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ABSTRACT  

 

The possible impact on classification and labelling decisions of effects observed in second 

generation parental (P1) and offspring (F2) parameters in multi-generation studies was 

investigated. This was done for 50 substances classified as reproductive toxicants in Europe, for 

which a multi-generation study was available. The P1 and F2 effects were compared to parental 

(P0) and first generation offspring (F1) effects with regard to type of effect as well as incidence, 

magnitude and severity (IMS), at any dose level. For every study with unique P1/F2 effects, or 

differences in IMS, the influence of the P1/F2 findings on the classification decision was 

investigated. Unique P1/F2 generation findings did not play a crucial role in the classification 

decision of any of the 50 classified substances, except for fenarimol. This substance however 

provided abundant alerts on the basis of its endocrine activity and developmental neurotoxicity 

and would therefore also be expected to be identified as a developmental neurotoxicant in an 

Extended One-Generation Reproductive Toxicity Study (EOGRTS). These findings, in addition 

to the increased number of parameters analysed, increased statistical power and reduced animal 

use, provide strong further support for replacement of the classical two-generation reproductive 

toxicity study by the EOGRTS in regulatory reproductive toxicity assessment. 

 

 

KEYWORDS : Multi-generation reproductive toxicity;  

Extended One Generation Reproductive Toxicity Study (EOGRTS);  

Test guideline;  

Developmental toxicity;  

Classification and Labelling (EU C&L). 
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1. INTRODUCTION  

 

Reproductive toxicity hazard assessment of substances in Europe is based on all relevant 

toxicological information retrieved from studies ranging from repeat dose tests in adult animals 

to the two-generation reproductive toxicity study (OECD Test Guideline 416, (OECD, 2001)). 

The latter study design includes exposure of adult males and females before mating (P0), and 

continued exposure of dams throughout pregnancy and weaning, exposure of the first 

generation offspring (F1) throughout life, including their mating (P1) and reproduction into a 

second generation offspring (F2), which is terminated at weaning. This study is time-

consuming, requires no less than 2600 animals, and is limited as to the number of parameters 

included and the number of animals assessed for each parameter. 

 

The extended one generation reproductive toxicity study (EOGRTS) (Cooper et al., 2006; 

OECD, 2010) has an innovated study design that includes extensive additional end point 

determinations. Novel end points include reproductive and endocrine parameters as well as 

developmental immunotoxicity and developmental neurotoxicity parameters. In addition, end 

points are assessed in more offspring than in the classical multi-generation study (e.g. the 

OECD TG 416 two-generation reproductive toxicity study (OECD, 2001) whilst the mating of 

the  second generation (P1) and the second generation offspring (F2) are omitted from the 

protocol, unless triggered in specific cases. This new EOGRTS protocol is expected to provide 

a higher level of scientific information and at the same time substantially reduces animal use 

when no second generation offspring is produced.  

 

The EOGRTS has been suggested as a possible replacement of the OECD TG 416 study. 

Discussion has focused on the necessity of producing a second generation offspring. These 

studies are applied in risk assessment as well as in classification and labelling of substances, for 

both of which European legislation is in place (EU, 2006; EU, 2008b). For risk assessment , the 

impact of the second generation offspring was addressed in our previous publication (Piersma 
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et al., 2011). We produced a unique database containing 498 rat multi-generation studies with 

438 substances, mainly pesticides and industrial chemicals. A retrospective analysis of risk 

assessment reports considering these studies showed that the impact of the second generation 

had been negligible. This implied that the production of a second generation offspring might be 

omitted without impacting risk assessment outcome, saving significant time, and reducing 

animal numbers from 2600 to 1400 animals per study. These advantages are even more 

significant in the light of the EU REACH legislation (EU, 2006), which requires extensive 

animal toxicity testing in the coming five years. The contribution of reproductive toxicity 

generation studies has been estimated to amount to around 35% of all animal testing in REACH 

(van der Jagt et al., 2004), and omission of the second generation as indicated would therefore 

reduce animal use in REACH by around 15%.  

 

We have concluded that also for classification and labelling in Europe (ECHA, 2011; EU, 

2008b) it is highly unlikely that the second generation offspring would contribute significantly 

(Piersma et al., 2011). This analysis was based on relative parameter sensitivity in terms of 

lowest observed adverse effect levels (LOAELs) as compared between generations. However, it 

has been argued that the nature and the incidence, magnitude, and severity of effects might play 

a significant role specifically in view of classification and labelling. Thus, in this view, 

although the same LOAEL might have been derived for the first and the second generation, if 

the nature of the effect, or its incidence, magnitude or severity would be judged as more serious 

in the second generation, it might lead to a higher classification level.  

 

In this manuscript, we have addressed the impact of the second generation parental and 

offspring parameters on classification and labelling in Europe. We have used the multi-

generation study database to select those substances which had both a multi-generation study 

and in addition had been classified and labelled for effects on fertility, development or lactation. 

We identified 50 substances in the database satisfying these criteria, relevant for this analysis. 

For these substances the public records of the EU Specialized Expert (SE) and Technical 
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Committee (TC) meetings were studied to assess the impact that the second generation had on 

classification and labelling. For those compounds for which such records could not be retrieved, 

we did our own assessment of the likelihood that the second generation in the study would have 

specifically impacted on the classification and labelling. This analysis shows that, except for a 

single case, effects observed in second generation mating and offspring did not impact the 

decision on classification and labelling for reproductive toxicity. Moreover, the single case 

where second generation mating and offspring effects appeared to be instrumental for 

classification would be identified without any doubt as a reproductive toxicant in an EOGRTS 

without second generation mating and offspring. Therefore, this analysis supports the 

replacement of the OECD Test Guideline 416 two-generation reproductive toxicity study 

(OECD, 2001) with the EOGRTS (OECD, 2010). This replacement is expected to allow at least 

the same level of scrutiny for both risk assessment and classification and labelling, and 

moreover, in view of increased parameter number and enhanced power of the EOGRTS, it is 

anticipated to increase the likelihood for reproductive toxicants to be detected. The significant 

reduction in time and animal use provides further advantages that are more than relevant in 

view of implementation of the REACH legislation in Europe. 

 

 

2. METHODS 

 

The multi-generation reproduction toxicity study database was developed as described in detail 

before (Piersma et al., 2011). Briefly, the USEPA ToxRefDB format  (Martin et al., 2009) was 

used and its content was extended with the database generated by Janer  et al. (2007) and 

additional studies. The final database contained 498 multi-generation studies covering 438 

substances. The substance list of the database was matched with the EU Classification and 

Labelling compound list, Annex VI to Regulation (EC) No 1272/2008 (EU, 2008a). In the 

database, 50 substances were found to carry a classification for reproductive toxicity on Annex 

VI. For these substances the multi-generation studies in the database were analyzed in detail as 
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to the nature, magnitude and severity of adverse effects found in the different generations 

within multi-generation studies, irrespective of the dose level at which they occurred. Study 

reports were consulted where necessary and whenever possible, and the reports of the EU 

Specialized Experts (SE) and Technical Committee (TC) on Classification and Labelling were 

taken into account to address the possibility of a unique contribution of the second generation 

mating and offspring (P1/F2). Summaries of the SE and TC meetings were available until 2010 

on the website of the former European Chemicals Bureau (http://ecb.jrc.ec.europa.eu/) and most 

of them are still available through the H-class database from the Nordic Council of Ministers 

(http://apps.kemi.se/hclass/). 

 

Throughout this manuscript, reference is made to the EU C&L system as used during the period 

of time addressed. This entails classification as Cat.1 for proven human reproductive toxicants, 

as Cat.2 for substances that should be considered as reproductive toxicants for humans based on 

animal studies, and as Cat.3 where there is some evidence for reproductive toxicity from animal 

data, but where the evidence is insufficient for Cat.2. Cat.1 and 2 reproductive toxicants are 

labelled with risk phrase R60 for fertility effects, and R61 for developmental effects, and Cat.3 

reproductive toxicants are labelled with R62 for fertility effects and R63 for developmental 

effects. In the GHS system (UN, 2007) which is currently being introduced in Europe, Cat.1, 2 

and 3 are generally replaced by the new Cat.1a, 1b and 2, with some (minor) changes as to the 

criteria for these categories. As mentioned, this manuscript refers to the old EU C&L system as 

it is based on references in which the old EU classification scheme has been used throughout. 
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3. RESULTS 

 

The multi-generation study database (Piersma et al., 2011) of 438 substances contained 50 

substances that had an EU classification for fertility, development, and/or lactation. These 

substances are given in Table 1. The multi-generation study summaries for these substances 

were analysed in order to assess whether the P1/F2 generation showed different types of effects, 

or the same effects but at lower doses as compared to the P0/F1 generation. It appeared that for 

24 substances at least one multi-generation study showed effects that had been scored uniquely 

in the P1/F2 generation (Table 1). For the remaining 26 substances, the effects found in the first 

and second generation mating and offspring was not different in nature or toxicological 

relevance as indicated by the study summaries. Therefore, we conclude that for these 26 

classified substances, the second generation mating and offspring was not crucial for the 

classification given. 

 

Of the 24 substances with specific effects noted in the P1/F2 generation, 5 had a Cat.2, R60 

classification and 8 had a Cat.3, R62 classification for fertility. Most of these substances had an 

additional classification for development. Of the remaining 11 substances without a 

classification for fertility, 6 had a Cat.2, R61 classification and 4 had a Cat.3, R63 classification 

for development, the remaining substance had a lactation label (R64) only. In the following, the 

multi-generation studies and the retrospective assessment of these groups of substances are 

discussed with specific reference to the impact of the P1/F2 generation findings. The meeting 

summary records of EU Specialized Experts (SE) and/or the EU Technical Committee (TC) on 

Classification & Labelling were consulted wherever possible. Substances classified for fertility 

were assessed first, as the multi-generation study is the principal test to detect possible effects 

on fertility. Subsequently, the possible impact of the multi-generation studies on developmental 

classifications and lactational labels were also considered as the study outcomes may also 

impact on these classifications.  
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3.1  Five substances with a Cat.2, R60 classification for fertility 

3.1.1  Benomyl 

The unique P1/F2 effect seen in the multi-generation study (Mebus, 1991) for benomyl was 

delayed eye opening. In addition, there was an F2 bodyweight and a litter viability effect, 

although these only occurred together with general toxicity seen in the P0 and F1 generations.  

However, the classification of Cat.2, R60 for fertility proposed by the SE (SE-Benomyl, 2001) 

was based on effects on testes seen in repeated dose studies and effects on testes and fertility in 

mating studies. Therefore, this classification was not dependent on the F2 effects in the Mebus 

study. The classification for development with Cat.2, R61 proposed by the SE was based on the 

brain and eye malformations observed in several developmental studies using gavage exposure. 

This classification would not have changed by the F2 effects in the Mebus study. 

 

3.1.2 Cadmium(II)chloride  

TC summary records (TC-Cadmium, 1998a; 1998b; 1998c) show that the 3-generation study 

(Nagymajtenyi et al., 1997) was not available at the time when classification of cadmium 

chloride was considered. Therefore it could not have affected the classification decision. This 

study has been discussed in our previous analysis of multi-generation studies (Piersma et al., 

2011) Several other studies showing effects on fertility and development provided the basis for 

classification as Cat.2, R60-61. 

 

3.1.3 DEHP  

The 2-generation study showing the new P1/F2 effect (Schilling et al., 2001) could not have 

been decisive for the classification of DEHP for fertility or development. This study was not 

available to the TC during their assessment in 1999 and 2000, when the substance was 

classified with Cat.2, R60 based on extensive atrophy in testes and ovaries observed in repeated 

dose studies, and effects on fertility as observed in mating studies. The 2-generation study was 

not informative at all for the classification decision. The classification with Cat.2, R61 was 

primarily based on the results of developmental studies.  
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3.1.4 Vinclozolin  

Matsuura et al. (2005) reported a reduced fertility in the P1 but not in the P0 males. In two 

earlier two-generation studies, reduced fertility in the P0 and P1 generations was observed 

through reduced live birth indices (Hellwig, 1992; 1994; 2000). Moreover, Matsuura et al. 

(2005) found histopathological effects on adrenals, pituitary, testis, seminal vesicles, and 

ovaries in P0 and P1. In addition, T4 was dose-dependently decreased, anogenital distance was 

reduced, and preputial separation was delayed in F1 males. These additional findings would be 

sufficient for classification for fertility in Cat.2, R60. The TC report specifically mentions 

reduced fertility and reduced epidydimal weight in support of Cat.2, R60 (TC-Vinclozolin, 

1998). The classification for development (Cat.2, R61) was derived from effects on anogenital 

distance and its derived apparent sex ratio and malformations of the male reproductive organs 

in the F1.  

 

3.1.5 1-Bromopropane 

Unique effects of 1-bromopropane in the 2-generation study (Stump, 2001a) were a non-

significant reduction of the fertility in the P1/F2 mating at the low and mid dose and a reduction 

in number of implantation sites at the mid dose. In addition, at lower levels of exposure, dose-

dependent reductions in the numbers of pups born were recorded in both the F0 and F1 

generations and reductions in the relative weights of epididymides, seminal vesicles and 

prostate were also noted. According to the TC summary records (TC-Bromopropane, 2002) the 

non-significant reduction in fertility and reduced number of implantation sites at the low and 

mid dose after the P1 mating were not considered as unique effects. The classification with 

Cat.2, R60 was based on effects on reproductive organs in the repeated dose toxicity studies 

and on mating effects and other fertility parameters in the 2-generation study. These effects 

were already observed in the parental animals and in the P0 mating. Therefore, it can be 

concluded that the second mating in this 2-generation study played a minor role in the 

argumentation for the classification and its absence would not have affected the classification 

with Cat.2, R60. Furthermore, according to the TC summary records, the classification with 
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Cat.3, R63 is based on the developmental effects observed in the prenatal developmental 

toxicity study. Therefore, it can be concluded that the second mating in this 2-generation study 

has not affected the classification with Cat.2, R63. 

 

 

3.2  Eight substances with a Cat.3, R62 classification for fertility  

 

3.2.1  Molinate  

In the second 2-generation study for molinate (Moxon, 1994) at the mid dose decreased litter 

sizes were observed in the F2. This effect was probably secondary to several sperm and ovary 

effects observed in the F1 which would likely have influenced litter size. At the highest dose an 

increased gestational interval was observed for the P1 generation, but in addition other 

parameters including live birth index, ovaries, sperm and testes were affected in the F1, 

indicating that the classification for fertility as Cat.3 R62 had not been dependent on the 

observations in the P1/F2. This classification was mainly based on testicular changes, specific 

sperm lesions and reduced fertility of parental rats in one-generation studies. Moreover, Cat.3, 

R62 was proposed considering that the mechanism of action as well as kinetic differences 

rendered the findings less relevant for humans (TC-Molinate, 2003). 

 

3.2.2 Octamethylcyclotetrasiloxane  

In the 2-generation study (Stump, 2001b) the P1 but not the P0 showed a decrease in mating 

performance and in the number of animals producing litters, both at the study Lowest Effect 

Level (LEL) and above. However, the F1 and F2 mean live litter size were also reduced at the 

study LEL. The F1 also displayed disturbed oestrous cycles at the study LEL and above, as well 

as an increased pituitary gland weight at the highest dose. The SE (September 2006, accepted 

by TC, September 2007) considered that exposure of female rats around the time of mating 

causes a dose related reduction of numbers of corpora lutea, implantation sites and litter sizes. 
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Inhibition of the LH surge and subsequent ovulation is the mode of action, which is relevant to 

the human. However, the mechanism leading to the inhibition of the LH surge is unknown. 

Cat.3, R62 was given considering major differences in the regulation of ovulation in the human 

as compared to the rat making the relevance to humans doubtful. Clearly, the observations in 

the F1 would have been sufficient for classification as Cat.3, R62 for fertility. 

 

3.2.3 BBP 

In the multi-generation study (Aso et al., 2005) with BBP, at the high dose a decrease in fertility 

index was observed in the P1. However, already at the low and mid dose a decrease in 

epididymis weight in the F1 was noted, as well as a decreased anogenital distance. An earlier 

multi-generation study (Tyl et al., 2004) showed missing testes in one F2 male pup at the study 

LEL whereas no testes effects were observed in other generations. At the high dose mating and 

fertility effects were noted in the P1 as well as a decreased litter size in the F2, both of which 

were not noted in the P0/F1 generation. Multiple organ and reproductive organ effects as well 

as developmental landmark effects were found in the F1. The Tyl 2-generation study was 

provided during the assessment of BBP by the TC. However, TC summary records (TC-BBP, 

2002) show that classification with Cat.3, R62 was already decided before these studies were 

provided and therefore they did not affect this classification. The TC may have used but does 

not mention in its summary a somewhat older 2-generation study (Nagao et al., 2000). This 

study is mentioned in the EU Risk Assessment Report (EURAR) for BBP (ECB, 2007). In this 

study the NOAEL value for effects on the reproductive organs in males was based on atrophy 

of the testis, epididymis, and seminal vesicle in the F1 at 10 or 18 weeks of age, and reduced 

reproductive organ weights in the F1 generation were reported at the next higher dose. 

Therefore, also in this study the second generation offspring did not provide information that 

would have changed the classification based on information from the first generation offspring. 

The available summary records of the TC contained no information about the basis for the 

Cat.2, R61 classification for development. There is no mention of a 2-generation study as the 

basis for this classification. 
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3.2.4 DBP  

The multi-generation reproduction toxicity study for DBP (Wine et al., 1997) showed uniquely 

effects on pup body weights in F2 at the low dose, whereas both F1 and F2 body weights were 

affected at higher doses. However, effects on F1 litter size were observed at all dose levels, 

showing a dose-effect relationship. At mid dose additionally degeneration of the seminiferous 

tubules was observed. At the high dose in addition to F2 pup body weight effects a P1 fertility 

effect was noted which was not seen in the P0. At high dose the F1 showed litter size effects 

together with F1 pup body weight, ovary, testes, epididymis, liver, prostate and sperm effects. 

Although the exact types of effect noted were somewhat different among generations, they are 

clearly related. The effects observed in the F1 were sufficient for classification in Cat.3, R62. 

This classification was actually given on the basis of reduced fertility in female mice in a 1-

generation study in the presence of systemic toxicity (Lamb et al., 1987; Morrissey et al., 1989). 

The classification with Cat.2, R61 was based on a developmental study in rats with exposure 

during gestation and lactation in which male reproductive tract malformations in offspring were 

observed at doses without maternal toxicity (TC-DBP, 2000).  

 

3.2.5 Nonylphenol  

In the NTP 2-generation study (NTP, 1997), at mid and high dose the F2 showed a decreased 

ovary weight and decreased epididymal sperm density (10%), whereas in the F1 a reduced 

bodyweight gain, histopathological changes in the kidney and delayed vaginal opening were 

observed. The developmental retardation observed in all offspring generations were considered 

by the TC (TC-Nonylphenol, 2001) as the basis for Cat.3, R62-63 fertility and development 

classifications and therefore the P1/F2 generation was not crucial.  

 

3.2.6 Piperazine  

In the 2-generation study (Wood and Brooks, 1994), at mid dose (LEL) reduced litter sizes 

were observed in the F1 and F2, and delayed sexual maturation in the F1 as well as a reduced 

number of implantation sites in the P0. At the high dose the P1 uniquely showed a decrease in 
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the number of pregnancies. The latter finding is to be expected on the basis of the reduced 

number of implantation sites in the P0, and will therefore not have been crucial for the Cat.3, 

R62 fertility classification. Cat.3, R63 was given on the basis of an increase in cleft palate 

incidence in the presence of maternal toxicity in a rat prenatal developmental toxicity study 

(TC-Piperazine, 2004). 

 

3.2.7 Tepraloxydim  

In the 2-generation study for tepraloxydim (Hellwig et al., 1997) only decreases  in food 

consumption, bodyweight and bodyweight gain are noted in all generations at the highest dose, 

except for a developmental landmark effect which is observed only in the F2; a delay in time to 

eye opening. The information provided by industry and the summary records of the meetings in 

which the classification was discussed were confidential and can therefore not be discussed 

here. Our conclusion from the confidential data is that without any doubt the P1/F2 generation 

findings in the 2-generation study did not provide crucial information for the classification of 

tepraloxydim for reproductive toxicity in Cat.3, R62-63. 

 

3.2.8 Fenarimol  

In the case of fenarimol two multi-generation studies are available from the same test laboratory 

(Hoffman et al., 1977; Markham et al., 1978), both showing a decreased fertility in the P1 but 

not the P0. Cross-over data showed that this reduced fertility was clearly male mediated. No 

histopathological effect was seen anywhere, including thee male reproductive organs. Altered 

male mating behaviour due to brain developmental effects, mediated by aromatase inhibition, 

might have caused this effect. In the SE assessment of these studies in June 1998, fenarimol 

was noted as an aromatase inhibitor. The SE considered aromatase inhibition less relevant for 

humans in view of lower sensitivity in man, and concluded on a Cat.3, R62 classification for 

fertility (SE-Fenarimol, 1998). The TC (TC-Fenarimol, 1999) accepted the SE proposal. 

Therefore, the reduced fertility in the P1 due to fenarimol dosing, which was not observed in 

the P0, represents a case where second generation mating and offspring has provided crucial 
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information for classification and labelling. The sexe-dependent effect on functional brain 

development as observed in the multi-generation studies was also the basis for a developmental 

toxicity classification with Cat.3, R63. Therefore, also in this developmental toxicity 

classification the P1/F2 generation played a crucial role. In the discussion section of this 

manuscript we will address this case in view of current hazard assessment methodologies and 

argue that under current regulation this substance is expected to be identified as a reproductive 

toxicant irrespective of P1/F2 findings. Data on lactational transfer of fenarimol inspired the 

R64 labelling. For this finding a single offspring generation would obviously suffice. 

 

 

3.3  Six substances with a Cat.2, R61 classification for development, without 

classification for fertility 

 

3.3.1 DIHP  

In the 2-generation study of DIHP (McKee et al., 2006), the unique F2 effect observed was a 

decrease in pup body weight at mid-dose. At the same dose level effects on P0 fertility and F1 

sperm count were observed, as well as liver hypertrophy. This study was available when the TC 

(TC-DIHP, 2004) classified this substance for development in Cat.2, R61. However, there was 

already a majority opinion for classification with R61 before this study became available. The 

effects of the second generation did therefore not affect the classification for development. 

 

3.3.2 Fluazifop-butyl  

In a  2-generation study with fluazifop butyl (Willoughby et al., 1981), at high dose an effect on 

the fertility index was noted in the P1 but not in the P0. However, in the P0 also the number of 

implantations was reduced, gestational interval was increased, and in the F1 (but not in the F2) 

a decrease in live birth index was noted. Therefore, the unique F2 effects would not lead to a 

higher classification than the effects observed in the F1 and P0. Moreover, these effects 
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apparently did not lead to a classification for fertility. The classification with Cat.2, R61 for 

development was based on developmental effects in rat and rabbit in the developmental studies 

in the presence of no or slight maternal toxicity (TC-Fluazifop, 1998). 

 

3.3.3 Flusilazole  

The flusilazole multi-generation study (Pastoor et al., 1986) showed hydronephrosis in the F2b 

but not in F2a pups. This effect could also not be reproduced in a second study using identical 

dose levels (Mullin, 1990). The hydronephrosis in the first study was not dose-related and was 

considered by JMPR to be within the historical control range(Piersma et al., 2011). Having 

these studies available, the TC did not classify flusilazole for fertility (TC-Flusilazole, 1999). 

The Cat.2, R61 developmental toxicity classification was given on the basis of effects in rat and 

rabbit prenatal developmental toxicity studies. Therefore, the second generation mating and 

offspring in the multi-generation studies did not influence this classification. 

 

3.3.4 Nickel(II)chloride  

In the 2-generation study (RTI, 1988) increased malformed foetuses per litter (short rib) were 

observed in the F2a at the low dose, and an increased pup mortality and decreased live litter 

size were noted in the F1b. No other P1 or F2 effects were reported in this study, also not at 

higher doses. At the highest dose the effects which were only noted in the F1b were more 

pronounced (decreased litter size, increased pup mortality, decreased pup bodyweight) and seen 

in both cohorts F1a and F1b. The TC combined the results from several reproductive toxicity 

studies with different soluble nickel salts for the assessment of the classification of Nickel (II) 

chloride. The EURAR summary (ECB, 2008) explicitly noted that the malformations observed 

at low dose were not considered due to nickel because similar effects were not observed at 

higher doses. Therefore, the unique finding in the F2 did not impact on the decision about the 

classification of nickel chloride for developmental toxicity. In the absence of prenatal 

developmental toxicity studies, the classification for development (R61 Cat.2) was based on 

stillbirth and post-implantation / perinatal lethality observed in all generations in the 3-
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generation study, in a 1-generation range-finding study and in a 2-generation study, at dose 

levels without maternal toxicity (TC-Nickel, 2004). 

 

3.3.5 Nitrofen  

In a 3-generation study (Ambrose et al., 1971) a slight body weight effect at the lowest effect 

level occurred in the P2 in breeding the F3, but not in the P1/F2 or P0/F1 generations (Piersma 

et al., 2011). This apparent decrease was due to a lower initial body weight of rats used for 

breeding and was considered not relevant for classification. The reason for classification with 

Cat.2, R61 by the TC could not be retrieved because this classification was already decided 

before 1997. However, the classification is most likely based on the well known teratogenic 

effects of nitrofen (Manson, 1986). 

 

3.3.6 PFOS  

In the 2-generation study (Luebker et al., 2005), at the highest dose level a gestational interval 

increase and a decrease in the number of implantation sites in the P1 but not the P0 was found. 

However, no F2 effects were reported. In addition, at the highest dose a decrease of the F1 live 

birth index and of the F1 viability index was noted, in the presence of body weight and food 

consumption effects. At one dose below the highest dose several developmental effects 

(delayed eye opening, delayed pinna unfolding, delayed development of surface righting 

ability) were observed in the F1, which could be relevant for classification as Cat.2, R61. 

According to the TC records (October 2006) the classification for developmental toxicity was 

based on litter resorptions in a mouse study. Clearly the second generation mating and offspring 

did not play a crucial role in the classification given. 
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3.4  Four substances with a Cat.3, R63 classification for development, without 

classification for fertility 

 

3.4.1 Amitrole  

The TC (October 2000) based their Cat.3, R63 classification on prenatal developmental toxicity 

studies as advised by the SE (SE-Amitrole, 2001). In their records, no mention is made of 2-

generation studies or considerations about classification for fertility. One multi-generation 

study for amitrole (Gaines et al., 1973) showed a reduced number of litters in the F2a cohort at 

dose level 2 of 4 dose levels tested. Thyroid hyperplasia and reduced food consumption were 

noted at this dose level in the P0. At the next higher dose level, a reduced number of pups born 

and reduced pup survival were noted in the F1. There is a newer study (Richard, 1995) which 

used dose level 2 in the Gaines study as the high dose. In this study reduced number of 

implantation sites both in the P0 and P1, significantly decreased mean litter size at postnatal day 

1 in the F1, and decreased F1 pup body weights during lactation were found, but also 

significantly decreased mating indices, decreased fertility indices, increased length of gestation 

in the P1 but not P0. These unique P1 fertility effects occurred at the same dose level and were 

of the same severity as the types of effects seen in the F1, and therefore the first offspring 

generation mating and the second generation would not affect the classification for 

developmental toxicity. 

 

3.4.2 Fenpropimorph 

Fenpropimorph was not classified as toxic to fertility, although the multi-generation study 

(Merkle et al., 1982) was available when the compound was assessed by the TC (TC-

Fenpropimorph, 2003). The summary of the 2-generation study in rats provided in the 

classification proposal states that it showed some signs of developmental toxicity including 

increased number of stillbirths, decreased body weight gain in pups, and slight delays in 

physiological development of pups. The effects seen in the pups were considered most 
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pronounced in the F1 pups. The classification of Cat.3, R63 was primarily based on 

developmental toxicity observed in rabbit and rat prenatal toxicity studies. Therefore, also for 

this substance the second generation offspring in the 2-generation study did not provide 

information that would have changed the classification based on information from the first 

generation offspring. 

 

3.4.3 Fentin hydroxide  

In the multi-generation study for fentin hydroxide (Young, 1986) a slight F2 pup bodyweight 

effect was noted at mid-dose which was not noted in the F1. However, in the F1 decreased litter 

size and increase of several organ weights were noted at the same dose level. At the study high 

dose a decreased viability was observed in the F2 whereas in the F1 increased pup mortality and 

decreased litter size were noted. The F2 effects were of a similar severity as the F1 effects, and 

most likely did not play a decisive role in the classification of fentin hydroxide as 

developmental toxic, Cat.3, R63. This classification was probably based on the small increase 

in malformations in a prenatal developmental toxicity study with dermal exposure in rabbits 

(TC-Fentin, 2000). 

 

3.4.4 Myclobutanil  

At the high dose of the multi-generation study for myclobutanil (Brown, 1985) a small decrease 

in litter size in the F2 but not the F1 was noted. In both the F1 and the F2, reduced body weight, 

a decrease in the number of females delivering litters and an increased number of stillborn pups 

were observed. The unique F2 effect was observed at a dose level above the reproductive 

LOAEL, which was based on a minimal increase in proportion of dead pups in two matings of 

the P0. Therefore, the F2 effects were clearly not critical for the classification of myclobutanil 

for development, Cat.3, R63. This classification was based on an increase in embryotoxicity in 

a developmental study in the rat (TC-Myclobutanil, 1997).  
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3.5  One substance with a lactation label R64, without a classification for fertility 

and development  

 

3.5.1 Lindane  

In the multi-generation study for lindane (King, 1991), at the highest dose (one dose above the 

LOAEL for offspring effects according to JMPR) a delay in the onset of teeth and hair growth 

was observed in the F2, but not in the F1. These effects were seen together with reduced 

viability index and decreased body weight in both the F2 and the F1, and severe kidney and 

liver effects only in the F1. The specific developmental effect seen only in the F2 did not lead 

to classification of lindane for either fertility or developmental toxicity. It is unlikely that the F2 

effects in this study played a decisive role in the labelling for lactation, R64. The classification 

with R64 was probably based on the presence of lindane in human milk and the results of a 

developmental neurotoxicity study (TC, April 2001)  

 



Rorije et al. “Impact of 2nd generation mating and offspring on C&L” 

Accepted for publication in “Regulatory Toxicology and Pharmacology dd.18-8-2011 

4. DISCUSSION AND CONCLUSION 

 

Our first multi-generation database analysis (Piersma et al., 2011) was founded on identifying 

differences between P0/F1 and P1/F2 generations on the basis of LOAEL comparisons between 

generations. LOAELs were defined as the lowest dose levels at which a toxicologically relevant 

adverse reproductive effect is observed, as decided by expert judgment. This expert assessment 

of toxicological relevance normally includes careful consideration of the nature and the 

incidence, magnitude and severity of the effects (IMS). On that presumption we argued that the 

LOAEL based analysis was also relevant for classification and labelling, as all relevant adverse 

toxicological effects (which includes their observed nature and IMS) should ultimately 

determine classification. The classification criteria specifically stipulate the importance of 

considering the nature and IMS of adverse effects in arriving at a decision on classification. In 

the current analysis we therefore took a step further, considering nature, magnitude and severity 

per generation in study reports in detail irrespective of the dose levels at which they occurred as 

well as revisiting the EU SE and TC summary records to establish how classification and 

labelling had been influenced by the P1/F2 generation findings in actual practice.   

 

The European list of substances classified and labelled for reproductive toxicity (fertility, 

development and/or lactation) currently contains around 140 substances (EU, 2008a). For 50 of 

these a multi-generation study was available in our database (Piersma et al., 2011), of which 24 

showed differences in findings as to type, incidence, magnitude and/or severity in the first 

versus second generation, 13 of which are classified (5 Cat.2 and 8 Cat.3) for fertility, which 

represents the foremost set of  end points for which the multi-generation study is indicative. Of 

the 5 substances with a Cat.2, R60 classification for fertility, two (Cadmium and DEHP) did not 

have the multi-generation study available when the classification was decided, the remaining 

three showed relevant fertility effects already in the parental P0 generation (vinclozolin, 1-

bromopropane, benomyl) and in repeat dose studies (benomyl). Seven of the 8 substances with 

a Cat.3, R62 classification for fertility (molinate, octamethylcyclotetrasiloxane, BBP, DBP, 
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nonylphenol, piperazine, tepraloxydim) showed fertility effects already in the P0/F1 sufficient 

for labelling. Among these, for BBP it is uncertain whether the multi-generation studies were 

available at the time and if they have been considered by the TC. For those substances among 

the 13 with a fertility classification that also carry a developmental toxicity classification, 

prenatal developmental toxicity studies were available or would clearly have sufficed to detect 

the developmental effect. Fenarimol provides the single exception in this analysis where the 

second generation was essential for classification and labelling, in Cat.3 for both fertility and 

development (see below).  

 

Of the 24 substances which showed differences in findings in the first versus second generation, 

10 are classified for developmental toxicity but not for fertility. Apparently, although multi-

generation studies were available for these substances at the time of assessment by the TC, 

these provided no reason for classification for fertility. The developmental classification of 

these substances was based upon prenatal developmental toxicity studies, with the exception of 

nickel, which caused foetal and perinatal lethality in all generations in several generation 

studies. Therefore, for these 10 substances the second generation was not necessary for the 

classification given. The lactation label given to two substances could have been assigned using 

effects in the first generation offspring (fenarimol) or from a different type of study and the 

presence of the substance in human milk (lindane). 

 

In the current analysis, fenarimol appeared as the single substance with a second generation 

specific effect specifically affecting classification and labelling. Fenarimol is an aromatase 

inhibitor, which affects the neonatal hypothalamus influencing subsequent expression of male 

sexual behaviour (Hirsch et al., 1987). This mechanism explains the presence of an observed 

effect on sexual behaviour in the P1 and not in the P0. The question remains whether modern 

test protocols without a second generation offspring would detect fenarimol. Clearly, in vitro 

assays for aromatase activity have identified fenarimol as a potent aromatase inhibitor 

(Vinggaard et al., 2000), providing an important alert for possible reproductive toxicity. 
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Andersen (Andersen et al., 2002) also found increased estrogen receptor (ER) transactivation 

and decreased androgen receptor (AR) transactivation by fenarimol in in vitro assays, which 

further stresses the alert for this substance. Furthermore, behavioural studies after prenatal or 

lactational exposure have also identified fenarimol as a neurodevelopmental toxicant. In the 

investigation by de Castro et al. (2007), lactational exposure resulted in a delayed climbing 

response, delayed righting reflex, delayed grip reflex, and persistent reductions in locomotion. 

According to these authors, the latter finding indicates persistent effects on the hypothalamic-

pituitary-gonadal axis in the rat. These additional mechanistic investigations followed after the 

initial findings in the generation studies by Hoffman et al.  (1977) and Markham et al. (1978), 

but such investigations are not among the European regulatory test requirements. However, in 

view of guinea pig data as well as data on human metabolism of testosterone available at the 

time, the SE and TC considered the mode of action of central aromatase inhibition observed in 

the rat as less relevant for man, and concluded that the risk of an effect on human fertility was 

low, leading to a Cat.3 classification rather than Cat.2 (SE-Fenarimol, 1998). The relevance of 

the estrogen signalling pathway for the sexual differentiation during brain maturation is not yet 

clear and considered of different significance for rodents versus primates including man (Li et 

al., 2008).  The EOGRTS, proposed as a replacement for the 2-generation reproduction toxicity 

study in rats, is expected to detect the behavioural effects in the first generation offspring in its 

assessment of the functional observation battery and motor activity. Thus, the EOGRTS would 

be expected to detect fenarimol as a reproductive toxicant warranting classification and 

labelling without a second generation offspring being included. The case of fenarimol lends 

further support to the added value of the F1/P1 cohort for developmental neurotoxicity in the 

EOGRTS, and warrants its inclusion by default. 

 

In conclusion, the present study reviewed actual practice of the official EU SE and TC with 

regard to classification and labelling where possible. We added our own detailed assessment of 

available data wherever differences in nature, incidence, magnitude and severity of effects 

between generations in the multi-generation reproduction toxicity study were observed. The 
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analysis showed that the P1/F2 generation findings in the 2-generation study, even if a unique 

F2 effect was observed, did not play a crucial role in the classification decision of any of the 50 

classified substances for which a 2-generation study was available in our database, except in the 

single case of fenarimol. This substance however provides abundant alerts on the basis of its 

endocrine activity and is also expected to be identified detected as a developmental 

neurotoxicant in the EOGRTS. Moreover, the mechanism of action of this substance was 

considered by SE and TC as less relevant for humans. These findings strongly suggest that if 

the EOGRTS would have been used instead of the 2-generation reproduction study, conclusions 

of at least the same weight would have been drawn with respect to classification and labelling 

of the substances reviewed. As indicated in the OECD TG 443 on the EOGRTS, the 

accompanying draft guidance document will address particular aspects, e.g. the premating 

exposure duration period and the assessment of the developmental neurotoxicity and 

developmental immunotoxicity cohorts. Unique effects observed in the P1/F2 were mainly 

related to a reduction in fertility of the P1 due to changes in the reproductive organs as a result 

of the in utero exposure of the F1. Effects on reproductive organs can be detected both in one- 

and multiple generation studies as well as in repeat dose studies in adult animals. However, the 

EOGRTS is even more likely to detect such effects because of the detailed examination of the 

sexual organs of the F1 weanlings and adults. Therefore, in the absence of any crucial loss of 

data, and given the enhanced power and significantly increased number of end points relevant 

to reproduction and development, there is sufficient scientific justification to replace the two-

generation reproductive toxicity study (OECD, 2001) with the new draft OECD EOGRTS 

guideline (OECD, 2010). This replacement provides a unique opportunity to significantly 

reduce animal use and testing time under the REACH legislation whilst at the same time 

enhancing scientific scrutiny. Given that the REACH legislation considers animal testing as a 

last resort and mentions the obligation to actively incorporate alternative methods wherever 

justified, this provides a formal basis for this change. In view of the legislative deadlines, an EU 

decision on the issue needs to take effect soon in order that REACH can effectively benefit 

from this replacement. 
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