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Samenvatting

Toxicologische limieten op basis van gezondheidseffecten voor de mens staan in de
belangstelling (bijvoorbeeld ARfDs en AEGLs). Ontwikkelingstoxiciteit wordt in het
algemeen beschouwd als een relevant eindpunt voor het vaststellen van acute limieten. Dit
soort toxiciteit wordt normaal onderzocht in dierstudies die worden uitgevoerd volgens
vaststaande richtlijnen waarbij dieren gedurende 10-14 dagen tijdens de organogenese
worden blootgesteld. Echter, het is de vraag of de NOAELSs die in deze studies worden
vastgesteld altijd representatief zijn voor een éénmalige blootstelling. In dit rapport worden
NOAELSs en LOAELSs van éénmalige blootstellingen vergeleken met NOAELs en LOAELSs
van studies met herhaalde blootstelling gebaseerd op de richtlijnen. Dit werd gedaan voor
diverse eindpunten afzonderlijk (maternale toxiciteit, resorpties, foetaal lichaamsgewicht,
aantal foetussen met malformaties, effecten op het skelet en specifieke malformaties). Indien
er geen of weinig verschil wordt gevonden tussen NOAELs/LOAELSs van éénmalige en
herhaalde blootstellingstudies wordt het eindpunt (de NOAEL) uit de herhaalde
blootstellingstudie beschouwd als representatief voor een éénmalige blootstelling. Indien er
grote verschillen worden gevonden is de NOAEL voor een bepaald eindpunt uit de herhaalde
blootstellingstudie niet relevant.

Op basis van deze analyse wordt geconlcudeerd dat maternale toxiciteit (lichaamsgewicht,
voedselopname, orgaangewichten, klinische verschijnselen) geen geschikt eindpunt is voor
het vaststellen van limieten voor acute blootstelling. De relevantie van foetal
lichaamsgewicht (en vertraagde ossificatie) voor het vaststellen van acute limieten moet
worden geévalueerd binnen de totale context van effecten op de foetus en de moeder.
Resorpties worden beschouwd als relevante eindpunten voor acute limieten. Malformaties en
effecten op het skelet worden beschouwd als relevante eindpunten tenzij er informatie
beschikbaar is die anders uitwijst. Het gebruiken van een NOAEL uit een ontwikkelings-
studie volgens de gangbare richtlijnen (herhaalde blootstelling) verschaft te allen tijde een
conservatieve (veilige) inschatting van de NOAEL bij een éénmalige blootstelling.
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Summary

Health-based limits for acute exposure of humans have received increasing attention (e.g.
ARfDs and AEGLs). Developmental toxicity is in general considered to be a relevant
endpoint for setting such limits. Developmental toxicity is normally investigated in
‘guideline-based’ animal studies which involve repeated dosing for 10-14 days during
organogenesis. However, it can be questioned whehter NOAELSs observed in such
developmental toxicity are representative for single exposure situation. In this report, the
NOAELSs and LOAELSs of single dose studies were compared to the NOAELs and LOAELs
in normal ‘guideline-based’ repeated dose studies for several effects separately (maternal
toxicity, resorptions, fetal body weight, number of fetuses with malformations, skeletal
effects, and specific malformations). When no or limited differences are observed between
single and repeated NOAELs/LOAELs, the NOAEL of a specific endpoint observed in a
repeated dose study is relevant for setting an acute limit. When large differences occur,
NOAELSs for that endpoint are not an appropriate starting point for setting an acute limit.
Based on this analysis it was concluded that gross maternal toxicity (maternal body weight,
food intake, organ weights, clinical signs) is not an appropriate starting point for setting limits
for acute exposure. The relevance of fetal body weight (and retarded ossification) for acute
limit setting should be evaluated within the total context of developmental effects and
maternal toxicity. Resorptions are considered relevant for setting acute exposure limits.
Malformations and skeletal effects are considered relevant starting points for acute limit
setting unless evidence is available to indicate otherwise. Using a NOAEL from a normal
‘guideline-based’ repeated dose developmental toxicity study always provides a worst case
estimation of the NOAEL in a single dose exposure.
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1. Introduction and Objectives

Acute exposure in risk assessment

Acute exposure to toxic substances and the risk assessment of such exposures have received
increasing attention in the last decade. This is — in part — due to a number of chemical
incidents in the Netherlands. Apart from this, acute exposure has become an important issue
also in some regulatory frameworks. Examples are: setting of the Acute Reference Dose
(ARITD) for pesticides, setting of Acute Exposure Guideline Levels (AEGLSs) or similar
emergency response values, and risk assessment of biocidal products that are used only once
or in low frequency (within the scope of the Dutch Pesticide Act). It has become clear that for
several aspects of the acute risk assessment toxicological knowledge is limited. In the project
‘Acute toxicity and risk assessment’ some of the specific gaps of knowledge are investigated
in order to provide some improvement of the toxicological risk assessment process. One of
those gaps is the use of developmental toxicity endpoints for acute limit setting.

Acute health-based limit values are set to protect the public from adverse health effects of
(very) short periods of exposure. The ARfD is an oral limit set for 24 hours or less.
Emergency response guideline values such as the AEGLs are set for periods of 10 minutes up
to 8 hours. For the setting of such acute exposure limits, toxicological endpoints are selected
that may be relevant for such an acute exposure. For example, liver hyperplasia that is
observed only in semi-chronic or chronic toxicity studies is not a relevant endpoint for acute
limit setting. On the other hand, acetyl cholinesterase inhibition by pesticides can occur
already after a single dose and is therefore a highly relevant endpoint for setting of an AR{D.
A detailed discussion on the selection of endpoints for setting of the ARfD and AEGLs is
provided by Van Raaij (2001) and NRC (2001).

Acute exposure and developmental toxicity

One type of endpoints that is considered to be relevant for acute limit setting is
developmental toxicity. This is because it has been shown that teratogenic effects
(malformations) can occur after a single exposure when the substance is given in the critical
time window during pregnancy. Starting from this perspective, many toxicologists and
organizations do consider all effects seen in regular guideline-based developmental toxicity
studies as relevant for acute limit setting (Dewhurst, 2000; Billington and Carmichael, 2000).
The standard procedure uses the NOAEL from a developmental study (regardless of the
endpoint on which the NOAEL is based) to set an acute limit by using assessment factors. It
can be questioned whether this approach is appropriate. In a regular developmental studys, i.e.
basically according to OECD guideline 414, the animals are exposed repeatedly for a number
of days during organogenesis. Mice and rats are exposed from gestation day (GD) 6-15 (total
10 days), and rabbits are exposed from GD 6-18 (total 13 days) but exposure may be also
continued to one day before birth. This period covers about 50% of the gestation period in
animals. Compared to other studies in a toxicological database, this exposure period is rather
short. However, compared to a defined acute exposure of humans (AEGLs range from 10 min



page 6 of 88 RIVM report 601900004

to 8h; ARTD is for < 24h), this type of exposure resembles more a repeated dosing regime. A
one day exposure of a pregnant woman covers less than 1% of the total gestation period.

The observed effects at the end of the gestation period (at about GD 20) in an animal study
may actually reflect repeated dose toxicity rather than acute toxicity effects. It could be
argued that the NOAELSs of various effects (=endpoints) observed in regular developmental
toxicity studies are highly variable with respect to their relevance as a starting point for acute
limit setting. In this respect, a NOAEL that is based on teratogenic effects could be
considered relevant for acute limit setting because of the critical window concept. In contrast,
more or less general fetotoxic endpoints such as fetal body weight reduction or delayed
skeletal ossification may in many cases be considered less relevant for acute exposure since
they may be the consequence of repeated dose exposure. Hence, the NOAEL for such
endpoints is not considered to be an appropriate starting point for acute limit setting since the
NOAEL for such an effect is probably much higher in a single day experiment.

In a situation where an acute limit is derived from a study using a longer exposure duration,
the acute limit may be set too low, i.e. too conservative. This may have undesirable
consequences. In case of a too low ARfD some pesticide may be denied access on the market
or actual risk assessment will be hampered in case of residues that exceed the limits. In case
of AEGLs that are too conservative, unnecessary emergency response actions will take place
which may in fact provide more hazard to the public (e.g. in case of an evacuation) than the
chemical hazard itself. Therefore, it is important that acute limits are set on toxicological
endpoints that are relevant for acute exposure. Although most ARfD’s have been set using a
total assessment factor of 100 also smaller factors may be used depending on the data
available. Emergency response guidelines values are mostly set using smaller assessment
factors (3 —30). Therefore, a difference between the NOAELg;ine1c and the NOAEL,, of about
3-fold may already have serious consequences for setting an acute limit.

At present for about 15-30% of the substances, the ARfD’s set by different organizations are
based on developmental or reproduction toxicity endpoints. In addition, the AGW’ for about

10% of hazardous substances with Emergency Response Intervention Values in the
Netherlands (Ruijten et al., 2000). Therefore, developmental toxicity represents an important
endpoint for acute limit setting for a substantial number of substances.

In addition to the issues of acute limit setting, also actual risk assessment of developmentally
toxic substances could be improved in cases of exceeding limits if one could differentiate
between effects on the basis of their degree of relevance for acute exposure.

Objectives of the study

In this study we determine which type of developmental toxicity endpoints (and associated
NOAELSs) observed in standard guideline-based studies are relevant or less relevant for acute
limit setting. However, the issue is complex because both dosing length (number of gestation
days) as well as dose level play a role. In below, the solid line represent the opening and

* AGW = Alarmerings GrensWaarde: similar to AEGL-2 or ERPG-2 levels.
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closing a critical time window for a specific developmental effect. The window begins on day
6, is maximal at day 8 and is closed on day 11. A low dose (broken line) will be able to affect
the fetus only during a small period of time when the sensitivity is maximal. However, a
higher dose (dotted line) is able to affect the fetus over a longer period of time.

Window affected
) by high dose

Window affected
by low dose
6 7 8 9 10 11

Gestation days

Figure 1. Schematic representation of the window of sensitivity over time (solid line), and the
consequence of a single low dose (dashed line) and a single high dose (dotted line).

Taken together, when comparing NOAELs/LOAELSs from single dose studies with
NOAELSs/LOAELSs from repeated dose studies, it is expected that the difference between
such values is indicative for the likelihood that such an effect may or may not occur during a
single exposure. Therefore, we chose to perform this by a NOAEL and LOAEL ratio
comparison between single dose and regular guideline-based developmental toxicity studies.
For effects that are relevant for a single exposure, it is expected that the NOAEL/LOAEL
values should be about the same in single dose and repeated dose studies respectively. For
such effects it is appropriate to use the NOAEL from a regular developmental toxicity study
to set an acute limit value. However, for effects that are caused by repeated dosing rather than
by a single dose, it is expected that the NOAEL/LOAEL in a single dose study are higher
than those in a regular (repeated dose) developmental toxicity study.

In this report we have focussed on the following effects: maternal toxicity, embryonal/fetal
resorptions, fetal body weight, percentage of abnormal fetuses, skeletal variations (delayed
ossification), and some specific malformations and variants.
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2. Methods

In this investigation NOAELs and LOAELSs for specific effects in single dose developmental
toxicity studies are compared with the NOAELs and LOAELSs for the same effects in a
regular — repeated dose — developmental toxicity study. In order to perform such an
investigation one should first identify substances for which this type of information is
available. The availability of single dose studies was considered to be pivotal since it was
expected that regular repeated dose developmental toxicity studies should be easier to find.
For the identification of substances for which single dose developmental toxicity studies
would be available, two procedures were used. First, experts and colleagues within our
institute (RIVM) were requested to propose candidate substances for this analysis. Second, a
literature search was performed using a range of keywords and combinations. The searches
were performed in TOXLINE 1985-2001 and MEDLINE R+. In addition, for several
substances additional information was found using the Developmental and Reproductive
Toxicology/Environmental Teratology Information Center (DART®/ETIC) Database
(http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?DARTETIC).

For those substances for which single dose studies were identified, an additional search was

performed to obtain repeated dose developmental toxicity studies. In addition, monographs
(e.g. ATSDR profiles, Environmental Health Criteria, WHO-JMPR) and databases (e.g.
IUCLID database) were used to obtain repeated dose (guideline-based) developmental
toxicity studies. Repeated dose studies should have a dosing schedule of > 7 days during
gestation, preferably according to OECD 414. However, sometimes longer exposures were
used (including some exposure before copulation).The repeated-dose studies should be
performed with the same species, the same chemical /derivate (e.g. cadmium chloride is
compared to cadmium chloride but not to cadmium acetate), the same route of exposure, and
in case of gavage dosing similar vehicles.

The selected studies were then evaluated for a range of developmental endpoints as given in
the tables in Appendix B. For each effect, the NOAEL and LOAEL in the study was
determined. Finally, for each effect separately, the NOAEL from the single dose study
(NOAELgipgie) was compared to the NOAEL from the repeated dose study (NOAEL,p).
When more than one study was available the lowest LOAEL was used in combination with
the highest NOAEL that was below the lowest LOAEL. In case some NOAELSs may be above
LOAELS:s in other studies, expert judgement was used to select the NOAEL and LOAEL to be
used taking into account the quality of the studies, the number of animals, consistency of the
observations, and the total context of the evidence. For the single dose studies, the time of
dosing during pregnancy is a critical factor in view of the most sensitive window of exposure.
Because most of the single dose studies were performed during the critical window of
sensitivity or were designed to establish that window, we normally used the day of treatment
that provides the highest incidence of adverse effects.


http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?DARTETIC)
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Throughout this report the NOAELs and LOAELSs from the single dose studies are expressed
as a percentage of the NOAELSs and LOAELSs from the repeated dose studies. So, percentage
results represent NOAEL-NOAEL or LOAEL-LOAEL comparisons. However, this
comparison alone is not sufficient. For example, NOAELginge and the LOAELging1e can both
be 300% of their corresponding repeated values but the NOAELgige may still be lower than
the LOAEL,., depending on the choice of dosages in the studies. In that case, there may not
be a true difference between single and repeated dosing. Therefore, we also calculated the
ratio between the NOAEL ing1c and the LOAEL r¢peatea Since a meaningful difference between
single and repeated doses is only identified when no effects occur in a single dose study at
levels that do induce effects in a repeated study. The NOAELgiygle / LOAELp, ratio is
abbreviated as NLR in this report.

NOAEL LOAEL

Ratio Ratio Ratio
NOAELgjngie / LOAEL ¢ NOAELgjngie / LOAEL ¢ NOAELgingie / LOAEL e
NLR NLR NLR
<1 =1 > 1

Figure 2. Schematic representation of repeated and single dose response curves, and the consequence
for the NOAELyp. / LOAEL ., ratio (=NLR). When NLR > 1, there is a true difference between the
single and the repeated dose response curve.

So, the NRL provides two types of information. First, an NRL > 1 confirms that there is a
true difference in the NOAELSs of single and repeated dose studies. Second, the NRL
provides and indications how large the difference is between single and repeated dosing.

The percentage and NLR results are present for each substance-species-route combination
separately and in addition, mean values + S.D. are given for the total set of data. No further
statistical analyses were performed. Primary data for maternal toxicity, resorptions, fetal body
weight, and number of fetuses with malformations/variants (percentage and NLR calculations
are given in Appendix A.

Unfortunately, not all studies available studied or reported the total range of developmental
toxicity parameters addressed in this investigation. Therefore, for some endpoints only very
limited information is available. In this report we will focus on the following endpoints for
which a substantial amount of information was available: maternal toxicity, embryonal or
fetal resorptions, fetal body weight, the percentage of abnormal fetuses, and skeletal defects.
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3. Results

Information for single or short term exposures were found for the substances listed in Table
1. The species and route of exposure are included. All the individual data for each substance
as well as references to the original publications used are provided in Appendix B.

Table 1. Overview of available data.

Substances Species Route Repeated dose Single dose
available available
Arsenic trioxide rat oral-gavage yes Yes
Benomyl oral-gavage yes Yes
Bropirimine oral-gavage yes Yes
Butyl Benzyl rat oral-gavage yes Yes
Phthalate
Cadmium mice Sc Yes, oral gavage Yes
Cadmium mice Ip Yes, oral gavage Yes
Carbendazim rat Oral-gavage Yes yes
Carbon oral-gavage Yes Yes
tetrachloride
Chlorpropham mice yes Yes
Di-n-butylphthalate | rat oral-gavage Yes Yes
ETU rat oral-gavage Yes Yes
ETU hamster oral-gavage Yes Yes
Methanol rat oral-gavage yes Yes
Methanol rat Inhalation Yes No
Methanol mice inhalation Yes Yes
2-Methoxyethanol rat oral-gavage Yes Yes
2-Methoxyethanol mice oral-gavage Yes Yes
2-methoxyethanol rat dermal Yes Yes
Nickel rat im. Yes Yes
Paclobutrazole oral Yes Yes
Phenytoin rat oral-gavage Yes Yes
Retinyl palmitate rat oral-gavage Yes Yes
Thiabendazole rat oral Yes No
Thiabendazole mice oral-gavage Yes Yes
Tributyltin (CI, O) rat oral-gavage Yes Yes
Trichloroethylene rat oral-gavage Yes Yes

Although single dose and repeated dose studies were available, not all studies included a

report on the full range of developmental toxicity endpoints. Therefore, sometimes

information on only one specific endpoint (e.g. full-litter resorptions) was available while for

a range of other endpoints (e.g. fetal body weight and skeletal effects) information was

lacking. Therefore the number of substances for which ratios are available are somewhat
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variable depending on the endpoint. NOAEL and LOAEL result tables as well as references
to the studies used can be found in Appendix A.
In the following sections, the results for a number of specific endpoints are discussed.

3.1 General

From the results obtained it can be observed that without any doubt, a single exposure to a
chemical substance is able to induce a wide range of different adverse effects on the pregnant
animal and the developing foots. This includes maternal toxicity (mostly measured as body
weight gain reduction) and a range of developmental endpoints such as fetal body weight,
resorptions, fetal death, retarded ossification, malformations, and variants. In the next,
paragraphs these type of endpoints will be further described. In principle all developmental
endpoints investigated should be considered relevant for acute limit setting. However, the
probability that a specific effect occurs at the same dose on a single day compared to a
‘normal’ guideline-based repeated exposure study (basically an OECD 414 study) may differ
for the various endpoints as well as chemical substances.

3.2  Maternal Toxicity

Maternal toxicity is often only investigated by gross parameters such as food consumption
and body weight gain reduction. Sometimes, also organ weights or specific physiological
disturbances have been measured, especially in mechanistic studies. In this inventory,
maternal toxicity is based only gross parameters (body weight, food intake, organ weights);
no differentiation has been made between the parameters measured. A NOAEL for maternal
toxicity has been established at the highest dose at which the original publications reported no
effects on the dams. However, in the majority of publications used, maternal toxicity was
represented by body weight and/or food consumption effects.

The primary data for maternal toxicity are presented in Appendix A. In figure 3 the NOAELSs
and LOAELSs from single dose experiments (NOAELgingle and LOAELginglc respectively) are
expressed as percentages of the NOAEL and LOAELSs from the repeated dose experiments
(NOAEL,, and LOAEL, respectively). Essentially, a value of 100% indicates that the
NOAEL in a single dose study is equal to the NOAEL of a repeated dose study. Only
comparisons for which both the NOAELs and LOAELSs are available yield valid
comparisons. This holds true for 11 substances (Arsenic trioxide, BBP, Cadmium,
Carbendazim, Deltamethrin, Methanol (oral-rat, inhal-mouse), 2-ME (dermal-rat),
Phenytoin, and Thiabendazole). On average the NOAELgingle 1s 751 £+ 900 % of the
NOAEL,, while the LOAELgingie 1s 557 = 552 % of the LOAEL,., and for most substances
the values are > 200%. This indicates that for the database studied on average a 5-fold higher
dose is needed on a single day to induce maternal toxicity compared to the dose used in the
repeated experiment.
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Trichloroethylene
Tributyltin (Cl, O)
Thiabendazole
Retinyl palm itate
Phenytoin
Paclobutrazole
Nickel
2-methoxyethanol
2-Methoxyethanol
2-Methoxyethanol
Methanol
Methanol
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Figure 3. Single dose and repeated dose comparison for maternal toxicity. Results represent the

NOAELy,;g1. and LOAEL . values expressed as percentage of the corresponding NOAEL and
LOAEL values from repeated dose experiments. The solid line marks the 100% (i.e. no difference)

line.

Table 2. NLR results for maternal toxicity

Substance NLR-value
Carbendazim NLR <1
Cadmium, Methanol (inhal-mice), 1 <NLR <2
Phenytoin.

Arsenic trioxide, BBP, DBP, Methanol 2<NLR<3
(oral-rat), 2-ME (oral-mice),

Chlorpropham, deltamethrin, ETU (oral- NLR >3
rat), 2-ME (oral-rat), 2-ME (derm-rat),

Thiabendazole
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The NLR is on average 3.01 £+ 2.26, which confirms that there is a true difference between
the NOAELSs from single dose studies and the NOAELSs from repeated dose studies (Table 2).
It should be realized that this ratio is highly dependent on the dose levels chosen in the
experiments. However, for those substances-species-route combinations for which this NLR
could be calculated (n=14), the results are given in categories in Table 2. The small ratio for
carbendazim was based on an uncorrected decrease in maternal body weight gain in the
single dose study (Minta et al., 1982) while post-implantation loss and the number of pups
per litter decreased with dose. When maternal body weight gain would have been corrected
for gravid uterus weight the NOAELgiyge would probably have been higher.

From these results it appears that the dose levels that induce maternal toxicity in a repeated
developmental experiment (i.e. normal guideline-based study) are not representative for a
single exposure. Maternal toxicity is apparently aggravated by repeated exposure to the test
substance over a number of days. The use of a NOAEL for maternal toxicity from a repeated
experiment is therefore highly conservative in view of acute toxicity limit setting.

3.3 Resorptions

The primary data of the analysis for resorptions is presented in Appendix A. In figure 4 the
NOAELs and LOAELs from single dose experiments are expressed as percentage of the
NOAEL and LOAELSs from the repeated dose experiments. Essentially, a value of 100%
indicates that the NOAEL in a single dose study is equal to the NOAEL of a repeated dose
study. Only comparisons for which both the NOAELs and LOAELSs are available yield valid
comparisons. This holds for 14 substances (Arsenic trioxide, Bbenomyl, BBP, Carbendazim,
ETU, MeOH, 2-ME, Nickel, Phenytoin, Thiabendazole, and Trichloroethylene). The figure
shows that only for Benomyl and Phenytoin both the NOAEL and LOAEL comparison
shows a value around 100% indicating no difference between the NOAELSs of single and
repeated dosing studies. However, for the other substances, the NOAELs and LOAELSs of the
single dose studies are about 200 — 400 % of the repeated dose values indicating 2-4 fold
higher dosages are needed in a single day study to induce resorptions. On average the
NOAELgingle is 391 + 440 % of the NOAEL,,; the LOAELgingle is 399 + 486 % of the
LOAEL .

The mean NLR is 2.12 &+ 2.23. The NLR results are presented as categories in Table 3. These
results confirm that for most substances, there is a true difference between the NOAELS in
single dose and repeated dose studies.
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Resorptions
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Figure 4. Single dose and repeated dose comparison for resorptions. Results represent the

NOAELy,;g1. and LOAEL . values expressed as percentage of the corresponding NOAEL and
LOAEL values from repeated dose experiments. The solid line marks the 100% (i.e. no difference)

line.

Table 3. NLR results for resorptions

Substance NLR-value
Benomyl, phenytoin NLR <1
Arsenic trioxide, BBP, Carbendazim, 1<NLR <2
Chlorpropham, DBP, Methanol (oral-rat),

Methanol (inhal-mice), Thiabendazole

Bropirimine, ETU (oral-hamster), 2-ME 2<NLR<3
(oral-rat), Nickel, Trichloroethylene

2-ME (oral-mice), 2-ME (derm-rat), NLR >3
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With respect to resorptions, the evidence indicates that some substances induce resorptions
after a single exposure at the same dose level as after repeated exposure although for most
substances about higher doses are needed.

3.4 Fetal body weight

The primary data of the analysis for fetal body weight is presented in Appendix A. In figure 5
the NOAELSs and LOAELs from single dose experiments are expressed as percentage of the
NOAEL and LOAELSs from the repeated dose experiments. Essentially, a value of 100%
indicates that the NOAEL in a single dose study is equal to the NOAEL of a repeated dose
study. Only comparisons for which both the NOAELs and LOAELSs are available yield valid
comparisons. This holds for 12 substances (Arsenic trioxide, Benomyl, BBP, Carbendazim,

Fetal Body Weight

Trichloroethylene | | | !
Tributyltin (CI, O)
Thiabendazole

Retinyl palmitate

Paclobutrazole

Phenytoin
Nickel

2-methoxyethanol

2-Methoxyethanol

2-Methoxyethanol

Methanol

Methanol

Manganese
FM-100 TM
ETU
ETU

Deltam ethrin

Di-n-butylphtalate

Chlorpropham

Carbon tetrachloride

Carbendazim

Cadmium BLOAEL
Butyl Benzyl Phtalate ONOAEL
Bropirimine i : : ;
Benomyl i : :
Arsenic trioxide [ ‘ :
0 200 400 600 800 1000

Figure 5. Single dose and repeated dose comparison for fetal body weight. Results represent the
NOAELpgi. and LOAELy,g. values expressed as percentage of the corresponding NOAEL and
LOAEL values from repeated dose experiments. The solid line marks the 100% (i.e. no difference)
line.
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Chlorpropham, DBP, ETU (oral hamster), MeOH (inhal-mouse), 2-ME (oral-mouse, oral-
rat), and Thiabendazole). The figure shows that for Methanol and Thiabendazole, the
NOAEL and LOAEL comparison shows a value around 100% indicating no difference in
NOAELSs between single and repeated dosing. However, the Methanol result is dominated by
observations from a single exposure on day 5, which is not included in the normal repeated
dose study which starts at day 6. In addition, the experiment yielding the low effect levels for
the single dose experiments did not include a concurrent control group. Effects had to be
compared to other control groups in the same publications which may have induced some
bias. For Thiabendazole, the NOAELgi,g1c 1s determined from a single set of experiments
showing fetal body weight effects at 60 mg/kg bw, while the same publication also contained
a second set of single dose experiments which showed no effects at fetal body weight up to
129 mg/kg bw (same strain dosed on the same GD). So, the NOAELgingle and LOAELgingle for
Thiabendazole could be about 2-fold higher depending on the interpretation of the primary
data. When the higher NOAEL would be used, the NOAELq;nec and the LOAELgingle would
be 240 and 120% of the repeated NOAEL values respectively. For the other substances, the
NOAELSs and LOAELSs of the single dose studies are about 200 — 400 % of the repeated dose
values indicating 2-4 fold higher dosages are needed in a single day study to induce a
decrease in fetal body weight. On average the NOAELgingle 1s 350 + 223 % of the NOAEL,p;
the LOAELgingic is 476 + 611 % of the LOAEL .

The mean NLR is 2.30 & 2.46. In Table 4 the NLR results are presented in categories. For
most substances the NLR is > 1 which confirms a true difference between NOAELSs from
single and repeated dose studies

Table 4. NLR results for fetal body weight.

Substance NLR-value

Carbendazim, Methanol, Thiabendazole NLR <1

Benomyl, Cadmium, Chlorpropham, 2-ME | 1 <NLR <2
(oral-mice).

Arsenic trioxide, BBP, DBP, ETU (oral- 2<NLR <3
hamster), 2-ME (oral-rat), Phenytoin,
FM-100, 2-ME (derm-rat) NLR >3

3.5 Percentage fetuses with Malformations or Variations

The primary data of the analysis for malformations and variants is presented in Appendix A.
In figure 6 the NOAELs and LOAELSs from single dose experiments are expressed as
percentage of the NOAEL and LOAELSs from the repeated dose experiments. Essentially, a
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value of 100% indicates that the NOAEL in a single dose study is equal to the NOAEL of a
repeated dose study.

Fetuses with malform ation / variants
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Figure 6.. Single dose and repeated dose comparison for fetal body weight. Results represent the
NOAELy,g1. and LOAEL . values expressed as percentage of the corresponding NOAEL and
LOAEL values from repeated dose experiments. The solid line marks the 100% (i.e. no difference)
line.

Only comparisons for which both the NOAELSs and LOAELSs are available yield valid
comparisons. This holds for 11 substances (Benomyl, BBP, Carbendazim, DBP, ETU (oral
hamster), FM-100, MeOH (inhal-mouse, oral-rat), 2-ME (oral-mouse), Phenytoin and
Thiabendazole. The figure shows that for Benomyl, DBP, and Phenytoin, the NOAEL and
LOAEL comparison shows a value around 100% indicating no difference in NOAELs
between single and repeated dosing (Table 5). The fact that for these substances the NLR is
lower than 1 confirms the absence of any difference between single and repeated dosing.
However, for the other substances, the NOAELs and LOAELSs of the single dose studies are
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about 200 — 300 % (or more) of the repeated dose values indicating 2-3 fold higher dosages
are needed in a single day study to induce an increase in the number of fetuses with
malformations and/or variants. On average the NOAELqing1e 15 431 + 440 % of the NOAEL,p;
the LOAELginglc is 355 + 292 % of the LOAEL .

Table 5. NLR results for the number of fetuses with malformations / variants.

Substance NLR-value

Benomyl, DBP, Phenytoin, NLR <1

BBP, Methanol (oral-rat), Methanol (inhal- 1 <NLR<2
mice), 2-ME (oral-mice), Thiabendazole,

ETU (oral-hamster), FM-100, 2<NLR<3

Carbendazim, Deltamethrin, 2-ME (derm- NLR >3
rat), 2-ME (oral-rat), Retinyl palmitate,

The mean NLR is 2.37 &+ 1.80. The NLR results are presented in categories in Table 5. These
results show that beside the 3 substances with a NLR <1 (Benomyl, DBP, Phenytoin), there
are 5 additional substance-species-route combinations with a limited difference (NLR< 2)
Only 2 combinations have 2 < NLR < 3. However, 5 combinations have a NLR > 3 indicating
a large difference in NOAELs and LOAELSs between the single and repeated dose
experiments. It appears that there might be two sets of substances. One group for which no
difference between the NOAEL/LOAELSs in single dose and repeated dose experiments is
observed or the difference is at least < 2 ; and another group of substances for which the
difference is large.

3.6 Skeletal effects

Skeletal effects do frequently occur in developmental toxicity studies. Partly this may be a
specific teratogenic effect but partly these effects are the result of fetal growth retardation or
general embryo/fetotoxicity (see above). In Table 6, substance-species-route combinations
are presented for which NOAEL and LOAEL comparisons were available between single and
repeated dose experiments. The skeletal effects in this analysis only include fused arches,
fused vertebrae, fused sternebrae, fused ribs, wavy ribs, digital effects, and shortened ribs.
Other (specific) effects, including delayed ossification, are excluded. Although this pooling
of different effects might obscure any specific difference between separate effects, further
splitting of effects yields a too limited number of combinations. Nevertheless, the results in
Table 6 are dominated by fused sternebrae and fused arches/vertebrae.
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Table 6. Skeletal effects: NOAEL and LOAEL comparisons between single and repeated dose
experiments & NLR values.

Substance Species Route NOAEL g1 LOAELgg1e Ratio
(% of NOAEL,,) (% of LOAEL,) NOAELging1e /
LOAEL,,
BBP rat Oral-gavage - 133 -
Thiabendazole mouse Oral-gavage 17 18 0.09
Phenytoin rat Oral-gavage 133 200 0.7
2-Methoxy- mouse Oral-gavage 160 200 0.8
ethanol
Methanol mouse Inhalation 200 250 1.0
Paclobutrazole rat Oral-gavage 400 250 1.0
DBP rat Oral-gavage 180 238 1.6
FM-100 rat Inhalation 500 300 2.0
ETU hamster Oral-gavage 667 444 2.2
Deltamethrin rat Oral-gavage 633 - 3.2
Carbendazim rat Oral-gavage 1875 - 4.2
2-Methoxy- rat dermal - 1042 52
ethanol
Methanol rat Oral-gavage 1223 - 6.1

From this analysis, a similar picture appears as was anticipated in the preceding paragraph on
malformations/variants. For some substances, the single dose is at least equally effective
compared to the repeated experiment (Methoxyethanol-mouse, Phenytoin, Thiabendazole).
However, for other substances a very clear difference can be observed between the single
dose and the repeated dose NOAELs and LOAELSs (Carbendazim, Deltamethrin, Methanol
(oral rat), 2-Methoxyethanol (dermal rat)). There appears to be no difference in the type of
skeletal effects that are induced. In the both group with low NLR and the group with high
NLR a differential scope of skeletal effects is present (primarily fused vertebrae, arches or
ribs). Large differences between individual substance-species-route combinations are likely
based on differences in maternal toxicity, mechanism of action or kinetic differences, or a
combination of these. It is, however, beyond the scope of this study to evaluate specific
kinetics/metabolism or mechanisms of action on a detailed substance specific level.

With respect to retarded ossification, only limited information was available for 5 substance-
species-route combinations (Table 7). For 4 substances, a substantial difference was observed
in NOAELs / LOAELSs for retarded ossification between single and repeated exposure. Only
for phenytoin, no difference could be established (NOAELs and LOAELSs about the same and
the ratio NOAELgingle / LOAEL,, was 0.44. Unfortunately, the information is too limited to
provide general conclusions based on these data.



RIVM report 601900004

page 21 of 88

Table 7. Retarded ossification: NOAEL and LOAEL comparisons between single and
repeated dose studies & NLR results.

Substance Species Route NOAEL g1 LOAELgg1e Ratio

(% of NOAEL,,) (% of LOAEL,) NOAELging1e /

LOAEL,,

Phenytoin rat Oral 67 133 0.44
Methanol rat Oral - - 1.7
ETU hamster Oral 667 444 2.2
FM-100 rat Inhalation 1000 - 4.0
2-Methoxy rat Dermal - 1042 5.1
ethanol
3.7 Specific Malformations

For some substance-species-route combinations data were available to compare the NOAELSs

and LOAELSs from single dose studies with those of repeated studies. However, the number

of combinations for which a complete NOAEL/LOAEL comparison was possible was rather

limited (7Table 8). Results have been obtained for cleft palate, exencephaly, and dilation of

the renal pelvis (including hydronephrosis).

Table 8. Specific malformations: NOAEL and LOAEL comparisons between single and
repeated dose studies & NLR results.

Substance Species Route NOAEL g1 LOAELgngte Ratio

(% of NOAEL,,) (% of LOAEL,) NOAELging1e /
LOAEL,,

Cleft Palate

Methanol mouse Inhalation 250 200 1.0

BBP rat Oral-gavage 200 200 1.3

DBP rat Oral-gavage 180 238 1.6

Retinyl palmitate | rat Oral-gavage 550 333 1.8

ETU hamster Oral-gavage 667 444 2.2

Exencephaly

Retinyl palmitate ‘ rat ‘ Oral-gavage ‘ 333 333 1.11

Dilation of renal pelvis (incl. Hydronephrosis)

Phenytoin rat Oral-gavage 133 200 0.7

DBP rat Oral-gavage - 300 2.0

Carbendazim rat Oral-gavage 1875 - 4.3

Neural tube defects

Methanol ‘ mouse ‘ Inhalation ‘ - 100 -

From this table, it appears that for most substance-species-route combinations a higher dose

is needed in a single exposure to induce the specific malformation compared to a repeated
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exposure experiment (NOAELs and LOAELSs are all > 100%). Although the NLR is > 1 for
most case (except for Phenytoin) indicating a difference between single and repeated dosing,
the NLR is only about 1-2 (except for Carbendazim). The difference in dose response curves
for specific malformations appears to show a limited difference between the dosages in single
and repeated exposures. However, similar to the situation with retarded ossification, the
available information is too limited to draw general conclusions.

3.8 Other indications for acute vs. repeated effects

Besides the comparison of NOAELSs and LOAELSs from repeated and single dose
developmental studies, also other types of information can be found that gives insight in the
importance of exposure duration for the induction of effects. For a number of substances,
additional information was found and is presented in the next paragraphs.

FM-100 Flame retardant (inhalation studies in rats)

Results on the developmental toxicity of FM-100 were provided in two abstract publications
by Nemec and collegues (1992a, b). The results are summarized in Appendix B where a

6h exposure on GD 9 was compared to daily 6h exposures during GD 6-15. In addition, also
single 2h exposures were investigated. The results for this substance with respect to fetal
body weight and skeletal variations is given in Table 9.

For maternal toxicity, fetal body weight, and the induction of skeletal variations, a clear dose-
time-response relationship appears. The NOAEL levels of the shorter durations (2h single vs.
6h single, and 6h single vs. 6h repeated) appear to be consistently higher than the effect levels
in the longer durations. For example: skeletal effects are induced at 10,000 ppm in the
repeated experiment but not at 20,000 ppm in the single 6h experiment. Similarly, skeletal
effects were noted at 30,000 ppm for 6h but no effects are observed up to 60,000 ppm for 2h.

Table 9. Developmental toxicity of FM-100 after inhalatory exposure (Nemec et al.,
1992a,b).

Repeated study Single dose study Single dose study
1000, 4000, 10000 ppm 20000, 30000, 40000 20000, 40000, 60000
(6h/day) GD 6-15 ppm, 6-hours on GD 9 ppm, 2-hours on GD 9
Maternal toxicity BW and Food intake at>  Reduced BW gain, CNS  CNS effects at > 20000
10,000 ppm effects at > 20,000 ppm. ppm. Reduced BW gain
at> 40,000 ppm
Fetal body weight Reduced at 10,000 ppm. No effect on fetal BW No effect on fetal BW
No effect at 4000 ppm
Skeletal variations # Present at > 10,000 ppm.  Present at > 30,000 ppm.  No effect on skeletal
No effect at 4000 ppm No effect on 20,000 ppm  parameters ( < 60,000
ppm)

# 7™ cervical rib (in repeated dose and single 6h study), retarded ossification
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2-Methoxyethanol (Studies in mice)
In a paper by Horton et al. (1985) oral exposures to 2-ME were performed in 3 days, 2 days,
and single day exposures. In figure, the most important results are presented.

Digit anomalies
hindpaw ]
1 | |

Digit anomalies
forepaw

Exencephaly

0O 3-day exposure
Fetal body weight ] B 2-day exposure
reduction O Single day exposure
[ [
0 20 40 60 80 100 120

%

Figure 7. Comparison of single -, 2-day, and 3-day exposures to 2-MFE at a dose of 250 mg/kg bw/day
(oral gavage in mice). Effects are expressed as percentage reduction compared to controls (fetal BW)
or as percentage litter incidence (taken from Horton et al., 1985).

For fetal body weight and exencephaly there is a correlation between the extent of the effect
and the number of days of exposure, indicating that repeated exposure within the same period
aggravates the induced effect (figure 7). For digit anomalies, such a correlation apparently
does not occur. For this type of developmental toxicity, a single dose might be equally or
more effective compared to 2- or 3-day exposures. However, in this experiment the digit
anomalies were determined in a 2-day experiment at GD 10-11 or 9-10, and in a 3-day
experiment at GD 9-11. The single day experiment with 250 mg/kg bw, however, was
performed only on GD 11. In this case, the repeated experiments were started on an earlier
gestation day compared to the single dose study. 2-ME is being metabolized by alcohol
dehydrogenase (to form the teratogenic metabolite 2-methoxyacetaldhyde) and aldehyde
dehydrogenase (to remove the metabolite) which are both easily inducible enzymes.
Therefore, it is possible that in the 2- and 3-day experiments, metabolism has been induced
resulting in a lower internal exposure level at the critical days for digit anomalies (day 11)
compared to a single dose at day 11 only.

In another study by Terry et al. (1994), single day and 2 day exposure were used by i.v.
injection using the same dose as Horton et al.. In figure 8, the main results are shown. As can



page 24 of 88 RIVM report 601900004

be seen in figure 8, repeated exposure to the same dose (250 mg/kg bw/day) induces a
substantially higher effect on fetal body weight and on the incidence of exencephaly than a
single dose. In this respect, it should be noted also that a singles dose up to 450 mg/kg bw did
not yield a reduction in fetal body weight as large as a 3 day exposure at 250 mg/kg bw/day
(Terry et al., 1994). The maximal reduction in fetal body weight with a single dose up to 450
mg/kg bw is 19% while the reduction is 28% after 3 days at 250 mg/kg bw. Unfortunately, no
data were provided for the incidence of exencephaly at a single dose of 250 mg/kg bw. In this
study, a similar profile is found as found by Horton et al. (1985). Increased incidences are
observed for reduction in fetal body weight, exencephaly and resorptions in the 2-day
exposures compared to the single day exposures. However, at the dose used (250 mg/kg bw
1.v. injection) all litters had fetuses with skeletal malformations (rib and vertebral
malformations) either in single day or 2-day exposures.

skeletal
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Figure 8. Comparison of single - and 2-day exposures to 2-ME at a dose of 250 mg/kg bw/day (iv
injection in mice). Effects are expressed as percentage reduction compared to controls (fetal BW) or
as percentage litter incidence (taken from Terry et al., 1994).

Bromodichloromethane (oral-gavage F-344 rats)

In an abstract publication by Narotsky et al. (1993) they reported the incidence of full-litter
resorption after 2, 4, 7, and 10 days exposure to 75 mg/kg bw/day (GD 6-7, 6-9, 6-12, 6-15).
Full-litter resorption incidence was 12%, 48%, 50%, and 65% for these four exposure periods
respectively, compared to 0% for controls. Although the 2-day exposure might lack the
inclusion of the most sensitive day for full-litter resorption (possibly around GD 9 for this
substance), the window of sensitivity is most likely larger than one day. Nevertheless, the
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results indicate that there is a continuum of risk associated with exposure duration, rather
than a discrete critical period for this effect.

Methanol (Inhalation studies in mice)

In two sets of experiments (Bolon et al., 1993 and Rogers and Mole, 1997) single day and 2-
day inhalation exposures were performed at concentrations of 10000 and 15000 ppm.
However, in the experiments by Rogers and Mole, the single day experiments had no
concurrent control groups which hampers a valid single-two-day comparison. So, in figure 9
only the main findings from Bolon et al. (1993) are shown.
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Figure 9. Comparison of single - and 2-day inhalatory exposures to Methanol at a concentration of
15000 ppm (7h)of mice. Effects are expressed as percentage reduction compared to controls (fetal
BW) or as percentage litter incidence (Taken from Bolon et al., 1993).

These results show that fetal body weight is not affected by a single day exposure but is
suppressed by 12% in a two day exposure. The incidence of neural tube defects increases
substantially in the 2-day exposures. In contrast, little difference between single and 2-day
exposures is observed for the occurrence of fetal resorptions.
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4. Discussion

The effects of acute exposure to chemicals has become a more important activity in the risk
assessment activities of RIVM / SIR. For some time, SIR has been involved in the risk
assessment in cases of exceeding of health-based limit values, mostly limits for chronic
exposure. In addition, in the last decade some activities have been introduced which primarily
focus on the public health risk of acute exposure to substances. This includes risk assessment
of consumer products and biocides with low frequency use, the setting of ARfD’s for
pesticides, and the setting of Emergency Response guideline values for hazardous substances.
With respect to the latter activity, SIR participates in the setting of Dutch Intervention Values
for Hazardous Substances and the Acute Exposure Guideline Levels (AEGL)-program of the
US-EPA.

Although health-based limit values have been set as preventive limit values, acute limits
appear to have or develop less preventive characteristics. To illustrate, the ARfD has been
introduced as a tool for the evaluation of acute toxic effects of pesticides in the regulatory
framework. However, the ARfD is more and more becoming a tool for actual risk assessment
when pesticide residue limits have been exceeded. In addition, AEGLs are defined as
threshold values above which a more serious type of effects will occur within the population.
As such AEGLs are not purely preventive values but are guidelines to predict at what level a
certain type of effect will occur. This tendency requires limit values for acute exposure that
are based on appropriate and relevant endpoints and associated NOAELSs without an overload
of conservatism.

Developmental toxicity has been regarded to be highly relevant for acute limit setting
because of the limited dosing period used in these studies (Dewhurst, 2000, Billington and
Carmichael, 2000). As a default assumption, any effect on the foots has been considered
relevant for acute limit setting. To illustrate this importance, about 15-30% of the ARfD’s
now available have been set on the basis of developmental toxicity (depending on the
organization or country involved). In addition, for about 10% of the substances with Dutch
Intervention Values for hazardous substances (1 hour emergency response values) the AGW-
values’ have been set on the basis of developmental or reproduction toxicity endpoints. As an
extra aspect, some organizations consider developmental effects to be very severe such that
extra modifying safety factors are applied.

However, one should consider that a normal ‘guideline-based’ developmental toxicity study
in rats or rabbits involves a 10-14 day exposure on subsequent days. Although in comparison
to most other studies in a ‘standard’ database this exposure period is relatively acute, this
experimental treatment should be considered relatively ‘repeated’ in view of the limits that
will be set on the basis of these effects. For example, a 10 day exposure period in rats covers
about 40-50% of the total gestation period. In contrast, the ARfD and AEGLs are limits for a
single exposure lasting < 24h (ARfD) or < 8h (AEGLs). A single day exposure of a pregnant
woman covers less than 1% of the total human gestation period.
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The ‘critical window’ concept in developmental toxicology considers that critical limited
periods of time in gestation exist during which the conceptus is relatively sensitive for the
induction for specific malformations (see figure 1). Exposure outside the window of
sensitivity does not necessarily correlate to a zero risk. These windows are different for
different malformations, both in timing and duration. In addition, repeated exposure outside
the critical window may aggravate adverse effects and reduce the possibility of (partial)
recovery.

For some effects, the NOAEL observed in a repeated dose study may actually be determined
by effects that are correlated to a critical window and hence the NOAEL is predictive for a
single day exposure. However, this concept is clearly not valid for all types of endpoints
determined in developmental toxicity studies. Billington and Carmichael (2000), have
suggested that embryo-fetal survival and malformations are effects which can be induced by
a single dose given during the critical period of development, but this would not be the case
for general parameters such as fetal- and maternal body weight.

In the present study, the potential difference between NOAELs and LOAELSs in single dose
studies and normal ‘guideline-based’ repeated dose studies has been investigated for several
effects determined in developmental toxicity studies. Our hypothesis was that for some
developmental effects the NOAELs and LOAELSs in single dose experiments would be equal
to the NOAELSs and LOAELSs in repeated dose studies, and therefore these NOAELs are
relevant for setting acute limit values. When a specific effect rather requires — or is
aggravated by — some form of repeated dosing, the NOAELs and LOAELSs in such a study
will be less relevant for setting acute limit values because in a single dose experiment the
NOAEL would be actually higher. A true difference would be obtained if the NOAELgingle
would be clearly higher than the LOAEL,p, i.¢. the ratio of [ NOAELgingle / LOAELp | > 1
(NLR).

This analysis has been performed for 26 substance-species-route combinations. However, for
most endpoints only data for about 15 combinations were actually available. In the section
below, a list of limitations and questions are discussed to place this investigation in
perspective.

4.1 Limitations of the analyses

Limited number of observations

The analysis is, for most endpoints, based on a very limited number of substances. In
addition, some substances occur more than once in the analysis. ETU has been studied in rats
and hamsters (both oral), methanol has been studied in rats (oral) and mice (inhalation), and
2-Methoxyethanol has been studied by the oral route in rats and mice and by the dermal route
in rats. It is not clear at present how representative this analysis is for the whole range of
chemical substances (see also below).

" AGW = Alarmeringsgrenswaarde (similar to AEGL-2)
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Actual developmental toxicants

This investigation is dominated by established developmental toxicants and teratogens. This
is because specialized single dose studies are mostly performed to define the critical window
of sensitivity for a specific effect or to study the mechanistic actions of a substance.
Implicitly this always involves substances that are acknowledged developmental toxicants
and or teratogens. With substances that do not induce specific developmental such single
dose studies will normally not be performed. This might be regarded as an actual worst case
estimation for the whole range of chemical substances, since with other substances more
differences might be expected between single and repeated dosing. However, it is unknown
whether the picture that emerges from our investigation is representative for the whole range
of chemical substances.

Dose regimens and effects

Because many of the single dose studies are focused on the critical window and / or the
mechanism of action, most of these studies use a (pre-defined) dose that actually causes the
effects. These studies have no objective of determining a dose-response relationship or a
NOAEL. Furthermore, such studies are often focused on a single type of effect (e.g. full litter
resorptions) instead of investigation of a whole package of endpoints. Because of these
aspects, more than one single dose study is often needed with different dosages to obtain a
valid picture of the dose response relationship for a single day exposure. However, for a
number of combinations only one effect level was obtained (i.e. only a LOAEL) which limits
this investigation.

Influence of Maternal Toxicity

Maternal toxicity is an important element in developmental toxicity, being the primary cause
of a range of developmental effects. A direct relation between maternal toxicity and
developmental effects is, however, difficult to establish. For a number of developmental
effects a relation with maternal toxicity has been indicated (Khera 1984; Khera 1985;
Kavlock et al., 1985) among which are some skeletal variants. Kavlock et al. (1985) studied
the relation between acute maternal toxicity and developmental effects and showed a
correlation between the occurrence of supernumerary ribs and maternal toxicity. For other
parameters such a correlation was less evident or absent.

Khera (1984) showed within an analysis of mouse developmental studies that maternal
toxicity was always found accompanied by resorptions and fetal body weight reductions.
However, these effects were also observed without maternal toxicity. In a number of studies
with maternal toxic dosages, a pattern of defects was observed which included exencephaly,
open eyes, hemivertebrae, fused arches or vertebrae, fused sternebrae, and fused, missing, or
supernumerary ribs. However, such effects may be observed also (with other substances) at
maternally non-toxic dosages. So, it is not possible to identify specific effects that are
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exclusively induced by maternal toxicity although maternal toxicity has probably an etiologic
role in a number of the defects listed above.

Critical Window

An analysis as presented in this report is only valid as long as the single doses have been
given within the critical window of sensitivity during organogenesis. This critical window
may differ depending on the effect (see also above and figure 1). When single dosages have
not been given at the most appropriate time, the effect of a single dose study will be
underestimated. Most single dose studies were actually designed to establish the specific
critical windows for specific effects. Moreover, another part of the single dose studies
involved dosing at or within the critical window as already establish for a specific substance.
For each effect separately, the data of the most sensitive day were used to provide the lowest
NOAEL / LOAEL. Therefore, this analysis is not likely to be hampered by any substantial
extent by underestimation of the effects of single dose studies. Furthermore, the critical
window of sensitivity is probably not confined to one single day (see also figure 1). This also
indicates that some repeated dosing within the window of sensitivity may result in a higher
incidence of effects compared to a single dose within that window.

Gavage vs. diet and route specificity

This analysis is dominated by oral-gavage studies (18 of the 26 available combinations).
Gavage dosing could be characterized as daily bolus dosing which provides another kinetic
pattern within the body compared to dietary exposure. NOAEL and LOAEL values in dietary
studies are in a number of cases higher than NOAEL and LOAEL values in corresponding
gavage studies. With dietary exposure the substance is taken up more gradually often
resulting in substantially lower maximal blood and tissue concentrations of the substance
compared to gavage dosing. Therefore, one could question whether or not in this analysis,
substance-species-route combinations for which no difference was observed between single
and repeated dosing in fact involve Cp,x — related effects while for combinations with
substantial differences AUC-related effects are involved.

A similar argumentation can be used for route specificity. Can the results obtained primarily
by oral dosing be declared relevant for inhalation exposure and hence for acute intervention
values such as AEGLs? Although the gross picture of relevance of effects is, in our opinion,
relevant also for inhalatory exposure, there will always be substances that show e.g. route
specific metabolism. However in terms of kinetics, inhalation exposure (often 4-8h per day)
could be considered as an intermediate between gavage-dosing (bolus) and dietary exposure
because inhalation exposure only accounts for a limited period during the day but compared
to gavage-dosing the substance is taken up more gradually during inhalation.

Therefore, at present the results are considered relevant also for inhalatory exposure.
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4.2 Indications and Conclusions

4.2.1 Maternal toxicity

The results of our analysis show that gross maternal toxicity — captured only by body weight
changes, food intake, clinical signs and organ weights — in single day exposure is only
induced at higher dosages compared to the standard repeated studies. On average the
NOAELSs and LOAELSs are about 5-7-fold higher in single day exposures. Except for
carbendazim, the NLR was always higher than the observed effect level in the repeated
studies which confirms that there is a true difference in the NOAELSs between single and
repeated dose studies. In the case of carbendazim, maternal body weight in a single dose
study was based on an uncorrected decrease in maternal body weight gain in the single dose
study (Minta et al., 1982) while post-implantation loss and the number of pups per litter
decreased with dose. When maternal body weight gain would have been corrected for gravid
uterus weight the NOAELgj,g1e Wwould probably have been higher. Methanol inhalation in mice
showed the smallest difference in maternal toxicity NOAELSs and LOAELSs between single
and repeated exposure, the single values being only 2-fold higher.

Based on these observations it is concluded that the NOAEL for gross maternal toxicity
(body weight changes, food intake, clinical signs, organ weights) observed in a standard
repeated dose developmental toxicity study is not an appropriate starting point for acute limit
setting.

It should be emphasized that this is only applicable for gross toxicity endpoints as described
and does not automatically apply to other specific effects measured in pregnant females. For
example, cholinesterase inhibition by carbamates determined in the dams is a highly relevant
endpoint for acute limit setting.

4.2.2 Resorptions

Resorptions are the consequence of mortality of the implanted embryo or fetus and are
normally categorized in early and late resorptions. Because in normal guideline based studies
dosing of the chemical starts shortly after implantation, especially early resorptions reflect the
effect of a rather short dosing period (Van Raaij, 2001). Late resorptions per se occur only
after a number of days exposure in regular studies. Thus, ideally a separate analysis should be
made for early and late resorptions although the possibility that a single exposure later during
organogenesis induces late resorptions cannot be excluded. In addition, most studies available
for this investigation did not discriminate between early and late resorptions. Because of
these reasons, resorptions are treated as one endpoint without differentiation in timing when
they occur.

The results showed that on average the NOAELSs and LOAELSs of single day treatments were
about 2-4 fold higher compared to the repeated values. For some substances however the
NLR was < 1 indicating essentially no difference between single and repeated exposure
(Benomyl and Phenytoin). For a substantial amount of substances the difference between
single and repeated exposure was evident but limited: the NLR being < 2. Inhalatory
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exposure to methanol in mice showed that at a similar dose, the extent of resorptions was
somewhat higher in a two-day exposure compared to a single day exposure but the difference
was limited (section 3.8 above). Although also larger differences were observed between
single and repeated exposure (e.g. for 2-methoxyethanol (see Table 3 and section 3.8 above)),
this analysis indicates that resorptions can occur as a consequence of single exposures at
about the same dose levels as those used in a standard type developmental study. The
NOAEL for resorptions observed in repeated dose studies is thus considered to be a relevant
starting point for acute limit setting.

4.2.3 Fetal Body weight

Fetal body weight (gain) reduction is often taken as a marker for fetal growth retardation. It
has been postulated that fetal body weight reduction is a non-specific type of endpoint that
would be more representative of repeated than of acute exposure (Billington and Carmichael,
2002). In addition, fetal body weight reduction is often related to the occurrence of maternal
toxicity and as such considered as a less relevant effect for direct exposure of the fetus. In
addition, temporary growth retardation induced on a specific day during gestation does not
necessarily result in a decreased body weight at birth because slight growth retardation can be
compensated during the remainder of the gestation period.

In the present analysis it is shown that for 2 substances, the NOAELs and LOAELSs of single
and repeated exposure were similar (Methanol and Thiabendazole). However, the MeOH
result is dominated by observations from a single exposure on day 5, which is not included in
the normal repeated dose study which starts at day 6. In addition, the experiment yielding the
low effect levels for the single dose experiments did not include a concurrent control group.
Effects had to be compared to other control groups in the same publications which may have
induced some bias. In addition, in section 3.8 the 1-day and 2-day experiments with methanol
inhalation in mice show that a 2-day exposure at 15000 ppm decreased fetal body weight but
a single exposure at this dose did not affect fetal body weight. For Thiabendazole, the results
are dominated by a single set of experiments that shows effects on fetal body weight at

60 mg/kg bw, while the same publication also contained an set of experiments showing no
effects at fetal body weight up to 129 mg/kg bw (same strain dosed on the same GD). So, the
NOAELgingle and LOAELgiygle for thiabendazole could be about 2-fold higher depending on
the interpretation of the primary data. Nevertheless, besides Methanol and Thiabendazole the
NLR was also limited for Carbendazim (0.43) and Benomyl and Cadmium (about 1). For
most other substances the NOAELs and LOAELSs in single day experiments are about 2-4
fold higher compared to the values from repeated dose experiments. This indicates that the
difference in NOAELs / LOAELSs between single and repeated exposure is more variable for
fetal body weight than for e.g. resorptions. For some substance-species-route combinations
the NOAEL for fetal body weight reduction observed in a repeated dose study seems a
relevant starting point while for other combinations such a NOAEL is not representative for a
single exposure. The relevance of fetal body weight as endpoint for acute limit setting should
therefore be evaluated within the total context of effects including maternal toxicity and other
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fetal effects. For example, when fetal body weight reduction occurs only at doses that are
maternally toxic and other effects on the fetus are limited to retarded skeletal ossification, the
effects are probably caused by repeated exposure and are unlikely to occur from a single
exposure at the same dose.

4.2.4 Number of fetuses with malformations / variants

The induction of irreversible structural effects in fetuses (malformations) occurs in most
cases within a specific period of time during organogenesis. Each structure formation is
initiated in a specific time window and its development occurs mostly over a limited period
during gestation. For this type of effects often a critical window of sensitivity exists in which
the fetus is very sensitive to exposure to a developmental toxicant. Therefore, it is anticipated
that malformations can be induced by about the same dose level in repeated and single day
experiments as long as the single dose is given within the critical window.

Based on the critical window concept the substance would only have to be present during a
limited period of time to induce the effect. According to our hypothesis, no difference should
therefore be observed between the NOAELSs and LOAELSs in single and repeated exposures.
Although ideally one should analyze this hypothesis for each malformation separately, the
available information is too limited to provide a valid analysis. Therefore, the number of
fetuses with malformation or structural variants was taken as a gross parameter for this
analysis because for this endpoint a NOAEL / LOAEL could be established for most
endpoints.

For three substances (Benomyl, DBP, Phenytoin) no difference between single day and
repeated exposure was evident (NOAELgingte and LOAELyipge Were about 100% of the
corresponding repeated values and the NLR was less then 1). Also for substances like
Chlorpropham and Paclobutrazole possibly no difference occurs between single and repeated
exposure (resp. NOAEL and LOAEL are similar). On the other hand, clear differences appear
to occur for other substances (e.g. Carbendazim, Deltamethrin, 2-Methoxyethanol, Retinyl
palmitate). When NLR results are considered there may appear two groups of substances: one
group for which no major difference is evident (ratio < 2) and hence follows the critical
window concept, and one group with clear differences (ratio > 3). This cannot be ascribed to
malformations on the one hand and variants on the other because also for substances that
induce clear malformations (e.g. Retinyl palmitate) a large difference can be observed
between single and repeated exposure.

The differential picture that emerges for malformations and variants is likely based to other
factors such as the kinetics of the substances (half-life, excretion, metabolism, build-up in
tissues) and the mechanism of action (Cmax or AUC dependent; presence of substance
necessary during an entire period to finally induce the effect; possibility for recovery). For
example, retinoid teratogenesis has been shown to be related to the total AUC. In this case, it
can be explained why a single dose has less effect than repeated dosing (Nau, 1990).
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With respect to limit setting for acute exposures, normally such information is not available.
Therefore it is concluded that malformations and major variants are — by default — relevant
endpoints for acute limit setting unless specific information is available to indicate otherwise.
In addition it should be emphasized that variants can occur in a wide variety of structures and
severity while some variants (e.g. skeletal variants) occur also spontaneously and are often
considered to be related to maternal toxicity. So, for variants the biological relevance of the
effects in question always has to be taken into consideration when selecting endpoints for
limit setting for acute exposures.

4.2.5 Skeletal effects

As indicated above, skeletal effects do frequently occur in low frequency (spontaneously or
in relation to maternal toxicity) in developmental toxicity studies. The skeletal effects in the
present analysis include fused arches, fused vertebrae, fused sternebrae, fused ribs, wavy ribs,
digital effects, and shortened ribs. Although this pooling of different effects might obscure
any specific difference between separate effects, further splitting of effects yields a too
limited number of combinations. Nevertheless, the analysis is dominated by fused sternebrae
and fused arches/vertebrae. Delayed ossification is excluded from this analysis because this
effect is probably caused by other mechanisms (see below).

For skeletal effects, a similar type of picture emerges as was established for ‘number of
fetuses with malformations and variants’. For some substances, no substantial difference
could be established between single and repeated exposure while for others a large difference
was observed. Most likely, similar factors contribute to this result as was discussed for
malformation and variants in general (see above).

From this result, it is concluded that — by default — skeletal effects should be considered
relevant endpoints for limit setting for acute exposures unless information is available to
conclude otherwise. However, because skeletal variants such as fused ribs etc. occur also
spontaneously and have been related frequently to maternal toxicity (Khera, 1984; Kavlock et
al., 1982) the relevance of these type of endpoints should be carefully evaluated.

Unfortunately, little information on delayed or retarded ossification was available to draw
any conclusions. Retarded ossification is sometimes observed at clear fetotoxic dosages but
in some cases also at the lowest dosages, becoming the most sensitive effect in the study. In
standard guideline-based studies with substances that are not specifically teratogenic or
fetotoxic, retarded ossification is a very frequent occurring effect. The effect is often
considered to be a parameter for general fetal growth retardation (Aliverti et al., 1979) and as
such the parameter could be considered in a similar way like fetal body weight reduction. For
fetal body weight reduction most NOAELs and LOAELSs of single dose exposures are about
2-4 fold higher than the corresponding repeated values although also substance-species-route
combinations were found where little difference was observed. Only for 5 substance-species-
route combinations, a comparison was possible for retarded ossification. For 4 combinations,
a substantial difference was observed between the NOAELs / LOAELs from a single
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exposure and repeated exposures. Only for phenytoin, no difference was established
(NOAELs / LOAELSs are about the same; NLR was 0.44). At this moment, too little data are
available to draw conclusions with respect to retarded ossification. As a first approach, one
could propose to consider retarded ossification in a similar way as fetal body weight (see
section 4.2.3). It should be noted that mild retarded ossification represents only some delay in
normal development. So, the relevance of retarded ossification for acute limit setting should
be considered within the total context of effects taking into account maternal toxicity and
other effects on the fetus.

4.2.6 Specific malformations

Very little information was available in the present database to study the differences between
single and repeated exposures for specific malformations separately. Only for cleft palate and
dilation of the renal pelvis, single-repeated comparisons were possible for more than one
substance. With respect to cleft palate, in general some difference in NOAEL and LOAEL
values exists between single and repeated exposures. Of the 5 available substance-species-
route combinations, 4 combinations had a NLR between 1 and 2. Although this indicates that
repeated exposure probably has a more substantial influence on the induction of cleft palate
than exposure on a single day, the differences are limited. Hence, cleft palate is considered a
relevant effect for setting limits for acute exposures.

With respect to dilation of the renal pelvis (incl. hydronephrosis) a differential picture
emerges: no difference for Phenytoin and a clear difference for Carbendazim with respect to
single and repeated exposure. This difference is intermediate for DBP. Based on the
observation with Phenytoin, dilation of the renal pelvis is a relevant endpoint for setting
limits for acute exposures.

For neural tube defects, only information was available for Methanol (inhalation — mice).
Although the LOAELyipge was 100% of the LOAEL ., additional information shows a
substantial difference in response at 15000 ppm between a single day and a two day exposure
(see section 3.8 above). Nevertheless, this only indicates that repeated exposure results in a
higher severity but the same dose actually still induces the effect.

4.3 General conclusions

In general the following conclusions can be drawn from this analysis:

e This study provides a limited set of data because for most endpoints studied only 10-15
substance-species-route combinations were available. Nevertheless, the present analysis is
considered as a valuable starting point for evaluating the relevance of endpoints for limit
setting for acute exposures.

e Because the analysis is based primarily on established teratogens and developmental
toxicants, the results can be considered to represent a worst-case situation where the
difference between single and repeated exposure are small. Substances with non-specific
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effects on the developing fetus will probably show larger differences between single and
repeated exposure.

e (Gross maternal toxicity (body weight gain, food intake, clinical signs, organ weights)

observed in standard guideline-based developmental toxicity studies is not relevant for

setting limits for acute exposure because a clear difference in NOAELs / LOAELs is

observed between single and repeated exposure. Specific acute maternal toxicity effects
which are independent of the number of exposures (e.g. cholinesterase inhibition) are still
relevant and should not be incorporated in this conclusion.

e The previous conclusions may have consequences for the evaluation of other effects also,
in case they are considered to be the result of maternal toxicity. At this moment — and
based on the present analysis — no clear guidance can be given how to discriminate
between effects that may or may not be the consequence of maternal toxicity with respect
to single exposures.

e Resorptions observed in standard guideline based developmental toxicity studies are
considered to be relevant endpoints for setting limits for acute exposure because for most
substances a limited difference is observed between single and repeated exposure.

e The relevance of fetal body weight reductions (and retarded ossification) for acute limit
setting should be evaluated within the total context of effects taking into account maternal
toxicity and other effects on the fetus. For most substances, fetal body weight reduction
occurs in a single exposure at higher dosages than in repeated exposures but for some
substances no difference is observed between the NOAELs / LOAELSs of single and
repeated studies.

e Malformations and variants are — by default — relevant endpoints for setting limits for
acute exposures, unless information is available to indicate otherwise. For some
substances no difference in NOAELs /LOAELSs is observed between single and repeated
exposures but for others clear differences indeed occur (probably related to characteristics
of the substances such as kinetics, metabolism, mechanism of action). Whether
substances could be categorized based on kinetics and mechanism of action should be
further investigated.

e Skeletal variants (fused ribs, fused sternebrae, fused vertebrae/arches, way ribs) are — by
default — relevant endpoints for setting of limits for acute exposures; unless information is
available to conclude otherwise. The analysis shows a similar picture as for
malformations and variants in general (for some substances no difference, for others a
clear difference). In addition, some skeletal variants occur spontaneously and are often
considered to be related to maternal toxicity. Therefore, the relevance of these effects has
to be evaluated carefully.

Taken all information together two general conclusions can be formulated:

1. The critical window of sensitivity for developmental effects, including malformations, is
probably somewhat larger than expected in most cases. The critical window should be
viewed as a period with relatively increased risk and spans (depending on the type of
effect and the type of substance) probably more than one day (see figure 1). Exposure
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outside the critical window does not automatically means that there is no risk. Starting
from this point of view, repeated exposure is likely to induce a larger effect compared to a
single exposure at the same dose rate.

2. Using a NOAEL from a standard guideline-based (repeated) developmental toxicity study
represents for most substances a conservative estimation of the NOAEL for single
exposures, regardless of the endpoint under consideration. This means that also for
malformations, the NOAEL from a standard study is in the majority of cases quite
conservative. This should be taken into account when selecting endpoints and safety
factors for acute exposure limits.
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