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QSAR TOOLBOX

Background

A This is a step -by-step presentation designed to take the user through
the Toolbox workflow for predicting skin sensitization potential of
eugenol using a newly implemented categorization tool taking into
account its abiotic activation
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QSAR TOOLBOX

Objectives

This presentation demonstrates a number  of functionalities of the
Toolbox

AProfiIing the target chemical .

Aldentifying analogues of the target chemical .

AFiIIing data gaps for target chemical by read -across .

AProfiIing target chemical taking into account its (a)biotic activation .

Aldentifying analogues of the target using a new categorization functionality

allowing (a)biotic activation to be taken into account .

AFiIIing data gaps by read across when (a)biotic activation is taken into

account .
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QSAR TOOLBOX

The Exercise

Aln this exercise we will predict the skin sensitization potential of
target chemical Eugenol [CAS# 97 -53-0].

AProfiIe and gather data for the target chemical .
ATWO types categorizations are applied :
Aldentifying analogues using well -known categorization group

Aldentifying analogues based on autoxidation activation of the target
illustrating new categorization functionality

AFiIIing data gap by read -across .
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QSAR TOOLBOX

Workflow

AAs you know the Toolbox has 6 modules which are
typically used in sequence:

AChemical Input
rofiling
ndpoint

ACategorization

Abata Gap Filling
eport

A In this example we will use the modules in a different
order, tailored to the aims of the example.
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QSAR TOOLBOX

Chemical Input
Overview

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

A 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 Chemicals

User Alternatives for input of Chemical:

A\. Single target chemical
Chemical Name
Chemical Abstract Services (CAS) number (#)

SMILES (simplified molecular information line entry system)
notation/ InChi

Drawing chemical structure
Select from User List/Inventory/Databases
Chemical IDs such as EC number, ENECS number

Too T T

T>0T>0 >0

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

Chemical Input
Input Screen

A Open the Toolbox.

AThe Si X modu
TOOLBOXo0o tit

ACIickon Al nput o (see next screen shot

es I n the workfl ow ar e
e
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QSAR TOOLBOX

Chemical Input
Input Screen
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QSAR TOOLBOX

QSAR TO

Documents

prrerr

I

1. Click on A CAS#0

Chemical Input
Input target chemical by CAS#

@ S
» Input ¥ Endpoint } Category Definition

T N = @

Filter endpoint tree...

Fo

| [ Tautomeric sets V search

[HSubstance Ident
[HPhysical Chemici
[HEnvironmental Fa

Ecotoxicological
EHuman Health H

Select All Clear Al Invert Selection | Selected 0 of 0

Selected  Cas Smiles Depiction Names CAS/Mame 2D/Mame CASf2D
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QSAR TOOLBOX

Chemical Input
Enter CAS# of 2-methoxy -4-(2-propenyl)phenol
(Eugenol)

97-53-0 -~ EI]Tautomericsets | i search | l ' Ol I [ € cancel ]
A\
[ selectan  |[ clear\ 1 Invert Selection | Selected 101‘—1\ 2 3
Selected  cCas SFL | Depiction r CAS/Mame ——oqrofne | CAS/20D
1:: Low ¢ 1:: Low ¢ @ High
1: Ao 1 Aa
2:: High 2:: Hig
1: 1:: B: QR 1o Ec
oha 2: 2:: G 2:: Rl
& Py 3 3 G I G
q: G T 4 Ci
a 97-53-0: COclececlc 5 S:: Cl S0 T
Yes 6: G D G Kk
b Fio Dn Fir M
= a- S:: Ex 811 M
CH= -
Q- 9:: Et EE N -
1c 10:: k 10:: ¢ 2y
11::¢ 11::°F
120 b 12::0 1

1. Enter the CAS# in the blank field; 2. Click A" Se a r buton ; 3. Press n OK 0
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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.

97-53-0 -~  [[] Tautomeric sets ) Search [ " OK ] [ 3 cancel ]
N\
N\ )
[ selectal || clear all [ Invert Selection | Selected 1 of 1 ﬁ 1
Selected cas Smiles Depiction Mames CAS fMame CAS/ 2D
1:: Low ¢ 1:: Low ¢ : High
1:: Au 1:: A
2:: High 2:: Hig
i 1::BE@1::Et
CH= 2 200G 2:: Rl
- - - ..
4 om 3. 3G 3::C
4 b ] i S
. 97-53-0 COclec( 5: S0l S5 G
Yeg 6: G Do G Ke
7+ Fii D Fii M
i a: 31 Et B M
CH= -
Q- 9:: Et I -]
1t 10:: ¢ 10:: ¢ o
11:: ¢ 11:: f
12:: 4 12:: 1
= R

1. Click A OKto enter the target structure into data matrix
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QSAR TOOLBOX

Chemical Input
Target chemical identity

ADoubIe cick ASubstahdent idsplays the chemical
identification information

AThe 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) .

AThe 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

QSAR TOOLBOX E

Document

X =

Filter endpoint tree. ..

Structure

ESubstance Identity

— CAS Number 97-53-0

—Chemical IDs EINECS:2025891
eugenol (4-allyl-2-
eugenol

A-allyl-2-methoxy-p
phenol, 2-methoxy.
2-methoxy-4-(prop-...
phenol, 4-allyl-2-m...
1-allyl-3-methoxy-4..
2-methoxy-4-(2-pro...
4-allyl-2-methoxyp...
p-allylguaiacol
C10H1202

— Chemical Name

—Molecular Formula

— Structural Formula
[HPhysical Chemical Properties
nvironmental Fate and Transport
= = [HEcotoxicological Information
uman Health Hazards
EHProfile

]
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QSAR TOOLBOX

Chemical Input
Target chemical identity

The colour code indicates the reliability of the chemical identifier

AGreen . 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 .

ARed: 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

Aﬁ Pr of iréfdarsn o othe 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 .

AAvaiIabIe 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

AFor most of the profilers, background information can
be retrieved by highlighting one of the profilers (for
example, Protein binding alerts for skin sensitization by
OASIS v1.4 and clicking on fn Vi e (80 next screen
shot) .
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QSAR TOOLBOX

Profiling
Side - Bar to Profiling

— —
g alerts for n by O cheme o
QSAR TOOI R e
seancdd_iSt With categories T
prafiing Profir P remes Protein binding alerts for skin sensitfafion by OASIS v1.4| Profile Desaription rextual aeschptuon
$ 4 Michael addition on phoshoranylidene compour » ¢ -
Ao y -+ Phoshoranylidene compounds Mechanistic Domain: Schiff base formation’
AnRly 4 Michael addition on polarised Alkenes —_ . L
~— - alpha,beta-Unsaturated ooimes Mechanistic Alert: Schiff base formation with carbonyl compounds
Profling methods - Polzrised Alkene - alkenyl pyridines, pyrazi Structural Alert: Aldehydes =
~Polaised Alkenes - uifiny =
Polarised Alkenes - sulfonates
i --Polarised Alkenes - sulfones
4 Michael addition on polarised Alkynes . . o . . . =
i .- Polarised Alkynes - alkiny pyridines, pyraz The chemical causes skin sensitization effect as a result of Schiff base formation with aldehydes:
T 4 Michael addition on polarised Azo compounds
| wiEn DINAINg i M_mAZTcad:’_:”amidE? ety 4 o N—Pr
4 - Michael adition on ginoide type compounds Pr-NH /
i . Quinone methide(s)fmines; Quincide oxim R—L// "% R—C\/
4 Michael addition on quinone type chemicals \H H
i L.pyranones, Pyridones (and related nitroge| | _
4 Michael addition on unsaturated sultones R =H.alky!l
- Alkene sultones
4 - Nudeophilic addition
4 Addition to carbon-hetero double bonds
- Azomethyme type compounds £ Aldehydes are highly reactive molecules, many of which are strong sensitizers and their direct confugation to protein nucleophiles is though to be responsible.
- Ketones : . . . . . o .
j Simple aldehydes react readily with the amino groups of lysine residues on proteins to form imines or Schiff bases.
4 - Nudeophilic addition reaction at polarized N-fu P ¥ ity group by P
- C-hlitraso compounds All aliphatic aldehydes can potentially undergo Schiff base formation with a primary amine, which is a reversible reaction (optimal at pH 3-4) and proceeds in
4-Radical reactions two stages via a tetrahedral intermediate.
s Ty 4 Free radical formation | 4 . " . . . . .
I Tautomers unstable - Generated free radicals Aryl aldehydes possess a deactivated aldehyde group and such compounds are expected to be non-senstitizers if there is no alternative functionality.
Toxicological . ffb Hyd;oopemxides Domalr
4 - 5chiff base formation <——
4 Berzoyl Schiff base formation In I MES SS model the reaction of Schiff base formation is also incorporated with COREPA model by using the parameters EHOMO and Molecular weight
Benzoyl phosphine oxides (\ W
Metabalism/Transformations 4 base formers MW).
o LB
Documented P il ;':z:ﬁ d;‘oa:;:sd?r:;::;a: (Form)aldehydes could be presented in parent structure or could be generated after abiotical or biotical transformations. According to De Groof et al
: and Pyrazolidinones forf  Mechanistic ed as:
solism 4 Schi se formation with carbonyl compound o PN N
vo metabolism 2\ mted Carbionyl comaounds alert rmaldehyde as a result of decomposition (abiotic/biotic) and/or
erved Rat Liver 59 metabolism -| Aldehyde: o chemicals synthesized from formaldehyde that may still contain residues of free formaldehyde
Simulated = Structural
- - alpha-Ketoeiters
alert

1. Highlight  the profiler

2. Click AVi ewo

3. Click over i Al d e h ytad ®e t@xtual description associated with the category . In order to see more details
about structural boundaries coding the rule you should click A Ad v a n buwtaho (4) (see next slide)
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QSAR TOOLBOX

Profiling
Side - Bar to Profiling

QSAR TOOLBOX & W H 5} &

Basic Save Export... Close Options

Profiing Schemes Protein binding alerts for skin sensitization by OASIS v1.4 || Baundaries Training set I Ophonsl
*
ER )
4 -Michael addition on phoshoranylidene compour «

Phoshoranylidene compounds
Profiling methods -Michael addition on polarised Alkenes
alpha,beta-Unsaturated oximes
Polarised Alkene - alkenyl pyridines, pyrazi .
Polarised Alkenes - sulfinyl Stru ctu ral bou n darles
Polarised Alkenes - sulfonates
H Polarised Alkenes - sulfones
Michzel addition on polarised Alkynes
: L. Polarised Alkynes — alkinyl pyridines, pyraz l Clear
-Michael addition on polarised Azo compounds

t. Azocarbonamides Boundary Options | Metabolism

-Michael addition on gincide type compounds Fragment
- Quinane methide(s) imines; Quinoide oxim: e UC{H —0)e il B @I (B I ) T @ IHe LN € =35, C7jm > <m: CHH{=0) C=C(C) (O <m:c LC{Hy=0)c(O)e{He(C)ec 10;m > <m: C{Hy =CC{C) =CC{H} =0jm» <m:C facy
-Michael addition on quinone type chemicals
- Pyranones, Pyridones {and related nitroge|
4 -Michael addition on unsaturated sultones @ [@ @
i alkene sultones
4 - Nucleophilic addition
4 - Addition to carbon-hetero double bonds
I Azomethyme type compounds
- Ketones
4 - Nudeophilic addition reaction at pelarized M-fu
t.. C-Nitroso compounds
4 -Radical reactions
e radical formation
Generated free radicals Commen Fragments
Prhoeres . Structural fragment
4 -5chiff base formation

. " 4-Benzoyl Schiff base formation
Metabolism/Transformations ] .
Benzoyl phosphine oxides

: Masked Fragments
Select All Unselect Al irect acting Schiff base formers g

Documented ~ 1,2-Dicarbonyls and 1,3-Dicarbonyls

“ Di-substituted alpha,beta-unsaturated ald
4 -Pyrazolones and Pyrazolidinones derivatives
Pyrazolones and Pyrazolidinones
Schiff base formation with carbonyl compound
Activated Carbonyl compounds
Aldehydes |
alphaKetoesters
Aromatic carbonyl compounds

NEW

Profile Comments

(i s

1. lllustrates structural boundary coding the rule
2. lllustrates structural fragment used for defining the rule
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QSAR TOOLBOX

Profiling
Profiling the target chemical

AThe outcome of the profiling determines the most appropriate way to search for
analogues (detailed information about profilers could be found in A Ma n ufarl
Getting st ar t(@hdpter 4) published on the OECD website :

http : //www .oecd .org/chemicalsafety/risk -assessment/theoecdqgsartoolbox .htm

ATabIe 4 - 1 in chapter 4 (Manual for getting started) Ilists a selection of profilers
and their relevance for different endpoints of regulatory relevance .

AThe following profiing schemes are relevant to the Skin sensitization

AProtein binding by OECD 1 general mechanistic
AProtein Binding Potency i general mechanistic

AProtein binding alerts for skin sensitization by OASIS v1.4 7 endpoint specific
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QSAR TOOLBOX

Profiling
Profiling the target chemical

A Click in the box next to the name of the profiling methods related
to the target endpoint.

A This selects (a green check mark appears) or deselects ( green
check mark disappears) profilers.

A For this example, go through the general and endpoint specific
profiling mechanisms and highlight those that are relevant to skin
sensitization effect (see next screen shot).
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QSAR TOOLBOX

Profiling
Profiling the target chemical

Lo 5 (G7670) O RN
QSAR TOOLBOX T3 E h o100

About Update
» Profiling » Endpoint » Category Definition  » Data Gap

Profiling | Schemes

rofiling methods 1 [target]
select all [ \ynselect al
] e

Structure

[HSubstance ldentity _

[HPhysical Chemical Properties
[EHEnviranmental Fate and Transport
[HEcotoxicological Information
[EHHuman Health Hazards

Metabolism/Transformations

Unselect Al

Al
u

1. Select protein binding profiles from AGeneral Mechanistic 0and AEndpoint specific 0 group mentioned on slide 26
2.Click AiAppl yo
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QSAR TOOLBOX

Profiling
Profiling the target chemical

A The actual profiling will take up to several seconds depending on
the number and type of profilers selected.

A The results of profiling automatically appear as a dropdown box
under the target chemical (see next screen shot).

A Please note the result obtained by the specific protein -binding
profilers.

A No protein binding alert has been found for the target compound
(eugenol) based on three protein binding profilers . Therefore no
skin sensitization effect is expected.
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QSAR TOOLBOX

Profiling
Profiling the target chemical

oh

QSAR TOOLBOX

» Profiling » Endpoint

Profiling Profiling Schemes

Profiling methods Filter endpoint tree...

» Category Definition

o1 1
10100
» Data Gap Filling

Developed by LMC, Bulgaria

1 [targef]

unselect 1] _invert ] _sbout ]
4

Structure
atic 9
binding by OASIS v1.3

The target chemical has no
protein binding alert. In this
respect no skin sensitization

Substance [dentity
hysical Chemical Properties
nvironmental Fate and Transport
cotoxicological Information

uman Health Hazards
Profile
General Mechanistic
Protein binding by OASIS v1.3
Protein binding by OECD
Protein binding potency
Endpoint Specific
Protein binding alerts for skin sensitization by OA_..

Metabolism/Transformations

| selcctal Junceiectai]l nvere ] _sbout ]

Documented

Simulated

effect is expected

No alert found
No alert found
Not possible to cla...

No alert found

1/0/0

!
1 Document_1
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QSAR TOOLBOX

Endpoint
Overview

Aﬁ Endpoiefets 0to the electronic process of retrieving the
environmental fate, ecotoxicity and toxicity data that are stored
in the Toolbox .

AData 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

A In this example, we limit our data gathering to a single toxicity
endpoint (skin sensitization).

A In this example, we collect data from the databases containing
experimental results for Skin sensitisation (Skin sensitisation and
Skin sensitisation ECETOC).

ACIickon AEndpointo in the Tool box wor k-
AExpandtheﬁHuman Heal th Hazardso section
A Click on the box to select the relevant databases.

ACIickon NnGather datao (see next screen
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QSAR TOOLBOX

Endpoint
Gather data

o1
10100

» Endpoint ¥ Category Definition  » Data Gap

- o0 "3‘@’\%]
h

Q SPammn DLBOX About Update

Import Delete Tautomerize

- (]

Datab: iter endpoint tree... 1 [target]
Select Al JUnselect Al . .

Physical Chemical Properties
H Environmental Fate and Transz2:c Structure
= cootoxicological Into ~n
Human Health Hazards &,

EHSubstance Identity _

Physical Chemical Properties

Environmental Fate and Transport

Ecotoxicological Information
BEHuman Health Hazards

1.Click onAEndpoi nt o

2. Expand the fi Hu maHealth Ha z a r skstion
3. Select databases related to the target endpoint
4. Click hGat her o
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QSAR TOOLBOX

Endpoint
Gather data

AToxicity information on the target chemical is electronically
collected from the selected dataset(s) .

Alt should be kept in mind that the search for data and analogues
iIs performed only among the chemicals which are listed in the
selected  databases, which  in this example are  Skin
sensitization and Skin sensitization ECETOC .

Aln this example, there is positive experimental data for the target
chemical (see next screen shots).
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QSAR TOOLBOX

Endpoint
Gather data

Toxicity information on the target chemical is electronically collected from the selected datasets.
A window with ARead data?0 appear s. Now the user ¢
speci fico data.

1]

1. Click A OKto read all available data
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