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Samenvatting

In het voorliggende advies heeft de Gezondheidsraad isopropyl methaansulfonaat 
(IPMS) onder de loep genomen. IPMS 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 
blootgesteld. De Commissie Reproductietoxische stoffen, een commissie van de raad, 
kijkt naar effecten op de vruchtbaarheid van mannen en vrouwen zowel als op de ont-
wikkeling van het nageslacht. Bovendien worden effecten van blootstelling van de zui-
geling via de moedermelk beoordeeld. 

Op basis van Richtlijn 93/21/EEC van de Europese Unie doet de commissie een voorstel 
voor classificatie. Voor IPMS komt de commissie tot de volgende aanbevelingen:
• Voor effecten op de fertiliteit adviseert de commissie om IPMS te classificeren in 

categorie 3 (Stoffen die in verband met hun mogelijke voor de vruchtbaarheid van de 
mens schadelijke effecten reden geven tot bezorgdheid) en te kenmerken met 
Xn;R62. 

• Voor effecten op de ontwikkeling, adviseert de commissie om IPMS 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.
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• Voor effecten tijdens lactatie, adviseert de commissie om IPMS niet te kenmerken 
wegens onvoldoende geschikte gegevens.

Op grond van wat bekend is uit onderzoek naar effecten op de fertiliteit en de ontwikke-
ling als gevolg van blootstelling aan IPMS, classificeert de commissie IPMS in catego-
rie 3 (er is reden voor bezorgdheid). Op basis van het toxicologisch 
werkingsmechanisme van direct alkylerende stoffen kan echter gesteld worden dat 
IPMS waarschijnlijk een reproductietoxische stof is.
Samenvatting 8



Executive summary

In the present report the Health Council of the Netherlands reviewed isopropyl methane-
sulphonate (IPMS). IPMS 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 IPMS are:
• For effects on fertility, the committee recommends classifying IPMS in category 3 

(Substances which cause concern for human fertility) and labelling IPMS with Xn; 
R62.

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

• For effects during lactation, the committee is of the opinion that IPMS should not be 
labelled due to a lack of appropriate data.
Executive summary 9



Based on the available studies concerning the effects of exposure to IPMS on fertility 
and development, the committee recommends classifying IPMS in category 3 (cause 
concern for humans). 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 IPMS.
Executive summary 10



1Chapter

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 isopropyl 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 Ing. JJA 
Muller at the Centre for Substances and Integrated Risk Assessment of the 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 ani-
mal studies concerning adverse effects with respect to fertility and development and lac-
tation 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.

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.
• If there 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 of 
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 

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
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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 starting from 1985 
up to June 2001, Toxcenter from 2000 up to January 2003 and Medline starting from 
1966 up to January 2003. 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 

* Organisation for Economic Cooperation and Development
Scope 13



of most recent reviews were consulted. References are divided in literature cited and lit-
erature consulted but not cited. 

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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2Chapter

Isopropyl methanesulphonate (IPMS)

2.1 Introduction

Isopropyl methanesulphonate (IPMS) is a genotoxic carcinogen (can react with nucleic 
acids) and directly reacts with the cellular DNA (direct alkylating). It has been and still 
is used for the study of toxic events, resulting from the alkylation of tissue macromole-
cules, notably DNA. 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 develop-
ment, the Committee Compounds toxic to reprotduction is of the opinion that due to 
these properties, effects on reproduction may be expected after exposure to IPMS. 

Name : Isopropyl methanesulphonate
CAS-no : 926-06-7
Synonyms : 2-Propyl methanesulphonate, methanesulfonic acid, 

1-methylethyl ester, IPMS, IMS
Use : Alkylating agent, biomedical research, experimental mutagen.
Mol weight : 138.18
Chem formula : C4H10O3S
Conversion factor : 1 ppm = 5,65 mg/m3 (101 kPa, 25°C)

1 mg/m3 = 0.177 ppm
1% = 56500 mg/m3
Isopropyl methanesulphonate (IPMS) 15



2.2 Human studies

Fertility 

There are no studies available. 

Development 

There are no studies available.

Lactation

There are no studies available.

2.3 Animal studies

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

General introduction

IPMS is an alkylating substance. Studies have been performed to acquire insight into the 
heritable effects of IPMS, either via a direct action on the fertilised egg, embryo and foe-
tus or on the effects of these substances on gametogenesis and gametes in males. 

However, for IPMS standard fertility or developmental toxicity studies are not available. 
Most of the studies are limited to parenteral (in particular intraperitoneal) with 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 the effects of IPMS. By no means are these studies per-
formed according to regulatory guidelines for reproductive toxicity studies.
Isopropyl methanesulphonate (IPMS) 16



Fertility studies

No standard fertility studies with IPMS are available (see table 1.1, Annex D). 

IPMS reduced the number of spermatogonia in the testicular tubules of male rats result-
ing in a complete depletion of spermatogonia, spermatocytes, spermatids and spermato-
zoa on day 30 after a single i.p. injection with 50 or 100 mg/kg IPMS (Jac61). Fertility 
was reduced from week 3 until week 15. 

In male mice, a comparable effect was seen (Roo70). Treatment with a single i.p. 
injection with 25 mg/kg or above, resulted in the aplasia of all A and I spermatogonia as 
concluded from the complete depletion up to the pachytene spermatocytes in stage 9 
after 12 days. 

In other studies in rats, mice and rabbits, comparable effects on male fertility were 
found after parenteral single dosing  (Fox63, Par63, Par64, Bis97, Lie97). 

Several dominant lethal studies are available in which effects were found in male 
and female animals after i.p. injection with IPMS (see table 1.2, Annex D). 

Male mice received a single i.p. injection with 0, 20, 40, 50, 80 or 100 mg/kg bw 
IPMS and were mated with one female per male for every 4 days up to day 48 (Ehl95). 
Females were sacrificed on day 14-17 after mating. The male mice injected with 20 mg/
kg bw showed a dose dependent decrease in fertility (induced dominant lethals) from 
day 25. Complete sterility was observed from day 33 after treatment with 80 mg/kg and 
from day 37 after treatment with 40 mg/kg. The percentage of pre-implantation loss was 
dose-dependently increased especially in the mating intervals preceding the infertile 
periods. Post-implantation loss was only increased at the two highest dose levels. 

Treatment of female mice with a single i.p. injection with 50 or 75 mg/kg resulted in 
a reduction of the time to first birth (Gen71b). After the first interval, the number of pro-
ductive females was normal but the litter size was reduced up to day 82. After day 157, 
the litter size remained below those in controls. Histological examination of the ovaries 
on day 3 and 102 after treatment revealed a decrease in oocytes of 50% and 90%, 
respectively.

Developmental toxicity

In Annex D, table 2.1, tests are included which have specifically paid attention to mor-
phological changes in the offspring of dams exposed to IPMS. Embryo- and foetal 
lethality are covered by the dominant lethal studies in Annex D (see table 1.2). How-
ever, it should be noted that in some in vivo developmental studies embryo- or foetotox-
icity resulting in increased pre- or post-implantation loss was also observed.
Isopropyl methanesulphonate (IPMS) 17



No standard developmental studies with IPMS are available. There are only two studies 
in which pregnant rats were treated. 

Hemsworth (Hem68), treated groups of 5 pregnant dames on day 13 post coitum 
with a single i.p. injection (0, 50 or 75 mg/kg of IPMS). The dams were killed on day 20 
post-coitum and the foetuses were examined for gross anatomical deformities. The high-
est dose (75 mg/kg) induced a small increase in non-viable implants (4 in 5 litters versus 
1 in 5 litters in controls) and a strong increase in foetuses with syndactyly (21/39 versus 
0/36). At 50 mg/kg bw, 2 out of 40 foetuses showed limb defects. 

Furthermore, groups of pregnant rats (n=4 per group) were treated on day 5, 9, 12, 
13, 14, 15 or 16 of gestation with 50 mg/kg bw or on day 16 with 75 or 100 mg/kg bw. 
The number of offspring was determined. Treatment with 50 mg/kg on day 14 or later 
resulted in near normal numbers of offspring. Earlier treatment resulted in a strong 
decrease in the number of offspring. Higher doses (75 and 100 mg/kg) on day 16 
resulted in a dose dependent reduction in the number of offspring (2.7 and 0 versus 
approximately 7 in controls). 

Moreover, five consecutive daily i.p. injections (10 mg/kg bw) on day 12 to 16 did 
not affect the litter size. 

Treatment of dams on day 16 post coitum with a single i.p. injection (50 mg/kg bw 
IPMS) caused a small increase in testicular tubules without germ cells on day 1 and 6 
months post partum and a strong increase (86%) on day 15 post partum. 

Treatment of pregnant dams with 50 mg/kg on day 16 or 20 and treatment of neo-
nates on day 2, 4 and 7 post partum induced a strong reduction of the number of type A 
spermatogonia in the testicular tubules of the male neonates on day 15 post partum. 
Treatment of pregnant dams with 50 mg/kg on day 13, 14, 15, 16 or 20 did not affect the 
fertility of the male offspring when they were at least 4 months old. Treatment of preg-
nant dams with 50 mg/kg on day 15, induced a small reduction (21%) of the testis 
weight in 6 month old male offspring. No information is provided on the maternal 
effects of the treatment. 

In another study of Hemsworth (Hem69), female rats were treated with a single i.p. 
injection on day 13, 14, 15, 16 or 20 of gestation. Offspring of three litters were killed 
on days 1 and 15 post partum and their ovaries were examined. The remaining litters 
were kept to maturity (6 months or 1 year) for assessment of their fertility. 

Injection on day 16 had a strong destructive action on oogonia and resulted in elimi-
nation of germ cells from offspring. Ovaries from dams treated on day 20 appeared nor-
mal. Treatment of the dams on day 13, 14, 15 or 16, resulted in a strong decrease of 
fertility of the offspring as shown by the incapability to become pregnant. Treatment on 
day 20 did not affect the fertility of the offspring. The ovary weight of the offspring of 
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females treated on day 16 of gestation was reduced with 69% at 6 months after birth. No 
information is provided on the maternal effects of the treatment. 

Lactation

No studies on IPMS in breast milk were available.

2.4 Conclusion

No studies on the effect of IPMS on human fertility were available. 
Several animal studies show that IPMS affects fertility in male and female animals. 

IPMS has a short term effect by inducing mutations in spermatozoa and ova which result 
in pre- and post-implantation loss. Furthermore, IPMS has a cytotoxic effect on sperma-
togonia resulting in reduced fertility after a prolonged period. In females, a long term 
effect on fertility was observed via the reduction of ova numbers. These effects are clear 
evidence of a reduction of the fertility with supporting evidence on mechanism of action 
and site of action. However, all these effects were seen after i.p. administration. The rel-
evance for humans is doubtful because the route of administration is inappropriate. Fur-
thermore, several authors state that IPMS is unstable in aqueous solution at body 
temperature. Jackson et al (1961) reported a half-life of 13 minutes at 37°C in aqueous 
solution. Only one study compared oral versus i.p. administration of IPMS in laboratory 
animals (Adl96) and found comparable numbers of micronuclei in the bone marrow of 
mice after i.p. and p.o. administration, suggesting  that the systemic availability may be 
comparable. Therefore, the committee recommends classifying in category 3 (‘sub-
stances which cause concern for human fertility’) and labelling IPMS with R62 (‘possi-
ble risk of impaired fertility’). However, general information about the mechanism of 
toxicity of direct alkylating compounds shows that adverse effects on fertility are to be 
expected after exposure to IPMS. 

No studies on the effect of IPMS on human development were available. Only two stud-
ies on the effect on development in laboratory animals were available. The studies 
showed that IPMS induces embryotoxic/foetotoxic effects, structural defects and organ 
toxicity (testis and ovaries) after a single i.p. injection. No information is provided on 
the maternal effects of the treatments. However, the relevance for humans is doubtful 
because the route of administration is inappropriate. But again, a study by Adler et al 
(Adl96) suggests that the systemic availability after i.p and po administration may be 
comparable. Therefore, the committee recommends classifying IPMS in category 3 
(‘substances which cause concern for humans owing to possible developmental toxic 
effects’) and to label with R63 (‘may cause harm to the unborn child’). However, gen-
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eral information about the mechanism of toxicity of direct alkylating compounds shows 
that adverse effects on development are to be expected after exposure to IPMS.

As no studies on IPMS in breast milk were available, the committee recommends that 
IPMS should not be labelled for effects during lactation because of a lack of appropriate 
data.

Proposed classification for fertility

Category 3, Xn;R62

Proposed classification for developmental toxicity

Category 3, Xn;R63 

Proposed labelling for effect during lactation

Lack of appropriate data precludes the assessment of IPMS for labelling for effects dur-
ing lactation.
Isopropyl methanesulphonate (IPMS) 20
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CAnnex

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:

• 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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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

c 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.
Directive (93/21/EEC) of the European Community 33



DAnnex

Fertility and developmental toxicity 
studies

Table 1.1  Fertility studies in animals.
authors species experimental period/design dose and route general toxicity Effects on reproductive organs and reproduc-

tion
Jac61 Male rats Treated rats were mated with 

females at weekly intervals.
Rats received a 
single i.p. injec-
tion with 50 or 
100 mg/kg bw 

Weight loss following a 
large single dose but 
not following small 
divided doses

Fertility was reduced from week 3 until week 
15. Both doses induced a block in the forma-
tion of spermatocytes from their predecessors 
resulting in a complete depletion from day 30.

Fox63 Male rabbits 
of Dutch and 
English breed

Ejaculates were collected 
weekly or twice a week for up 
to 12 weeks after treatment. 

Single intrave-
nous injection 
with 100 mg/kg 
bw

Not stated Increase in spermatozoa with abnormalities  
from day 45 upto week 12. The number of 
spermatozoa per ejaculate began to fall in 
week 7 with a minimum value at week 11 and 
being followed by a rapid recovery.

Par63 Male rats 
(n=8)

Males were mated with one 
female from week 5 to 8 after 
treatment. Ova were examined 
at 36 to 40 hours post coitum

Single i.p. injec-
tion with 0 or 50 
mg/kg bw

Not stated An increase in abnormal fertilized ova was 
seen in week 5.

Par63 Male rats 
(n=2)

Spermatid numbers per tubule 
were determined at various 
days after treatment.

Single i.p. injec-
tion with 0 or 50 
mg/kg bw

Not stated Spermatid numbers were strongly reduced on 
day 26 and zero on day 30.

Par64 Male rats 
(n=2)

Rats were sacrificed on sev-
eral times after treatment up to 
20 days. The testes were 
removed and the number of 
seminiferous epithelium cells 
in spermatogenic stages was 
determined.

Single i.p. injec-
tion with 0, 50 or 
100 mg/kg bw.

Not stated Strong reduction in spermatogonia type A 
within 1 or 2 days at both doses and total dis-
appearance of later stages at later timepoints.
At the lowest dose there were some indica-
tions of recovery. The primary effect was on 
the later stages of Type A development (stages 
XII to XIV). At the higher dose, stages I to IV 
of Type A development were also affected.
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Roo70 Male mice of 
strain N (n=2 
per dose and 
period)

Mice were killed on different 
days after treatment and the 
depletion of the seminiferous 
epithelium of the testis was 
examined.

Mice received a 
single i.p. injec-
tion with 10, 25, 
50, 100 or 200 
mg/kg bw.

Not stated Treatment with 25 mg/kg or higher killed all A 
and I spermatogonia after 12 days. A dose of 
200 mg/kg killed all spermatogonia and part of 
the primary spermatocytes. 

Lie97 Male LacZ 
transgenic 
CD2F1 mice 
(n=7-8)

Animals were sacrificed on 
day 52

Single i.p. injec-
tion with 100 mg/
kg bw

Slightly reduced body 
weight gain

Testes weights were 27% of controls.

Bis97 Mice of differ-
ent strains 
(n=30 or 36)

Females were caged with one 
male and the total reproduc-
tive performance during 347 
days was determined

Single i.p. injec-
tion of the 
females with 0, 
50 or 75 mg/kg 
bw.

Not stated Significant reduction in number of litters and 
number of offspring per female

Table 1.2  Dominant lethal tests in animals.
authors species experimental period/design dose and route general toxicity Effects on reproductive organs and repro-

duction
Par63 Rats (n=6) Treated male rats were mated 

with one female per week dur-
ing 10 weeks. Females were 
sacrificed on day 14 after mat-
ing.

Male rats received 
a single i.p. injec-
tion with 0 or 50 
mg/kg bw

Not stated Pre-implantation loss was increased from 
week 2 to week 10. Post-implantation loss 
was increased in week 7. Percentage of 
live implants was reduced from week 4 to 
week 10. No live implants were seen in 
week 9

Ehl72 Male mice (101 x 
C3H)F1 and female 
mice ((101 x C3H)F1 
or C3H x 101)F1). 
Twenty females per 
interval.

Treated male mice were mated 
with one female mouse for 
periods of 2 or 4 days up to 
day 46. Pregnant females were 
killed on day 14-17 after mat-
ing.

Male mice 
received a single 
i.p. injection with 
0, 50, 100 or 200 
mg/kg bw.

Highest nonlethal 
dose was 200 mg/
kg 

The fertility was dose-dependently 
decreased. At the lower doses, the fertility 
was decreased in males mated before day 
7 and after day 23. All mating intervals 
were affected at 200 mg/kg. The number 
of implants and live embryos per female 
were dose-dependently decreased, espe-
cially at the early and late intervals.

Sut76 Mice (C3H x 101)F1 Females were sacrificed on 
day 12-14 after treatment.

Single i.p. injec-
tion with 0 or 25 
mg/kg bw at sev-
eral timepoints 
between 4.5 and 
17.5 hours after 
mating.

Not stated The percentage of dead implants was 
increased above control levels at all time-
points and increased from 14% at 4.5 
hours after mating to 40% at 17.5 hours.

Kra78 Mice (101 x C3H)F1 
(n=40)

After injection each male was 
caged with one female for 2 
(first period) or 4 days until 
day 38. Females were sacri-
ficed on day 14-17 after mat-
ing.

Single i.p. injec-
tion of males with 
50 mg/kg bw

Not stated. Increase of post-implantation loss was 
seen in females mated on day 1 to 14 and 
an increase in unfertilized ova from day 
27.

Gen79b Male mice (101 x 
C3H)F1 or (C3H x 
101)F1 and 4 differ-
ent stocks of female 
mice. Number per 
group not stated.

Males treated  were mated 
with two females from day 0.5 
to 3.5 (65 mg/kg) or day 3.5 to 
7.5 (125 mg/kg) post treat-
ment. Females were sacrificed 
on day 12-15 after mating.

Single i.p. injec-
tion of male mice 
with 65 or 125 
mg/kg bw

Not stated Treatment with 125 mg/kg induced a 
reduction of pregnancies. Both treatments 
induced a reduction in living embryos per 
female (variations depending on female 
strain).
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Kat83 Mice (C57Bl/6 x 
DBA/2) (n=8 to 23 
per mating period)

Males were mated with one 
female per week up to 5 weeks 
after treatment. Females were 
killed on day 13 after mating.

Male mice 
received a single 
i.p. injection with 
0 or 200 mg/kg 
bw.

Not stated Treatment induced a reduction of pre- and 
post-implantation loss at all mating peri-
ods. From day 27, no implants were found 
in females with vaginal plug.

Kat83 Mice (C57Bl/6 x 
DBA/2) (n=14)

Males were mated with one 
female on day 7 to 10 after 
treatment. Females were killed 
72 hour after ovulation.

Male mice 
received a single 
i.p. injection with 
0 or 200 mg/kg 
bw.

Not stated IPMS induced a strong reduction in the 
number of cleavage stages in the embryos.

Bis83 Male mice (n=16): 3 
different strains.
Female (n=48):
2 different strains.

Caging of 1 male with 3 
females of all strain combina-
tions on day 0.5 to day 4.
Females were sacrificed on 
day 13 after the mating inter-
val.

i.p.: 0.65 mg/kg 
bw on day 1 
(males only)

Not stated Increased fetal death rate with all strain 
combinations compared to controls.

Ehl95 Mice (102/El x C3H/
El)F1
(n=25, 50 or 60)

After injection each male was 
caged with one female for 4 
days up to day 48. Females 
were sacrificed on day 14-17 
after mating. Number of cor-
pora lutea, dead and total 
implants were determined

Single i.p. injec-
tion of the males 
with 0, 20,  40, 
50, 80 or 100 mg/
kg bw

Not stated Dose-dependent decrease in fertile mat-
ings, copora lutea per female, implants per 
female and live embryos per female from 
20 mg/kg at day 25 and later. Sterility from 
40 (respectively 80) mg/kg bw at day 37 
(respectively 33) and beyond. Increase in 
dead implants from 80 mg/kg bw.

Tin97 Muta Mouse
(n=6)

Male mice were mated with 
two females on day 10. 
Females were sacrificed on 
day 17 post coitum. Male mice 
were mated with two females 
on day 40 and pre-dosing to 
determine the number and cell 
number of ova’s on day 2 post 
coitum. Caudal sperm counts 
on day 50.

Single i.p. injec-
tion of the males 
with 0 or 100 mg/
kg bw

Not stated An increase of early death embryos was 
seen after mating with males treated 10 
days before. Only ova consisting of one 
cell were found in females after mating 
with males treated 40 days before. This 
indicates no fertilization. Sperm counts on 
day 50 were low or zero. 

Gen71a Three strains of 
female mice (n=29 to 
42 per mating inter-
val and strain) and 
one strain of male 
mice

Females were mated with 
untreated males on day 0.5-
4.5, 5.5-9.5, 10.5-14.5 or 15.5-
19.5 post treatment. Females 
were sacrificed on day 12-15 
after mating.

Single i.p. injec-
tion of females 
with 75 mg/kg bw

Stated to be the 
highest dose with-
out death or weight 
loss

Strain dependent reduction of fertility, 
total implants and living embryos among 
fertile females especially in the early mat-
ing intervals. 
Ovulation was reduced in females mated 
within 4.5 days after treatment. Almost no 
normal follicles were seen on day 2 or 3 
after treatment.

Gen71b Female mice (SEC x 
C57Bl)F1 (n=30 or 
59) and male mice  
(101 x C3H)F1

Treated female mice were con-
tinuously caged with one male 
mouse. All newly born mice 
were scored and removed. 
Oocytes were counted on day 
3 or 102 after treatment (n=2).

Female mice 
received a single 
i.p. injection with 
0, 50 or 75 mg/kg 
bw.

Not stated Dose-dependent reduction of the time to 
first birth and numbers of nest and young 
per female. The number of oocytes per 
female was reduced to respectively 50% 
and 10% of control values at day 3 and 
103 after treatment.

Gen79a Male (SEC x 
C57Bl)F1 and 
female (C3H x 
C57Bl)F1 mice (n=  
between 17 and 52 
females per group)

Females were treated just 
before or just after mating. 
Females were sacrificed on 
day 12-15 after mating.

Female mice 
received a single 
i.p. injection with 
50 mg/kg bw.

Not stated Treatment before mating resulting in 50% 
dead implants and after treatment in 25%. 
This indicates that sperm and eggs have 
the same sensitivity for IPMS.
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Table 2.1  Developmental studies in animals with isopropyl methanesulphonate.
authors species experimental period/

design
dose and route general toxicity Effects on reproductive organs and reproduc-

tion
Hem68 Wistar rats 

(n=5/group)
Treatment on day 13 post 
coitum. Dams were sacri-
ficed on day 20 pc. 

Single i.p. injection 
with 0, 50 or 75 mg/kg 
bw

Not stated The highest dose induced a small increase in 
non-viable implants and a strong increase in 
limb defects (syndactyly 21/39 versus zero in 
the control groups).

Hem68 Wistar rats 
(n=4/group)

Treatment on day 5, 9, 
13, 14, 15, 16 or 20 post 
coitum. Dams were 
allowed to go to term. 

Single i.p. injection 
with 0, 50, 75 (only day 
16) or 100 (only day 
16) mg/kg bw

Not stated 50 mg/kg induced a strong reduction of litter 
size when injected on day 5, 9 or 13 and a 
small reduction when injected on day 14 to 20. 
The higher doses of 75 and 100 mg/kg induced 
stronger reductions on day 16 (average litter of 
2.7 and zero resp.). 
50 mg/kg on day 16 induced an increase of 
tubules lacking germ cells in male offspring on 
day 1, 15 and 180 PN.

Hem68 Wistar rats 
(n=4/group)

Treatment  (I) of dams on 
day 16 or 20 or (II) of 
male offspring on day 2, 
4 or 7 post partum.

Single i.p. injection 
with 0 or 50 mg/kg bw

Not stated Treatment on day 16 or 20 induced a reduction 
in gonocytes at birth and type a spermatogonia 
at  day 15. Treatment on day 2, 4 or 7 induced 
a reduction in type a spermatogonia

Hem68 Wistar rats 
(n=4/group)

Treatment of dams on day 
16. Dams were allowed to 
go to term.

Single i.p. injection 
with 0 or 50 mg/kg bw

Not stated No effects on the fertility, body weight and 
seminal vesicles plus coagulating gland of the 
male offspring on day 120 pp. Small reduction 
in testes weight.

Hem69 Wistar rats 
(n=4 or higher 
per group)

Treatment of dams on day 
13, 14, 15, 16 or 20. Off-
spring of tree litters were 
killed and ovaries of the 
females were examined 
on day 1, day 15 or 6 
months PN. The remain-
ing female offspring were 
tested for fertility after 4 
months.

Single i.p. injection 
with 50 mg/kg bw

Not stated Injection on day 16 had a strong destructive 
action on oogonia and resulted in elimination 
of germ cells from offspring. Ovaries from 
dams treated on day 20 appeared normal. 
Treatment of the dams on day 13 to 16, 
resulted in a strong decrease of fertility of the 
offspring (1 year old) (6/6, 6/6, 4/6, 5/6 
females were sterile on day 13, 14, 15, 16 
respectively). Treatment on day 20 did not 
affect the fertility of the offspring. The ovary 
weight of the offspring was reduced with 69% 
at 6 months after birth.
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EAnnex

Abbreviations

Abbreviations used:

bw body weight
d day
F female(s)
i.p. intraperitoneal
IPMS isopropyl methanesulphonate
p.o. per oss
i.v. intravenous
M male(s)
n number
NOAEL no adverse effect level
OECD Organisation for Economic Cooperation and Development
PN postnatal
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