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Summary

In this CADASTER report an overview is given of the non-testing options given under REACH
to either replace experimental testing, or to strengthen confidence in experimental results. The
latter is needed as the (in general scarcely available) experimental data for specific (SIDS)
endpoints and for specific chemicals, might on their own not be sufficiently convincing as a
proper reflection of the actual value of specific endpoints. The non-testing options available
under REACH are: Quantitative Structure Activity Relationships (QSARS), read-across,

category approaches, and exposure based waiving.

In other CADASTER reports attention has already been given in detail on the use of QSAR
techniques to generate data for chemical risk assessment (Deliverable 2.2: Overview of
(Q)SAR models and their specific features for assessing fate and effects — December 2009).
Therefore, in this report the focus is on the possibilities to apply read-across and category
approaches to the CADASTER selection of substances, and an overview of tools as well as

guidance for the application of read across and category approaches is given.

The focus of CADASTER is on exemplifying the integration of information, models and
strategies for carrying out safety-, hazard- and risk assessments for large numbers of
substances. The integration will be performed on the basis of standard emission scenarios for
specific compound classes. This implies that detailed quantitative information on the (multiple)
uses of substances and the exposure scenario’s that is required to conclude that exposure
based waiving is possible, will in general be lacking for most (if not all) substances of interest.
Discussion of possibilities of exposure based waiving within CADASTER are therefore
restricted to considerations on the basis of substance properties, most notably limited to lack

of bioavailability of the chemicals in specific environmental compartments.
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1 - Introduction

CADASTER aims at providing the practical guidanoedritegrated risk assessment by carrying out a
full hazard and risk assessment for chemicals lgghgnto four compound classes. QSAR models will
be developed and validated, also externally, a@egrtb the OECD principles for the validation of
QSAR. Prediction of data for chemicals of four stdd classes will be performed for hazard and risk
assessment, when experimental data are lacking.nTdie goal is to exemplify the integration of
information, models and strategies for carrying eafety-, hazard- and risk assessments for large
numbers of substances. An increase of the userstasting information for regulatory decisions, ishi
meeting the main challenge of quantifying and r@uycncertainty, is stimulated by showing how this

non-testing information is integrated for applioatiwithin risk assessment.

In this report an overview is given of all optiofes using non-testing information under REACH.
Especially the possibilities to apply read-acrasd eategory approaches for filling data gaps preisen
the selected substance classes in CADASTER areis$ied in some more detail. Read-across and
category approaches are mentioned in the REACH asxteparate options from QSAR, and in the
guidance the criteria for a “good” read-across ategory approach are not as well defined as for
QSARs. However, both read-across and category appes can be thought of as simplified or limited
(in numbers of substances) versions of a QSAR. éfber, evaluation and validation of results
generated by these methodologies can often bewachiesing the same criteria and approaches as
developed for QSARs.

1.1 Regulatory background - REACH

Around 100,000 different substances are registaedxisting chemicals in the EU, of which an
estimated 30,000 are manufactured or imported antijies above 1 tonne. The previous regulatory
system in EU policy for dealing with the majoritf/these chemicals - known as ‘existing’ substances
has been in place since 1993 and has prioritis8ccthdmicals of high concern up to 2008. Although a
programme of work has been drawn up, this EU lati@t on chemicals had several drawbacks. Firstly,
a substantial number of existing chemicals whidah marketed in the EU have not been adequately
tested. Information related to their hazard po&tris minimal (less than base-set), and they may be
harmful to human health or the environment. Thistkasts sharply with new chemicals which had to be
notified and tested starting from volumes as lowt@kg per year, discouraging research and inventio

of new substances. Secondly, there is a lack oivlgdge on (mainly downstream) use and exposure.



Thirdly, the process of risk assessment and chémiaaagement in general was relatively slow, and
certainly too ineffective and inefficient to takare of the problem raised by the huge data gapdn t
field of the existing chemicals. And last but neadt, the allocation of responsibilities is notrappiate:
public authorities were responsible for the riskessment of substances, rather than the enterfirites
produce or import them [JRC, 2005].

For this reason, the Commission proposed a new é&gullatory framework for the Registration,
Evaluation, Authorisation and restriction of Cheatsc(REACH) [EC 2006a, b] which covers both new
and existing chemicals, and replaces approximatelyy existing Community Directives and
Regulations by one single regulation. This newdkagion (REACH) came into force June 2008. The
ultimate aim of REACH is to improve the protectiohhuman health and the environment through a
better and earlier identification of the propertishemical substances. The basic elements of REAC

are as follows:

Registration - In principle REACH covers all substances, but satasses of substances are exempted
(e.g. radioactive substances, polymers and sulestaioe research and development). The safety of
substances is the responsibility of industry. Maotifrers and importers of chemicals are therefore
required to obtain information on their substarioesrder to be able to manage them safely. Thenexte
of the obligations depends upon the quantity ofsthiestances manufactured or imported. For quasntitie
of 1 tonne or more per year a complete registrédtimto be submitted. For substances of 10 tormes o
more per year, a chemical safety report (CSR) dhiée tincluded. Since one of the goals of REACHis t
limit vertebrate testing and reduce costs, shasfrdpta derived fronm vivo testing is mandatory.

The information on hazards and risks and how toagarthem is passed up and down the supply chain.
The main tool for downstream information is theesafdata sheet (SDS), for dangerous substances
only. A SDS contains information which is consistenth the chemical safety assessment. Relevant
exposure scenarios are annexed to the SDS. Thestieam user is required to apply appropriate

measures to control risks as identified in the SDS.

Evaluation - Evaluation will be performed on registration dess, to check the testing proposals and
the compliance with the requirements of registratim addition, substances which are suspicious of

being a threat to human health or the environmantoe evaluated by a Member State.

Authorisation - Authorisation of use and placing on the marketerguired for all substances of very

high concern (CMR substances = substances classii€arcinogenic, mutagenic, reprotoxic: category
1 and 2 according to Directive 67/548/EEC; PBT tamses = substances which are persistent,
bioaccumulative, and toxic according to REACH ci#teor vPvB substances = very persistent, very

bioaccumulative substances according to REACHra@ijteregardless of tonnage level.



Restrictions - Restrictions may apply to all substances, regasdbf tonnage level.

Classification and Labédling inventory - Directives 67/548/EEC on Classification and Lébgl of
substances and 1999/45/EC on Classification anelliadp of preparations will be amended to align
them with REACH.

1.2 The use of alternatives for testing under REACH

One of the consequences of REACH is that in aivelahort time period the risks of large groups of
chemicals need to be assessed. This implies thataalarge amount of information on the fate and
effects of chemicals has to become available. incjple, this can be achieved by conducting a large
number of human toxicity and ecotoxicity studies,veell environmental fate and behaviour studies.
However, not only in REACH but in the OECD as wéftiere is an understanding that for reasons of
animal welfare, costs and logistics, it is impottenlimit as much as possible the number of testse
conducted. Annex XI of the REACH text states a nemtf options to replace or adapt the required
testing that is set out in Annexes VII to X for tddferent tonnage levels. The generation of a
comprehensive test dataset for every chemicalneiilbe needed if these test data can be replaced by

any of the following methods (for definitions okthnon-testing methods: see sections 2.1 — 2.3):

* Non-testing methods:
- The application of grouping (categories) and raabss
- Computational methods (SARs, QSARs and biokinatclels)
- Exposure based waiving
- The use of existing experimental and historiabdincluding human data)
* Testing methods:
- In vitro tests
- Optimisedin vivo tests
» Weight-of-evidence (WoE) using several independenrces of information, possibly

combining results from both testing and non-testimeghods.

This means that alternative methods (non-testinthoaks andn vitro tests) have to be developed as
well as weight-of-evidence schemes that allow raguy decisions to be made [Pedersen, 2003; Van

der Jagt, 2004]. These alternative methods havidl upw been used only to a limited degree and in



different ways for risk assessment, classificatiod labelling, and PBT assessment of chemicals. The

benefits of using such non-testing methods cardimed to include:

« Avoiding the need for (further) testing, i.e. information from non-testing methods hasrbesed

to replace test results.
« Filling information gaps, alsowhere no test would berequired according to current legislation
 Improving the evaluation of existing test data as regards data quality and for choosing valid and

representative test data for regulatory use.

Furthermore, use of non-testing data in additiontest data employing weight-of-evidence could

increase the confidence in the assessments.

Thus, the use of non-testing information may imgrdive basis for taking more appropriate regulatory
decisions (as well as for voluntary non-regulatdecisions taken by industry). In fact, use of non-
testing information may decrease uncertainty, @newake it possible to conclude on a classification

the need for more information in relation to hazaisk and PBT assessment.



2 — Non-testing methods (QSARSs, read-across, categories,

Exposure Based Waiving) under REACH

The principles of development and use of non-tgstimethods are based on the expectation that
structurally similar chemicals will have similar ysical attributes and/or biological effects. This
underlying premise of similarity could be used arérd and risk assessment when there are inadequate
test data to estimate missing values. These nbdngasethods include SARs and QSARs, and grouping
approaches including read-across and chemical @gtegproaches (i.e. approaches in which chemicals
are assigned to specific chemical classes on this b&athe presence of specific chemical moietids).
separate (non-testing) way to avoid testing of wuo®s is exposure based waiving, i.e. if it can be
argued that no risk will possible based on exposwenario(s) developed in the Chemical Safety

Report, no additional (toxicity) testing is require
2.1 (Q)SARSs

Within CADASTER much attention is given to applicat of existing QSARs and development of new
QSAR models. We refer to CADASTER Deliverable 2Qvérview of (Q)SAR models and their
specific features for assessing fate and effeais’af detailed description of the principles of QSAR

models and the possibilities for application und&ACH.
Validation of (Q)SAR models is essential for thesgulatory use. The OECD Principles for validation
of QSAR models (OECD, 2004) are indispensable lier dssessment of the validation status and its

regulatory applicability. These principles arediin Table 2.1.

Table 2.1: OECD Principles for validation of (Q)SAR models (OECD, 2004)

Principle Explanation
1. A defined endpoint Endpoint refers to anygibg-chemical property,
biological effect, environmental fate parameter
2. An unambiguous algorithm Ensures transparentye description of the model
algorithm
3. A defined domain of applicability Defines limitons in terms of types of chemical

structures, physico-chemical properties and
mechanisms of action for which models can generate

reliable predictions



4. Appropriate measures of goodness-of-fit, Infararaneeded on 1) the internal performance of
robustness and predictivity the model deteeahiby using a training set, and 2)
the predictivity of the model, using an appropritest
set
5. A mechanistic interpretation, if possible Asseast of mechanistic associations between the
descriptors used in the model and the endpoingbein

predicted

Although these principles were developed in ordeguide the evaluation/validation of (Q)SAR models,
they can be applied equally to read-across and ichémategory approaches. Specifically for read-
across, and to a lesser extent for chemical categpproaches, it is not feasible or meaningful, to
address principle 4 in the same way as normallledonQSAR models as the statistical measures used
in QSAR are not meaningful for e.g. a read acr@s® cHowever, the principle states tigpropriate
measures of model performance should be given,thisdis doable for read across and category
approaches as well. The same can be argued foritega developed for reporting QSAR results under
REACH. In order to facilitate the reporting and #msessment of QSAR generated predictions, a QSAR
Model Reporting Format (QMRF) and a QSAR Predictiraporting Format (QPRF) have been
developed [Rorije 2007, ECB 2007]. These reportorgrats serve as check lists of information which
is considered minimally necessary to be able tesasthe reliability of a (QSAR) prediction. The Mdbd
Reporting Format should document the model chaiatitss, performance and mechanistical
interpretation. This is very much in line with t@ECD principles for the validation of QSARs. The
Prediction Reporting Format should address thetanbs specific issues which might make an actual
prediction more or less reliable, e.g. one of thesfjons to be answered is whether the substamce fo

which a property is to predicted is part of the donof applicability of the model.

2.2 Read-across and chemical category

Grouping approaches are strongly linked to SAR ept& Annex Xl of the REACH regulation [EC
2006a,b] defines grouping approaches as follows:
"Substances whose physicochemical, toxicological eootoxicological properties are likely to be
similar or follow a regular pattern as a resulswiictural similarity may be considered as a group,
‘category’ of substances. Application of the gragmcept requires that physico-chemical properties,
human health effects and environmental effectsneirenmental fate may be predicted from data

for a reference substance(s) within the group bsrjpolation to other substances in the group (read-



across approach). This avoids the need to tesy ewdrstance for every endpoint. The similarities
may be based on:
< a common functional group,
« the common precursors and/or the likelihood ahowmn breakdown products via physical and
biological processes, which result in structurallyilar chemicals; or

 a constant pattern in the changing of the potafitize properties across the category.

If the group concept applies, substances shallassified and labelled on this basis.
In all cases results should:
* be adequate for the purpose of classificationlabelling and/or risk assessment,
* have adequate and reliable coverage of the keanmers addressed in the corresponding test
method,
e cover an exposure duration comparable to or lotigen the corresponding test method, if
exposure is a relevant parameter, and

« adequate and reliable documentation of the aghptiethod shall be provided.”

Qualitative read-across involves the identificatodra chemical substructure that is common to W t
substances and the assumption that the preseadxs@mnce of a property for a substance can be édferr
from the presence or absence of the same propmrgnfanalogous substance. Quantitative read-across
involves the identification of a chemical substunet that is common to the two substances and the
assumption that the known value of a property fog substance can be used to estimate the unknown
value of the same property for another substana®[R, 2005].

The main distinction between read-across and clengiategory is that the former approach will
normally be performed between one data-rich substaamd a substance for which limited data are
available. In the category approach, similarityagfattern for several chemicals will be evaluakehd-
across can be one tool to do this, but interpalatmd extrapolation and (Q)SARs will also be
considered to do this trend-analysis [Rila et aD06]. Both approaches can be used to assess
physicochemical properties, (eco)toxicity and emwmental fate. In a recent RIVM project [Rila et al
2006], guidance documents on read across and cgtagproaches have been applied on groups of
chemicals (phthalates, butanes, aliphatic hydrasaspto assess a number of human and environmental

endpoints.

One of the limitations of current guidance is titgbrovides only qualitative instead of quantitativ
guidance for deciding whether a category is roblikis means that the decision on categorisation
remains to a large extent based on expert judgmdmreas it should be noted as well that quantéati
data are usually needed for risk assessment puplmsgeneral the following issues need attention i

categorisation:

10



(1) the group/category to which the chemicals asigned should be indicated (please note that
although this issue reads like a triviality, inist always reported in practise),

(2) the similarity of the 2D and 3D structures dkdwe indicated,

(3) whether the group should be assessed in aeasiciy or decreasing order or whether the chemicals
should be considered as isomers should be indicated

(4) the expected metabolism/environmental transhtion of the different structures should be

described.

It is to be noted that validation of grouping apgmioes is not explicitly mentioned as a requirenment
REACH. As demonstrated above these approacheshyhealyi on expert judgement. This implies that
the process of expert judgement and the intermedi&ips, should be documented carefully. Guidance
on the formation and use of chemical categorieduibifing data requirements has been published by
the OECD as part of the OECD Manual for Investmatior HPV chemicals [OECD 2004], part 3.2:

Guidance on the Grouping of Chemicals.

2.3 Exposure based waiving (including Threshold of Toxicological

Concern)

The basic principle behind any potential exposuased waiving is the recognition that there are
situations in which human or environmental exposwe so low that acquisition of additional effects
information for these exposure situations doesnegessarily lead to an improvement in the ability t
manage possible risks. In the Annexes VI-X of tHeARH guidance, specific rules (column 2 of the
tables) are presented regarding conditions in wimfdrmation that is basic for risk assessment, tmay
omitted, triggered, replaced or adapted. Annexean X include examples of waiving of certain tests
based on exposure criteria. In addition, Annex dMdsgnts the possibility of waiving of certain effec
information in Annex VIII, IX and X based on exposuconsiderations. The approach is promising,
especially when combined with (Q)SAR or read-acaygsroaches, but it requires further investment in
the development of exposure models and it alsoiresjaccurate information on the use pattern of the
chemicals (e.g. downstream use information). Thterds usually one of the current bottlenecks

regarding application of exposure based waiving.

An example in which information on effects, basedegposure considerations has been incorporated in
the legislation, includes a Community procedurefiforouring substances used or intended for use in
on foodstuffs. In this case, the European Foodt$#athority (EFSA) has implemented the concepts
of exposure based waiving (EBW) and exposure biagggering (EBT). In this approach the concept of
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the Threshold of Toxicological Concerns (TTC) isnigeapplied in a risk assessment process to justify
the waiving of testing for flavouring substanceleT TC concept relies on the assumption that one ca
identify a concentration threshold below which tis& of any chemical for any harm is acceptably.low
The concept of the existence of levels of expotusedo not cause adverse effects is inherenttimge
acceptable daily intakes (ADIs) for chemicals wkitown toxicological profiles. The TTC principle
extends this concept by proposing thaleaminimis value can be identified for many chemicals, in the
absence of a full toxicity database, based on tbeé@mical structures and the known toxicity of
chemicals which share similar structural charasties. This means that if exposure information show
that TTC for a specific compound will not be reatirethe human body, in food, or in the environment
this could be used as screening tool to set asatemical as being of ‘low concern’ or low prioriiyr
testing. If the measured or predicted exposure enation is close to the TTC, this could triggee t
need to obtain further information on the toxioifythe chemical (including application of (Q)SARS).
The TTC concept can however only be used to ligstihg for those compounds for which adequate

and detailed information is available on their asd subsequent exposure of man and the environment.

Overall, the decision to waive the generation tdatfinformation could be based on:
» The location where a substance is used; e.gcdbe of restricted use within a well-characterised
site with limited or no subsequent environmentgicsure.
» How a substance is used; e.g. when it is usetbsed systems or when a limited amount
is used per day, due to the type of use or whisruised in strictly controlled ‘permit to
work’ systems with extensive personal protectionigaent.
 The intensity in which a substance is used;iafgequent use due to the function of the
substance.
» The expected exposure route; e.g. an inhalagisincould be waived if exposure is only
dermal.
» The substance characteristics; e.g. liquid wihy\vow vapour pressure, or a solid
produced/used in solution or dispersion only ool&dgproduced as non-abrasive large
granules or flakes (e.g. marbles) that will redaceven fully limit actual exposure of man and
biota.
With respect to the environment, tests can be wlawken information is available that one or more
environmental compartments, or one or more spegificips of animals are not exposed. Waiving can
also be based on the substance property, e.g. sfpahat the substance is unlikely to cross biolalgic
membranes (MW >800 or molecular diameter >15 Apigly insoluble (<1Qug/l) or that a substance
degrades too fast to cause long-term effects. $e d@gestion of soil or sediment is not considded
play an important role (e.g. log Kow <5), the eifilm partitioning approach could be used to deriv
the PNEC for sediment and soil organisms, withaahgr testing [TAPIR, 2005].

12



If exposure-based arguments are used as a basigdfEgision on the reduction of the required data s
it is of course essential for registrants to rem@ivare of this in the years following registration.
particular, any changes in circumstances mustViewed. This might include changes to the plant and
to the process, new users, a new site for produetiol further processing, the batch size, the nuwibe

batches per day, the level of the emissions anduh@er of days of emission per year.

One of the main objectives of CADASTER is to exdfgphe integration of information, models and
strategies for carrying out safety-, hazard- as#l assessments for large numbers of substances. The
integration will be performed on the basis of stddemission scenarios for specific compound ctasse
Because of the detailed information on use and samisscenarios that is required for exposure based
waiving, waiving on the basis of detailed emisssoenario’s does not seem to be a general nongestin
option which can play a role in the CADASTER prajethis is especially the case for the group of
substituted musks/fragrances, as musks and othgrafices by nature have diverse applications
(consumer products, detergents, aerosols, perfunaes) marketed with the explicit intention of
exposure (after all: a musk/fragrance is desigoduetsmelled, i.e. exposure is necessary), whehneas
physico-chemical properties of musks/fragrancegi@neral are such that they have the potential of

exposure in all environmental compartments.

Apart from general exposure considerations, exmodso@sed waiving for the four classes of
“CADASTER chemicals” might be based upon considenaiof physico-chemical properties only.
Given the range of physico-chemical propertiescdffig the distribution of polyfluorinated compounds
substituted musks/fragrances, and (benzo)triazilésto be concluded that possibilities for expes
based waiving for these compound classes for eifieraquatic or the terrestrial compartment are
limited on forehand. Polybrominated diphenyleth@?BDEs) on the other hand are characterised by
their hydrophobicity and very low water solubilitfExtreme low water solubility implies lack of
exposure/bioavailability of PBDES for pelagic orgams, and on forehand it is likely that aquatidites

of PBDEs is to be restricted to the sediment commpamt. Thereupon, in common practise it is
experienced that it is extremely difficult to maim effective exposure concentrations of virtually
insoluble chemicals at pre-set levels, this is weifficult to obtain even in a controlled laborator
setting. In itself this would already raise concemthe reliability of aquatic toxicity test dattRBDEs.
After reviewing available experimental sedimeneeffdata it is obvious that effects in sedimentocc
at relatively high concentrations (from 50 to 1509/kg), and the equilibrium partitioning theory may
be used to assess whether exposure based waivinjusigied for PBDEs. Alternatively,
bioconcentration data may be used to calculateitgx@ndpoints, either using experimentally obtdine
critical body burdens (CBBs) for the various PBDE by using QSAR approaches for predicting
CBBs. The latter approach is advocated by for imstdHendriks et al. [2005].

13



3 — Read across and Category approaches for CADASTE R

Following the general discussion on read acrossatetjory approaches, the possibilities for
application of these non-testing approaches acaigégd in this chapter in more detail for eacthef t

four chemical classes that are the core of the CADER project.

3.1 Polybrominated Diphenylethers

The polybrominated diphenylethers form a very gesdmple of a category of compounds for which
application of read across and category approashestentially possible, to establish trends remmeyd
both their fate and effect properties, on the badisdata-rich brominated diphenylethers in the
CADASTER group. This will allow to fill essentialath gaps and allow for prioritization of actual
laboratory testing to obtain data essential forahdand risk assessment. Possibly, if necessaryodue
lack of data, also chlorinated structural analoguess be used for reading across, or to show tramds
impact of halogenation (in terms of number of halbgtoms and position of halogen atoms) on fate and
toxicity characteristics. Read-across between strak analogues with different halogen substitution
might be complicated for more complex toxicity eaulps such as endocrine disruption (see below in
this paragraph).

The group of diphenylethers all share a commontfonal group — the phenyl-ether bridge. Those
substances within this group that do not have gpecific functionality (some halogenated phenoés ar
also present in the group) are breakdown produwetapolites) resulting form cleavage of the ether-
moiety. It is very probably that all substanceshis category follow the same transformation rotites
the environment, leading to a limited number of iEmbreakdown products. The importance of
knowledge of metabolism of the PBDE is highlighted reports in literature that the endocrine
disrupting (ED) potential of PBDE’s is strongly reased by hydroxylation of the aromatic ring(s)
[Hamers 2006, Liu 2007]. This is an example of ¢baclusions in section 2.2, that knowledge of the
metabolism is crucial for correct read-across aatgory formation (and QSAR), especially for the
more complex toxicological endpoints such as EDowit toxicity, reproductive toxicity etc. Data fro
these metabolites (hydroxylated PBDEs), which avée part of the CADASTER selection, should
possibly also be taken into account when attemptéagl-across or category formation of the more
complex toxicity endpoints.

Physico-chemical data of non-brominated diphengletimay well be used to establish trends and in the

assessment of the chemical domain in case of Q®ARBIabment or application or QSARSs.
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3.2 Polyfluorinated chemicals

The category of polyfluorinated chemicals is, irclzemical sense, already more diverse than the
compound class of diphenylethers, as it includesoua structural (chemical) functionalities. Read
across (and trend analysis within chemical categprshould therefore at best focus at subgroups of
polyfluorinated chemicals which have identical cleahfunctionalities. Similar to the class of PBDE,
information from polyhalogenated structurally rehichemicals in general may be used as the basis fo
read across and categorization. It should be ndtegever, that the molecular weight of the fluorine
atom is the lowest of all halogen atoms. In allesasadditional attention is needed to warrant that
fluorinated compounds are indeed part of the chandiemain spanned by non-fluorine based chemicals
of similar basic chemical structure. The possipili potentially use halogenated substances (ttiaer
fluorinated) for read-across or category approachagain highly dependent on the endpoint for twhic
this exercise is performed. This approach mighielse suitable for chronic toxicity endpoints thag. e

physico-chemicals and fate parameters.

3.3 Substituted musks / fragrances

Opposed to the other three compounds classes,rthup @f substituted musks / fragrances is best
typified by its diversity of chemical structuresid class of compounds does not share a specific
chemical functionality, but instead shares its pa#ern, i.e. all substances are used in fragrances
However, it seems that the class of substitutedkeusfragrances is mainly made up of esters
(majority), aldehydes, musks (nitroaromatics oeedt and some alcohols. Therefore it seems velly we
possible to establish categories of chemically \&myilar fragrances (for example the artificial rksis
where a read across on the basis of high chemiméhsty could be considered. The fact that these
substances also share a similar use pattern migke minteresting to also consider the possib8itior

specific Exposure Based Waiving.

3.4 Triazoles / Benzotriazoles

Within this group in CADASTER a number of pestigdare present, which might make category
formation or read-across on the basis of sharedhicla¢ functionality potentially more difficult, as
pesticides often have a very specific mechaniswi(g)ction. For each read-across or category within
this group one has to address the possibilityttiatriazole derivative for which read across iplieol,
might possess a specific toxicity profile which wa present in the triazoles derivatives from whic
data is inter-/extrapolated (anite versa). Especially for (aquatic) toxicity predictionrers of several

orders of magnitude might occur in this way.
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4 — Available tools and guidance for Read Across an d Category

approaches

Both within the OECD as well as in the Europeanddr(EChA) guidance is provided on the use of
read-across and category. The efforts from EChAthedECD are tuned, and a lot of the work on this
guidance has been developed under OECD flag, inutlsted by EChA. This is for example also the
case with the development of the OECD QSAR ApplicaT oolbox.

« REACH Guidance on information requirements and ébahsafety assessment Chapter R.6:
QSARs and grouping of chemicals. EChA, 2008.

http://guidance.echa.europa.eu/docs/quidance_datlinfermation_requirements r6_en.pdf?vers=20_08 08
 REACH Practical guide 6 : How to report read-aciarsd categories. EChA 2010.

http://echa.europa.eu/doc/publications/practicadegi/pg_report readacross_categ.pdf

* OECD Guidance document no. 80. Guidance on grougficgemicals. 2007
http://applil.oecd.org/olis/2007doc.nsf/linkto/eim-mono(2007)28

» Various demonstration materials for the OECD QSA#plcation Toolbox can be used as
guidance on how to build valid chemical categodiedo read-across in a meaningful way.
Information on the Toolbox and the OECD QSAR profmmn be found under:
http://www.oecd.org/document/23/0,3343,en_2649 9433957015 1 1 1 1,00.html

4.1 OECD HPV categories

In the OECD HPV program a number of substances baga discussed as a group. The assumption has
been that the same conclusion for all endpointst¢eec, human and environmental) can be applied to
all substances in an OECD category. This assumptibith was used as the basis of proposing
categories for discussion in the OECD in the gastpt optimal as it leads to categories that only
contain actives or inactives, whereas trends ivigcare not present within the category. Thiskgem

is highlighted again in the case study on monoetig/iglycol ethers in Appendix | (see below in this
paragraph). In current guidance (see above) @demmended to incorporate both actives and inactive
in one category.

In the REACH guidance these OECD categories arkcgipmentioned as possible categories. Where
substances have been accepted as members of edaeguater other regulatory programs (for example
the OECD HPV categories), the registrant shouldrref them in the dossier. Nevertheless all aviglab
information (including information which became dahle after assessment in the other regulatory

programme) should be included and, the validitthefcategory should be reassessed.
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More information on the OECD HPV categories carfidumd online:
http://cs3-hg.oecd.org/scripts/hpv/
http://www.chem.unep.ch/irptc/sids/OECDSIDS/sidspub.html

http://webnet.oecd.org/hpv/ui/ChemGroup.aspx

A number of CADASTER selected substances have tisenssed in the OECD HPV program as a

category:

Polybrominated Diphenyl ethers:

No OECD HPV categories apply

Perfluoroalkylated substances:

PFOS and its salts (5) Perfluorooctane sulfonid @CAS 1763-23-1)
Perfluorooctane sulfonic acid, ammonium salt (CAS&1-56-9)
Perfluorooctane sulfonic acid, diethanolamine GRS 70225-14-8)
Perfluorooctane sulfonic acid, lithium salt (CASA89-72-5)
Perfluorooctane sulfonic acid, potassium salt (@&85-39-3)
PFOA (2) Ammonium Perfluorooctanoate (APFO) (CAR23-26-1)
Perfluorooctanoic Acid (CAS 335-67-1)

Substituted musks and Fragrances:

Menthols (4) +)-Menthol (CAS 15356-60-2)
D/L-Menthol (CAS 89-78-1)
Menthol (CAS 2216-51-5)
menthol (CAS 1490-04-6)

Triazoles and Benzotriazoles:

No OECD HPV categories apply

Recently, within the OECD, and also within the Ediscussion has been started on the (im)possibility
to generate strict criteria (better defined thathencurrent guidance documents) on the type amiain

of information necessary to build a category. Wittie OECD this discussion was held during a joint
meeting of the SIDS (Screening Information Data) $&tial Assessment Meeting (SIAM 30, 19-22
April 2010, Paris, France) together with the OECDrithg Group on QSARSs. For this discussion a
case study was worked out on the OECD categoryasfoethylene glycol ethers, targeted at the issue

of developmental toxicity (or lack thereof) of tbategory members. This is an existing OECD category
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and the case study tried to analyze which datadvbalrequired to extend this existing category with
one or more substances which meet the initial disfimof the category in terms of chemical struetur
This same case study was brought to discussioMiiorkshop on REACH Testing Proposals organized
by the European Chemicals Agency (EChA) in Helsinkinland, April 26-27, 2010. In both
international fora the consensus among the exdedision makers present was that it will be
impossible to set specific criteria on the type awdount of information needed to construct an
acceptable, valid read-across or category approduod.conclusion was that this type of reasoning is
very much case-by-case, as all kinds of informaimerplay. As an example, the actual use of a
chemical was given as it can influence the levedletfil which is required. Read across of a prgpert
like (absence of) carcinogenicity will be more 8asiccepted for a substance which is used as flame
retardant in a matrix in which it will be trappedr fthe lifetime of the product (e.g. a plastic), as
compared to a substance that might end up in comsproducts and will have intended exposure. This
is for instance the case for fragrances. Therdferdoundation of read across cases or categane¢bd
CADASTER group of fragrances might require moreidence” than for the group of (trapped)

brominated flame retardants.

To exemplify the provision on guidance on groupafgchemicals, the case study on developmental
toxicity of monoethylene glycol ethers is includadAnnex | to this report as it is not publicly dedle
and serves as a nice example on how to apply gasgte@pproach for a specific endpoint. Similar

studies are foreseen for the four CADASTER clas§e®mpounds.

4.2 OECD (Q)SAR Application Toolbox

To increase the regulatory acceptance of (Q)SARoust the OECD has started the development of a
(Q)SAR Application Toolbox to make (Q)SAR technojorgadily accessible, transparent, and less
demanding in terms of infrastructure costs. Theld@ois a software application intended to be used
governments, chemical industry and other stakelelitefilling gaps in (eco)toxicity data needed for
assessing the hazards of chemicals. The Toolboxrpocates information and tools from various
sources into a logical workflow. Crucial to this mkflow is grouping chemicals into chemical
categories. More information on the toolbox, anel plossibility to download the software can be found

under:www.oecd.org/env/existingchemicals/gsar

The OECD QSAR Toolbox gives the user the posgytititcharacterize a substance using “Profiles”. If
a certain “Profile” applies to the substance oéiest (e.g. substance belongs to HPV category PBOA,
substance contains a chemicals reactive site wiated to DNA binding), then the workflow withi

the Toolbox allows a user to search all (relevaiatpbases for substances to which the same Profile
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applies, and that have experimental data repodedhte endpoint of interest. The basic idea is that
profile (or combinations of profiles) delivers tfrmechanistical) basis for the application of reatbas

or category approaches. If a profile is mecharafificdirectly linked to the endpoint of interesish
might be obvious (e.g. the link between DNA bindipgofiler and potential mutagenicity of a
substance), but often profiles developed for ondpeimt (e.g. skin sensitization / protein binding
profiler) can be very relevant for unrelated endf®i(e.g. fish toxicity as substances that bind to

proteins will also show specific (acute) fish towi.

It seems worthwhile to use the OECD QSAR Applicafimolbox for all substances selected in the four
CADASTER groups to generate their profiles, andssgloently use these profiles to define subsets of
substances which are used for read-across andocai@gproach purposes. Optimally, such subsets are
based on mechanistical profiles (e.g. protein lmgdwhich are related to the endpoint of interbst,
selection can also be performed on more empiricaliles, using e.g. chemical functionalities, and
combinations e.g. with bioavailability profiles $ue Lipinski's rule of five might we considered| al

depending on the relevance for the endpoint oféste

Because of the large number of possible profilexicblogical endpoint combinations it is suggested
that specific data gaps (substance(s) + endpomet)datermined for which read-across / category

approaches might be useful to fill this gap.
As an example of the profiles present in the curvension of the OECD QSAR Application Toolbox

(v2.0 Beta testing version) one substance at rarfdmmeach CADASTER group is shown with its
OECD QSAR Application Toolbox profile on the nextat pages.
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Figure 1. OECD QSAR Application toolbox screenstaitsewing the assigned profile classes for four
substances from the different CADASTER selectedigsoBenzotriazole (CADASTER group triazoles

/ benzotriazoles); Cinnamaldehyde (CADASTER grouggFances); Trifluoroacetic acid (CADASTER

group perfluoroalkylated substances) and pentabpbemol (CADASTER group of brominated
diphenyl ethers).

[ OECD Toolbox 2.0 (BETA) Document_1 =1=] x|
Input | | Profiling | Endpoint | Category Definition ‘ Filling Data Gap | Report | @ i
~Control——-Profiles 2 Opticns

@’ Wew profiler @B about
Apply | show boundariss & Updste
_Delete profiler
~Profiing methods 1 (Target) uz (Target) "3 (Target) ||4 (Target) il
+ General Mechanistic =
- A DMA Binding by LIMU NH/N‘\‘N o=, TR Br Bir
- bl DMA binding by OASIS =,
Bl Estrogen Receptor Binding Structure O /> —F HO Br
- b Protsin Binding by OASIS O 0 F
= mSupErfrangnts B B
; M_Toxlc haz_ard classification by Crar e e
- Endpoint Specific |
- b Acute Toxicity MOM by OASIS —CAS Mumber 95-14-7 104-55-2 76-05-1 G08-71-3
b Aquatic boxicity classification by E —QECD Global portal eChemPortal eChemPortal eChemPartal eChemPortal
i ma.uute aguakic ity Hassiicaig Benzotriazole 3-Phenyl-2-propenal Pentabromophens|
3 me“““m“"ath”_mEtabU!'sm aler 1,2 3-Benzotriazole \cinnamaldehyde trifluoroacetic acid  pentabromaophenal
B Bnaccumulation - meksbolism hal 1H-benzotriazole (2E)-3-phenylprop-2-enal  trifluoroacetic acid;... Phenol, pentabromo-
mBlodtag.rad.atmn fragments (Bio N1} | Name (OECD naie) 1H-Benzotriazole 2-Prapenal, 3-phenyl- Acetic acid, trifluoro- PENTABROMOPHENDL
[ Eve Ireationfcortosion Exchiskany benzotriazale Cinnamaldehyde TRIFLUOROACETL.
[l Eve itfationjenrosion Inchusionig 1,2 3-BENZOTRIAZOLE CINNAMIC_ALDEHYDE
MMlcronuc\e.us alert.s by Be.n.lgnu’Bos 1.2 3benzatriazale I =
= mguta‘gel?\c:;t‘yr,l’carclg‘uge?!clt:ﬁ alert— 1H-BENZOTRIAZOLE ] ] ]
ncoiogic Frimary Classincation L = —| o =
L] Skinirikationcorrosion Exclusion | Structural Formula cl2e(coocT)N=NM2 :c1 (C={tjCC=0cceee] CRIF)FICE=DO c1(BrcBAc(ENc(BrciBrciO
<[] skin irritationjcorrosion Inclusion ¢ HPhysical Chemical Properties
- Empiric HEnmvironmental Fate and Transport
= T e e‘emerts _,rJ EEcotoxicalogical Infarmation
—Metabolisn HEHuman health hazards
+ Documented ElProfile
[ Cbserved Liver metabolism . Benzatriazoles (Acute toxicity)  Aldehydes (Acute toxicity) (M) Meutral Organics
i[O observed Micrabial metabalism R FPhenaols (Acute toxicity)
*Simulated —Database Affiliation
o H.ydm‘ys‘s " —Inventary Affiliation
- [ Liver metabolisrm simulator ; .
- [] Microbial metabolism simulator —OECD HPY Chemical Categories (M4 (MAA) FFOA (MAA)
-] Skin metabalism simulatar —Substance Type
| S Arenes (Arenes Mo Binding Arenes
Bl Bl el Michael Addition mechanism Michael Addition mechan... Michael Addition mechanism
—OKA binding by OASIS Azo compounds Alpha, bata unsaturated ... |No binding Ma hinding x|
4 [pacument_1 [ |tioia

20



[ OECD Toolbox 2.0 (BETA) Document_1 =1=] x|
Input i | Profiling | Endpoint i Category Definition ‘ Filling Data Gap | Report | & L
~Control——Profiles | Options

E/ e profiler B sbout
Apply 7 show boundaries & Lpdate
X Delete profilsr
Prafiling methods 1 (Target) ”2 (Target) "3 [Target) ||4 (Target) ;J
+ General Mechanistic _:I
© - R oNa Binding by LIMU ke o Br e
- [ DM binding by 0ASIS =, oR - F
- Bl Estragen Receptor Binding Structure O A F HO Br
- [l Protein Binding by 0ASIS O 0 F
- [ Superfragments B A
i < MToxic hazard classification by Crar T A d Eioha bal baiden Mo bindi Mo bindi
... Endpoint Specific F—DONA binding by OASIS Z0 compounds pha, beta unsaturated ... |Mo binding 0 binding
: R Acute Toxidty MOA by DASIS —Estrogen Receptor Binding Wyithout OH ar NH2 group Without OH or MH2 group  |Mon-cyclic structure With impaired OH or NH2 g...
- bl Aquatic toxicity classification by E 3 - Mo binding Michael addition on a b-a... |No binding Mo hinding
- [l Aqute aguatic toxicity dassificatio [—Fratein Binding by OASIS Schiff base formation wit..
2 %Biﬂaccumulﬂtinn ~metabolism aler L oinagens Mo superfragrment Mo superfragrment Has superfragment Mo superfragment
Binaccumulation - metabolism half: CRFIFICEDD
- bl Biodegradation fragments (Biowl |—Toxic hazard classification by Cr... High (Class Il) Low (Class 1) High (Class IIl) High (Class ll}
-] Eve irritation{corrosion Exclusion ¢ i F " = s
[ Eve irrcationfcorrosion Inclusion . —Acute Toxicity MOA by OASIS Reactive unspecified A!dehydes Reactive unsp.ecwﬂeq Phenols and Anilines
- Bl Micranucleus alerts by BenigifSo: —Aguatic toxicity classification by... Benzotriazoles Winyl/Allyl Aldehydes Meutral Organics-acid Phenols
i UMUtagemtitv.l’CarEianeniEitY alert— —Aqute aguatic toxicity classificat Class 3 (unspecific reactivity)  Class 3 (unspecific reacti... Class 5 (Not possi... Class 5 (Mot possible to cl...
Onco.\o.glc.Prlmary C\.a55|f|cat|on Aromatic-H -C=CH [alkenyl hydrogen] Aliphatic acid [-C{... Benzene
- [ kin irritationjcorrosion Exclusion | - i
i e MNumber of fused B-carbon aro...  Unsubstituted phenyl gro. . Trifluoromethyl gro... - Aramatic alcohol [-OH]
: En_'“Eic e R R —Binaccumulation — metabolism .. Nurber of fused S-carbon aro.. | Ararnatic-H Fluating [-F] Aramatic bromide  [-Br]
Triazole Ring Benzene
- [ Chemical elements _'_'J
Aldehyde [-CHO)
| | »
Metshalism —Bioaccumulation - metabolism h.., Fast Fast Fast Moderate o
 Ducifianted Araratic-H -C=CH [alkenyl hydrogen] |Aliphatic acid [-C(... Aromatic alcohal [-OH]
1 : —Biodegradation fragments (BioWW... Aromatic-H Fluorine [-F] Aromatic bromide  [-Br]
[ Gbserved Liver metabalism Aldehyd cHO
-] observed Micrabial metabalism ehyde [- 1
*. Simulated —Eye imtationfcorasion Exclusia...
[ Hydrolysis —Eye imtation/cortasion Inclusion.
---I:ILiyer etabiolsi Sirator | Micranucleus alers by Benignir Zide and friazene groups ab unsaturated carbonyls Mo alert for micron... Mo alert for micronucleus a.
- [ Micrabial metabolism simulatar ¥ g H-acceptor-path3-H-acceptor
[ Skin metabalism simulator : . o Azide and triazene groups a.b unsaturated carbonyls  No alert for carcino... Mo alert for carcinogenic ac...
—Mutagenicity/Carcinogenicity ale... 1
Structural alert for genotoxic c... Structural aler for genoto...
et At b s et Aromatic Amine Type Compo... Aldehyde Type Compounds {fid) Halogenated Aromatic Hydr,
g ! Phenal Type Compounds _._‘
[+ pocument_1 [ |tfojo

The “US EPA New Chemical categories” profile givks (obvious) information that these 4 substances

from the 4 different CADASTER groups all belongdifferent categories, according to this scheme;
benzotriazoles (CADASTER group benzotriazoles)elydies (CADASTER group of fragrances), N/A
(CADASTER group of perfluoroalkylated substances) @ahenols (CADASTER brominated diphenyl

ethers). Much more interestingly three of the feubstances are identified as potential DNA binders

(LJMU DNA binder profile), through the same reaittivmechanism (Arenes, Michael addition

mechanism of the metabolites). In this case thél@randicates the potential DNA binding of aroricat

ring substances after P450 oxidation (see next)pape P450-generated metabolites are hypothesized

to be able to bind to DNA via a Michael type adtliti see the category documentation from the

Toolbox below.

OECD OQOSAR Toolbox, LJIMU DNA Binding Cateqory: Arene

Mechanism
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A P450 mediated epoxidation followed by converdima reactive quinone has been postulated
as the primary cause of benzene derivatives alitpind to biological nucleophiles (via a
Michael addition mechanism) (Saghir et al 2009ihaima et al 2008).

O OH
P450 = =
— 0 — — |
o i
/’ O 1 OH

T

Nu = biological nucleophile

Mitigating factors

* No mitigating factors have been reported

Before actually deciding to build a category onstlsommon fragment (the arene ring), first the
possibility of P450 oxidation of the three subsemshould be evaluated, and the relevance ofyipes t
of reactivity for the endpoint of interest shoulel deetermined. One could in this case possible adecl
that the P450 oxidation an subsequent Michael @mdditreactivity is not very likely for
pentabromophenol due to the fact that the arengisiffully substituted. Subsequently this substance
would then be excluded from a read-across/categggyroach. However, this random and very
hypothetical example immediately shows that it rhige worthwhile to apply read-across and/or
category approaches across the four CADASTER groapd not limit a read-across or category to

substances within the CADASTER chosen groups.

Another feature of the QSAR toolbox is the pos#ibtb profile substances based on their (repoaied
simulated) metabolism. Knowledge (or at least sdwygothesis) of the metabolism of a substance is
crucial information to build a proper category orpterform read-across. Reading across a property of
chemically very similar substances, which differtive (bio)transformation, can potentially lead &yw
wrong conclusions. Even read-across of physico-atemroperties can result in errors if one of the
substances transforms quickly (i.e. by hydrolystgpecially for a meaningful risk assessment of the
substance in the environment information on stighdf the substance, and on possible metabolites is

necessary.
If a category is formed by substances that showlaimransformation patterns, or which have similar

metabolites, then this fact strengthens the plditgibf the category interpolations or a read-as of

properties.
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4.3 TOXWIZ database

The ToxWiz software from CambridgeCellNetwolktp://www.camcellnet.com/index.phpould be a

means to establish categories based on mechanisictioh instead of assessment of categories based
on chemical similarity. This would theoreticallyattto more robust categories, as one assumptithe in
chemical category approach — similar structuredeadimilar effect - is omitted. The database amst

reported substance — protein interactions, whidahtriead to a specific toxic effect.

ToxWiz is a software solution for predicting toxdadpoints and for elucidating mechanisms of toxicit

It allows the user to understand on- and off- targechanisms of action of the compounds of interest

thus minimizing the number of animal testing wherepossible, and it uses novel algorithms to ptedic

toxic end-points. This approach to predictive tolagy offers a new perspective in this field, being
highly complementary to well-established QSAR atitepapproaches. The ToxWiz software contains:

- The world largest data collection of chemical dues linked to protein targets - over 20 000
bioactive chemicals and growing;

- Across-species translation of effects for over itfeiknt organisms;

- Collection of over 900 organ and tissue specifioityoxic endpoints;

- Means to search by exact chemical structure, suttate, free text, gene and protein sequence;

- A wide spectrum of chemicals such drugs, metalsylagrochemicals, food additives and industrial
& environmental chemicals;

- Alarge database of manually curated data fronutdxtatabases (PubMed abstracts);

- Afocus on pathways known to be involved in toxitlpoints or pathologies;

- The ability to compare results between ten diffetex-relevant species;

- Thousands of known chemical/protein interactioheviant to toxicology, including known ligands,
substrates, products, inducers & suppressors ahailbr drug metabolising enzymes, and nuclear
hormone receptors;

- The ability to handle large sets of genes, proteinghemicals and use these to predict toxic-

endpoints or affected pathways.

RIVM currently acquired an evaluation licence (Bg)efor this software and experience in using the
software still needs to be built up. It is recomaheth nevertheless to investigate the CADASTER
selection of substances on possible similaritiesnimyme/protein interactions, as this might bedohko

similar (toxic) effects. Grouping substances basadthe fact that they all interact with the same
enzymes should theoretically lead to categoriet lihge the same mechanism of action for a specific

toxicity endpoint.
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The focus of the software is on (human) toxicologiyerefore it will not be of direct use for
ecotoxicological and environmental fate endpoimtewever, possibilities for read-across are to be
investigated aiming at extrapolation of human toldgical endpoints towards ecotoxicity endpoints.
This might include read-across of data obtainedvientebrates like rats and mice towards aquatic
toxicity for specific fish species. A (hypothetig@xample of such a read-across (mentioned eanlier
section 4.2) would be the group of aldehydes (pzrtthe CADASTER class of substituted
musks/fragrance). Aldehydes show specific skin ifeimgy properties, but also increased toxicity to
aguatic species (compared to base-line or nartgsestoxicity). If a trend is visible in skin setization
data that some aldehydes are skin sensitizersthedsaare not, this trend might also be used tdigire
higher aquatic toxicity for those compounds, oreviersa. The read-across is then based on the
mechanistical assumption that the reactivity towapoteins that is causing the skin sensitizing
properties will also lead to increased toxicityaiuatic organisms. The reactivity towards proteis

be used as a category argument e.g. using the dxo#tmd selecting those substances to which the
Protein Binding profile apply, or based data in TexWiz database which highlights interactions with

specific enzymes or proteins known to be relateskio sensitization.

24



5 — References

EC 2006a. European Communities. Regulation (EC) No 190726fthe European Parliament and of
the Council of 18 December 2006 concerning the fegion, Evaluation, Authorisation and
Restriction of Chemicals (REACH), establishing adpean Chemicals Agency, amending Directive
1999/45/EC and repealing Council Regulation (EEG)M93/93 and Commission Regulation (EC)
No 1488/94 as well as Council Directive 76/769/E&(@ Commission Directives 91/155/EEC,
93/67/EEC, 93/105/EC and 2000/21/E@icial Journal of the European Union L 396/1 of
30.12.2006. Accessible frohitp://publications.europa.eu

EC 2006b. European Communities. Directive 2006/121/EC effuropean Parliament and of the
Council of 18 December 2006 amending Council Divec67/548/EEC on the approximation of
laws, regulations and administrative provisionatiet to the classification, packaging and labgllin
of dangerous substances in order to adapt it fRegfulation (EC) No 1907/2006 concerning the
Registration, Evaluation, Authorisation and Resitsit of Chemicals (REACH) and establishing a
European Chemicals Agendyfficial Journal of the European Union L 396/850 of 30.12.2006.
Accessible fromhttp://publications.europa.eu/

ECB 2007. QSARReporting Formats and JRC QSAR Model Database. Wéahformation.
http://ecb.jrc.ec.europa.eu/gsar/qsar-tools/inde2p=QRF

Hamers 2006. Hamers, T., Kamstra, J.H., Sonneveld, E., Murld, Aester, M.H.A., Andersson, P.L.,
Legler, J., Brouwer, A. 2006n vitro profiling of the endocrine-disrupting potency obbrinated
flame retardants. Tox.Sci. 92, 157-173.

Hendriks 2005. Hendriks, A.J., Traas, T.P., Huijbregts, H.A.J. 20Critical Body Residues Linked to
Octanol-Water Partitioning, Organism Compositiamd £C50 QSARs: Meta-analysis and Model.
Environmental Science and Technology 39, 3226-3236.

I shihama 2008. Ishihama, M., Toyooka, T., Ibuki, Y. 2008. Genavatof phosphorylated histone
H2AX by benzene metabolites. Toxicology in Vitro, 2861-1868 .

JRC 2005. REACH and the need for Intelligent Testing Styads. Ispra, Italy, Joint Research Centre,
Institute of Health and Consumer Protection. EUBRLEN.

Liu 2007. Liu, H., Papa, E., Walker, J.D., Gramatica, P.7200 silico screening of estrogen-like
chemicals based on different nonlinear classificatnodels. J. Mol. Graph. Model. 26, 135-144.

OECD 2004 Manual for investigation of HPV chemicals. PaFigance, Organization for Economic Co-

operation and Developmeltttp://www.oecd.org/document/7/0,3343,en_2649 343987463 1 1 1 1,00.html

Peder sen 2003. Pedersen, F., de Bruijn, J., Munn, S., van LeeyueRA003. Assessment of addiitonal
testing needs under REACH. Effects of (Q)SARs, biaked testing and voluntary industry initiatives.
Ispra, Italy, Institute of Health and Consumer Betibn, Joint Research Centre, EUR 20863.

25



Rila 2006. Rila, J.-P., Bos, P., Hulzebos, E., Hakkert,2006). Workability of guidance on
category/read across approaches for selected godabemicals. Bilthoven, RIVM, Report No
601200009www.rivm.nl/bibliotheek/rapporten/601200009.pdf

Rorije 2007. E Rorije, Hulzebos E, Hakkert B (2007) The EU (QFSEXxperience Project: reporting
formats. Templates for documenting (Q)SAR resulslan REACH. RIVM rapport 601779001,
www.rivm.nl/bibliotheek/rapporten/601779001.pdf

Saghir 2009. Saghir, S.A., Rick, D.L., McClymont, E.L., Zharfg, Bartels, M.J., Bus, J.S. 2009.
Mechanism of Ethylbenzene-Induced Mouse-Specifieg-Tiumor: Metabolism of ethylbenzene by

rat, mouse, and human liver and lung microsomesicotogical Sciences 107, 352-366.

TAPIR 2005. Scoping study on the Development of a Techniecati@ce Document on Information
requirements on Intrinsic Properties of Substaeé3 3.3-1). TAPIR Three point three — A Project
for the Information Requirements of REACH Final Bep- August 2nd 2005. Commission contract
number — 22553-2004-12 F1SCISPBE.

Van der Jagt 2004. Van der Jagt, K., Munn, S., Tarslov, J., de Bruj. 2004. Alternative approaches
can reduce the use of test animals under REACHeAdiaim to the report: Assessment of additional
testing needs under REACH. Effects of (Q)SARs, biaked testing and voluntary industry initiatives.
Ispra, Italy, Institute of Health and Consumer Betibn, Joint Research Centre, EUR 21405 EN.

Vermeire 2007. T.Vermeireet al. (2007) Selected Integrated Testing StrategieS)(Ifor the risk
assessment of chemicals. RIVM report 601050001/2007
www.rivm.nl/bibliotheek/rapporten/601050001.pdf

26



Annex |

Guidance on Grouping of Chemicals: Expanding engstiategories.

Developmental toxicity of monoethylene glycol ethers

Emiel Rorije, Sjofn Gunnarsdottir, Betty HakkertidArt Piersma
RIVM, Bilthoven, The Netherlands
version 4 (April 9, 2010)

Abstract

In order to stimulate the discussion on data reguénts for hazard assessment of
chemicals within the OECD HPV program, a case stadyesented where the extension of
existing OECD category of monoethylene glycol esheith two additional glycol ethers is
discussed. Information at various levels is pre=rthis information may be used to support
inclusion of these additional glycol ethers. Theels are ordered from simple to complex: 1)
chemical similarity; 2) physico-chemical data; 33AR predictions; 4)ri vitro experimental
data; 5)in vivo experimental data. The question is asked whatl(t#yénformation would be
sufficient to extend the category using interpolathnd using extrapolation.

No definitive recommendations are derived on whédrimation is required, as this case
study is not supposed to actually build the cageirfolusion of these substances in the
existing OECD category. The goal is to discuss whidrmation should be required, and
what information would be needed for the OECD Sl&dMaccept extensions of an existing

category.

I ntroduction

OECD Guidance document no. 80 (Guidance on groupiraiemicals) defines a chemical category
as a group of chemicals whose physico-chemical and human health and/or environmental toxicological
properties and/or environmental fate properties are likely to be similar or follow a regular pattern as a

result of structural similarity (or other similarity characteristic)”.

In chemical assessment programs, data availalwlitycommercial) interests of the sponsor are
factors that can play a role in the selection ofminers to be included in the category when a cayeigor
being formed. Such factors can lead to the formatdiba category that does not contain all chemicals

that fit the category definition. In the same wing boundary of a category can also be based torgac
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other than structural similarity or similarity imgperties. It is often possible to expand the bauied of
such categories without changing the propertiggrionary characteristics of the category. It shoodd
noted that a lot of the existing OECD categoriesewereated for practical reasons of discussing
(similar) substances in SIAM at once, and were (necessarily) created following OECD Guidance
document 80 on Grouping of Chemicals, as a largebeun of categories were proposed before the
guidance document was drafted.

Recently, the OECD Task Force on Hazard Assessemmoiuraged the investigations into expanding
existing chemical categories, for example by expanthe definition of a previously assessed catggor
beyond previously defined boundaries or by applyoanclusions from existing assessments for
individual chemicals to other chemicals (ENV/IM/I2809)13).

In the case study presented in this paper, we exph® expansion of the category of monoethylene
glycol ethers, targeted specifically for the endpalevelopmental toxicity. The proposed category
extension is not necessarily valid for other (tpx@ndpoints. More specifically, we will examine whi
information is necessary to

a) add a category member using category interpolatiod;

b) extend the category by extrapolation outside thesfgmed) category boundaries
The monoethylene glycol ether category and the @ntplevelopmental toxicity were chosen for
several reasons. Firstly, testing of the developaletoxicity potential of a chemical traditionally
requires a (relatively) large number of animalfteof time and is considered expensive. Secoritlly,
amount of chemicals that needs to be assessea inetlr future because of new legislations such as
REACH!, in combination with animal welfare concerns, usdere the need for faster, cheaper and
more animal friendly ways to assess the developsheokicity of (large numbers of) chemicals.
Although nonin vivo methods for assessing developmental toxicity aedlable, e.g. several ECVAM
validated in vitro methods, these methods are currently not usecdegulatory settings, and are
considered not (yet) adequate as stand alone netba@bsess the developmental toxicity of a chdmica
and are therefore currently not used in regulasetyings as such. The same can be said for théenfew
silico models available to assess developmental toxiDiita for a chemical is often available from a
wide variety of sources; these data can give dimeahdirect information on the hazard of a cherica
Further discussion is necessary on which informaicacceptable, adequate and sufficient to futfid
information requirement on developmental toxiciy fegulatory purposes.

In this paper, we will not be building or defendiagcase for the expansion of the monoethylene
glycol ether category. Rather, we will discuss ¥heety of relevant information that may be avdiab
and can be used to come to a conclusion on thepiatilty of adding a chemical to an existing

category. For this exercise, we have organizedirtfemation into 5 different levels that follow a

! For a list of abbreviations, see section 0.
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certain order, going from the simple to the mormplex. The levels suggested in this exercise do not
comprise an exhaustive list of information levégither is all available information for all cherais
discussed; other types of relevant informationadneost certainly available. In addition, the ortleat

the information is examined may differ dependingdata availability and the characteristics of the
chemical being assessed, but assuming that nariaf@n at all is available at the start of the ebser

makes it logical to go from simple (inexpensiveftmplex (expensive).
Monoethylene glycol ethers

The monoethylene glycol ether category

Monoethylene glycol ethers are a group of chemites have the general structure HOLEH,-O-
R where R can in theory be any functional grouprifizuthe 18' meeting of OECD’s High Production
Volume Chemicals Program in October 2004 (SIAM I®)ategory of monoethylene glycol ethers

containing the members shown in Table 1 was disclss

Table 1: The members of the monoethylene glycol ethergoatediscussed at SIAM 19.

Category member Abbreviation | CASno. | Structure

Ethylene glycol propyl ether EGPE 2807-3019 Howow

Ethylene glycol butyl ether *

EGBE 111-76-2 HO
©) /\/\
Ethylene glycol butyl ether Y ~ 0
EGBEA 112-07-2
acetate o
Ethylene glycol hexyl ether EGHE 112-25-4 o

* Ethylene glycol butyl ether is included in the catey only to fill data gaps for mammalian toxicity.

The data set was discussed and agreed during SIAM 6

Boundaries of this monoethylene glycol categoryeweot explicitly defined in the SIAP. In the
category justification, it is stated that “the foaubstances of this category all have similar mogc
structures, functionality and metabolic pathwayshe Tcategory members demonstrate similar
physicochemical properties and mammalian toxicitgterpolation or extrapolation of the category is

not foreseen, boundaries were therefore not defifleel OECD category just consists of its members.
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Based on the structure of the current category neesnénd the justification given, the category can
(retrospectively) be defined as consisting of mamgene glycol ethers with a linear alkyl C3 to C6
ether side chain and their corresponding acetétemg this category definition — which does not
specify anything about (toxicological) endpoints¥dnich it is supposed to be valid — it can be dghan
the category does not contain all possible membstig/lene glycol pentyl ether (EGPeE) and the

acetates of the propyl, pentyl and hexyl ethersareently not included.

Developmental toxicity of monoethylene glycol ethers

The developmental toxicity of ethylene glycol ethés generally believed to be due to their
alkoxyacetic acid metabolites [Louisse, 2010]. Ehase formed by the oxidation of the ethylene dlyco
by alcohol and aldehyde dehydrogenases [ECETOCS5;200uisse, 2010]. The adverse effects
observed after exposure to monoethylene glycolrgthee structure dependent. Developmental toxicity,
testicular atrophy, bone marrow depression and inotaxicity have been observed after exposure to
monoethylene glycol methyl and ethyl ethers butaftér exposure to the longer chain ethers (C3 and
higher). In contrast, haemolysis (anemia) has lmdxserved in experimental animals administered the
longer chain ethers; this anemia is consideredral@vant for humans. The difference in systemic
toxicity observed with chain length is consideredé due to different kinetics of the alkoxyaceined
metabolites. MAA and EAA show relatively slow exiioa rates, especially in larger animals. The half-
life of MAA and EAA is 14-18.6 h and 7.6-10.1 hspectively. The excretion rate of the longer-chain
alkoxyacetic acid metabolites is faster. For exanfie half-life of BAA is reported to be 1.5-3.2 h
The longer excretion half-lives result in higheagha levels which may contribute to the higherdioxi
observed with the smaller metabolites [ECETOC, 2@35Jong, 2009].

Of mechanistic interest is that the adverse effebserved after exposure to the monoethylene glycol
ethers are not observed after exposure to propygbmwel ethers which have a secondary alcohol group
(a-isomer). These substances cannot be oxidizedetodiresponding alkoxypropionic acid. In contrast,
propylene glycol methyl ether in which the alcoi®lpimary (3-isomer), can thus be oxidized to the
alkoxypropionic acid metabolite and has been regoid cause developmental effects. This observation
is a further argument for the view that the alkmetatic acid metabolites are the mediators of the

adverse effects observed after exposure to moneethglycol ethers [ECETOC, 2005; Louisse, 2010].

SIAM19 concluded that the category of monoethylglyeol ethers are not primary developmental
toxicants but rather that developmental toxicityaisecondary effect due to maternal toxicity. This
conclusion was based on results of developmenxitity studies via the inhalation route during the
gestation period for the category members EGPE, EGBd EGHE in rats and rabbits (SIAP,
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SIAM19). The two monoethylene glycol ethers tha aonsidered developmental toxic according to

SIAM evaluation, the methyl- and ethyl ethers EGMtel EGEE, are not part of the category.
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Expanding OECD category monoethylene glycol ethers category for the
developmental toxicity endpoint

As discussed in section 0, the OECD category ofoathylene glycol ethers contains a gap: EGPeE
is currently not included in the category althoutgivould fit a category definition based on struetuf
a sponsor would like to add EGPeE to the categatyich information would be available and
considered sufficient to justify inclusion of th6&BeE? And following up on this, there appears tade
chemical reason for limiting the category to etheith a maximum alkyl chain length of six. In the
following sections, several levels of informatidvat may be available to justify the inclusion of P<E
and monoethylene glycol heptyl ether (EGHepE) thi® category of monoethylene glycol ethers will

be discussed.

Level 1: Chemical Structure

Based on structural evidence, EGPeE could be iadlud the monoethylene glycol ether category.
EGBE and EGHE, which are already members of thegoay, are structural analogs of EGPeE. These
three chemicals are all monoethylene glycol etheith straight aliphatic ether chains. The only
difference is the length of the ether chain. Wheie&PeE has a 5 carbon chain, EGBE and EGHE have
a 4 and a 6 carbon chain, respectively (Table @y EGBE and EGHE would be considered to be good
structural analogs of EGPeE. EGHepE has the saemaichl functionalities as the rest of the chemicals
in the category. The length of the ether alkyl nhaiseven carbons, one more than for EGHE which is

not a developmental toxicant.

Table 2. Chemical structures of monoethylene glycol ethersand their metabolites
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Ether alkyl OECD category [SIAM conclusion
chain monoethylene on Developmental
Substance length  IMetabolite glycol ethers Toxicity
o
o >0 HO)K/O\
EGME 1 MAA outside Positive
o
EGEE 2 EAA outside Positive
o
o SO Ho)k/o\/\
EGPE 3 PAA member Negative
o o]
EGBEA 4 BAA member (negative)
o
EGBE 4 BAA member Negative
o
P NN HO)K/O\/\/\
EGPeE 5 PeAA interpolation ??
o
m/\/o\/\/\/ m)k/o\/\/\/
EGHE 6 HAA member Negative
o
EGHepE 7 HepAA extrapolation ??

Furthermore, substances with similar structureggarerally considered to have a similar mechanism
of action. Based upon the structural similarityEs6BE, EGPeE and EGHE, a conclusion might be

drawn that all three chemicals have the same mesrhasf action and therefore cause the same toxicity

> |s this structural information sufficient to add EGPeE to the OECD category of

monoethylene glycol ethers?

> |sit sufficient to add EGHepE to this category?

Also, based on the similar structure, similar meligin (conversion to alkoxy acetic acid
metabolites) can be assumed for all substancekeirs¢ries, although the rate of metabolism might

differ in the series. The same arguments are VatidEGHepE. The (hypothesized) metabolites of the

monoethylene glycol ethers are also given in table

> | s chemical structure combined with (hypothesized) metabolism information sufficient to add

EGPeE tothe OECD category of monoethylene glycol ethers?

> |sit sufficient to add EGHepE to this category?
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Although it is generally assumed that structuralipilar compounds cause the same effects, there are
several examples where this assumption does ndtthat. An example is hexane which is structurally
comparable to pentane and heptane in the same mase&GPeE is structurally similar to EGBE and
EGHE. However, hexane is a much more potent nexicatot than pentane and heptane. Another
example can be seen in the series of phthalatesesith regards to reproductive toxicity, where the
dibutyl- and 2-ethylhexyl esters of phthalate caussproductive effects whereas the shorter (methyl,
ethyl, propyl) and longer (octyl, nonyl) chain dllesters of phthalate do not show this effect. lsath
these examples, an interpolation as proposed éomibnoethylene glycol ethers might have resulted in
the wrong conclusions; i.e. that a substance wbaice been erroneously classified as non-hazardous.
Extrapolation of a trend, to include EGHepE in D&CD category can give similar mistakes in

reasoning.

Level 2: Physico-chemical paramaters and (toxico-)k  inetics

Physico-chemical parameters such as lgg ¢ affect the absorption, metabolism, distributinm
excretion of a chemical. For example, absorpti@atkie oral route is thought to become limited when
substances become very hydrophobic (>log Kow 5jnklg’s rules). For the monoethylene glycol
ethers, the size of the ether chain will deterntimeir log Kow value. The log Kow of EGPeE is
estimated to be 1.06 (KowWin estimate), which corassexpected between the estimated log Kow
values of EGBE (0.57) and EGHE (1.55). Based orddhe&kow value, EGPeE appears to be a suitable
member of the category. The log Kow of EGHepE tgreted to be 2.07 which suggests that it might
be slightly less absorbed through the oral route ificreasing log Kow does continue the trend $een
the smaller carbon chain glycol ethers.

Information on the hypothesized embryotoxic mectanof action of the glycol ethers - decrease of
intracellular pH [Louisse, 2010] - makes it relevda look at the (estimated) pKa values of the
(metabolites of the) glycol ethers. Log Kow (expegintal and estimated) and pKa (estimated using the

ACE acidity calculator, available online; http://aceorganic.pearsoncmg.com/epoch-

plugin/public/pKa.jsp are summarized in table 3 for the series of mtrybeneglycol ethers.

> |s this physico-chemical information, related to kinetics, sufficient information to add
EGPeE tothe OECD category of monoethylene glycol ether s?
> |sit sufficient to add EGHepE to this category?

Table 3: log Kow and pKa estimates of monoethylene glycol ethers
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OECD category |[SIAM conclusion

exper.logl KowWin pKa |monoethylene on Developmental
Substance Kow estimate [Metabolite | estimate |glycol ethers Toxicity
EGME -0.77 -0.91 |MAA 3.8 outside Positive
EGEE -0.32 -0.42 |EAA 4 outside Positive
EGPE - 0.08 PAA 4.1 member Negative
EGBEA - 1.57 BAA 4.3 member (negative)
EGBE 0.83 0.57 |[BAA 4.3 member Negative
EGPeE - 1.06 PeAA 4.3 interpolation ?7?
EGHE 1.86 1.55 |HAA 4.4 member Negative
EGHepE - 2.04 HepAA 4.2 extrapolation ??

The (seemingly) decreasing pKa of the EGHepE miglse doubt on the possibility to extrapolate
the category to include this substance in the cayediowever, pKa estimates for even longer chain
lengths (octyl, nonyl, decyl) give the same estedatalue (pKa 4.2), showing that further increasing
the chain Other pKstimation methods (VCClab;
SPARC,; http://sparc.chem.uga.edu/sparcproduce
identical values for the pKa of the whole seriegthiylene glycol ether from methyl up to decyl (pdfa
3.8 and 3.75 for the two QSAR methods respectively)

length does not lower pKa more.

http://www.vcclab.org/lab/alogps/start.htmlor

In general, other physical chemical properties GPEE (such as molecular weight, vapour pressure,
water solubility) will lie very close to, and prdidg in between EGBE and EGHE, and EGHepE will be
similarly close to EGHE. Their pharmacokinetics drerefore also expected to be similar. Also, their
metabolism is expected to be similar, although rtite of transformation is likely to follow a trend
(increase or decrease) with increasing size (cleigth) and/or log Kowlt should be kept in mind,
however, that different metabolic pathways andhar lux between different metabolic pathways can

differ for these compounds. Such differences migitmore pronounced or more likely for EGHepE
than EGPeE.

It should be noted that kinetics are only one mdrthe mechanism of action. Furthermore, the
hypothesis of similar kinetic behaviour for substs with similar physico-chemical properties also
assumes for example the same (passive) absorgticail fsubstances. If humans have a specific active
uptake mechanism for EGPeE which does not fundtoGBE (or EGHE), the hypothesis of similar
behaviour of course fails. Information on a trendecretion rates is still lacking, although thés i
indicated in the literature [ECETOC, 2005; de JoP@09] to be a determining factor differentiating
between the developmental toxicity of the methyl athyl ethers and the non-developmental toxidity o

the longer chain ethylene glycol ethers. Excretairs are further discussed in section 3.5.
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Level 3: QSAR predictions

QSAR models for developmental toxicity are scaiidee commercial TopKat package is one of the
few that is intended to produce a prediction theat be used (interpreted) to predict the absenae of
potential effect. Structural alert models, as éngplemented in DEREK for a number of human
toxicological endpoints (but not developmental ¢ity) are not meant to be conclusive if no alert is
found, and subsequently have a high(er) rate eéfpbsitives associated with them. The developrhenta
toxicity model in TopKat is extensively describedthe manual of the program, and the relevant parts
have been copied in Annex | to serve as (informatequired by) a QSAR Model Reporting Format
(QMREFs, [Rorije, 2007]). Several examples of dethiimodel predictions from TopKat, which can be
regarded as QSAR Prediction Reporting Formats (@GP forije 2007]) are also given in Appendix |
to this case study of monoethylene glycol ethessTApKat predicts the animal test outcome of argare
substance, metabolism is implicitly incorporatedtie model. This is apparent in the comparable

probabilities computed for the ethylene glycol eshend their acetic acid metabolites.

Table 4. TopKat QSAR predictions for monoethylene glycblezs and their metabolites.

TopKat TopKat |OECD category |SIAM conclusion
DevTox DevTox |monoethylene on Developmental
Substance || probability* |Metabolite | probability* |glycol ethers Toxicity
EGME 0.997 MAA outside Positive
EGEE 0.957 EAA 0.987 outside Positive
EGPE 0.966 PAA 0.974 member Negative
EGBEA BAA 0.040 member (negative)
EGBE 0.017 BAA 0.040 member Negative
EGPeE 0.011 PeAA interpolation ?7?
EGHE 0.001 HAA member Negative
EGHepE 0.001 HepAA extrapolation ?7?

* Probability values from 0.0 to 0.30 are considered low probabilities, and are likely to produce a negative response in an

experimental assay; whereas probability values greater than 0.70 are considered high, and are likely to produce a positive

response in an experimental assay. Probabilities greater than 0.30 but less than 0.70 are considered indeterminate.

> |s this QSAR information sufficient information to add EGPeE to the existing OECD

category of monoethylene glycol ethers?

> |sit sufficient to add EGHepE to this category?

From the data in the detailed model prediction rep@Annex |), it seems that the data basis of

positive developmental toxicants that are givetoagological/structural analogues is identicaltbat
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is available to us in the OECD category. In othards, the methyl, ethyl and propyl ethers are
considered developmental toxicants and the butgl laexyl ether are considered non-developmental
toxicants. The TopKat prediction indicating propyther as a developmental toxicant is therefore i@ mo
conservative, precautionary interpretation then @eCD category conclusions). The QSAR model
therefore offers us only a different type of dgsicris that are related to developmental toxicanisjs

not offering more in terms of training data. Theesfion therefore is reduced to: do we gain an aswe

in confidence using a TopKat prediction which agplstructure descriptors statistically shown toeheav
relationship with developmental toxicity, compacepredictions based on the simple trends signaled

earlier in levels 2 and 3?

Level 4a: in vitro results (Embryonic Stem Cell Tes  t)

In case structural similarity and comparable phalsthemical parameters are not considered
sufficient to draw a conclusion on the additiorE@PeE or EGHepE to the categaryyitro data might
be considered as the next level of information.

In vitro assays for developmental toxicity of chemicalsehbeen developed. One of them is the
Embryonic Stem Cell Test (EST). The EST has bemtfically validated by the European Centre for

the Validation of Alternative Methods (ECVAMttp://ecvam.jrc.ify, however, due to several limitation

thisin vitro test can not be used as a stand alone methodACREMarx-Stoelting, 2009].

The INVITTOX protocol reports the ID50 values oliedl for 16 chemicals in the EST. These 16
chemicals were grouped into three teratogenic gronpn-teratogens, weak/moderate teratogens and
strong teratogens. Table 5 shows the range of NzBOes (in mM) obtained for these three groups.
Further information on the chemicals comprising tfata set along with additional data can be fannd
Appendix Il to this case study of monoethylene glyethers and in the INVITTOX protocol
(http://ecvam.jrc.ify.

Table 5: The range of ID50 values (in mM) for 16 chemicaleose

classification was correctly predicted in the EST.

Embryotoxic potential ID50 (rangein mM)
Non 2.3-10.9 mM
Weak/moderate 0.05 - 1.38 mM*
Strong 3x10- 0.02 mM

* In addition, one moderate teratogen had an ID&Qes of 4x10
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De Jong and colleagues (De Jong et al., 2009) hested EGME, EGEE and the acetic acid
metabolites MAA, EAA and BAA in the EST in two ingendent laboratories. Table 6 shows the
BMC,50 (the concentration corresponding to a 50% dedincell viability) and the BMEO (the

concentration corresponding to a 50% decline infthetion of beating embryo bodies in comparison
with solvent control) obtained in this study.

Table 6: Results of EST testing for monoethylene glycbkes and their metabolites.

Cell viability
BMC,50 (MM) | BMC450 (mM) at BM C450 (%)
Substance Laboratory 1 Laboratory 1 Laboratory 2 Laboratory 1
EGME ND ND ND ND
EGEE ND ND ND ND
MAA 6.7 2.3 2.5 105
EAA 11.9 2.9 3.9 103
BAA ND 4.5 5.9 102

ND: No reduction in viability or differentiation.

These results demonstrate that the ethylene glpatkdxyacetic acid metabolites inhibit the
differentiation of ES cells at concentrations tHatnot affect cell viability. Furthermore, the ibhory
response is consistent between two independentdtines. These results suggest that the EST &ssay
suitable to assess the differentiation inhibitiootemtial of alkoxyacetic acid metabolites of
monoethylene glycol esters. The finding that theepmonoethylene glycol esters did not show any
activity is consistent with the fact that the deyghental toxicity of the monoethylene glycol ethisrs

caused by the alkoxyacetic acid metabolite andpdhe parent compound.

>Would an EST result for EGPeE and EGHepE, together with the historical data ranges
from the validation set of the EST assay be sufficient to come to a conclusion whether
these substances can safely be added to the existing OECD category?

When thein vitro results in table 6 are compared with the rangdgsbbrical EST data reported in the
INVITTOX protocol (Table 5), it can be seen thae tBMC;50 for the alkoxyacetic acid metabolites
MAA, EAA, BAA and PAA fall in the range of ID50 vags that are observed for non-teratogens: the
BMC,50 for the alkoxyacetic acid metabolites ranges/een 2.3 and 7.8 mM whereas the range for the
non-teratogens reported in INVITTOX no. 113 is ©30.9 mM. Based on these observations (see also
figures Al and A2 in the Annex Il), the conclusimmght be drawn thahone of the alkoxyacetic acid
metabolites are developmental toxicants. However, this conclusion is not correct since H&leind
EGEE, the parent compounds giving rise to the nodtas MAA and EAA, are well known
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developmental toxicants. This shows that a repadriedtro test result cannot be used as an absolute
indication of toxicological (developmental) effeceven if there may be historical data available to
which this value can be compared. In the historitzeth set available, no glycol ethers or shortrchai
carboxylic acids are present. It can (retrospeltjvébe argued that the test results for glycol
ethers/alkoxy acetic acids can not be comparedhdoreésults for the substances that are used in the
validation of the EST assay. The EST assay as idescin the INVITTOX protocol is still subject to
intense discussion [Marx-Stoelting, 2009]. The addal value of including the cytotoxicity of 3T3
cells is heavily debated, the extent of the vai@hats being discussed, and there are uncertaiabiest

how to perform the assay, and about its predigtatd applicability domain.

Level 4b: In vitro EST results in relation to avail able in vivo data for
other category members

Although it is difficult to usédn vitro data as stand-alone to draw a conclusion on thel@amental
toxicity of a chemical, it might be possible to ussults from the EST assay in combination witreoth
information to give a comprehensive picture oreadrwhich can be used to support a decision.

Table 7 combines information obtainedvivo for the straight alkyl side chain monoethylenecgly
ethers EGME, EGEE and EGBE with vitro results obtained for the metabolites MAA, EAA and
BAA. These data were extracted from de Jong €22809). The SIAM conclusions on developmental

toxicity of these substances have also been addix table.

Table 7: Summary ofn vitro andin vivo information

BM C450 BM C450 BM Dy* BMDy* Excretion

(mM) Lab | (MM) Lab | tea weight malformations | half-life SIAM conclusion

1 2 (mmol/kg (mmol/kg | in  vivo | on developmental
Substance bw/day) bw/day) (h) toxicity
EGME/MAA 2.3 25 1.3 0.8 14-18.6 Positive
EGEE/EAA 2.9 3.9 4.9 13.9 7.6-10.1 Positive
EGBE/BAA 45 5.9 12.0 14.8 1.5-3.2 Negative

* BMD 4. The benchmark dose causing 10% of the effeattefést.

Table 7 shows that there is a positive correlatietween the length of the side chain and the ouwtcom
of thein vitro tests. Similarly, there is a positive trend betwéee length of the side chain and the
BMD ,, for fetal weight and malformation. In contrasgrfth is a negative correlation between the length
of the side chain and the excretion half-life o€ tmonoethylene glycol ethers. These trends are

illustrated in Figure 1.
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Figure 1: Correlation betweeim vitro results,in vivo results and side chain lengths

Although based on a limited number of data poitiis, results from the EST match well with the
current knowledge about the mechanism of developshéaxicity of the monoethylene glycol ethers. In
other words, the positive correlation between giits from then vitro assay and the BMlpfor fetal
weight and malformation shows that the monoethylggeol ethers/alkoxyacetic acid metabolites that

are developmental toxia vivo are also more active in thevitro assay.

Inclusion of EGPeE as well ass EGHepE into the gmate could be considered based on results
obtained in the EST. In order for EGPeE and EGHteplie included, the EST results would need to fit
the general trend seen in Figure 1. In other wotlds, ID50 or BMRQS50 obtained for EGPeE and
EGHepE in the EST assay would have to be similatgau) or higher than that of BAA. If this general
trend does not hold true, inclusion of EGPeE andH&E would not be recommended based on EST

results.

> Would in vitro EST results at or above effect levels seen for EGBE be sufficient to
add EGPeE to the OECD category of monoethylene glycol ethers?
> Would the same also be sufficient for EGHepE?
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Even if the ID50 or BMGO for a chemical fits the trend discussed aboviehvimay suggest that
there is no cause for concern for that particulzendical, it is possible that the chemical does act
through a mechanism different from that measurethénassay. The EST assay, just like most dther
vitro assays, only covers one mechanism of action. Athegresponse in an assay is therefore difficult
to interpret. It can mean that the chemical dodscaose the effect being measured (here, inhibifon
differentiation of cardiomyocytes); the chemicalaidrue negative. Alternatively, it can mean thn t
chemical acts through a mechanism that is diffehemh that being measured in the assay; a negative
response would then be a false negative. Furthermdditional information, most notably on kinetics
and metabolism (level 1 and 2 information) is cdased essential for reaching a conclusion based on
vitro test results.

It is also of importance to note that although secean be made for expanding category boundaries to
include higher chain monoethylene glycol ethersedasn EST results, a similar expansion to the lower
chain ethers is not recommended. In fact, if etiglglycol propyl ether (EGPE) had not already been
included in the OECD category of monoethylene dlyathers, it is uncertain whether a
recommendation could have been made for includiGdPEE based on EST results. This is because
EGPE is a borderline case; it is known that the Garbon smaller EGEE is teratogenic whereas the one
carbon larger EGBE is not teratogenic. However, thdire EGPE would give rise to the saimevivo
effects as EGEE or EGBE would be difficult to prtdiased on results from the EST alone.

Level 4c: Additional in vitro assays

An invitro assay is often limited to measuring one aspettitefoxicity or one mechanism of action.
Therefore, multiplein vitro assays can be used to assess whether a chentgdhrmugh another or
more than one mechanisms of action. Assays that cadditionally be used are for example the
micromass test (INVITTOX protocol no. 122), embigdtity testing in post-transplantation embryo
cultures (INVITTOX protocol no. 123), or the zebshf embryo toxicity test.

In order to be of value in drawing a conclusiortlo& hazard of interest, it is of crucial importance
identify the mechanism that the assay is measwantjthe limitations of the assay. It can be debated
how manyin vitro assays are necessary to cover all the complekitab life embryo development and

all the processes that are involved.
> Would results from additional in vitro assays be sufficient to include EGPeE in the

OECD category of monoethylene glycol ethers?
> Would the same also be sufficient for EGHepE?
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Level 5: In vivo testing

If the confidence in the information discussedhe previous levels is not considered sufficient, a
traditionalin vivo study in a rodent or a rabbit might be considefédakse assays are currently accepted
as producing information that can with sufficieohfidence be used to conclude on the developmental
toxicity of a chemicalln vivo testing using accepted guidelines will give resthiat will be accepted in
regulatory frameworks. However, one might consattapted or limited testing as an option that would

yield sufficient reliability in combination with ghinformation already obtained in the previous step

It should always be kept in mind that the tradiéibim vivo assays are also models for developmental
toxicity in humans. Interspecies extrapolationsaaisvintroduce a level of uncertainty to the results
Furthermore, because of species differences, hdestl animals are equally suitable as a model for
humans. Is it then necessary to test all chemicatsore than one species in order to have sufficien

confidence that we have beyond doubt identifiedra# developmental toxicants?
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Conclusions

In this case study, the different levels of infotima that are available for a chemical have been
discussed to see which level is useful and deeméfitient to justify the extension of (existing)
categories. More specifically, we have exploreerndlation and extrapolation for the monoethylene
glycol ether category by considering the additisnrEGPeE and EGHepE on the basis of structure,

physico-chemical information, non-testing data saslQSARS, in vitro data and in vivo results.

A good case can be built for the inclusion of EGReEerpolation) based on structural information
alone. Although this information requirement mayerse minimal, this decision is not made in
‘isolation’. Rather, in order to have confidencethe decision that information on structure only is
sufficient, it is necessary to consider all avd#ainformation on the other category members. s th
case, a fair amount of information is availableluding a generally accepted hypothesis that thexs!
acetic acid metabolites of the monoethylene ghatbkers cause developmental toxicity. Having this
information available allows us to consider thdus®on of EGPeE based on structure alone. Additiona
confidence in the decision would be gained by mmfation about the kinetics and metabolism of
EGPeE. For EGPeE, information obtained at the déwals, such as with QSARSs aimdvitro results, is

unlikely to change the conclusions that were basestructural information alone.

In contrast, for the addition of EGHepE (extrapiola), structural information alone is not sufficien
even when all available information on the categmgmbers is taken into consideration. Additional
information levels will need to be considered:

- QSAR predictions using TopKat suggest that EGHepBot a developmental toxicant. However,

we know that TopKat does not have any long-chainaethylene glycol ethers in its training set.

- Information on the metabolism and kinetics of E€pH would be necessary in order to assess
whether it displays similain vivo behavior as EGHE. It is possible that such a stedgals the
formation of other (major) metabolites. This mighgger additional testing as the mechanism of
action of EGHepE and/or its adverse effects mighdififerent than for EGHE.

- In vitro data might be considered. However, aua$sed above, many in vitro assays only assess
one mechanism of action or do not take metaboligmgéonsideration. Therefore, it is likely that a
battery ofin vitro tests might be required to assess EGHepE.

- Or anin vivo study might be carried because none of the additievels will give us necessary
confidence in the results to draw a conclusion.

Taken together, for the inclusion of EGHepE in thenoethylene glycol ether category, information

on structure, metabolism and kinetics in additionQSAR predictions, in combination with what is

already known about the category could be consitieuéficient.
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An additional question that needs to be considexédw far a category can and should be extended?
If we accept including EGHepE on the basis of @8AR predictions, is it then possible to include th
octyl, decyl, hexadecyl etc. ethers using the sargaments? Which scientific information is necegsar

in order to make that decision? This issue neadlsdudiscussion.

We are not able, at this moment in time, to cremeeric rules or criteria on what information is
sufficient or necessary in order to add a chentwa category or extend the boundaries of an ajread
existing category. None of the information at eawcdividual level may be sufficient to make a
conclusion; however, considering all the piecestiogr in a weight of evidence approach may give
sufficient confidence for a decision to be made. &dditional complicating factor is that what
information is necessary for a chemical to be adaled depends on what information is available for
the category as such: adding chemicals to a dettacategory or categories that are well understood
may require only a limited amount of targeted infation whereas adding chemicals to data-poor

categories may require more data.

Which level of information is sufficient to draw @nclusion on the hazard of a chemical or the
expansion of current categories has been and avillirue to be a subject to discussion. This coetinu
discussion is necessary because new informati@onstantly being generated, new techniques are
being developed and new regulatory or societalirements are being implemented. However, what
can be concluded is that any decision made shautdabsparently justified and well documented. Such
justification and documentation will increase cataicy of the decision making process and stimulate

the necessary information exchange.
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List of abbreviations

BAA Butoxyacetic acid (metabolite of EGBE)
BMC450 The concentration corresponding to a 50% dedlinde fraction of beating embryo
bodies in comparison with solvent control

BMC,50 The concentration corresponding to a 50% dedfircell viability

BMD g The benchmark dose causing 10% of a specifiedteffe
EAA Ethoxyacetic acid (metabolite of EGEE)

EGBEA Ethylene glycol butyl ether acetate

EGBE Ethylene glycol butyl ether

EGEE Ethylene glycol ethyl ether

EGME Ethylene glycol methyl ether

EGHE Ethylene glycol hexyl ether

EGHeE Ethylene glycol heptyl ether

EGPE Ethylene glycol propyl ether

EGPeE Ethylene glycol pentyl ether

ES cells Embryonic stem cells

EST Embryonic stem cell test

IC50 Concentration causing 50% inhibition of grbwet cytotoxicity
ID50 Concentration causing 50% inhibition of diffatiation
MAA Methoxyacetic acid (metabolite of EGME)

REACH Regulation (EC) No 1907/2006 on the Regigtmt evaluation, authorisation and

restriction of chemicals.

Disclaimer

The views presented in this document do not neasegpresent the official Dutch opinion.
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ADMET =
Theory - Toxicity Prediction (TOPKAT)

Overview

TOPKAT accurately and rapidly assssses the toxicity of chemicals solely from their 2D molecular structure, TOPKAT uses 2 range of
robust, cross-validated Quantitative Structure-Towicity Relationship (QSTR) medals for assessing specific toxicelogical endpaints.

Uses of TOPKAT
The computztionz] woxicology in TOPKAT is useful in:

» Rapidly assessing & broad range of toxicity of an erganic compound solely from its 20 melecular structure

® Examining structure-tmecity relationships as 2 function of substructure and potentizl changes in structure and relating
these to mechanism of action

* Rariking compounds for experimental testing o futther development

# Designing new molecules

TOPKAT assessiments

TOPKAT applies statistically robust, cross-validated and rigorously developed QSTR models to predict specific todcological effects
solely from chemical structuse, A range of J5TR medels are available.

TOPKAT i characterized by verified databases, information-rich descriptors, highly predictive QSAR-based models and prediction-
walidation techniques which permit users to determing the applicability of the model to the compounds being asszszed.

TOPKAT also featurss & patented 2lgorithm (US Patent 6, 035,349, issued March 14, 2000), which determines whether 2 quary
structure lies within the Optimum Prediction Space [OPS) of a respective model, and a s=t of hypothesis testing tooks for
determining the scceotabilty of an assessment.

TOPKAT models

TOPKAT generstzs assessments of various toxic effects of chemicals based on their maoleculsr structurs.
TOPKAT utilizes quantitative structure toxicity relationship (QSTR) miodels, TOPKAT currently supports assessment of:

* Developmentzl Toxicity Potential {DTP)

* Mutagenicity [Ames test)

# Rodent Carcinogenicity -- can be assessed as a sex and species specific endooint based an sither the NTP datassr, the FDA
dataset, or as an overzll Weight of Evidence score based on a combimation of both data sets,

# Rzt Chronic Ozl LOAEL

# Skin Sensitization (GPMT)

# Skin Drritancy

# Rt Oral LOSO

* Maxmum Tolersted Dosage

# Fathead Minnow LCS0

# Daphnia magna ECSD

= ylogP

# Oicular Irritation

# Inhzlaticnal LCSD

* Azwobic Biodegradasiity

QSTR models

The concest of quantitative structure toxicity relationship (QSTR) is based on the axiom that moleculzr properties (e.g., toxicy)
can be explained by the information contzined i the moleoular structure., To develon robust, pradictive QSTR models, scisntises
carzfully examined the experimental datz gathered from the open Fteraturs and varicus other sources and extracted only those
data whose toxcity values have been generated under wniform conditions. This time-consuming process helgs ensure that the
resulting toxicity assessmients are meaningful. Structural information in TOPKAT models is quantiad by using descriptors which
account for the comolexities of the biochemiczl interactions in a non-mechanistic manner.

If we consider the biological aspects of the toxic responss, we can rtionalize that the response i= a function of mainly two tesms:

1, The ability of the maolzculs to reach 2 st
2. Thie ability of the maolzculs to chemizally interact with the biological system of the site to produce 2 toxic response,

TOPKAT uses descriptors that quantify the properties related to the ransport of a chemical (e.g., maolecular buls; shape,
symmatry ], a5 well as descriptors that quantify the chemistry. For the latter, we use the information-rich electrotopological state (E-
State) values developed by Kier and Hall to guantify the electronic attributes of melecular structure to account for interaction 2t the

1
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stE,
Applicability of the assessment

A model, whether a set of rules, or an equation, is 2 regressntation of a closed system; it cannot be relied upon to describe 2 point
which is outside its prediction space. Mo model is universally apohcable, This means that TOPKAT can genarate a boxicity value for
any swructure for which you provides but the computed value may not be meaningful unless the model is applicakble to the query
structure, TOPKAT automatically conducts a unigue 3-stage analysis of the guery structure to help you determing if the model
applies to the structurs.

Coverage of the training set

The first stage of this analysis warns you if a query molecule comtzins a substructure which was not considered during the model
development process, TOPKAT performs this by comparing 2l 1- and 2-atom fragments in the guery structure with the list of
fragrmants from the training set of the madel. Showld the quary structurs contain an wncoverad fragment (i.e., a fragment that is in
the query structurz but not in the training s=t), it will cauticn you as to the acceptability of the asszssment.

OPS analysis

Becawse the model descrintor space is multivariate, a simple univariate examination of a query structure is not sufficient o
determing the acoeptabilicy of the asssssment, The third stage in the guery analysis process determines & the query structure is
within the Optimum Prediction Space (OPS) of a madel. The OPS is unigue multivariate descriptor space in which the model is
applicatle. In TOPKAT assessment of a chemical structurs inside 2 models OFS may be acceoted with confidence, subject w0 the
results obtained from hypothes's testing,

For examgle below is desicted a number of observations for & 2-varizble equation.

Figure 1.0PS region for weight vs height

L3

- I

bt Fh

J : T & ¥, -
Height

Thess observations represent height and weight of a certzin population of peocle, and we wank to predict an anthropometric index
from the data. Person 's height is well within the rangs of the height represented by the data, and Q's weight is also within the
range of weight representad by the data. But the JOINT combination of height and weight is not within the data space of the
madel, Subsaquently, the model is not applicable to this query [i.e., the guery is outside the OPS).

What do we mean by not applicable? Certainly any modsl may be applied to any query structure of interest, and TOPKAT will
provide & numerical answer, When a quesy iz within the OPS for 2 given model, that means that the probability of the assessmant
walue being correct or acourate is as good as, but not better than, the cross-validated statistical performance of the madel. Thus, if
the statistics for the Female Rat submodel of the NTP Carcinogenicity model are 93 percent specificity and 91 percent sensitity
{which correspond to getting positives comect and negatives correct, respectively), then a compound assessed as a carcinogen that
is within OPS has a 93 percent chance of being comractly assessed.

Such a statement is not possible about a comoound outside of OPS, Simply because a query structure is ocutside of OPS does not
mean the TOPKAT assessad value is incorrecs in fact, the walue may be extremely accurste or correct, However, thers is no way of
knowing Few correct or how rge the error bars are o an assessment eutsios of 0%, Thus, when we say that a model is not
applicatle to a compound outside of OPS, we mean that the quality of the resuls are unknowable,

As an exampla, we trained the ViogP model on 6675 compounds to a coefficient of determination, R? = 0,986 and a standard error
of estimatz of 0,20, When applied o a test set (of compounds not wsed in raining) of 113 compounds, 34 were inside of OPS
whilz 29 were not. For those 84 comoounds inside of OPS, the average deviation was 0,272, the maximuem deviation was 1,34, and
95 percent of the chemicals were predicted within 0.71 of their experimental values, However, for those 29 compounds outside of
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OPS, the average deviation was 1.28, the maximum de-.'lamn wes 677, and 95 percent of the chemicals were predicted within
3.65 leg units of thei experimental values |

Hypothesis testing

A tonicity assessment can be thought of as a hypothesis which states that the model descriptors present in the query structure are
e determinzants of its toxicity. In this case, & is necessary to confrm the validity of the hypathesis.

The analysis of the apolicability of the assessment, discussed in the previous section and which TOPKAT performs automatically, is
neceszary but not sufficient. This is because the performance of any given GSTR model 5 only a5 good as its cross-walidated
statistical accuracy (typically 85-95% for TOPKAT ). In other words, no matter how good the model, sometimes it does not predict
the right answer.

TOPKAT provides 2 means of validating the towicity assessment through similarity ssarching of the models database. The undeslying
assumption is that if the model performs an acourats assessment on 2 compound from the data base, and if that compound i=
similar o the query structure, then the madel should zlso perform an accurzte and valid assessment of the query structure because
the miodel is acowrately predictive in that region of space within OPS.

Similarity is an interestng conceot, Most of us ook 2t bwo chemical structures as two-dimensionzl graohs, which may contain some
stereachemical and thres-dimensional information, and recognize patterns and substructures that are alike. In this case, we might
consider the structures "similar”. But what constitutes similarity?

Let's consider a non-chemical example of a red apple, a basaball, a banana, and a red truck. In terms of shape and size and
weight, the apple is most similar to the bassball. However, i our purpose was to choose the most editle of the objects based on
similarity, we would hoosfully not choose the baseball but rether the banana, which is made up of similar chemical constituents 25
the apple despite its dissimilarity in color and shape. On the other hand, if we were trying o tell the automobile salesman what
color of truck we want to purchase, the apole is similar to the red ruck and would cemtainly help validate what we meant when we
said red.

Thus, it is clear that similarity is meaningful anly in 2 given contaxt, For computational taxicology, that context is the specific odc
endpaint or model that iz under consideration; 2.9., Ames mutagenicity, and not across various toxicites. An examgle is the
comparizon of benzena and chlorobenzens shown in the table below.

Benzene Chlorobenzene
Ames Mutagenicity Negative (Ashby and Tennant, 1983) Megative {Ashiby and Tennant, 19EE)
Carcinogenicity in Female Mouse Positive (MTP. 1966 | Megative [MTE. 1985)

Furthermore, within the TOPKAT aoproach o QSTR, structural similasity based on commen functional groups, substructures, or
pattems of 2toms or bonds is not aoorooriste, since none of these are usad in determining the QSTR. Remember, the structure-
toxicity relationship is developed from a set of 1- and 2-atom E-State descriptors, shape and symmetry indices, and transport-
relatzd descriotors such 2s molecular weight and WegP. Thus, similarity betwesn two compounds must be similarity of descoriptors
and thair values (i.e., similarity in descriptor space, not chemical structure space).
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Applications

TCPEAT provides resezrchers with the capability to rapidly and confidently evaluate the toxic effects of chemicals drectly from their
maolecular structure, Scientists can readily analyze the effects of modifying substituents on a parent compound, assess togcity af
the metabelytes, and compounds as yet unsynthesized, and generste toxicity profiles on large sets of compounds.

Utilizing TOPKAT to conduct computationz] tosicology experiments can play @ major role in decreasing time o markst, raducing
znimzl experiments, assessing human heslth risks, and stratzgic planning of pharmaceutical and chemical development orocesses,

TOPEAT tachnology s currenthy usad to

* Optimize therapeutic r270s of lzad compounds

# Priceitize promising compounds for further development/investmant

# Evaluate intermediates, metzbolites and pollutants

# Screen compounds generatsd via HTS systems

# Assess pharmacsutical, commercial, industrizl 2nd agricultural chemical products for potential safety problems
* Sat dose-ranges for animal aszays

Evaluating an assessment

If you consider @ TOPKAT assessment of & gueny structure a5 2 hypothesis that states that the mode! parameters present in the
query structure are the determinants of its toaicity, then this hypothesis can be tested against similar compounds in the model's
databass. The Similarity Search function in TOPKAT will automatically rank all the compeunds in the respective model datsbaszs
based on ther QSTR similarity to the guery structure.

The fallowing information is available for each compound:
* The actual expsrimental result
* The TOPKAT predicted result

# Wiather the compound was usad in the training ==t
# The similarity distance from the guery on a scale of 0.0 - 1.0

Mote: the smaller the distance, the greater the similarity,

With this information you can detarmine:

# Wiather the query structurs Bes i an information-rich region of the model data space
® If similar compounds are well prediceed by the modal

If you find similar comgownds whose experimental and computed values are in concordance with the computed value of the guery

structure, the assessment is acceptable, Corversaly,  you find evidence in the model database that the quary structure ies in a
region of OFS where model performance is poor, then that assessment is unaccepable.

How toxicity is computed by TOPKAT

TOPKAT computes 2 probable valus of toxicity for 2 submitted chemical structure from 2 Quantitative Soucture-Towicity Relationship
{QSTR) equation.

The equation is linear in the structure descriptors, The cosfficients are optimized during the development of the eguation.

The product of a structure descriptors value and its comesponding cosfficient is the descriptors contribution to the probable toxicity.
Contributions from the products may be either positive or negative; a positive contribution will incresss the probabilizy of the
chosen property, whersas a negative contribution will decrease it

Tawicity values are computed by summing the individuzs! contributions., For 2ssessing toxicity values such as LDS0 or LCSD, this sum

iz transformed into 2 weight/weight unit (ma'kg) or a weight/volume unit (ma/l): for 2-group dassifications, swch as
carcnogens/non-carcinogens, this sum is transformed into a probability value between 0.0 and 1.0

Probability values
Probability walues from 0.0 to .20 are considerad low probabilities, and chemicals with TOPKAT-computed probability values = this
range are not Fkely o produce a positive response in an experimental assay: whereas probability values greater than 0.70 are

considered high, and are likely to produce & cositive response in an experimentz] assay, Probabilities greates than 0,30 but less
than 0.70 are considered indeterminatz {i.2., too near chance (0.50) for an assessment to be meaningful).

Query Structure Examination
TOPKAT always outputs a value of todcity; howaver, whether the assessmant is meaningful or not can only be answerad by:
* A univariate analysis or Coverage Examination, that is, whether 2l of the structural fragments of the query structure ars

well represented in the database compounds which were used to develop the maodel (training sat).
* A multivariate analysis, or OFS Examination, that is, whether the submited stucture fits within, or near the seriphery of,
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the Cotimum Prediction Soace (OPS) of the equation. These 2 steps are accomplished automatically in TOPKAT and results
are output in terms of 2 confidence parcentage.

Coverage Examination

Every QSTR maodel is associated with 2 certain training set of compounds, and these compounds contzin 2 Fmited sat of structural
attributes.

A QSTR madel, when extrapolated to chemical structures containing structural attributes which are not represented in the training
set, may produce unrelizble toxicity assessments, Thersfore, it is important to detesmine whether the structurz] atributes of the
query maoleculs are reprazented in the comoounds used for the development of a QSTR. TOPKAT automatically determines whether
the input structure contains molecular substructures which are foreign to the training set (a univariate analysis),

Addrtionzlly during this process, TOPKAT compares the values of the mode! descriptors for the query structure to the range of the
values of the respective descrictors in the training sat compounds.

Optimum Prediction Space

Az well as determining its coverage, TOPKAT checks whether a query structure is located inside or cutside the Optimum Prediction
Space [OPS) of 2 Q5STR {multivariate analysis).

The OPS of a QSTR is a mult-dimensional space, the number of dimensions being one more than the numtsr of model parameaters
of the QSTR. An important charactaristic of the OPS is that within and near its periphery the Q5TR may be applied with confidence.

The OP% confidence contains information about both the Optimum Pradiction Space, and the fragment coverage.

When 2 query structure is determined to be inside all @mensions of 2 medels OPS, the compured value of woxicity can be
considered acceptable {unless evidence exists to refute the asssssment),

However, if & guery structure is found outside one or more dimensions, the computad tmecity may or may not be acceptatle
depending on the guerys distance from OPS,

The distance of & guery structure from the OPS is a complex function of the querys location in zach dimension. Every TOPKAT
QSTR model has & permissible limit of distance from the OFS, IF the query structures distance from the OPS is greater than this
permissible limit, the TOPKAT-assigned toacity value is considered wnacceptable. The permissible limits of distance from the OPS
for all QTR models have besn precalculated and stored in TOPKAT, For svery query structure outside the OPS, TOPKAT reports the
location of 2 guery structure with respect to the permissible limit of distance from the OPS,

Developmental Toxicity Potential (DTP)

The Developmental Toxicity Potential (DTP) Module of the TOPKAT package comprises three statistically significant and cross-
validated quantitative structure-toxicity relationship (QSTR) models, and the data from which these models are derived. Each model
applies to a specific class of chemicals. Molecular structure is the only input required to conduct a Developmental Toxicity Potential
assessment. These discriminant models, derived from uniform experimental studies selected after critical review of approximately
3,000 open literature citations, compute the probability of a submitted chemical structure being a developmental toxicant in the rat;
a probability below 0.3 indicates no potential for developmental toxicity (MEG), and probability above 0.7 signifies developmentzal
toxicity potential (POS). The probability range between 0.3 and 0.7 refers to the "indeterminate” zone (IND).

This Module is designed for operation with the TOPKAT interface, which (i) automatically determines whether the submitted
structure belongs to the Optimum Prediction Space {OFS) of the maodel, and (i) computes QSTR similarity distance from chemicals
with experimental DTP data in order to evaluate the reliability of the QSTR-based assessment.

Following is the cross-validated (leave-one-out) accuracy of the three models:

Aliphatics 87 83.6 88.6 2.5
Carboaromatics a5 97.4 87.0 2.2
Hetercaromatics a1 B6.0 86.1 5.5

The TOPKAT DTP model was developed from 374 open-literature references. The model includes only rat oral data. Two types of
studies were removed from the database prior to further evaluation: single-dose studies in which developmental as well as
maternal toxicity were observed at that dose, and studies in which neither developmental nor maternal toxicity was observed at the
highest dose.

For the remaining studies, the following scoring scheme was adopted:
* Score 1@ No developmental toxicity (OT) even at maternotoxic (MT) doses

® Score 2: Strick concordance between DT and MT, that is, no DT nor MT at one dose, and both DT and MT at a higher dose
e Score 3: DT at the dose preceding MT
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® Score 4: DT at least 2 doses below that which produced MT
Scores 2, 3, and 4 were combined into cne group, so that the resultant model distinguishes between no evidence of DTP vs. any
evidence of DTP. Thus a probability of 0.8, for example, indicates that there is good likelihood that were a2 DTP assay performed
with the chemical, it would be found to be a developmental toxicant. But no severity of DTP can be assigned to that probability.
A number of signs and symptoms were taken as evidence of MT. These included weight loss, increased mortzality, decreased feed
intake, and various forms of distress, irritation, etc. DT was evidenced by reduced fetal growth, fetal death, resorption, and
teratology both external and visceral.

The probability value is rounded to three-significant figures.
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TOPKAT Detailed DevTox Prediction Report for Ethylene Glycol Pentyl Ether (EGPeE)

Summary

Molecular Formula: C7H1505
Molecular Weight: 132.20074
AlLogP: 1.295

Rotatable Bonds: 6
Acceptors: 2

Prediction

Model: Developmental Toxicity Potential (DTP) (v3.1)

Donors: 1
1 Developmental Toxicity Potential (DTP) (v3.1)
Similar Compounds
Compound 1 Compound 2 Compound 3 Compound 4 Compound §

Molecule

0L - -~ - P eyt L

OH _ - -
Actual Endpoint NEG NEG POS NEG NEG
Predicted Endpt NEG NEG NEG NEG NEG
Distance 0.027 0.109 0.115 0.145 0.177
Molecular Formula: C7H10; OPS Summary Descriptor Contribution

Molecular Weight: 132.20074
AlLogP: 1.295

Rotatable Bonds: 6
Acceptors: 2

Donors: 1

Within OPS: True

Within OPS Limits: True

All Fragments Covered: True
Compound in Database: False

Prediction
SubModel: Developmental Toxicity Potential
Aliphatic Model

Discriminant Score = -4.510
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Descriptor Value
Symmetry Index #4 -8.293
Shape Index #7 -6.481
[ Aliphatic O] 6.268
Shape Index # 5 -4.955
CONSTANT TERM 4.922




TOPKAT Detailed DevTox Prediction Report for Ethylene Glycol Ethyl Ether (EGEE)

Summary

T _OH

Molecular Formula: C4H100-
Molecular Weight: 90.121
ALogP: -0.141

Rotatable Bonds: 3
Acceptors: 2

Prediction

Model: Developmental Toxicity Potential (DTP) (v3.1)

Computed Probability of DTP = 0.957

Donors: 1
1 Developmental Toxicity Potential (DTP) (v3.1)
Similar Compounds
Compound 1 Compound 2 Compound 3 Compound 4 Compound 5

Molecule

- . . OH SO~ _OH O H

- \_\ - L /OH 5} - - OH O 0H OH
O’ ~
Actual Endpoint POS NEG POS POS POS
Predicted Endpt | POS POS POS POS POS
Distance 0000 0.007 0102 0236 0262
Molecular Formula: C4H100; OPS Summary Descriptor Contribution

Molecular Weight: 90.121
ALogP: -0.141

Rotatable Bonds: 3
Acceptors: 2

Donors: 1

Within OPS: True

Within OPS Limits: True
All Fragments Covered: True

Modeled Endpoint: POS

Prediction

SubModel: Developmental Toxicity Potential
Aliphatic Model

Computed Probability of DTP = 0.957
Discriminant Score = 3.101
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Descriptor

Symmetry Index #4

[ Aliphatic O ]

CONSTANT TERM
[*CH2* ] * [ Aliphatic O ]

Shape Index # 5

Value
-8.384
6.020
4.922
3.846
-3.303




TOPKAT Detailed DevTox Prediction Report for Ethoxy Acetic Acid (EAA)

Summary

OH

Molecular Formula: C4HgO3
Molecular Weight: 104.10452
AlLogP: -0.12

Rotatable Bonds: 3
Acceptors: 3

Donors: 1

Prediction
Model: Developmental Toxicity Potential (DTP) (v3.1)

Computed Probability of DTP = 0.987

Developmental Toxicity Potential (DTP) (v3.1)

OH

Molecular Formula: C4HzO3
Molecular Weight: 104.10452
AlogP: -0.12

Rotatable Bonds: 3
Acceptors: 3

Donors: 1

Prediction

SubModel: Developmental Toxicity Potential
Aliphatic Model

Computed Probability of DTP = 0.987
Discriminant Score = 4.344

Probability value
and are likely to pr

Similar Compounds
Compound 1 Compound 2 Compound 3 Compound 4 Compound 5
Molecule o
i
NH Nel i o _OH O
\_ OH™ " "oH
7
Actual Endpoint POS POS POS NEG POS
Predicted Endpt POS POS POS POS POS
Distance 0.202 0.221 0224 0.2568 0.260
OPS Summary Descriptor Contribution
Within OPS: True Descriptor Value
Within OPS Limits: True [ Aliphatic O] 10.365
All Fragments Covered: True Symmetry Index #4 -8.943
Compound in Database: False CONSTANT TERM 4.922
Shape Index # 5 -3.303
[*CH2*] * [ Aliphatic O ] 1.303
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Appendix I1: The Embryonic Stem Cell Test (EST)

The protocol for the test that is published on H@&/AM website (INVITTOX protocol no. 113)
describes the EST as being based on the potehgahlaryonic stem (ES) cells from stable (permanent)
mouse ES cell lines to remain in an undifferentiastage in culture in the presence of a certain
cytokine. When the cytokine is removed, the celib differentiate into the major embryonic tissues
under appropriate conditions. Furthermore, cytaitxidata show that ES cells are more sensitive to
toxic agents than adult cells. Therefore, in th& B inhibition of differentiation is combined Wwithe
study of differences in sensitivity to cytotoxicndage between embryonic tissue (ES cells and adult
tissues (mouse 3T3 fibroblasts). The three endpoiirthibition of differentiation (ID50), and
cytotoxicity (IC50) in ES cells and 3T3 cells ambined for the predicting the embryotoxic potdntia

of chemicals.

Furthermore, INVITTOX protocol no. 113 states tlihe EST is applicable for differentiating
embryotoxic chemicals into three groups: non-emtaryio, weak/moderate embryotoxic and strong
embryotoxic. The predictivity and precision for skeethree groups as obtained in the assay during the

validation is given in Table 2. The overall accyra@s 78% for the 20 chemicals used in the vahadati

Table Al: Predictivity and precision obtained for the ESEay

Embryotoxic potential | Predictivity (%) | Precision (%)
Non 72 70
Weak/moderate 70 83
Strong 100 81

Historical data taken from INVITTOX protocol no. 3 fhttp://ecvam.jrc.ify

Table A2: The IC50 and ID50 for 16 chemicals in three tagahic groups. The IC50/ID50 ES values

that would lead to misclassification of compoungsgiven in red.

IC503T3 IC50 ES IDS0 ES

Test chemical CASno MW (mM) (mM) (mM)
Group 1: Non-teratogens

Saccharin 82385-42-0 183.18 16.38 19.10 10.92
Penicillin G 69-57-8 334.40 4.74 8.82 10.32
Isoniazid 54-85-3 137.14 2.60 5.47 2.63
Ascorbic acid 134-03-2 176.12 0.14 0.78 2.32
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Group 2: Weak teratogens

Aspirin 50-78-2 180.16 1.28 1.22 1.38
Caffein 58-08-2 194.19 0.80 0.85 0.95
Diphenhydramine 147-24-0 255.36 0.12 0.12 0.03
Diphenylhydantoin 630-93-3 252.69 0.14 0.11 0.08
Indomethacin 53-86-1 357.79 0.08 0.08 0.18
Dexamethasone 50-02-2 392.46 0.07 0.06 0.05
Methotrexate 59-05-2 454.44 0.00003 0.0002 0.00004
Group 3: Strong teratogens

Hydroxyurea 127-07-1 76.05 0.095 0.026 0.022
Busulphan 55-98-1 246.30 0.019 0.009 0.019
5-Fluorouracil 51-21-8 130.08 0.0013 0.0008 0.0002
Cytosine arabinoside 69-74-9 243.22 0.00014 0.000100.00012
Retinoic acid 302-79-4 300.44 0.00333 0.00002 0046

~NJ

Distribution of historical data over 3 teratogenic classes for log(l C50)
of EScellsinmM . Cut-offs at 0.4 and -1.4,
misclassified sustances (2) in RED
ethyl-, methylglycolether in ORANGE,
appear to be in the range of NON teratogenics
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teratogenic classes: 1=non, 2=weak, 3=str ong
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Figure Al: Distribution of historical IC50 value in ES cellwith the IC50 values of ethylglycol
methyl ether and ethylglycol.ethyl ether given irarmye. Their IC50 values seem to

indicate that they belong to the class of non-teyanics.
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Distribution of historical data of 3 teratogenic classes for log(ID50)
of ES cellsin mM . Cut-offs at 0.25 and -1.6,
misclassified sustance (1) in RED
ethyl- and methylglycol in ORANGE,
appear to be in the range of NON-teratogens

1 1 1
N = o -

log(ID50 ES cdlss/ mM)
oA ®

1
(e}

1
\l

teratogenic classes: 1=non, 2=weak, 3=strong

Figure A2: Distribution of historical IC50 value in ES cellgith the IC50 values of the metabolites
of ethyleneglycol methyl ether and ethyleneglydblk ether given in orange. Their
IC50 values seem to indicate that they belongécacthss of non-teratogenics.
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