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QSAR TOOLBOX

Background

* This is a step-by-step presentation designed to take the
user through the workflow for filling data gap for

reproductive and developmental toxicity by read-across
based on an analogue approach.
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QSAR TOOLBOX

Objectives

This presentation demonstrates a number of functionalities of
the Toolbox:

* Identify analogues of target chemical by applying DART scheme
via two different ways:

* For primary categorization

* For subcategorization

* Retrieve experimental results available for those analogues.
* Fill data gaps by read across.

®* Support read-across prediction by DART model.
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QSAR TOOLBOX

The exercise

* In this exercise we will predict the developmental and reproductive (DART)
toxicity of 3-(3,4-dichlorophenyl)-1,1-dimethylurea CAS 330-54-1
(Diuron).

* Two scenarios for defining the initial category of similar analogues will be
applied:
* Initial category identified by endpoint specific DART scheme
* Initial category identified by empiric Organic functional group (OFG) with

followed by subcategorization by DART scheme

* Gather available experimental data for the target chemical and identified
analogues.

* Apply read across prediction based on analogue approach.

* Apply external DART model.
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QSAR TOOLBOX

Workflow

* The Toolbox has six modules which are used in a
sequential workflow:

®* Chemical Input

* Profiling

* Endpoints

® Category Definition
* Filling Data Gaps

®* Report
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QSAR TOOLBOX

Chemical Input
Overview

®* This module provides the user with several means of
entering the chemical of interest or the target chemical.

®* Since all subsequent functions are based on chemical
structure, the goal here is to make sure the molecular
structure assigned to the target chemical is the correct
one.
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QSAR TOOLBOX

Chemical Input
Ways of Entering a Chemical

User Alternatives for Chemical ID:

A Single target chemical
Chemical Name
®* Chemical Abstract Services (CAS) number (#)

SMILES (simplified molecular information line entry
system) notatlon/InChl

Drawing chemical structure

Select from User List/Inventory/Databases
Chemical IDs such as EC number, Einecs number
Query Tool

B.Group of chemicals
* User List/Inventory
®* Specialized Databases
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QSAR TOOLBOX

Getting Started

®* Open the Toolbox.

®* The six modules in the workflow are seen listed next to
“"QSAR TOOLBOX".

® Click on “"Input” (see next screen shot).
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QSAR TOOLBOX

Chemical Input Screen
Input target chemical by CAS#
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QSAR TOOLBOX

Chemical Input Screen
Enter CAS# 330-54-1
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1. Enter the CAS# in the blank field; 2. Click “Search” button; 3. Press "OK"
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QSAR TOOLBOX

Chemical Input
Target chemical identity

The Toolbox now searches the databases to find out if the CAS# you entered is linked to a
molecular structure stored in the Toolbox. It is displayed as a 2-demensional depiction.
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QSAR TOOLBOX

Chemical Input
Target chemical identity

* Double click "Substance Identity” displays the chemical
identification information.

®* The user should note that existing names of the target
chemical are presented in different colours. This
indicates the reliability of relation CAS-Name-SMILES
for the target chemical (see next screen shots).

* The workflow on the first module is now complete, and
the user can proceed to the next module.
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QSAR TOOLBOX

Chemical Input
Target chemical identity

—
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*More details about color legend are provided on next slide
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QSAR TOOLBOX

Chemical Input
Chemical identity

The colour code indicates the reliability of the chemical
identifier:

°* Green: There is a high reliability between the identifier
and the structure. This colour is applied if the identifier
is the same in several quality assured databases.

There is only a moderate reliability between
the identifier and the structure. The colour is applied if
the identifier is the same in several databases for which
the quality assurance could not be established.

°* Red: There is a poor reliability between the identifier
and the structure. The colour is applied if the identifier
is allocated to different structures in different
databases.
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QSAR TOOLBOX

Profiling
Overview

* “Profiling” refers to the electronic process of retrieving
relevant information on the target compound, other than
environmental fate, ecotoxicity and toxicity data, which are
stored in the Toolbox database.

* Available information includes likely mechanism(s) of
action, as well as observed or simulated metabolites.
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QSAR TOOLBOX

Profiling
Side-Bar to Profiling

* For most of the profilers, background information can
be retrieved by highlighting one of the profilers and
clicking on “View”.

®* Detailed information for DART v. 1.0 scheme
(Developmental and Reproductive toxicity) is provided
on next slide.
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QSAR TOOLBOX

Developmental and Reproductive Toxicity (DART)
Background

* DART scheme is an adaptation of a framework for identifying chemicals with structural features
associated with the potential to act as reproductive or developmental toxicants outlined in the journal of
Wu S et all [1].

* Itis implemented as a pilot endpoint specific scheme, developed on the basis of the combination of
known modes of action (MOA) and associated structural features.

* DART scheme include 25 categories and 125 sub-categories organized as a decision scheme. Definition
of the categories are based on a detailed review of 716 chemicals that have been evaluated for their
DART potential effect. Mechanistic interpretation and reliability is provided for each category.

* DART scheme is implemented as a profiling/categorization tool and as a SAR model.

* It can be used both as a component of a screening system to identify chemicals of potential concern,
and as part of weight of evidence decisions based on structure-activity relationships (SAR), to fill data
gaps without generating additional test data.

* Output of the scheme indicate that the chemical of interest is associated with chemical structures:
* known to have DART - Known precedent reproductive and developmental toxic potential

* not known to have DART - Not known precedent reproductive and developmental toxic potential

* which have structural features outside the domain of the DART decision tree - Not cover by the
decision tree.

1. Wu S, Fisher J, Naciff J, Laufersweiler M, Lester C, Daston G, Blackburn K. Framework for identifying chemicals with structural features associated
with the potential to act as developmental or reproductive toxicants. Chem Res Toxicol. 2013 Dec 16;26(12):1840-61.
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QSAR TOOLBOX

Profiling
Overview of DART scheme
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QSAR TOOLBOX

Profiling
Overview of DART scheme

frces Mechanistic interpretation
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Based on the effects of indole-3-carbinol (CAS#700-06-1) which causes
reproductive effects in both male and female offspring linked to activation
of ARR!, the indole-related chemicals (3b-4) in Figwre S11 are
hypothesized to have DART potential despite the lack of direct test data.
- - The substituents such as R and R can’t be clearly defined based on the
gradation fragme| - p—a available data. However, the other as yet untested chemicals in this group
idity (¢ b and di-, poly-indole that have the potential to bind AhR may also share
similar DART effects.

m
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Ig the chemical organic ?

Group Original reference:

Mode library path (separated with _)

1. Select a node 2. Click “View scheme” 3. Mechanistic (textual) description associated with category
| 4. Click "Advanced” to see structural boundaries coding the rule
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QSAR TOOLBOX

Profiling
Overview of DART scheme
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QSAR TOOLBOX

Profiling
Overview of DART scheme
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1. Click on “Training set panel” 2. Select one of the chemicals
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QSAR TOOLBOX

Profiling
Application of endpoint specific profiling schemes

* In this example profiling by DART and OFG is applied in
order to analyse the potential to cause DART toxicity
and to identify the general structural fragments
available in the molecule, which further could be used
for categorization.

* Follow the steps:
* Select DART v1.0
* Select two Organic functional group profilers
* Click Apply
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QSAR TOOLBOX

Profiling
Apply related profiling schemes

o 5 m Ewi ceess

13 10100 About Update

» Profiling » Endpoint » Category Definition  » Data Gap Filling

Filter endpaint tree... |1 [target]

Structure ‘ @
N

MHSubstance |dentity _

Physical Chemical Properties

Profiing methods

Select All Unselect All

Environmental Fate and Transport

Ecotoxicological Information
EHuman Health Hazards

Metabolism/Transformations

Select All Unselect All

W Documented
-

1. Select the "DART v1.0 profiling scheme”
2. Select two “Organic functional groups” profilers
3. Click “Apply”
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QSAR TOOLBOX

Profiling
Outcome of profiling results

1 m A
QSAR TOOLBOX 7 }TTP &), h 10100 £ Outcome of DART profiling results appears in the box
* Profifing SEELRLE PSR R AL under the chemical structure organized in several
Profiing Profiing Schemes categories marked in red color distributed in a few
a;; ,. rows. The first row shows general category
_ “Known....” and indicate if the chemical has the
potential to cause reproductive and developmental

Profiing methods Filter endpoint tree... 1 [target]

e toxic effect. The rest three entries indicates the

] i Structure ?”@(Lm specific DART category (e.g Polyhalogenated benzene

2 derivatives 8c) of the chemical. Some of the DART
u T S———— category are hierarchically organized and presented in

= ) p:y:‘:zf;hemic; Properties in more than one entry. This is the case with sub-

; L FEmironmental Fate and Transport category “N-aryl substituted urea...” part of more
general “Non-steroid nucleus...” category. More details
+ Chemical profie 1 about DART category is given on next slide (follow the

4 -DART scheme v. 1.0 steps given the box below)
L Known precedent reproductive and developmental toxic potential
- Mon-steroid nucdeus derived estrogen receptor (ER) and androgen rec
- Non-steroid nudeus derived estrogen receptor {ER) and androgen rec|

i Polyhalogenated benzene derivatives (8c) |

Known precedent reproductive and developmental toxic potential
MNon-steroid nucleus derived estrogen receptor (ER) and androgen receptor (AR)

Mon-steroid nucleus derived estrogen receptor (ER) and androgen receptor (AR) == N-aryl substituted urea, ca...
Polyhalogenated benzene derivatives (8c)

Aryl Copy

Aryl halide -

Urea derivatives Explain

Aryl halide . Compon\\qt Profile Statistics
ed) Owerlapping groups

Urea derivatives

2

7 1. Select the cell with profiling result 2. Right Click and select “Explain” 3. Select category |
| 4. Click “"Details” '
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QSAR TOOLBOX

Profiling

Explain of profiling results
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Category 8: Aromatic compounds with E
7 alkyl, multi-halogen and nitro groups

Chemicals within this category include the following five

sub-categories: 8a. toluene and small alkyl toluene
derivatives; 8b. NO2-alkylINO2-benzene derivatives;
8c.  polyhalogenated benzene  derivatives; 8d.

YES Category Name
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dihalngan. dinitrn nhanal and their acter A fuac Tha

1. Click on “Referential Node” panel;

2. Click “View Scheme”
boundary 4. Structural fragment coding the rule

5. Textual description of the rule

3. Click on first structural
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QSAR TOOLBOX

Profiling
Interpretation of profiling results

* Profiling result shows that the target chemical is classified as:

* *Known precedent for DART effect” based on classification into two
DART sub-categories: “Polyhalogenated benzenes” and “N-aryl
substituted ureas”. Will be further investigated.

* “Aryl, Urea derivatives and Aryl halide” by OFG, which will be used
further for identifying analogues.
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow

* Input

* Profiling

* Endpoint
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QSAR TOOLBOX

Endpoint
Overview

* "Endpoint” refers to the electronic process of retrieving
the environmental fate, ecotoxicity and toxicity data
that are stored in the Toolbox.

* Data gathering can be executed in a global fashion (i.e.,
collecting all data for all endpoints) or on a more
narrowly defined basis (e.g., collecting data for a single
or limited number of endpoints).
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QSAR TOOLBOX

Endpoint
Case study

* In this example, we limit our data gathering to two toxicity endpoints: developmental and reproductive
toxicity.

* DART database has been implemented into the Toolbox 3.3

* Developmental and Reproductive Toxicity (DART) database - 716 chemicals with 1430 data points
separated as follows:

* Developmental toxicity (716 data points)
®* Reproductive toxicity (714 data points)

* In this example, we collect data from the DART database containing experimental results for
developmental and reproductive toxicity(DART).

* Click on “Endpoint” in the Toolbox workflow.
* Expand the “"Human Health Hazards” section
* Click on the box to select that database.

* Click on “Gather data” (see next screen shot).
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QSAR TOOLBOX

2|

Databa

Select Al |Unselectall | - Invert A

2

1. Go to “Endpoint”

= ([0

Endpoint

Gather data

1

Filter endpaint tree. .,

|1 [targef]

Structure

3

Substance Identity
Physical Chemical Properties
Environmental Fate and Transport

[HEcotoxicological Information
[HHuman Health Hazards
HProfile

-

-

)
4 E)—cl
o

2. Expand the “Human Health Hazards” section
3. Select database related to the target endpoint: “"Developmental & Reproductive Toxicity (DART)"”

4. Click "Gather”
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QSAR TOOLBOX

Endpoint
Gather data

S =

i@ All endpoints (7)) Choose. .. [¥] from Tautomers I “DK\ I ’ X Cancel ]

|

2 data points gathered across1 chemicals.

1. Click "OK” to extract data from database
2. The message informs you that 2 data points are gathered for the target chemical. Click
\\OKII
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QSAR TOOLBOX

Endpoint
Gather data

QSAR TOOLBOX
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EEcotoxicological Information

EIHuman Health Hazards

— Acute Toxicity

— Bioaccumulation

HHCarcinogenicity )
Developmental Toxicity / Teratoge... |

Developmental and Reproduc

Measured data for the target
appeared on data matrix. There
are positive and negative data for
the target chemical. We will try
to reproduce the measured data
by read-across

(1/1) M: Known developmental potential
(1/1) M: Mot known reproductive potential

Developmental Toxicity
Reproductive Toxicity

Teratogenicity (FDA TERIS)
HEGenetic Toxicity
— Immunotoxicity
Hlrritation / Corrosion
— Neuratoxicity
rEPhotoinduced Toxicity
— Repeated Dose Toxicity
rHSensitisation
— ToxCast
HHToxicity to Reproduction )
HToxicokinetics, Metabolism and Di...
EProfile

Is into Categories
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QSAR TOOLBOX

Recap

In the first module, you have entered the target chemical being sure of the correctness of
the structure.

In the second module, you have profiled the target chemical and found that the target
could cause DART effect. It is categorized as known precedent for developmental and
reproductive toxicity. This is due to the chemical pertaining to two chemical classes
associated with DART toxicity.

In the third module, you have found that there are two experimental data for the target
structure: positive developmental and negative reproductive. We will try to reproduce
them using read across analysis.

Before proceeding with the “"Data Gap Filling” module, the user should define a category
with similar analogues. Two scenarios are played for identifying analogues:

* DART scheme used as a categorization tool (used for phase I, see next slides)

* DART scheme used in subcategorization procedure (used for phase II)

Click on “Category Definition” to move to the next module.
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition
* Overview

® Scenario 1
®* Scenario 2
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QSAR TOOLBOX

Category Definition
Grouping methods

* The forthcoming 4 slides provide basic information about
definition and procedure of “Category definition”.

* The different grouping methods allow the user to group
chemicals into chemical categories according to different

measures of “similarity” so that within a category data gaps can
be filled by read-across.

* Detailed information about grouping chemical (Chapter 4) could

be found in document “"Manual for Getting started” published on
OECD website:

http://www.oecd.org/chemicalsafety/risk-
assessment/theoecdgsartoolbox.htm
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QSAR TOOLBOX

Basic guidance for category formation and
assessment

Suitable categorization phases:

1. Structure-related profilers.

2. Endpoint specific profilers (for sub-cat).

3. Additional structure-related profilers, if needed to eliminate dissimilar
chemicals (to increase the consistency of category) (e.g. chemical elements).

Performing categorization:

1. Categorization phases should be applied successively.

2. The application order of the phases follows three general stages but
variations within them are case specific.

3. More than one category can be used within one phase for forming one final
category.

4. Some of the main phases could be skipped if consistency of category
members is reached.

Graphical illustration of suitable categorization phases is shown on next
slide.
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QSAR TOOLBOX

Suitable Categorization/Assessment Phases

Phase I. Structure based

» US EPA Categorization

« OECD Categorization

« Organic functional group
«  Structural similarity

« ECOSAR

Repeating Phase | due to Multifunctionality of chemicals

Phase Il. Mechanism based

* DNA binding mechanism

* Protein binding mechanism

* (Genotoxicity/carcinogenicity

« DARTV1.0

* Cramer rules

* Verhaar rule

« Skin/eye irritation corrosion rules
* Repeated dose profiler (NITE)

Metabolism accounted for
Phase I11. Eliminating dissimilar chemicals

Apply Phase I — for structural dissimilarity
Filter by test conditions — for Biological dissimilarity

Broad grouping
Endpoint Non-specific

Subcategorization
Endpoint Specific

Subcategorization
Endpoint Specific
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QSAR TOOLBOX

Category Definition
Grouping methods - phase I

Suitable Categorization/Assessment Phases

Phase I. Structure based .
*  US EPA Categorization Broad _groupmg .
«  OECD Categorization Endpoint Non-specific
*  Organic functional group
»  Structural similarity
+ ECOSAR

Phase | categorization in Toolbox

Filter endpoint tree. .. W
Structure 7?_'@m
[HSubstance Identi _ . -
F’hys:ca\ Chem::; Properties 1 2 7 a n a |Og u eS a re |d e ntlfled .
e e It is not recommended to use
EHuman Healh Hazards . “Neutral organic” as phase I*
HProfile
HPredefined
OECD HPV Chemical Categories Mot categorized . -
US-EPA New Chemical Ctat:gories Neutral grganlcs 9 a na Iog ues a re Ide ntlfl ed *x
Endpoint Specific
Aquatic toxicity classification by ECOSAR Substituted Ureas
Empiric i ifi
2 OP - o e 8 analogues are identified
rganic Functional groups ryl halide - —
ymenwies 4 8 analogues are identified |
Organic Functional groups (nested) m;lizﬁlgigézups
Structural similarity, Dice ACF, 50% <—|[ 3 analogue are identified |

*Neutral organic category include chemicals having different functionalities as alcohols, ketones, ethers etc. In this respect the basic principle illustrated on slide 41 that
structurally similar chemicals may elicit similar effects would not be preserved, because Neutral organic mixed many different functionalities.

**QFG is used for primary categorization, because the two basic functionalities available within the molecule: “Ureas” and “Aryl halides” will be preserved in the group of
identified analogues, while the ECOSAR omits the “Aryl halide” functionality and identifies “Substituted ureas” only. 44



QSAR TOOLBOX

Category Definition
Grouping methods - phase II

Suitable Categorization/Assessment Phases
Phase Il1. Mechanism based

* DNA binding mechanism
* Protein binding mechanism

« DART V1.0

* Repeated dose profiler (NITE)

Phase Il categorization in Toolbox

‘ilter endpoint tree...

Structure

HSubstance Identity
HPhysical Chemical Properties
HEnviranmental Fate and Transport
HEcotoxicological Information
HHuman Health Hazards
Profile
Endpoint Specific

DART scheme v.1.0

DMA alerts for AMES, MN and CA by OASIS v.1.3

Protein binding alerts for Chromosomal aberration ...

1 [target]

"
j—

o
4 T
o

Known precedent reproductive and de...
Naon-steroid nucleus derived estrogen ..
Naon-steroid nucleus derived estrogen ..
Palyhalogenated benzene derivatives ..
No alert found

No alert found

The OECD QSAR Toolbox for Grouping Chemicals into Categories

e

Subcategorization
Endpoint specific

5 analogues are identified

In this case it is not reasonable to use DNA or
Protein binding profiler for categorization.

15.07.2016
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QSAR TOOLBOX

Category Definition
Grouping methods

®* Based on these classifications and basic guidance for grouping
chemicals explained on the previous slides, two scenarios for
identifying similar analogues have been applied in further read-across

analysis:

®* Scenario 1: DART v1.0 scheme used as a categorization tool
(applied for primary categorization - phase I).

® Scenario 2: OFG is used for primary categorization with
forthcoming subcategorization by DART scheme (applied for

subcategorization - phase II).

* Identifying analogues based on two scenarios mentioned above will
be applied in further read-across analysis.
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition
* Overview

* Scenario 1
® Scenario 2
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QSAR TOOLBOX

Category Definition
Grouping methods

®* Based on these classifications and basic guidance for grouping
chemicals explained on the previous slides, two scenarios for
identifying similar analogues have been applied in further read-across
analysis:

®* Scenario 1: DART v1.0 scheme used as a categorization tool
(applied for primary categorization - phase I).

® Scenario 2: OFG is used for primary categorization with
forthcoming subcategorization by DART scheme (applied for
subcategorization - phase II).
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QSAR TOOLBOX

Category Definition
Scenario 1: DART scheme used as a categorization tool

o o 88 x\ 8
QSAR TODOLBOX G o o100 E

10100 About Update
» Input » Endpoint » Category Definition  » Data Gap Filling

Categorize Delete

with metsbalism

Grouping methods I‘Filt&r endpoint tree... |1 [target]

atpH
binding by

Structure é @

ESubstance Identity

[HPhysical Chemical Properties
[HEmaronmental Fate and Transport
[HEcotoxicological Information
EHuman Health Hazards

HProfile

DART scheme v.1.0

Category name (5 chemicals) | IR S e R L s R )

own precedent reproductive and developmental toxic potential
Mon-steroid nucleus derived estrogen receptor {ER) and androgen recept|
Mon-steroid nucleus derived estrogen receptor (ER) and androgen recept|

Palyhalogenated benzene derivatives (Bc)

2 & T 4

Al profiles

(jA)

ACE inhibitors, Benzazepine acetic add derivatives (5¢-2)

ACE inhibitors, Benzazepine acetic add derivatives (5c-2) »> Benzaze
ACE inhibitors, Captopril-ike chemicals (5c-1)

ACE inhibitors, Captopril-ike chemicals (5c-1) »> Captoprilike ACE int
Acetonitriles (23d)

AhR binders.HAH-Lke derivatives (3b-2)

AhR binders.Indole-related chemicals (3b-4) 3

N

AhR binders.Polycydic aromatic hydrocarbons (PAHS) (3b-3)
AhD hindare Tatrachlorndihansndinvin TP ke comnoonde £2h.

Combine profiles logically [invert result

(® anD Cior [ strict

x Cancel

Defined Categories

1. Highlight the "DART scheme v1.0"; 2. Click “Define”;

3. Click "OK” to confirm the defined categories for the target chemical; 4. Five analogues
are identified. Click “"OK”
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QSAR TOOLBOX

Category Definition
Scenario 1: DART scheme used as a categorization tool

oser [ ] e

i@ All endpoints () Choose... [] from Tautomers I ’/ Ok I x Cancel

i
QSAR Toolbox 3.3.0_ =

10 data points gathered across 5 chernicals.

1. Click "OK" to extract data for the analogues from DART database
2. 10 data points are gathered for the identified 5 analogues. Click “"OK”
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QSAR TOOLBOX

Category Definition
Scenario 1: DART scheme used as a categorization tool

The experimental results for the analogues appeared on datamatrix

- — B *T8 e\
QSAR TOOLBOX Tio 5 21! 100

About Update
» Profiling ¥ Endpoint ¥ Category Definition P Data Gap Fi

Filter endpoint ree. .. [1 Rarget]

Structure ‘ @_

[HSubstance Identity
hysical Chemical Properties

haar (M nvironmental Fate and Transport
[HEcotoxicological Information

HHuman Health Hazards

—Acute Toxicity

— Bioaccumulation

HEICarcinogenicity ;

Developmental Toxicity / Teratog... | _
Developmental and Repr
Developmental Toxicity (5/5) M: Known develop... M: Known develop... M: Known develop... M: Known develop... M: Known develop...
Reproductive Toxicity (6/5) M: Mot known repr... M: Known reprodu... M: Known reprodu... M: Known reprodu... M: Known reprodu...
Teratogenicity (FDA TERIS]

HEGenetic Toxicity

— Immunotoxicity
HlIrritation / Corrosion

— Meurotoxicity
HEPhotoinduced Toxicity
—Repeated Dose Toxicity
HElSensitisation

— ToxCast

HEHToxicity to Reproduction
“HToxicokinetics, Metabolism and ___
HProfile

ACP

1. As mention on the previous slides we will try to reproduce the observed data. -
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition
* Overview
* Scenario 1

* Apply read-across
® Scenario 2
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QSAR TOOLBOX

Read-across applied for developmental tox
Scenario 1: DART scheme used as a categorization tool

Investigated endpoint: Developmental toxicity

: D_evelnpmental

QsAl . - DART tosity original to DART toxi = Scale conversion

¥ Profiling » Endpoint » Categ| » Data Gap Filling

G5H experimental RC50
Filing | |1

¥ : : Conversions

Known reproductive potential [Known developmental potential -> Positive
Undefined reproductive potential|Undefined developmental potential -> Undefined

endpaint tree. ..
Dals Cop el Mg Mot known reproductive potential |Not known developmental potential -> Negative

© Read-across

@ Trend analysis
Structure Passible dat:

@ (Q)SAR models “ i Carcinogenicity T (ISSCAN)
= : > ScalefUnk i~ Carcinogenicity I (ISSCAN) : :
) .- Carcinogenicity I1I (CPDE) High' Known ;emolduchve h__Lnlobetnehag |
= Known developmen otential
Cell‘;:; 2:::;‘;::;5“ assayT Not known rep?'oducﬁvz potential
Not known developmental potential
- Developmental Undefined reproductive potential
- DART (QSAR) Undefined developmental potential

[HSubstance Identity
MPhysical Chemical Properties
EEnvironmental Fate and Transport

Human Health H
D tal

HEcotoxicological Information
HHuman Health Hazards
HHAcute Toxicity

— Bioaccumulation

Low

Scale description

HECarcinogenicity

Developmental Toxicity / Terat...

Developmental and Reprodu... Androgen Binding Affinity II Family
Developmental Toxicity (I3 M: Known developmental potent\a o g st B_mdt?gradatmn ) = Developmental -
Reproductive Toxicity (5/5) M: Mot known reprodyf\tive potential PR ; i Biodegradability

i Biodegradability (EPT) =
=3 C_.'lrcinngenic‘ltv

- Carcinogenicity I (ISSCAN) m

Carcinogenicity II (ISSCAN)

Teratogenicity (FDA TERIS) Scale members
HEGenetic Toxicity

— Immunatoxicity

converted data

[tHlirritation / Corrosion om scale icity original *-- Carcinogenicity 111 (CPDE) High |Positive
[—Neurotoxicity " ATty ree cell trans?urmat‘mn Hzg:gczd | m
HEPhotoinduced Toxicity i Cell transformation assay I .
|HERepeated Dose Toxicity . Dﬁ;':Tvmesn:sl CO nversion
FHSensitisation e ekecedllSEoins ! DART fx?xicit: L ha S bee n
— ToxCast ancel KT o griginal -
HH Toxicity to Reproduction - "'D'na Scale description | M p I e m e nted
LHToxicokinetics, Metabolism an.__ fo. Fatronen Rindina Affinite(OASTS TTY

1. Click on “Data Gap filling” 2. Click on the cell corresponding to “"Developmental Toxicity” endpoint

3. Select "Read-across” 4. Click “Apply” 5. A window indicating data inconsistency appears. DART data has been

implemented into the system with original scale called "DART toxicity original”. A less informative scale "DART toxicity” has been introduced. Also a
scale conversion from original (more informative) to the less informative scale has been implemented. In our case we will use the less informative
scale. Select "DART toxicity” scale. 6. Click "OK”
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QSAR TOOLBOX

Read-across applied for developmental tox
Scenario 1: DART scheme used as a categorization tool

Investigated endpoint: Developmental toxicity

Subcategorization =

Similarity optio
] i Measure Molecular features lation

Grouping methods = f

N N Adjust options -y ) Tanimota (Jaccard) [ Atom pairs
N/ ]  MN | = ] Topologic torsions o
ye iritati 4 } Profiling B Atom centered fragments ® Hologram
©) Kulczynski-2

(=S

© Fingerprint

About Update
Target

Simifar 100%

[l Path
7 Cydes

() Ochiai (Cosine) (©) Average by features The OECD QSArI:;Tr)dII)ng
- . for Grouping Chemicals
in vivo mutagenicity U"h:r 4 © Yule BT T into Categor] g
Keratinocyte gene expreq | = - o
Oncologic Primary Classifi Options 1 Atom type Developed by LMC, Bulgaria
Protein binding alerts for { Desciption [] Count H attached

[ Count heavy atoms attache

Protein binding alerts for Differ from target
Respiratory sensitisation © At least one Gta
Retinoic Acid Receptor Biflll @ All categories

rtER Expert System ver.1

B
Skin irritation/corrosion Ex 1A correlation

Skin irritation/corrasion In

the number of incident pbonds. [ valency I
Atom pair - Atom pairs are defined as g Ecd‘f o
substructures of the form ATi —ATj-(distance), :
where (distance) is the distance in bonds along the 5
Em|;iric : ; Anzlogues Desaription shmesft path between an atom of type ATi and an
i (1) Similar [50%-60%) H atem of type ATj.
SRR ([E e oo oty | ‘Q’ J 6
- = 11 Similar [80%-90%

Atom type(AT)- encode the species of atom, the | Hybridization
ef05{a+e)+(B+e)] number of non-hydrogen atoms attached to it, and  |[] incident pi-bends

>

Lipinski Rule Oasis Prediction | 1 Accept prediction ﬁ A

Organic Functional gro Example T & | | Returntomatrix

Organic Functional gro| 3 ®EE . s o |57 ol . o Ok @

Organic functional grg - s

Organic functional 4 b By =Easshd ?@ = Select/filter data
IS > [ subcategorize \f R
Tautomers unstable - 1

—

Toxicological i R Sl = ‘ - - = ‘ . . R Mark chemicals by descr\tor valus
Repeated dose (HESS) [l H : : : H H : H H : Filter points by test co
Experimental H ; ; : : : : H H : Mark focused chemi
Endpoint Data ' : : : : : : ' ' '
Custom Mark focused points
; : : : : : : : H ' Remove marked chel
il : ' ' ' : ' ' ' : ' Clear existing marks

] All 5 analogues are positive and eyl oo

Descriptors/data

Documented '
Observed Mammalian metabol : I I imi I b 5 0 0, Model/(Q)SAR
Observed Microbial metabolis : St r u Ct u ra y s I m I a r a ove /o Calculation options
Observed Rat In vivo metabol i ' ' ' ! ’ ' ’ ’ ' Visual options
Observed Rat Liver S9 meta ] i i i ] ] | ' ' | Thoe
Simulated i ! ! ! i i ! i i !
Autoxidation smulator i | | | i i | i i | EeceRonens

| stive

AII analogues are p05|t|ve and similar with respect to DART endpoint. Let’s check how similar are they with respect to

“Structural similarity”. Follow the steps:

1. Open “Select/filter data”; 2. Click on “"Subcategorize” ; 3. Select “Structural similarity”; The following

similarity options are used in the subcategorization. Click on “Adjust options” button (4) to see the options: Dice, Atom

pairs and atom type as atom characteristics are selected only.

The analysis shows that all analogues are similar above 50 % with respect to the target. Continue the workflow with
Taccept the prediction. Follow the steps: 5. Click “Accept prediction”; &.:Click “"Return to matrix” 54




QSAR TOOLBOX

Read-across applied for reproductive tox
Scenario 1: DART scheme used as a categorization tool

Investigated endpoint: Reproductive toxicity

= E s il g0 ©c 8 e \IE
QSRR TOOLBOX E Tia FI—I 10100 E About Update

» Profiling » Endpoint » Category Definition » Data Gap Filling » Report

Filing ' Y The OECD QSAR Toolbox
Possible data inconsisbencyr E E S| for Grouping Chemicals

¥ into Categories

APl > SeakelUnt Developed by LMC, Bulgaria
D3, 1 Method Filter endpoint tree. ..
© Read-across

@ Trend analysis

Structure by <
@ (Q)SAR models e @_ﬂ
a

Target Endpoint

|1 [target]

HPhysical Chemical Properties
FHEnvironmental Fate and Transpart
[HEcotoxicological Information
EHuman Health Hazards

HHAcute Toxicity

— Bioaccumulation
rFHCarcinogenicity .
—IDevelopmental Toxicity / Terato... |
HDevelopmental and Reproduc._
M: Known dgfelopmental potential

FDevelopmental Toxicity (5/6) R: Positive

| Toxicity / Teratogenicity

Gap filing scalefunit

() DART toxicity origing
| © DART toxicity a

converted data
5 from scale DART toxicity original

- M: Known develop._.

FReproductive Toxicity (W M- Not known reproductive potential . M: Known reprodu. ..
[HTeratogenicity (FDA TERIS)
Undefined Endpoint
rHGenetic Toxicity

— Immunotoxicity

—Hirritation / Corrosion

— Meurotoxicity
HPhotoinduced Toxicity
—FRepeated Dose Toxicity
rHSensitisation

— ToxCast

HHToxicity to Reproduction
“HToxicokinetics, Metabolism an.._

1. Positive prediction obtained for endpoint “Developmental toxicity” reproduces the positive observed data. Further
read-across analysis continues with next endpoint “"Reproductive toxicity”. Follow the steps:

2. Select the cell corresponding to “Reproductive toxicity” endpoint; 3. Select “"Read-across”; 4. Click “Apply”;
5. In our case less informative scale is used: "DART toxicity”; 6. Click "OK”

[

k] [Xe=)

A

£

[
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QSAR TOOLBOX

Read-across applied for reproductive tox
Scenario 1: DART scheme used as a categorization tool

Investigated endpoint: Reproducti oxicity

Subcategorization E e = £
Grouping methods FI] ‘oioi0" E &6 =\ 8
= o 5 o1 1
Carcinogenicity (geno| 10100 About Update

DART scheme g » Endpoint ¥ Category Definition » Data Gap Filling
Similar 100%

-

1 [target]

Differ from target by:
otein binding alerts @ At least one category e T Fa
tein binding alerts @ Al cate "’"Sﬁ - S %_

“or 5 B

Analogues

r 4
: ; @
p- 0

(1) Simifar [50%-60%)

S R Vet o eposseive potenial |80 S 5

1) Similar [80%-90%

ediction Accept prediction

Return to matrix
Lipi - Read across prediction of Reproductive toxicity,

Organic Fun g taking the highest mode from the nearest 5 neighbours, based on 4 values from 4 neighbour chemicals,
0Organic Fun la Dbserved target value: ‘Negative’, Predicted target value: 'Positive’

Organic functional grc
Organic functional gre

I~ Select/filter data

Mark chemicals by descriptor value
Tautomers Unsi\blg : ) Filter points by test conditions
Toxicological : g : : g : : : : Mark focused chemical
Mark focused points
Remove marked chemicals/points
Clear existing marks
Selection navigation
Gap filling approach
Descriptors/data
Model/(Q)SAR
Calculation options
Visual options
i S
Miscellaneous

ive

H H H H i H H 0 H H
210 220 2.30 240 250 250 270 250 2590 300

1. Negative observed data is available for the target chemical 2. All analogues are positive. Lets check how similar

are the analogues with respect to structural similarity 3. Open “Subcategorize” 4. Select “'Structural similarity”

(options used in the read-across prediction are displayed on slide 54, same as in the previous example). All 4 analogues are
similar above 50% with respect to the target chemical.
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QSAR TOOLBOX

Read-across applied for reproductive tox
Scenario 1: DART scheme used as a categorization tool

Investigated endpoint: Reproductive toxicity

| QSAR Toolbox 33.0.152
- foigio!
o1

QSAR TOOLBOX 3 l'h 10100

» Endpoint } Categary Definition ) Data Gap Filling

Filling

#

Apply

Data Gap Filing Method

© Read-across .
@ Trend analysis “_R)—M

A I
¢ * 4
@ (Q)SAR models @(I ;‘@”

'Y

About Update

J3)

=]

Deseriptors ‘ | Prediction ‘

Read across prediction of Reproductive toxicit:
taking the highest mode from the neares ighl based
Observed target value:

¥y
eig| b on 4 values from 4 neighbour ches
i licted target value: 'Positive’

Obtained positive read—-across prediction could

g not explain the negative observed data.
ﬁ i i i i i i i i |
Negalive §--- 2= === b .j ———————— L LT T R

Accept prediction £\ )

Return to matrix

- Select/filter data 4

Mark chemicals by descriptorame—
Filter peints by test conditions
Mark focused chemical
Mark focused points
Remove marked chemicals/points
Clear existing marks
Gap filling approach
Descriptors/data
Model/(Q)SAR
Calculation options
Visual options
Information
Miscellaneous

| 1. All analogues are positive;

3. Click “Accept prediction”; 4. Click Return to matrix

2. However negative observed data is available for the target chemical;

The OECD QSAR Toolbox for Grouping Chemicals into Categories

15.07.2016

57



QSAR TOOLBOX

Recap

* In this step of the workflow scenario 1 has been applied:
®* Scenario 1: DART scheme applied as a primary categorization

® Read-across results shows:

* Positive prediction for developmental toxicity reproduces
positive observed data.

* Positive prediction for reproductive toxicity could not explain
the negative observed data.

* The workflow continues with second categorization scenario.
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QSAR TOOLBOX

Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition
* Overview
® Scenario 1

* Apply read-across
* Scenario 2

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 59



QSAR TOOLBOX

Category Definition
Grouping methods

®* Based on these classifications and basic guidance for grouping
chemicals explained on the previous slides, two scenarios for
identifying similar analogues have been applied in further read-across

analysis:

®* Scenario 1: DART v1.0 scheme used as a categorization tool
(applied for primary categorization - phase I).

®* Scenario 2: OFG* is used for primary categorization with
forthcoming subcategorization by DART scheme (applied for
subcategorization - phase II).

*OFG is used for primary categorization in this case, because the two basic functionalities available within the molecule:
“Ureas” and “Aryl halides” will be preserved in the group of identified analogues, while the ECOSAR categorization omits

“Aryl halide” functionality and identifies “"Substituted ureas” only (see slide 44).
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QSAR TOOLBOX

Category Definition
Scenario 2: OFG is used for primary categorization with
forthcoming subcategorization by DART scheme

=ER — w10 &8 %« 48
X o T 2 ! o

About Update

» Profiling » Endpoint ¥ Category L efinition  » Data Gap Filling
Delete The OECD QSAR Toolbox
for Grouping Cl
into Categories

Filter endpaint tree...

Structure é @ . ) \}‘:

EHSubstance Identity
EPhysical Chemical Properties
EHEnvironmental Fate and Transport

HEcotoxicological Information
HHuman Health Hazards
—Acute Toxicity

— Bioaccumulation

oY Ta T =T N ¥y 0 (e Y WD = Uirea derivatives (Organic Functional groups]

rEHCarcinogenicity

Developmental Toxicity / Teratog... Orgznic Functional groups - o

Developmental and Reproducti... Target(s) profiles

M- 5 Aryl
i = 4 Aryl halide
Developmental Toxicity (5/6) “Positive e atives
Reproductive Toxicity (f 3P M- Not known repr.. RG] : Known reprodu. ..
Teratogenicity (FDATERIS)
ckmal) . -
L FGenetic Toxicity o & T
— Immunaotoxicity all profies
Toxicological Hirritation / Carrosion 3 Acetal ~
) LN it t Acetoxy
Custom eurotoxicty Acid anhydride
Test Profiler v rEHPhotoinduced Toxicity Acid anhydride, mixed phosphonic
a = — Repeated Dose Toxicity B Adidne hd
Defined Categories rHSensitisation =, Combine profiles logically [ invert rescit
g — ToxCast s ® anD Oor [strict X concel 4
. Aancel
—HToxicity to Reproduction

1. Back to “Category definition”; 2. Select "OFG”; 3. Click "Define”
4. Click "OK"” to confirm the identified categories for the target chemical
5. Eight analogues are identified. Click “"OK”
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Category Definition
Scenario 2: OFG is used for primary categorization

oser [ ] e

i@ All endpoints () Choose... [] from Tautomers I ’/ Ok I x Cancel

|

16 data points gathered across 8 chemicals,

1. Click "OK" to extract data for the analogues from DART database
2. 16 data points are gathered for the identified 8 analogues. Click “"OK”
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Category Definition
Scenario 2: OFG is used for primary categorization

The experimental results for the analogues appeared on datamatrix

QSAR TODLBOX

» Profiling » Endpoint ¥ Category Defi » Data Gap Filling

Delete

|Fi\ter endpoint tree...

e Lo e

e e
i,

Structure § L .
a o

[HSubstance Identity
EHPhysical Chemical Properties

mvironmental Fate and Transport
[HEcotoxicological Information
HHuman Health Hazards

— Acute Toxicity

— Bioaccumulation

HFCarcinogenicity
Developmental Toxicity / Teratog... |

Developmental and Reprod et
M: Known develop...  M: Known develop...  M: Known develop._.  M: Known develop..  M: Known develop...  M: Known develop... M: Known develop..  M: Known develop.
R: Positive
Reproductive Toxicity (8/8) M: Undefined repro... M: Mot known repr...  M: Known reprodu...  M: Undefined repro... M: Known reprodu... M: Known reprodu... M: Undefined repro...
Teratogenicity (FDA TERIS)
HHGenetic Toxicity
— Immunotoxicity

Toxicological HHImitation / Corrosion
R ed d

Developmental Toxicity (89)

rbert Haider (¢

— Neurotoxicity
HHPhotoinduced Toxicity
— Repeated Dose Toxicity
HHSensitisation

— ToxCast

1. As mention on the previous slides there are observed data for the target, according to
the two endpoints. We will try to reproduce it.
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Read-across applied for developmental tox
Scenario 2: OFG is used for primary categorization

Investigated endpoint: Developmental toxicity

QSAR Toolbox 3.3.0.152 [Document]

&6 x4\ 8
Q SAR 10100 About Update

» Profiling » Endpoint » Category weimicion } Data Gap Filling

Filing The OECD QSAR Toolbox
. for Grouping Chemicals
¥ into Categori

Apply Developed by LMC, Bulgarial

e Filter endpoint tree... 1 ftarget] B

Il

© Read-across

Trend . 4 i
@ Trend analysis Structure -
@ (Q)SAR models E'

Target Endpoint

Possible data inconsistency‘
> - Scale/Unit

[HSubstance Identity

EHPhysical Chemical Properties
EHEmnvironmental Fate and Transport
EEcotoxicological Information
HHuman Health Hazards

HHAcute Toxicity

[— Bioaccumulation

HECarcinogenicity . Starting gap filling ...
Developmental Toxicity / Teratogenicity

Developmental and Reproductive Toxici .. 1

M: Known developmental potential
R: Positive:

Developmental Toxicity (8/9) nown develop..  M: Known develop..  M: Known develog.

Reproductive Toxicity (8/9) ndefined repro... M: Known reprodu... M: Known reprodu

Teratogenicity (FDA TERIS)
HHGenetic Toxicity
— Immunotoxicity
HHIrritation / Corrosion

converted data

8 from scale DART toxicity cl )

— Meurotoxicity

HAPhotoinduced Toxicity Selected [8/8] points

HERepeated Dose Toxicity -  OK } [ XCanoeII

HEHSensitisation .

— ToxCast .
1. Click on “Data Gap filling” 2. Click on the cell corresponding to “"Developmental Toxicity” endpoint
3. Select “"Read-across” 4. Click “Apply” 5. Select less informative scale "DART toxicity”
6. Click "OK”
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Read-across applied for developmental tox
Scenario 2: OFG is used for primary categorization

Investigated endpoint:
Subcategorization [EEEE——T—) S |a]| =

— — :
] & B 0 ot
Protein binding b LIRS HOPTOnS 10100 About Update
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The OECD QSAR Toolbox

for Grouping Chemicals
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Developed by LMC, Bulgaria
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H H H H H H H H H H H H Mark focused points
Remove marked chemi

Clear existing marks
Gap filling approach
Descriptors/data
Model/(Q)SAR
Calculation options
visual options
Information
Miscellaneous

Unclefined

Developmental toxicity (obs.)

petive
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All analogues are positive. Let’s check how similar are they with respect to endpoint specificity through applying DART profiling
scheme. Follow the steps:

1. Open “Select/filter data”; 2. Select “Subcategorize” 3. Select "DART scheme v1.0”. There are 2 analogues
having different DART toxicity that the target. They will be eliminated; 4. Click "Remove”. Now all analogues are positive and
consistent with respect to structure (OFG) and endpoint specificity (DART); 5. Click “Accept prediction”; 6. Click “Return to matrix”
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Read-across applied for developmental tox
Scenario 2: OFG is used for primary categorization

Investigated endpoint: Reproductive toxicity

QSAE D OLBOX

Filling

¥

[N

» Profiling » Endpoint

} Category Definition

o1 1
10100
» Data Gap Filling

About Update

The OECD QSAR Toolbox
hemicals
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Reproductive Toxicity

Teratogenicity (FDA TERIS)
HEGenetic Toxicity
— Immunatoxicity
HHIrritation / Corrosion
— Neurotoxicity
HHPhatoinduced Toxicity
HRepeated Dose Toxicity
HHSensitisation
— ToxCast

M. o ] i

(8/9)

4
B0

R: Positive

converted data

8 from scale DART toxicity original

Selected [8/8] poi 6
[ x Cancel ]

[ o]

Apply
Dat, 1ethod :Flher endpoint tree. .. 1 [target] | ‘2 ‘ |3
© Read-amoss Possible data inconsistency E@Q
e y s e s - g
@ Trend . - > Scale/Unit g - [l
S Structure g : r 1S
@ (Q)SAR models “ @ @?— 2.
Target Endpoint
, ESubstance Identity
rds Developmental Toxicity / Teratogenicity . ) )
ity HPhysical Chemical Properties
EHEnvironmental Fate and Transport
[EEcotoxicalogical Information
ElHuman Health Hazards
HEAcute Toxicity
|— Bioaccumulation
HHCarcinagenicity Starti
Developmental Toxicity / Teratogenicity Gap filing scalefunit
Developmental and Reproductive Toxic... () DART toxicity original
Developmental Toxicity (8/10) M,: Kno_w_fn devefpmental potential ®) DART tondcity - M: Known develop...  M: Known develop...  M: Known d
R: Positive, Positive
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1. Positive prediction obtained for endpoint “"Developmental toxicity” reproduces the positive observed data. Further

read-across analysis continues with next endpoint “Reproductive toxicity”. Follow the steps:
2. Select the cell corresponding to “Reproductive toxicity” endpoint; 3. Select “"Read-across”;
5. In our case less informative scale is used: “"DART toxicity” 6. Click “"OK”

4. Click “Apply”
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Read-across applied for reproductive tox
Scenario 2: OFG is used for primary categorization

Investigated endpoint: Reproductive toxicity

QSAR TOOLBOX a

» Category Definition » Data Gap Filling

about Update

Filing The OECD QSAR Toolbox
$ . for Gro emicals

Apply

Data Gap Filing Method |1 [target]

© Read-across o o
) et e @ L. e e i
@ Trend analysis ra— Py o 9 jo g T L o
@ (Q)SAR models - @ o ey & @ E
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Target Endpoint

| M: Not known reproductive potential
< [ r

Descriptars “Predmmn |

Accept prediction

Return to matrix
Read across prediction of Reproductive toxicity,
taking the highest mode from the nearest 5 neighbours, based on 5 values from 5 neighbour chemicals,
Observed target value: "Negative’, Predicted target value: 'Positive Select/filter data

1+ Selection navigation
iti | ___ S Y A R~ W 1+ Gap filling approach
4  Positive e | | | | -
e ; : : : : i : : | Model/(Q)SAR
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Descriptor X: _|[log Kow

1. The obtained read-across prediction could not reproduce the negative observed data of the target. It is not
straightforward and not reliable due to variable endpoint data of the analogues. The purpose of the further workflow
is to subcategorize and refine the initial category of analogues. Follow the steps illustrated on next slide.
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Read-across applied for reproductive tox
Scenario 2: OFG is used for primary categorization

Investigated endpoint: Reproductive toxicity

Grouping methods e 5 a1
Protein binding potency L)) L

Superfragment: Target » Profiling } Endpoint } Category Definition  » Data Gap Filling
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Read across prediction of Reproductive toxicity,
taking the highest mode from the nearest 5 neighbours, based on 5 values from 5 neighbour chemicals,
Observed target value: "Negative', Predicted target value: 'Positive"

- Select/filter data
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Filter points by te:
Mark focused ch
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Remove marked
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Visual options
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log Kow

Selectec )

Select differen

1. Open "Select filter data” 2. Select "Subcategorize” 3. Select "DART scheme”; 4. Click "Remove”
to eliminate the analogues with different DART toxicity
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Read-across applied for reproductive tox
Scenario 2: OFG is used for primary categorization

Investigated endpoint: Reproductive toxicity

QSAR TOOLBOX T3 10100 e (e
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Filng The OECD QSAR Toolbox
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In this case the obtained read-across is not reliable and we do not recommend to accept the prediction. The
reason for that obtained read-across is not reliable enough is that the category members do not show similar
test results, but note that it is not replicating the experimental data. 1. Click “Return to matrix”
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Recap

* In this step of the workflow two scenarios for identifying analogues are
played:

®* Scenario 1: DART scheme applied as a primary categorization.
® Scenario 2: DART scheme applied in subcategorization procedure.

® Read-across results of scenario 2 shows:

* The obtained positive prediction for developmental toxicity reproduces
the positive observed data.

®* The obtained read-across prediction for reproductive toxicity is not
reliable and could not be accepted. The reason for that obtained read-
across is not reliable enough is that the category members do not show
similar test results, but not that it is not replicating the experimental
data.

* The further workflow continues with applying of external DART SAR
model.
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Outlook

* Background
* Objectives
* The exercise
* Workflow
* Input
* Profiling
* Endpoint
* Category definition
* Overview
® Scenario 1
® Scenario 2

* Support the prediction by DART model
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DART SAR model

* DART SAR model is based on profiling results obtained by DART profiling scheme v 1.0.
The profiling scheme is implemented following Wu S. paper [1]. The SAR model follows the
same organization as DART profiling scheme with an exception of prediction result. It is
used for identifying chemicals with structural features associated with the potential to act
as reproductive or developmental toxicants.

®* The prediction outcome from the SAR model provides more general information for
potential of chemical to cause DART toxicity, while the DART profiling scheme provides
specific information about the DART category associated with the specific chemical class.

®* The outcome from the model is "Known precedent reproductive and developmental toxic
potential”, when the chemical meet the structural criteria of the model; “Not known
precedent reproductive and developmental toxic potential”, if the toxic potential of the
input chemical is not known and “Not covered by current version of the decision tree” if the
identified structural features are not object of the DART tree.

* Prediction outcome from DART model is provided for repro/developmental toxicity as joint
effect, while read-across analysis is performed for each of the DART toxicity independently
(previous exersice).

* The corresponding category is displayed in the report generated for the obtained
prediction.

1. Wu S, Fisher ], Naciff J, Laufersweiler M, Lester C, Daston G, Blackburn K. Framework for identifying chemicals
with structural features associated with the potential to act as developmental or reproductive toxicants. Chem Res
Toxicol. 2013 Dec 16;26(12):1840-61.
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DART SAR model - overview
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1. Go to “"Data Gap Filling”

Current Chemical”

2. Select "QSAR model”
(DART)"”, then the model will appear in the list with QSARs(4) 4. Right click over the model
6. The software informs the user that the domain is not defined. Click “Yes”
7. Prediction obtained by DART model appears on datamatrix

3. Select node “"Developmental and Reproductive Toxicity

5. Select “"Predict
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DART SAR model - overview
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Report
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N-substituted urea (2b-4)

] 11l 3 o b

? Details — ¥ Close

3. Click “Details”

1. Right click over the prediction result and select “Explain prediction”.

2. Select first category “Known...”
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DART SAR model - Explain results
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Node library path (separated with ) 3 Retinoic acd receptor rules Satis...
9 Rules for nicotinic acetyl choline receptor and acetyl cholineesterase ...  Satis...

YES Category Name | X - . .

- - - 11 Rules for ion channel opener finhibitor, beta-adrenergic, ACEfARA or ...  Satis...
Known precedent reproductive and developmental toxic potential 12 Rules for opioid/tubline receptor binding Satis...

NQ Category Name | 13 Rules for nudeotide & nudeobase derivatives Satis... il
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DART SAR model - Explain results

H & ©

Save Options Close 4
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Node responsible for assigning || * Blue tick marked categories are
required to be met in order “Known

the “Known precedent precedent reproductive and
reproductive and devopmental....” to be assigned. With
” green ticks are marked results

devopmental....” category to obtained for current target. As it can
the target is selected be seen the general category “Known

precedent... ™ is assigned to the

Properties |Reference | Target/Metabolites | Metbolism | P r Query Tree | path Report _ target, because it has some of the
Caption . E@ required (blue ticks) categories.

G2Known precedent reproductive and developmental toxic potential

Group |
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MO Category Name
| [ stercid derivatives
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1. Click on “Query tree” panel 2. Scroll down and find category marked with green tick

3. Marked category “Non-stereoid nucleus derived estrogen receptor (ER) ...... (2b-4)" is responsible for DART effect*. The category
“Known precedent repro..... potential” obtained as a DART SAR results is due to this category and the other “Polyhalogenated
benzene derivatives (8c)” category. More details for both schemes is provided on next slides 4. Close the window

EE

Stercid nudeus derlved ER and AR binders
Steroid nucleus derived ER and AR binders => Androgens, anti-androgens (2a-4)
Steroid nucleus derived ER and AR binders = Estradiol-ike compounds (2a-1)

IHE0
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DART SAR model - Explain results
N-aryl subsituted urea(2b-4)
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1. Select second category "“N-aryl substituted urea, carbamate and amide derived androgen receptor (AR)(2b-4)"
2. Click “Details”
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DART SAR model - Explain results
N-aryl subsituted urea(2b-4)

| DART scheme v.1.0 (Endpoint Specific) - Profiling Scheme Browser

H &

Save Options Close

| Category 2 Estrogen receptor (ER) and androgen receptor (AR] binding compounds

N-aryl substituted urea, carbamide and amide derived androgen receptor (AR) (2b-4)

Target Boundaries ‘ Training set‘

weE PODOOLOVDLODDDDD DD

S
CNE < OR
@ C=CH

{:@:c = [lig;:l
cl Boundary Options m 4 blanation

Fragment Common Fragments

Enum 190V 1INV 3HC(=OINHHV S c e~ B~ el e~ T~ 1 D VIEr | Definition 1 2 3

@ Enumyg

~ L
__ Enurr;n—N\ H
=~ oo

AN

Profile Description Profil
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#
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Most androgenic chemicals activate AR-mediated transcription m mammalian cells through receptor mediated mechanisms.
For example, in the sub-category of N-aryl substituted ureas, carbamides and amides, many are AR binders which display

Coption _ developmental toxicity potential The general core structural requirement of Ph-N-CO-X in (2b-4-1) and (2b-4-2) as
Is the chemical arganic ? shown in Figure S9, appears to be important for AR binding. The substituents associated with activity are further enumerated
Group below. SAR analysis indicates that electron-withdrawing groups on the benzene ring, such as F, Cl, NO2, or CN favor AR

Modz fbrary path (separated nith J binding ' In some cases. the substituents on X in (2b-4-1) could be fised with the NH to form five membered heterocvelic
1. Node responsible for DART effect, which assigns the respective category is selected 2. Click "Referential node” tab
3. Click “View Scheme” 4. Select green marked boundary #4. It is marked green because the target met the criteria of
the boundary. 5. Definition of structural boundary 6. Textual description associated with DART category
Details about the category is presented on next slide
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DART SAR model - Explain results
N-aryl subsituted urea(2b-4)

Profile Description

Category 2: Estrogen receptor (ER) and androgen receptor (AR) binding compounds [

2b. Non-steroid nucleus derived estrogen receptor (ER) and androgen receptor (AR) Binders
2b-4. N-aryl substituted urea, carbamide and amide derived androgen receptor (AR) binders.

Most androgenic chemicals activate AR -mediated transcription in mammalian cells through receptor mediated mechanisms. For example, in the sub-category of N-aryl substituted ureas,
carbamides and amides, many are AR binders which display developmental toxicity potential. The general core structural requirement of Ph-IN-CO-X in (2b-4-1) and (2b-4-2) as shown
in Figure S9. appears to be important for AR binding. The substituents associated with activity are further enumerated below. SAR analysis indicates that electron-withdrawing groups on
the benzene ring, such as F, Cl, NO2, or CN favor AR binding. 12 In some cases, the substituents on X in (2b-4-1) could be fused with the NH to form five membered heterocyclic ring
moieties (2b-4-2), exemplified by imidarolidine-2.4-dione, oxazolidine-2.4-dione, and pyrrolidine-2_5-dione derivatives. For these cyclic compounds, X can be nitrogen, oxygen or
carbon, and substituents (R. R;. R, and R;) are listed in Figure 59 in structure (2b-4-2). These N-aryl substituted heterocyclic ring derivatives, such as vinclozolin (CAS# 50471-44-8).
iprodione (CAS# 36734-19-7) and proyamidone (CAS# 32809-16-8). have a range of developmental and reproductive effects linked to activity as an aﬂﬁ—androgm_sf * Another
androgen antagonist is prochloraz (CAS# 67747-09-5), which appears to have a distinct pattern of toxicity. Prochloraz had been reported to have multiple effects on the development of |,
male rodents, and in vitro data show not only anti-androgen but also anti-estrogen effects as well as interaction with Ah receptors and inhibition of aromatase™- 8. i

o Qe
N‘HJ‘X‘R N‘N}Lx’
R
hy o&;‘f‘& 4
Ar=Ph, alkyl (C1-C3)-Ph, dkyt-,Cl-Ph, Ar=di-Cl-Ph
meno-, di-CHPh, CF2,NO=-Ph X=0;, R=Ry=rone; Ry, Ry=alkyl vinyl
X=C; R=akyl; Ry=Me: X=N; R=alkylNHCO; Ry=none; Rz, Rs=akyl, H
X=N: R=Me, OMe, CICH2-; Ry=Me, iPr %=C; RR1,Rz,Rz can be akyl or fused cyclo-alkyl

X=0; R=Akyl (C1-C3); Ry=Ncne

2b-4-1 2b-4-2

Fig. S9. The general structural features of N-aryl substituted ureas, carbamides and amides like chemicals.

Original reference:

Shengde, W., Joan, F., Jorge N., Michael L., Cathy L., George D., and Karen B.,(2013) Framework for identifying chemicals with structural features associated with the potential to act as
developmental or reproductive toxicants. Chem Res Toxicol 26(12), 1840-1861.

References cited in the original article:

1. Fang H. Tong, W_, Branham W._, Moland C_, Dial 5. Hong, H., Xie, Q. Perkins, R, Owens, W_Sheehan D. (2003) Study of 202 natural synthetic, and environmental chemicals for
hinding to the androcen recentor Chem Res Toxicol 74 1338-1358
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DART SAR model - Explain results
Polyhalogenated benzene derivatives (8c)
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— ToxCast
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1. Select second category “Polyhalogenated benzene derivatives (8c)”
2. Click “Details”
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DART SAR model - Explain results
Polyhalogenated benzene derivatives (8c)

| DART scheme v.1.0 (Endpoint Specific) - Profiling Scheme Browser
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ortho, para or meta relative subsbiuent placement. Members of 8a a.ud 3b

3. Click “View Scheme”
the boundary. 5. Definition of structural boundary
7. Training set associated with category

1. Node responsible for DART effect, which assigns the respective category is selected
4. Select green marked boundary #1. It is marked green because the target met the criteria of

2. Click “Referential node” tab

6. Textual description associated with DART category
Details about the category is presented on next slide
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DART SAR model - Explain results
Polyhalogenated benzene derivatives (8¢)

Category 8: Aromatic compounds with alkyl, multi-halogen and nitro groups

Chemicals within this category include the following five sub-categories: 8a. toluene and small alkyl toluene derivatives; 8b. NO2-alkyl/INO2-benzene derivatives;
8c. polyhalogenated benzene derivatives; 8d. polyhalogenated-, NO2/halogenated-oxydibenzene; 8e. dihalogen-, dinitro-phenol and their ester derivatives. The
general core structures of these chemicals include the toluene, oxydibenzene and phenol ring with allyl, halogen and/or nitro substituents as shown in (8a to 8¢) in

Figure S24.

8c. Polyhalogenated benzene derivatives

For sub-category 8a, toluene and a single alkyl chain substituent (< 5 carbon atoms) present on toluene are included. The alkyl substituents can be at ortho, para or
meta-positions. For subcategory 8b, the majority of chemicals are mono-, di-, tri-nitrobenzene or nitrotoluene with ortho, para or meta relative substituent
placement. Members of 8a and 8b without nitro substituents appear to be primarily developmental toxicants, while addition of a nitro group may be associated with
a distinctive pattern of male reproductive toxicity. Sub-category 8c includes multi-chlorinated benzene derivatives containing from 2 to 6 chlorine atoms. Other
possible substituents include methyl or nitrile groups. The members of this class included here are primarily developmental toxicants (Appendix 1). Sub-category 8d
inchides nulti-substituted oxydibenzene with halogen or halogen/nitro substituents. Becanse these chemicals normally do not readily form co-planar structures, they

are not anticipated to bind to the AR (see section 3b-2), nor do they have a mode of action dependent on the AhR interaction.*

R
0 e ¥ i
W,

Rz
R=R=R,=Cl
(# of Cls from
110 6)

8c

Fig. 524 The structural scope of alkyl substituted benzene, alkylINO2-substituted benzene, polvhalogenated benzene, oxydibenzene, poly-halogenated, poly-
NO2phenol and their esters

Original reference:

Shengde, W, Joan, F_, Jorge N, Michael L., Cathy L., George D, and Karen B.(2013) Framework for identifying chemicals with structural features associated with
the potential to act as developmental or reproductive toxicants. Chem Res Toxicol. 26(12), 1840-1861.

References cited in the original article:

1. ATSDR (Agency for Toxic Substances and Disease Registry) (2004) Toxicological profile for polybrominated biphenyls and polybrominated diphenyl ethers.

The OECD QSAR Toolbox for Grouping Chemicals into Categories 15.07.2016 82



QSAR TOOLBOX

Interpretation of SAR results

* Obtained SAR results show, that target chemical may elicit developmental
and reproductive toxic potential based on belonging to the two DART
toxic categories:

* N-aryl subsituted urea(2b-4)
* Polyhalogenated benzene derivatives (8c)

* Both DART toxic categories are characterized with mechanistic
interpretation and training set chemicals with observed DART data.
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Summary

* Toolbox 3.3 includes two application of DART scheme as discussed by Wu S
paper:

* DART scheme that can be used as a profiler for category formation or

* DART SAR model for obtaining results based on DART profiling scheme and
DART training set database.
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Outlook

* Background
* Objectives
®* The exercise

* Workflow
* Input
* Profiling
* Endpoint
* Category definition
® Support the prediction by DART model

* Save predictions
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Saving the prediction result

* This functionality allows storing/restoring the current
state of Toolbox documents including loaded chemicals,
experimental data, profiles, predictions etc., on the
same computer. The functionality is implemented based
on saving the sequence of actions that led to the
current state of the Toolbox document and later
executing these actions in the same sequence in order
to get the same result(s).

* Saving/Loading the file with TB prediction is shown on
next screenshots.
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Saving the prediction result

Doc Fiter endpoint tree... [1 Itarget IE iE | ¢ 1B e I |l |

et L
T =
Structure E @_ 3"2%_}? .
£

HSubstance Identity

HPhysical Chemical Properties cave i %
BFEnvironmental Fate and Transport aens
HEcotoxicological Information « v <« TB34 » New folder R} Search New folder 2
ElHuman Health Hazards )
|—Acute Toxicity Organize v Mew folder - 0
—Bioaccumulation TB 3.2_Hydrolysis C*  Name . Date modified Type
. . -
gam""oge"'c't‘yT /T . TE 33 [} Tutorial 9:tbw TBWF
LR E Ty EE R TB34 [ Tutorial 1.tbw 62016 458PM  TBWE
Developmental and Reproducti... T840
. 2 Known { ’ nown develop... M: Known develop... M: Known develop...
Davel tal Toxicit st K devel M: K devel M: K devel
evelopmental Toxicity (8/9) IR: Positive Toni
Reproductive Toxicity (8/8) M: Not kno Toolbox 4.0 Known repradu.. M- Known reprodu__.  M: Undefined repro._
Teratogenicity (FDA TER'S) transfer 3
HEGenetic Toxicity ) i S 24
2 [— Immunatoxicity File name: |Tutona|24| 7
Hlrritation / Cf i
% TR . _mmsmn - Save as type: | Toolbox work file (*.thw)
e — Meurotoxicity
s HEPhotoinduced Toxicity )
—Repeated Dose Toxicity . @ hralis
HEHSensitisation mp‘
[—ToxCast .
... select filter type .. v HHToxicity to Reproduction .

“HToxicokinetics, Metabolism and ...

|:| Prome

8 Aryl< AND>Aryl halide<AND>Urea derivatives (Organic Functional groups)

1. Go to “Input” section; 2.Click on “Save” button; 3. Browse and put name of the file;
4. Click “Save” button

/0/0
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Open saved file

Documents Filter endpoint tree...

Structure

ubstance identity[

EPhysical Chemical Properties

mvironmental Fate and Transport Select file *
cotoxicological Information ™ « TB34 » Newfolder v 0 Search New folder pel
EHuman Health Hazards .
Organize ~ New folder == ~ [l e
Gergana (o) MName - Date maodified Type
Import files [ Tutorial S.bw §/27/2016 456 PM  TBW File
Install [ Tutorial 11.tow 7/6/2016 458 PM TBW File
Irina D Tutorial 24.thw 7/8/2016 3:38 AM TBW File
Kalin
Ksenia

Loreal_Cramer
Mails
NEDO v <

File name: | Tutorial 24.tbw v ‘ Toolbox work file (%

]

1. Create new document; 2. Click “"Open”; 3. Find and select file; 4. Click “"Open”
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Open saved file
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The file is opened successfully 1. Click “"OK"”
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