day 13.5, no difference in dominant lethal frequency
between treated and control animals was observed (Gen69).

Female mice of the (SECxC57BL)F1, (101xC3H)F1 or T-stock strains (size of treat-
ment groups: n=34-70; 32-56 or 19-43, respectively) were submitted to a dominant
lethal study for detection of differences in strain sensitivity (Gen69). EMS was adminis-
tered as a single i.p. injection at dose levels of 0 and 300 or 400 mg/kg bw.

The females were mated to males at 24 h post treatment. Ovaries and uteri of mated
females were examined at day 13 -17 of pregnancy. The females were subdivided in
groups that mated between day 1.5-4.5 or day 4.9 - 9.5 post tretament. At 300 mg/kg bw
mortality rates were 6%, 10% or 3%, and at 400 mg/kg bw (not tested for dominant
lethality) 78%, 88% and 38% in (SECxC57BL)F1, (101xC3H)F1 or T-stock strains,
respectively. For the females of the (101xC3H)F1 the occurrence of a "post-treatment
sick phase" was mentioned, which might have resulted in a small reduction of the fre-
quency of pregnant matings during the first mating interval.

T-stock females were most sensitive to EMS. In this strain the percentage of fertile mat-
ings was reduced to 40 or 59%, depending on the moment of copulation. In controls 93
% of the matings were fertile. In fertile females, dominant lethal frequency was approx-
imately 68% and when the non-fertile matings were also included in the calculations
(presumed 100% pre-implantation loss) the frequency of dominant lethals rose to ca.
83%. In the (101xC3H)F1 strain, EMS reduced the percentage of fertile matings from
96% to 83% in the first mating interval and from 95% to 89% in the second. 9.7% and
5.4% dominant lethals (fertile matings only) were observed in first and second mating
interval, respectively. In the (SECxC57BL)F1 strain the percentage of fertile matings
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was not affected, and dominant lethal frequency was 5 or 2% (first and second mating
interval, respectively) (Gen69).

At 24 h post treatment, in a total reproductive capacity test, female (SECxC57BL)F1
mice were permanently cohabited with a young untreated male until the end of the
female's reproductive lifespan (Gen71). EMS was administered at 0, 200 and 325 mg/kg
bw via a single i.p. injection to groups of 71 controls and 25 and 26 per group at 200 and
325 mg/kg bw , respectively. Per group, some females were sacrificed at 3 days, 6 and
10 months after treatment, for examination of the ovaries. At the highest dose level, 3
out of 26 females died within 30 days of exposure; other effects were not reported.

Both low and high dose EMS caused a decrease in the mean number of young per
female. The high dose also caused a decrease in the mean number of litters per female.
Decreases in fertility (both litter size and number of litters produced) became more pro-
nounced later in reproductive life. EMS did not affect the number of oocytes in the ova-
ria at any time point during the study, indicating that the reduced fertility was not the
result of a direct oocyte killing effect, but the precise mechanism has not been elucidated
(Gen71).

In a sperm alkylation assay, male (C3Hx101)F1 mice were treated with ethyl-tritiated
EMS. Ethyl-tritiated EMS was administered at dose levels of 0 and 200 mg/kg bw tri-
tium-EMS via single i.p. injection. Sperm heads were collected during 1-15 days post
treatment (Sea78). Alkylation of sperm head DNA and protamine was monitored in
sperm cells collected from vas deferens and cauda epididymis. Signs of general toxicity
were not reported.

The number of alkylations per sperm head closely followed the dominant -lethal fre-
quency curve (as determined in other studies) with a peak during day 7-14. Sperm head
DNA alkylation was greatest at 4 h post treatment and declined steadily during the rest
of the study, without an additional peak. The peak in total sperm head alkylation was
associated with a peak in protamine alkylation rather than in DNA alkylation (Seg78).

Male F344 rats, submitted to a dominant lethal test (n =9 group) were administered at 0,
50 and 100 mg/kg bw via single i.p. injection. Each male was caged with a virgin female
at 24 h before treatment and with a new female during the 5 days following treatment
(Tea85). At day 6-7 the female was removed and a new female was introduced at day 8.
This procedure was repeated for 6 consecutive weeks. Uteri were examined at day 18 of
gestation.

GSH levels in testes, epididymis and vas deferens were determined at 1.5 h post
treatment at levels of 0, 125 and 250 mg kg bw via single i.p. injection in 4 animals per
group. No overt toxicity, measured as male body weight changes was observed.
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Treatment caused an increase in dominant lethals and in particular in pre-implanta-
tion loss in post-meiotic stages of rat spermatogenesis (during weeks 2 and 3 post treat-
ment), already at 50 mg/kg bw but especially at 100 mg/kg bw. No effect on libido was
observed. EMS caused a decrease in GSH levels in testes (only the high dose), and more
prominently in epididymis and vas deferens tissue (Tea85).

In a dominant lethal study, male F344 rats (9 per group) were pre-treated with buthion-
ine sulphoximine (BSO) to deplete sex organ GSH levels (Tea87). Animals were
allowed to mate during 6 mating periods of 5 days per week following treatment with
EMS. The following dose levels and regimens were used: EMS: 0 or 50 mg/kg bw via
single i.p. injection. BSO: 0 or 3 mmol/kg BSO in 3 s.c. injections on 12 hrs intervals. In
combination studies the EMS injection took place at 12 hrs following the last BSO
injection. Reproductive effects were correlated with tissue GSH levels. In addition a
sperm head alkylation study was performed using the same dosing regimens for BSO
and ethyl-tritiated EMS.

Neither BSO, nor EMS induced general toxicity. No effect or a small effect on dom-
inant lethal index was observed after treatment with BSO alone. With EMS alone a
slight increase in dominant lethality was observed in week 3 litters. A much stronger
increase in dominant lethality was observed when EMS was administered after pre-
treatment with BSO, especially in litters sired at week 2 and 3 post EMS treatment.
Treatment with EMS or BSO+EMS did not result in increased pre-implantation loss.

The BSO treatment caused a 22% decrease in testicular GSH concentration and a
50% decrease in both epididymal and vas deferens GSH concentration.

When animals were treated with tritium-EMS or BSO+tritium-EMS, little alkylation of
sperm heads was observed at day 1 post treatment. A clear increase in sperm head alky-
lation was seen at day 8 and at day 15, while sperm head alkylation was much lower
again at day 22. Only at day 15 BSO+EMS shows a higher alkylation rate than EMS
alone (Tea87).

In a dominant lethal study, female (C3HXxC57BL)F1 mice were treated with EMS via
single i.p. injection either before mating or within 25 h thereafter (Gen88). Animal num-
bers were 50 to 65 and 30 to 50 in treatment and control groups, respectively. Dose lev-
els 25 hours before mating were 0 or 250 mg/kg bw but in two additionally post mating
studies, dose levels were 0 or 250 mg/kg bw at 1, 6, 9 or 25 h post mating or 0, 150 and
250 mg/kg bw at 6 h post mating. At day 17 of gestation uteri were investigated to score
fertility, post-implantation loss and abnormal foetuses. Data on general toxicity were not
provided.

No effects on offspring were observed when animals were treated either before mating
or at 25 h thereafter. When females were treated at 1 or 6 h post-mating, with 250 mg/kg
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bw about 60% of the conceptuses were lost, half of them as early resorptions, half of
them as mid- and late gestational death. When animals were treated with the same dose
at 9 h post-mating the effects were less pronounced, as was the case with the lower dose
level at 6 h.

With 250 mg/kg bw at 6 h post mating, about 30% of all living foetuses showed
morphological abnormalities (not further specified), in comparison with 1% in controls.
According to the authors, embryolethality of EMS was specifically elicited during the
moment of sperm entry and during the early pronuclear stage of the developing zygote
(Gen88).

In a dominant lethal test, male CBA mice (numbers unspecified) were treated with O or
200 mg/kg bw EMS via single i.p. injection and after treatment mated for 5 consecutive
weekly intervals with 2-3 virgin females of the C57B1/6J strain (Pas90). At day 16 - 19
of pregnancy uterine contents was investigated for dominant lethals. Using polyacryla-
mide gel-elctrophoresis, livers of viable foetuses and both parents were screened to
detect biochemical variants of several enzymes.

General toxicity effects were not reported. Effects on male fertility were not
observed. Increased frequencies of post-implantation lethality were seen in litters sired
during week 1 and 2 post treatment but not in later litters. In pups from the week 1 and 2
litters, increased incidences of liver enzyme variants could be detected, which according
to the authors were indicative for mutational events (Pas90).

Subcuteaneous

Male Slc-ICR mice (4 per group) were dosed with 0, 175 or 350 mg EMS/kg bw via sin-
gle s.c. injection (Has87). In a pre-test, these dose levels showed toxic effects in the
bone marrow. Other effects were not reported. In the first experiment effects on bone
marrow cells, spermatogonia en spermacytes were studied in treated mice, sacrificed 1-6
weeks after exposure.

In a second experiment, treated males were mated with untreated females at 1 to 6
weeks after EMS administration (0, 175 or 350 mg EMS/kg bw). 16 hours after ovula-
tion females were killed and the development of fertilized eggs (a chromosomal aberra-
tion test in first cleavage metaphase fertilised eggs) was studied.

Bone marrow chromosomal breaks were found at 1 but not at 2 or 3 weeks post dos-
ing (both concentrations). With EMS in spermatogonia at week 1 but not at week 2 or 3,
a slight increase in numerical aberrations but not in chromatid or chromosomal breaks
was observed. No chromosomal changes were observed in spermatocytes. A slight
increase in percentage of hook-less sperm heads was seen at 2 and 3 weeks post-dosing.
However, in females mated 1 to 3 weeks post-treatment to exposed males, increased
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numbers of fertilised eggs with chromosomal aberrations were observed. At week 4-6
no increased frequency of chromosomal aberration in fertilised eggs was seen (Has87).

Developmental toxicity

In Annex D, table 2.1, tests are included which have specifically paid attention to mor-
phological changes in the offspring. Embryo- and foetal lethality are covered by the
dominant lethal studies in Annex D (see table 1.1 to 1.3) and treated above in the section
on fertility, but it should be noted that in a number of in vivo developmental studies
embryo- or foetotoxicity resulting in increased pre- or post-implantation loss was also
observed.

With respect to the in vivo studies, no data are available from oral developmental toxic-
ity studies. All available data come from studies with i.p. administration, either in males
or in females. The studies with females comprise both pre-mating and post-mating expo-
sure. Only occasionally, developmental effects have been studied on a per litter basis.

The developmental toxicity of EMS has been studied in female NMRI mice. The study
was intended to provide information on the phase of foetal development, which was
most sensitive to EMS (phase specificity study; n=8 to 29 females per group) and to
reveal the dose-relationship for EMS-induced developmental tocixity at the most sus-
ceptible developmental stage (dose dependency study; n= 6 to 53 females per group).

Pregnant females were dosed at day 9, 10, 11 or 12 with 0 or 215 mg/kg bw for the
phase specificity study, or at day 11 of pregnancy with dose levels of 0, 50, 100, 150,
175, 195, 215 or 250 mg/kg bw the dose dependency study. In both studies, EMS was
administered to the animals via a single i.p. injection. Foetuses were examined at day 18
of gestation. General maternal toxicity effects were not reported.

Treatment of dams with 215 mg/kg bw did not result in embryolethality but a decreased
foetal body weight was observed, especially when treated at day 10 or 11. Treatment-
related malformations included cleft palate, limb and paw malformations, asymmetry or
fusion of pelvic bones, fusion of ventral and lateral ossification centres of lumbar verte-
brae. Day 10 and 11 were the most sensitive to the induction of teratogenic effects.

In the dose dependency study, again no embryolethality was observed despite
growth retardation and teratogenicity at all dose levels > 100 mg/kg bw. At the highest
dose level, no foetuses without malformations were found at all. The most frequently
observed malformations were cleft palate, fusion of ventral and lateral ossification cen-
tres of lumbar vertebrae, hindpaw adactyly and missing or fused cranial bones (Pla82).
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Lactation

No studies were available

24

Conclusion

No human data were available to evaluate the reproductive toxicity of EMS. With
respect to animal studies on fertility, all available data were variations of the dominant
lethal test. Such tests have been carried out in female and more extensively in male mice
and rats. Most studies used intraperitoneal exposure, few were done with oral exposure.
Most studies were single dose studies and the rare multidose studies available had few
dose groups. In addition, sperm quality studies (morphology, motility and counts), chro-
mosome aberration studies in fertilised eggs, and sperm alkylation assays have been per-
formed.

Invariably, the dominant lethal assays have shown that in males treated with EMS,
sensitive stages of spem cells, in particular spermatozoa and late spermatids are alky-
lated by EMS resulting in increased pre- and post implantation loss. This phenomenon
was observed after i.p as well as after oral administration (Soa76, Tak00, Pas90, Tea85).
In female mice, mated to exposed males 1 to 3 weeks post treatment, increased numbers
of fertilised eggs with chromosomal aberrations were observed and it has been specu-
lated that these chromosomal breaks are causally related to the dominant lethal effects
(Has87).

The available sperm alkylation studies show that protamine alkylation is most
extensive at the stages of spermatogenesis which are also most sensitive with respect to
the induction of dominant lethals. No clear correlation between DNA alkylation and
induction of dominant lethals was observed. It has also been demonstrated that low GSH
levels in the male reproductive tract may render the sperm cells more vulnerable to EMS
(Tea85, Tea87). In addition liver GSH is also relevant, possibly because low liver GSH
levels may enhance systemic circulation of EMS.

Also in females EMS is able to induce dominant lethal events, in oocytes or fertil-
ised egg cells, but females have been studied less extensively than males. In one study
female reproduction appeared particularly affected at the moment of sperm entry and
during the early pronuclear stage of the developing zygote (Gen88). It has also been
demonstrated that a single i.p. injection with EMS is capable of reducing the life span
reproductive capacity of female mice (Gen71).

Based on the results from the dominant lethal studies with oral administration, sup-
ported by the outcome of the studies with intraperitoneal administration and the sperm
morphology and sperm alkylation studies, the committee recommends classifying EMS
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in category 2 for fertility (substances which should be regarded as if they impair fertility
in humans) and labelling the compound with R60 (May impair fertility).

Foetal malformations have been observed in studies in which EMS has been admin-
istered to females via intraperitoneal injection. No oral teratogenicity studies are avail-
able. In one in vivo study in the mouse, with a detailed description of the malformations,
the most frequently observed malformations were cleft palate, fusion of ventral and lat-
eral ossification centres of lumbar vertebrae, hindpaw adactyly and missing or fused cra-
nial bones.

In the few in vivo studies available, all single dose i.p. studies, the administered
amounts of EMS were close to those which induced parental lethality in several domi-
nant lethal studies. No information is available on developmental or maternal toxicity at
lower dose levels.

It has been clearly demonstrated that EMS may elicit foetal morphological abnor-
malities after intraperitoneal injection. The intraperitoneal route is considered an inap-
propriate route for classification for developmental toxicity. Data from the oral fertility
studies indicate that EMS may become systemically available. This indicates that EMS
may elicit developmental toxicity (as is observed after ip administration) after oral
administration. Therefore, the committee recommends classifying EMS in category 3
(‘substances which cause concern for humans owing to possible developmental toxic
effects’) and labeling with R63 (‘may cause harm to the unborn child’).

However, general information about the mechanism of toxicity of direct alkylating
compounds shows that adverse effects on reproduction are to be expected after exposure
to EMS.

As no studies on EMS in breast milk were available, the committee recommends not
labelling EMS for effects during lactation because of a lack of appropriate data.

Proposed classification for fertility

Category 2, T;R60

Proposed classification for developmental toxicity

Category 3, Xn;R63

Proposed labelling for effect during lactation

Lack of appropriate data precludes the assessment of EMS for labelling for effects dur-
ing lactation.
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Annex

C

Directive (93/21/EEC) of the European
Community

4.2.3 Substances toxic to reproduction

4.2.3.1 For the purposes of classification and labelling and having regard to the present state

of knowledge, such substances are divided into 3 categories:

Category 1:

Substances known to impair fertility in humans

There is sufficient evidence to establish a causal relationship between human exposure to the substance and

impaired fertility.

Substances known to cause developmental toxicity in humans

There is sufficient evidence to establish a causal relationship between human exposure to the substance and

subsequent developmental toxic effects in the progeny.
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Category 2:

Substances which should be regarded as if they impair fertility in humans:

There is sufficient evidence to provide a strong presumption that human exposure to the substance may

result in impaired fertility on the basis of:

*  Clear evidence in animal studies of impaired fertility in the absence of toxic effects, or, evidence of
impaired fertility occurring at around the same dose levels as other toxic effects but which is not a sec-
ondary non-specific consequence of the other toxic effects.

. Other relevant information.

Substances which should be regarded as if they cause developmental toxicity to humans:

There is sufficient evidence to provide a strong presumption that human exposure to the substance may

result in developmental toxicity, generally on the basis of:

e Clear results in appropriate animal studies where effects have been observed in the absence of signs of
marked maternal toxicity, or at around the same dose levels as other toxic effects but which are not a
secondary non-specific consequence of the other toxic effects.

¢ Other relevant information.

Category 3:

Substances which cause concern for human fertility:

Generally on the basis of:

*  Results in appropriate animal studies which provide sufficient evidence to cause a strong suspicion of
impaired fertility in the absence of toxic effects, or evidence of impaired fertility occurring at around
the same dose levels as other toxic effects, but which is not a secondary non-specific consequence of
the other toxic effects, but where the evidence is insufficient to place the substance in Category 2.

. Other relevant information.

Substances which cause concern for humans owing to possible developmental toxic effects:

Generally on the basis of:

*  Results in appropriate animal studies which provide sufficient evidence to cause a strong suspicion of
developmental toxicity in the absence of signs of marked maternal toxicity, or at around the same dose
levels as other toxic effects but which are not a secondary non-specific consequence of the other toxic
effects, but where the evidence is insufficient to place the substance in Category 2.

¢ Other relevant information.
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36





4.2.3.2 The following symbols and specific risk phrases apply:

Category 1:

For substances that impair fertility in humans:

T; R60: May impair fertility

For substances that cause developmental toxicity:

T; R61: May cause harm to the unborn child

Category 2:

For substances that should be regarded as if they impair fertility in humans:

T; R60: May impair fertility

For substances that should be regarded as if they cause developmental toxicity in humans:

T; R61: May cause harm to the unborn child.

Category 3:

For substances which cause concern for human fertility:

Xn; R62: Possible risk of impaired fertility

For substances which cause concern for humans owing to possible developmental toxic effects:

Xn; R63: Possible risk of harm to the unborn child.

4.2.3.3 Comments regarding the categorisation of substances toxic to reproduction

Reproductive toxicity includes impairment of male and female reproductive functions or capacity and the

induction of non-inheritable harmful effects on the progeny. This may be classified under two main

headings of 1) Effects on male or female fertility, 2) Developmental toxicity.

1 Effects on male or female fertility, includes adverse effects on libido, sexual behaviour, any aspect of

spermatogenesis or oogenesis, or on hormonal activity or physiological response which would interfere
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with the capacity to fertilise, fertilisation itself or the development of the fertilised ovum up to and
including implantation.

2 Developmental toxicity, is taken in its widest sense to include any effect interfering with normal devel-
opment, both before and after birth. It includes effects induced or manifested prenatally as well as those
manifested postnatally. This includes embrytoxic/fetotoxic effects such as reduced body weight,
growth and developmental retardation, organ toxicity, death, abortion, structural defects (teratogenic
effects), functional defects, peripostnatal defects, and impaired postnatalmental or physical develop-

ment up to and including normal pubertal development.

Classification of chemicals as toxic to reproduction is intended to be used for chemicals which have an
intrinsic or specific property to produce such toxic effects. Chemicals should not be classified as toxic to
reproduction where such effects are solely produced as a non-specific secondary consequence of other toxic
effects. Chemicals of most concern are those which are toxic to reproduction at exposure levels which do

not produce other signs of toxicity.

The placing of a compound in Category 1 for effects on Fertility and/or Developmental Toxicity is done on
the basis of epidemiological data. Placing into Categories 2 or 3 is done primarily on the basis of animal
data. Data from in vitro studies, or studies on avian eggs, are regarded as 'supportive evidence' and would

only exceptionally lead to classification in the absence of in vivo data.

In common with most other types of toxic effect, substances demonstrating reproductive toxicity will be
expected to have a threshold below which adverse effects would not be demonstrated. Even when clear
effects have been demonstrated in animal studies the relevance for humans may be doubtful because of the
doses administrated, for example, where effects have been demonstrated only at high doses, or where
marked toxicokinetic differences exist, or the route of administration is inappropriate. For these or similar

reasons it may be that classification in Category 3, or even no classification, will be warranted.

Annex V of the Directive specifies a limit test in the case of substances of low toxicity. If a dose level of at
least 1000 mg/kg orally produces no evidence of effects toxic to reproduction, studies at other dose levels
may not be considered necessary. If data are available from studies carried out with doses higher than the
above limit dose, this data must be evaluated together with other relevant data. Under normal circumstances
it is considered that effects seen only at doses in excess of the limit dose would not necessarily lead to

classification as Toxic to Reproduction.
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Effects on fertility

For the classification of a substance into Category 2 for impaired fertility, there should normally be clear
evidence in one animal species, with supporting evidence on mechanism of action or site of action, or
chemical relationship to other known antifertility agents or other information from humans which would
lead to the conclusion that effects would be likely to be seen in humans. Where there are studies in only one

species without other relevant supporting evidence then classification in Category 3 may be appropriate.

Since impaired fertility may occur as a non-specific accompaniment to severe generalised toxicity or where
there is severe inanition, classification into Category 2 should only be made where there is evidence that
there is some degree of specificity of toxicity for the reproductive system. If it was demonstrated that
impaired fertility in animal studies was due to failure to mate, then for classification into Category 2, it
would normally be necessary to have evidence on the mechanism of action in order to interpret whether any

adverse effect such as alteration in pattern of hormonal release would be likely to occur in humans.

Developmental toxicity

For classification into Category 2 there should be clear evidence of adverse effects in well conducted studies
in one or more species. Since adverse effects in pregnancy or postnatally may result as a secondary
consequence of maternal toxicity, reduced food or water intake, maternal stress, lack of maternal care,
specific dietary deficiencies, poor animal husbandry, intercurrent infections, and so on, it is important that
the effects observed should occur in well conducted studies and at dose levels which are not associated with
marked maternal toxicity. The route of exposue is also important. In particular, the injection of irritant
material intraperitoneally may result in local damage to the uterus and its contents, and the results of such

studies must be interpreted with caution and on their own would not normally lead to classification.

Classification into Category 3 is based on similar criteria as for Category 2 but may be used where the
experimental design has deficiencies which make the conclusions less convincing, or where the possibility
that the effects may have been due to non-specific influences such as generalised toxicity cannot be

excluded.

In general, classification in category 3 or no category would be assigned on an ad hoc basis where the only
effects recorded are small changes in the incidences of spontaneous defects, small changes in the
proportions of common variants such as are observed in skeletal examinations, or small differences in

postnatal developmental assessments.
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Effects during Lactation

Substances which are classified as toxic to reproduction and which also cause concern due to their effects on

lactation should in addition be labelled with R64 (see criteria in section 3.2.8).

For the purpose of classification, toxic effects on offspring resulting only from exposure via the breast milk,
or toxic effects resulting from direct exposure of children will not be regarded as 'Toxic to Reproduction',

unless such effects result in impaired development of the offspring.

Substances which are not classified as toxic to reproduction but which cause concern due to toxicity when

transferred to the baby during the period of lactation should be labelled with R64 (see criteria in section

3.2.8). This R-phrase may also be appropriate for substances which affect the quantity or quality of the milk.

R64 would normally be assigned on the basis of:

a  toxicokinetic studies that would indicate the likelihood that the substance would be present in poten-
tially toxic levels in breast milk, and/or

b on the basis of results of one or two generation studies in animals which in- dicate the presence of
adverse effects on the offspring due to transfer in the milk, and/or

¢ on the basis of evidence in humans indicating a risk to babies during the lactational period.
Substances which are known to accumulate in the body and which subsequently may be released into

milk during lactation may be labelled with R33 and R64.
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Annex

D

Fertility and developmental toxicity
studies

Table 1.1 Oral fertility studies in males.

Authors species Experimental Dose and route General Effects on reproductive organs and reproduction
period/design toxicity
And77 Male CD-1 Dominant lethal 0, 100, 150,200  Not reported  Reduced fertility which recovered during the 3
mice test; exposure for mg/kg bw/d; oral week post-dosing; reduced numbers of implanta-
(n=~301in con- 5 days prior to by gavage tions and increased numbers of early death per
trol and ~15in  mating. pregnancy, which recovered after 3 weeks post
treatment dosing.
groups)
And81 Male CD-1 Dominant lethal 0, 100, 150 mg/kg Not reported Increased numbers of early death per pregnancy.
mice test; exposure for bw/d; oral by gav-
(n=not stated) 5 days prior to age
mating.
Fav78 Male DBA/1J  Dominant lethal 0, 175 mg/kg bw, Notreported Increased ratio late death / alive foetuses; but stat.
mice test; single expo-  oral non-sign.
(n=50) sure 48 h before
mating.
Jac61 Male rat; Fertility study; Single i.p. dose of weight loss Complete but reversible loss of fertility was
(n=n.s.) animals were 300 mg/kg bw; or after single observed following the single i.p. dose.

mated for 13 con-
secutive weeks
post treatment

15 doses oral of
20 mg/kg/d

i.p. dose; not
after repeated
exposure.

The repeated oral dose also caused a transient loss
of fertility.
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Soa76  Male mice, Dominant lethal
C3D2F1 and study. single
DBA/2J strains, exposure at 48 h
(n=15) before mating.

Tak00  Male rats Sperm motility /
Crj:CD(sd)IGS morphology +

(n=9 for copu-
lation; n=2 x 8
for sperm anal-

dominant lethal

test; exposure for

5 days. Mating

immediately after
treatment and at
day 28.

ysis)

0, 200 mg/kg bw
via single oral or
single i.p. dose;

0, 200 mg/kg tes-
tis weight in each
testis (=21 pg/tes-
tes; ~2 mg/kg bw)
via single intra-
testicular injec-
tion.

0, 100 mg/kg bw/
d oral by gavage

not reported

Reduced body
weight gain
during treat-
ment period

Oral dosing: No effects on percentage fertile mat-
ings in both strains. For C3D2F1 and DBA/2]
males a slight increase and a significant increase
in pre-implantation losses observed, respectively,
were without a clear route effect.

Increased post implantation loss in week 1 or 2 lit-
ters, but not in week 3 litters without route or
strain effect.

Testicular injection did not affect the percentage of
fertile matings. Similarly, no effect of intratesticu-
lar injection was seen on pre- or post-implantation
loss

Decreased absolute testis and epididymis weight
at day 28.

No effects on libido. No significantly decreased
number of implantations immediately post treate-
ment but significant at day 28. Immediately after
treatment decreased percentages of live foetuses;
less pronounced at day 28.

No deviant sperm motility and morphology
parameters immediately after treatment. At day
28, decreased percentage motile sperm cells,
sperm cell velocity and sperm counts. Increased
percentage tailless and anomalous sperm cells
were observed.

Table 1.2 Parental fertility studies in females.

Authors species Experimental period/design Dose and route ~ General Effects on reproductive organs and repro-
toxicity duction
Gen69 Mice of Dominant lethal study for 0, 300 or 400 mg/ At 400 mg/kg In T-stock females fertile matings was
(SECxC57B  detection of differences in kg via single i.p. bw (not tested reduced from 93 to 40 to 59%. Dominant
L)F1, strain sensitivity. Mating at injection. for dominant  lethal frequency in fertile females was
(101xC3H)F 24 h post treatment. Ova- lethality) 78%, approximately 68%.
1 or T-stock  ries and uteri of mated 88% and 38%; In (101xC3H)F1 strain, redution of fertile

strains Size
ot treatment

females were examined at
day 13-17 of pregnancy.

groups: The females were subdi-
n=34-70; 32- vided in groups that mated
56 or 19-43, Dbetween day 1.5-4.5 or day
respectively) 4.9 - 9.5 post treatment.

same order.At
300 mg/kg also
lethality but
less extensive.
"post-treat-
ment sick
phase" was
mentioned for
(101xC3H)F1
females.

matings from 96% to 83% or 89% depend-
ing on mating interval. 9.7% and 5.4%
dominant lethals (fertile matings only). In
(SECxC57BL)F1 strain percentage of fer-
tile matings not affected. Dominant lethal
frequency 5 or 2%.
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Gen71

Gen88

Moh90

Sut76

(SECxC57B
L)F1 mice
(n=71, 25 or
26)

(C3HxC57B
L)F1 mice
(n=50-65
(treated) or
30-50 con-
trol)

B6C3F1
mice (n=26-
30)

(C3Hx101)F
1 mice (=
JH); (Gs/
Yx(SECxCs7
BL)F1 mice
(= SBGS).

Total reproductive capacity
test. Treated females per-
manently cohabited with
untreated males.

Ovaria analysed at 3, 180
and 300 days post reatment.

Dominant lethal test.
Females injected pre- or
post mating. Fertility,
postimplantation loss foe-
tal abnormalities scored at
gestation day 17.

Dominant lethal test in ex
vivo grown fertilised
oocytes, treated in vivo,
~20 hrs before ovulation.

Dominant-lethal test.
Females treated 12-13 h
before cohabitation
(dictyate oocyte stage).
Alternatively, females were
cohabited and treated after
detection of a vaginal plug
(postcopulation-precleav-
age and zygote stages).
Uterine examination at ges-
tation day 12- 14.

0,200 and 325 At the highest

mg/kg bw; single dose level 3/26
i.p. administra-  death, no other
tion, effects reported

Single i.p. injec-
tion:

0, 250 mg/kg bw
pre-mating or 0,
250 mg/kg bw at
1,6,90r25h
post-mating.

0, 150 and 250
mg/kg bw at 6 h
post mating.

0, 125 or 250 mg/ Not reported,
kg bw via single

not reported

but ex vivo

1.p. injection study

Dictyate oocyte
treatment: 0, 300
mg/kg bw via
single i.p. dose
postcopulation-

not reported

precleavage and
zygote stages: 0,
250 and 300 mg/
kg bw via single
i.p. dose.

EMS caused a decrease in the mean num-
ber of young per female. At the high dose
decreased mean number of litters per
female, mainly later in life. No effect on
number of oocytes.

When treated at 1 or 6 h post mating, at 250
mg/kg bw ca. 60% loss of conceptuses,
When treated at 9 h post mating with 250
mg/kg or with lower doses at 6h less pro-
nounced effects. No effects after treatment
at 25 h pre or post-mating

No effect on ovulation rate, 15% decrease
in fertilisation rate ; increased percentage
of embryos that failed to enter morula /
blastula stadium after both treatments.
Disturbance of trophectoderm outgrowth
and Inner Cell Mass formation.

Dictyate oocyte stage treatment:
Considerable pre- and post implantation
loss was observed. resulting in dose related
increase in dominant lethals.
Postcopulation-pre cleavage and zygote
stage treatment:

Egg cell / zygote sensitivity highest for
second meiotic division and for sperm
cells.

Similar pattern in JH or SBGS females. No
dominant lethal effects in oocytes treated at
dictyate phase.
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Table 1.3 Parenteral fertility studies in males.

Authors species

Experimental period/
design

Dose and route

General toxicity

Effects on reproductive organs and reproduc-
tion

Arn76

Ehl68

Gan92

Gen69

Kra78

albino mice;
(n=12, in dupli-
cate)

male
(101xC3H)F1
mice (n=n.s.)

Male Sprague-
Dawley rats;
(n=10)

Mice of
(SECxC57BL)
Fl,
(101xC3H)F1
or T-stock
strains. (n=10
per treatment
group; control
group size n.s.)
male
(101XC3H)F1
mice (n=40),

Dominant-lethal test.
Substance administra-
tions was followed by
3 consecutive mating
sessions of one week
each.

Dominant-lethal test.
Substance administra-
tions was followed by
3 consecutive mating
sessions of one week
each

Dominant lethal test.
Mating during week 2
and three post-treat-
ment. Study of the
influence of liver and
reproductive tract GSH
on EMS-induced domi-
nant lethal mutations.

Dominant lethal assay.
Mating immediately
after treatment.
Females were exam-
ined at day 13-17 of
gestation.

Dominant lethal study.
Mating at day 1-2 post
treatment and there
after.

Egg morphology stud-
ied at 24 or 30-40 h
post coitus.

Dominant lethals
examined at day 14-17
post coitus.

0, 50, 100, 200,
300,400 mg/kg
bw. single i.p.
injection

0, 100, 200,
250, 400, 450
and 500 mg/kg
bw, as single
1.p. injection

0, and 100
(after NAC) or
50 (after phor-
one) mg/kg bw
single i.p.
injection with
EMS

0, 300 mg/kg
bw, via single
i.p. injection.

0 or 450 mg/kg
bw, single i.p.
injection.

Lethality, hypo-
thermia, hypo-
activity diuresis
and reduced
mating ability
were observed
at 400 mg/kg.

Loss of fertility
and mortality at
dose levels of
400 mg/kg bw
and above.

not reported

Mortality at 400
mg/kg bw (not
tested for domi-
nant lethality).
No lethality at
300 mg/kg bw.
Sub-lethal
effects were not
mentioned.

450 mg/kg bw
is MTD.

At >200 mg/kg bw increased early resorptions
increased. At 300 and 400 mg/kg bw, reduced
male fertility. Decreased numbers of implanta-
tion and live embryos and increased numbers
of early death per litter at 300 and 400 mg/kg
bw Effects were most pronounced at week 2
post treatment.

Reduced male fertility, litter sizes and percent-
age of live implants were observed at 200 and
250 mg/kg bw at the same dose levels during
mating week 1; more strongly during week 2.

Epididymal and testicular GSH levels
increased by treatment with NAC. Phorone
gave reduced liver, epididymal and testicular
GSH.

With EMS only, extensive dominant lethality
at week 2 and 3. Mutation frequency reduced
when EMS followed NAC.

No effect of GSH delpetion on dominant lethal
frequency in females mated during week 2 but
increase in dominant lethals was observed in
week 3 matings.

Dominant lethal events in all three strains. T-
stock males slightly more resistant to EMS
than hybrid strain males. Most sensitive period
was during spermatozoa and late spermatid
stages. No increased dominant lethal fre-
quency ater day 13.5.

No effect observed on percentage fertilised
ova. In females mated at day 1-22 post treat-
ment, increased preimplantation loss (up to
98% during day 7-14) and increased post-
implantation loss (up to 27% during day 15-
18) were seen.
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Par62

Pas90

Tea85

Male rats strain
unspecified,

Male CBA
mice mated
with C57Bl/6]
females (n=2-

3).

Male rats, F344
strain (domi-
nant lethal n=9;
GSH study:
n=4))

Dominant lethal test,
spermatid counts. Mat-
ing at various time
intervals up to week 10
post treatment. Testicu-
lar spermatid cells
studied up to 42 days
post treatment

Dominant lethal test.
Treated males were
mated weekly for 5
weeks. Offspring were
investigated at day 16 -
19 of pregnancy Liv-
ers of living foetuses
screened for biochemi-
cal variants.

Dominant lethal test,
Mating at 24 h before
treatment and for 7
consecutive weekly
periods post treatment.
Uterine examination at
day 18 of gestation.
GSH levels in testes,
epididymis and vas
deferens.

0, 100, 200 mg/ not reported
kg bw via sin-

gle i.p. injec-

tion

0, 200 mg/kg
bw, via single

not reported

i.p. injection.

Dominant No effects on
lethal test: 0, 50 body weight.
and 100 mg/kg

bw via single

1.p. injection.

GSH assay:

0, 125 and 250

mg kg bw via

single i.p.

injection.

At 100 and 200 mg/kg bw, reversibly increased
percentages of pre- and post-implantation loss.
No changes in spermatid counts were
observed.

No effects on male fertility. Increased frequen-
cies of post-implantation lethality in week 1

and 2 litters but not later. Increased incidences
of liver enzyme variants in week 1 and 2 litter

pups.

Increased dominant lethal frequencies and pre-
implantation loss in post-meiotic stages of rat
spermatogenesis at 50 and 100 mg/kg bw. No
effect on libido. EMS related decrease in testes
(only the high dose) and in epididymis and vas
deferens tissue GSH levels.

Table 1.4 Sperm cell morphology and sperm cell alkylation studies.

Authors

species

Experimental period/
design

Dose and route

General toxicity

Effects on reproductive organs and reproduc-
tion
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Has87

Kau97

Mou75

Seg78

Sin81

Male Slc-ICR
mice; (n=4)

wild rats;
(n=18)

Q-strain,
Tailless,
C57BL and
C57BR mice;
(n=n.s.)
Male mice,
(C3Hx101)F1

b}

Male PD4
lakeview

hamsters;
(n=6-9)

Germ cell cyto-
genicity assay, studiy
Sperm head abnor-
mality test, Cromo-
somal aberration test
in fetilised eggs.

sperm cell abnormal-
ity test at day 7, 14 or
28 post treatment of 5
days.

Sperm head abnor-
mality test in ductus
deferens sperm cells
at 31 days post treat-
ment

Sperm alkylation
assay. Sperm heads
from vas deferens and
cauda epididymis
were collected during
1-15 days post treat-
ment.

Sperm head abnor-
malities, assayed in
caudal epididymis at
1, 4 or 10 weeks post
treatment.

0,175,350 mg/ Bone marrow tox- EMS caused slight increase in numerical

kg; single s.c.
injection,

0, 500 or 625
mg/kg bw,
divided over 5
single daily i.p.
injections

0, 25 mg/kg bw
by single i.p.
injection

0, 200 mg/kg
bw tritium-EMS
via single i.p.
injection.

0,5,25 125 mg/
kg bw in five
daily i.p. injec-
tions

icity in pretest. No
other effects
reported

lethality at 500
and 625 mg/kg bw
within 9 days of
first injection.
During treatment,
loss of body
weight

not reported

not reported

sub-lethal dose
levels; body
weight and testes /
epididymal
weights not
affected

aberrations (both doses) but not in chromatid
or chromosomal breaks in spermatogonia at
week 1 but not at week 2 or 3. No chromo-
somal changes in spermatocytes. Slight
increase in abnormal sperm heads. Increased
numbers of fertilised eggs with chromosomal
aberrations untill week 3 post dosing.

Testes weight unaffected, epididymal weights
reduced. Reduction of sperm concentration,
sperm motility and viability. Increased per-
centages of abnormal sperm cells. All these
effects had partly recovered at day 28 post
treatment. At 625 mg/kg bw reduction of
seminiferous tubule diameter and epithelium
height. Decreased numbers of preleptotene
and pachytene spermatocytes and of round
spermatids.

No differences in frequency of acrosomeless
sperm cells.

Number of alkylations per sperm head closely
followed dominant -lethal frequency curve
with peak during day 7-14. Sperm head DNA
alkylation greatest at 4 h post treatment
declining during the rest of study. Peak in
total sperm head alkylation was associated
with peak in protamine alkylation.

Week 1: slight increase in sperm head abnor-
malities at 1235 mg/kg. Week 4: abnormal
sperm cells in all dose groups, Week 10:
abnormal sperm cells at 5 and aspermia at 25
and 125 mg/kg.

Week 1: 70% reduced sperm numbers (all
doses). Week 4: normal sperm counts 5 and
reduced to 88% and 32% at 25 and 125 mg/kg
bw. week 10: 98% reduced (low dose) or
100% ( mid and high dose).

At week 1 and 4 reduced testes weights at
high dose and in all dose groups at week 10.
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Tak00

Tea87

Wyr75

Male rats Sperm motility and 0, 100 mg/kg body weight loss
Crj:CD(sd)IG morphology and dom- bw/d oral by during treatment

S (n=9 for inant lethal test; expo- gavage period, not fully
copulation;  sure for 5 days. Males recovered after 28
n=2x 8 for were allowed to mate days; no other
sperm analy- 24 h after the last clinical signs of
sis) treatment or after a toxicity

28-day withdrawal

period. Sperm analy-
sis was performed at
the same time points

Male rats, Dominant lethal / 0, 50 mg/kg bw No toxicity

F344 strain  covalent binding via single i.p. observed with
(n=9; omi-  study. injection. EMS  BSO, no toxicity
nant lethal; 4- injection at 12 for EMS

8 for GSH Pe-treated with 3 BSO hrs following

studies) doses. Mating during the third BSO

6 periods of 5 days per (mmol/kg)
week following EMS injection.
treatment.

Reproductive effects

correlated with GSH

levels sperm head

alkylation rate.

Male Sperm head abnor- 0 and 4 dose lethality at 200
(C57BLxC3  mality test; dosing for levels up to 200 mg/kg bw/d
H/Anf)F1 or 5 consecutive days, mg/kg bw/d; via

(C57BL/ sperm analysis at 1,4 single s.c. injec-

6xC3H/He)f1 and 10 weeks post tion

mice; (n=~4) treatment

Decreased testis and epididymis weights at
end of withdrawal period; not immediately
post treatment.

No effects on libido. Decreased number of
implantations per female after withdrawal
period, but non-significant immediately after
treatment. Decreased live litter size; less pro-
nounced after withdrawal period. No effects
on sperm motility and morphology immedi-
ately post treatment. After withdrawal period,
decreased sperm motility and sperm velocity,
lower sperm counts and more tailless and
anomalous sperm cells.

With EMS slight increase in dominant lethal-
ity in the week 3 litter and more pronounced
after after pre-treatment with BSO. No
increased pre-implantation loss.

BSO treatment caused 22%, 50%, 50%
decrease in testicular epididymal and vas def-
erens GSH levels respectively.

Little sperm heads alkylation observed at day
1 with EMS or BSO + EMS). Increase in
sperm head alkylation at days 8 and 15,
which diminished towards day 22. Only at
day 15 BSO+EMS showed higher alkylation
rate than EMS.

Increased percentages of abnormal sperm at

>~ 100 mg/kg bw after 4 weeks. Less pro-
nounced effects at week 1 and week 10.
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Table 2.1 Developmental studies in animals.

Authors  species Experimental period/ Dose and route  Parental tox- Effects on reproductive organs and reproduc-

design icity tion

Fic88 male HA(ICR) Heritable behav- 0, 60, 150,300, Deathin 3 of No litters produced from males at 600 mg/kg
mice; (n=~5) ioural mutations. 600 mg/kg bw, 5 parent bw after 2 weeks At 5 weeks, these males still

Mating with single i.p. injec- males at 600 had reduced fertility. Litter size was not
untreated females at  tion mg/kg bw affected. EMS caused heritable behavioural
two and five weeks mutations in pre- and post-meiotic germ cells.
post treatment. Pups

studied in behav-

ioural test battery.

Gen88  Female Females were Dosing via sin- not reported ~ With 250 mg/kg bw at 6 h post mating, mor-
(C3HxCS57BL)F1  injected pre- or post glei.p.injection: phological abnormalities in 30% of all living
mice; (n=50-65 mating. Fertility, 0, 150 and 250 foetuses
(treated) or 30-50  post-implantation mg/kg bw at 6 h
control) loss and abnormal  post mating.

foetuses were scored
atday 17 of gestation

Hem68  Female Wistar rat; Teratogenicity test,  single i.p. dose 200 mg/kg  After 200 mg/kg bw on day 13, cleft palate,
(n=5) test for testicular per dam At ges- near-lethal  retarded lower jaw development, limb defects

abnormalities in day- tation day: 13 or dose. No but not in control dams.
old, 15-day oldand 6 16: 0 or 200 mg/ effect on off- At 250 mg/kg at day 5, 9 or 20 complete
months old progeny. kg bw. spring body  death of progeny and at day 16 strongly
Pups kept for a sub- At gestation day weight, 15% reduced average litter size. No effects on sem-
sequent cohabitation 5,9, 16 or 20:  reduction in  iniferous epithelium or supporting cell num-
study 250 mg/kg bw  testicular bers in pups from dams treated with 200 mg/
Atday 14, 150or weight, at kg bw at day 16 of gestation. In 15-day old
16: 200 mg/kg 200 mg/kg  pups reduced number of first generation sper-
bw bw onday 15 matocytes.
of gestation.  Treatment with 200 mg/kg at day 14, 15 or 16
did not affect fertility of pups.

Kat89 Female Animals treated 6h 0 or 250 mg/kg  Not reported. Treatment of donor females resulted in mid-
(C3HxCS57BL)F1  after mating. bw via i.p. injec- gestational or late death, or in structural
mice; (n=6 -12 Zygotes from treated tion defects (limb, tail and abdominal wall defects,
transplantation females transplanted hydropia, exencephalia and anaemia). No
studies), into non-treated such effects were seen when recipient females
19-111 embryos females. were treated. EMS caused delay in embryonal
(developmental Zygotes studied for development. At morula stage EMS-induced
delay study), early development embryo degeneration. No numerical or struc-

59-141 zygotes
(embryo chromo-
somal aberrations);
10-26 foetuses
(foetal chromo-
somal aberrations)

inhibition and for
chromosomal aberra-
tions. Metaphase
chromosomes stud-
ied in 14-day old
foetuses.

tural chromosomal aberrations in early
embryos and 14 day old foetuses.
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Lyo85

Pla82

Ma

le mice strain ~ Teratogenicity test. 0,200 mg/kg bw

not specified, num- Males were treated  via single i.p.
bers not specified  and mated up to day injection

12 post h treatment.
Female NMRI Teratogenicity test  phase specific-

mice (phase speci- Pregnant females ity study: 0,215
ficity study: n=8-  were dosed at day 9- mg/kg bw; sin-

29;

dose depen- 12. (phase specificity gle i.p. injection

dency study: n=6-  study)or atday 11  dependency

53)

with varying doses  study: 0, 50,
(dose dependency 100, 150, 175,
study). Foetuses 195, 215 or 250
were examined at mg/kg bw: sin-
day 18 of gestation  gle i.p. injection

not reported

not reported

Slight increase in foetuses with malforma-
tions in all litters. No specification of type of
malformations. No reporting on post-implan-
tation loss.

Phase specificity study: No increased embry-
olethality, decreased foetal body weight.
Treatment-related malformations (mainly day
10-11): cleft palate, limb and paw malforma-
tions, asymmetry or fusion of pelvic bones,
fusion of ventral and lateral ossification cen-
tres of lumbar vertebrae.

Dose dependency study: No embryolethality
but growth retardation and teratogenicity at
all dose levels > 100 mg/kg bw.
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Annex

E

Abbreviations

Abbreviations used:

bw body weight

d day

EMS ethyl methane sulponate
F female(s)

ip. intraperitoneal

iVv. intravenous

M male(s)

n number

n.s. not stated

NOAEL no adverse effect level
OECD  Organisation for Economic Cooperation and Development

p.o. per os
S.C. subcutaneous
PN postnatal

Abbreviations
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Persbericht

Gezondheidsraad

Health Council of the Netherlands

Datum : 30 september 2004

Vier stoffen beoordeeld als
potentieel schadelijk voor de
voortplanting

In vier vandaag aan de staatssecretaris van Sociale Zaken en Werkgelegenheid
uitgebrachte adviezen beoordeelt de Gezondheidsraad de gevolgen van blootstelling
aan EMS, IPMS, methylchloride en cyclohexanol voor de vruchtbaarheid en voor de
ontwikkeling van het nageslacht. De bevindingen van de commissie zijn geformuleerd
in de door de Europese Unie gekozen terminologie en dienen als uitgangspunt voor de

wettelijke classificatie als reproductietoxische stof.

Methylchloride

Methylchloride wordt voornamelijk gebruikt bij de productie van silicone polymeren,
en bij de synthese van diverse stoffen. Er zijn voldoende gegevens voor het sterke
vermoeden dat blootstelling aan methylchloride bij mensen de vruchtbaarheid kan
schaden. Daarom adviseert de Gezondheidsraad methylchoride te classificeren in
categorie 2 (stoffen die dienen te worden beschouwd alsof zij bij de mens de
vruchtbaarheid schaden). Het is niet bekend wat de eventuele effecten van blootstelling
zijn op de ontwikkeling van het nageslacht bij mensen of bij proefdieren. De
Gezondheidsraad adviseert daarom methylchloride niet te classificeren voor het

criterium ‘effect op de nageslacht’.

Cyclohexanol

Cyclohexanol wordt gebruikt als intermediair bij de synthese van nylon en
kunststoffen. De Gezondheidsraad acht de schadelijkheid van blootstelling aan
cyclohexanol voor de vruchtbaarheid niet voldoende bewezen. Wel ziet de raad
redenen voor bezorgdheid en adviseert daarom in categorie 3 (‘stoffen die in verband
met hun mogelijke voor de vruchtbaarheid van de mens schadelijke effecten reden
geven tot bezorgdheid’) te classificeren. Over de eventuele schade aan het nageslacht is
nog onvoldoende bekend. De Gezondheidsraad adviseert daarom cyclohexanol niet te

classificeren voor het criterium ‘effect op de nageslacht’.
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Ethylmethaansulfonaat (EMS)

Ethylmethaansulfonaat wordt voornamelijk gebruikt als modelstof in biomedisch
onderzoek. Onderzoeksgegevens bevestigen het sterke vermoeden dat blootstelling aan
EMS bij mensen de vruchtbaarheid kan verstoren. Daarom adviseert de
Gezondheidsraad EMS te classificeren in categorie 2. Wat betreft de ontwikkeling van
het nageslacht is er volgens de Gezondheidsraad reden tot bezorgdheid. De raad
adviseert daarom EMS in categorie 3 te classificeren (‘stoffen die in verband met hun
mogelijke voor de ontwikkeling schadelijke effecten reden geven tot bezorgdheid voor
de mens’).

Isopropylmethaansulfonaat (IPMS)

Ook isopropylmethaansulfonaat wordt voornamelijk toegepast in biomedisch
onderzoek. De Gezondheidsraad acht niet voldoende bewezen dat blootstelling aan
IPMS schadelijk is voor de vruchtbaarheid of voor de ontwikkeling van het nageslacht.
De raad ziet echter wel redenen voor bezorgdheid en adviseert daarom IPMS in beide
opzichten in categorie 3 te classificeren.

De besproken adviezen zijn opgesteld door de Commissie Reproductietoxische stoffen

van de Gezondheidsraad. In deze commissie hebben zitting:

. dr BJ Blaauboer, toxicoloog; IRAS, Universiteit Utrecht, voorzitter

«  ir AM Bongers; Ministerie van Sociale Zaken Werkgelegenheid, adviseur

«  dr HFP Joosten, toxicoloog; NV Organon, Oss

. prof dr D Lindhout, klinisch geneticus, kinderarts; UMC Utrecht

«  dr JHJ Copius Peereboom-Stegeman, toxicoloog; UMC, St Radboud, Nijmegen
« dr AH Piersma, reproductietoxicoloog; Rijksinstituut voor Volksgezondheid en Milieu, Bilthoven
« dr N Roeleveld, epidemioloog; UMC, St Radboud, Nijmegen

. ir DH Waalkens-Berendsen, reproductietoxicoloog; TNO Voeding, Zeist

o dr PJJM Weterings, toxicoloog; Weterings Consultancy BV, Rosmalen

. dr ASAM van der Burght; Gezondheidsraad, Den Haag, secretaris

De publicaties ‘Methylchloride’ (nr 2004/100SH), ‘Cyclohexanol’ (nr 2004/090SH),
‘Ethylmethanesulphonate’ (nr 2004/080SH) en ‘Isopropylmethanesulphonate’ (nr
2004/070SH) zijn te downloaden van de website www.gr.nl of verkrijgbaar bij het
secretariaat van de Gezondheidsraad, fax (070) 340 75 23, e-mail: order@gr.nl,
www.gr.nl. Nadere inhoudelijke inlichtingen verstrekt mw dr ASAM van der Burght,
tel. (070) 3407017, e-mail A.vander.Burght@gr.nl.
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