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TIMES Skin Sensitization model

Short description

TIMES Skin Sensitization (SS) model is an expert system describing
structure-toxicity and structure-metabolism relationships through a
number of transformations simulating skin metabolism and interaction

of generated reactive metabolites with skin proteins.
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Predicting skin sensitization in TIMES

Mechanism of skin sensitization

Assumptions:

1. Chemicals always penetrate stratum corneum

2. Formation of protein conjugates is a premise for ultimate effect
3. Metabolism may play significant role in skin sensitization
Epidermi = - .

4 Protein Metabollsm =2 Protein
[©]
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Predicting skin sensitization in TIMES
Main concept

In order to predict skin sensitisation effect taking Into account
metabolic activation of chemicals in same platform are combined:

« Toxicokinetics — specific metabolism
v Pre-electrophilic activation — Autoxidation reactions

v" Pro-electrophilic activation — Phase | and Phase |l
reactions

« Toxicodynamic — interaction with macromolecules

Dimitrov, et al., Skin sensitization: Modeling Based on Skin Metabolism Simulation and Formation of Protein 8
Conjugates, Internatational Journal of Toxicology. 24, 189-204, 2005.



Predicting skin sensitization in TIMES

Basic scheme illustrating the model concept
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Predicting skin sensitization in TIMES

Simulators for (a)biotic transformations

LMC has published several papers where we shared our experience in the
computerized management of metabolic data and the development of simulators of
metabolism for predicting toxicity of chemicals.

SAR and QS5AR in Environmental Research laylor & Francis

2011 . ]—2[], 1First Tavlor & Framcls Croup

Simulation of chemical metabolism for fate and hazard assessment.
I. Approach for simulating metabolism

S. Dimitrov®, T. Pavlov®, G. Veith® and O. Mekenyan®*

“Laboratory of Mathematical Chemistry, University ‘Prof. As. Zlatarov’, Bowgas, Bulgaria;
“International QS AR Fowndation, Two Harbors, MN, USA

SAR and QS5 AR in Environmental Research Taylor & Francis

Vol. 23, Nos. 56, July—September 2012, 553-606 Taylur & Frasscis Croup

Simulation of chemical metabolism for fate and hazard assessment. V.
Mammalian hazard assessment

0. Mekenyan™, §. Dimitrov, T. Pavlov, G. Dimitrova, M. Todorov, P. Petkov and
5. Kotov

Laboratory of Mathematical Chemistry, University “"Prof. As. Zlatarov"”, Bourgas, Bulgaria



Predicting skin sensitization in TIMES
Simulators for (a)biotic transformations

The toxicokinetic part of the TIMES-SS model is represented by
two simulators:

 Abiotic Autoxidation (AU) simulator

 Skin metabolic (SM) simulator

12



Predicting skin sensitization in TIMES
Simulators for (a)biotic transformations

* Abiotic Autoxidation (AU) simulator

It represents a set of more than 260 generalized autoxidation molecular
transformations developed on the basis of chemicals with documented AU
pathways including terpenes, simple aliphatic and polyethylene glycol ethers,
aldehydes, aminophenols, etc.

13



Predicting skin sensitization in TIMES

Simulators for (a)biotic transformations

 Skin metabolic (SM) simulator consisting of 420 hierarchically ordered
transformations based on empiric and theoretical knowledge and peer-
reviewed by experts:

v" Non-enzymatic transformations such as Hydrolysis of salts,
Formaldehyde releasing, etc.

v' Enzyme-mediated reactions (Phase | and Phase Il) such as C-
hydroxylation, Glucoronidation, etc.

v Protein binding reactions (PBR) illustrating the covalent
Interactions of chemicals/metabolites with skin proteins

« Currently, the skin metabolic simulator has been upgraded and adjusted
to simulate the documented in vitro metabolism of 151 chemicals

14



Predicting skin sensitization in TIMES

Simulators for (a)biotic transformations

Different types of principle transformations
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Simulator of metabolismm Principle transformations Metabolites
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Principle transformations

Metabolites

- Isopropenylbenzene

H,C

%C/

CHjs

Aliphatic C-oxidation
0]

| P=0.97 .,
—C—CH,OH —> c—C

AN

H

Epoxide Hydration

P=0.96
CfC/

\ /
o\

N
~

Epoxidation

N  P=095 \_ s
/C—C\ —>/C\O—/C\

Aliphatic C-oxidation

| P=0.94
—C-CHy — > —C—CH,0H

Aliphatic C-oxidation

| //O P=0.93 L
—c-Cc_ — —CC_
| H | OH
O-Glucuronidation OH H
OH
P=0.90 H
—C—0OH —> —C-0
H O OH
H
Oéc\




Substrate

Principle transformations

Metabolites

- Isopropenylbenzene

HaCy. - CHs

Match? - No!

Aliphatic C-oxidation

P=0.97 o
b
| H

—C—CH,OH

Epoxide Hydration

P=0.96
CfC/

\ /
o\

N
~

Epoxidation

N  P=095 \_ s
/C—C\ —>/C\O—/C\

Aliphatic C-oxidation

| P=0.94
—C-CHy — > —C—CH,0H

Aliphatic C-oxidation
7 |

Vi — V4
—C—C\ P 0.93> C—C\
| H | OH
O-Glucuronidation OH H
OH
P=0.90 H
—C—OH — —C-0
H O OH
H
Oéc\




Metabolites

Substrate Principle transformations
- Isopropenylbenzene
Aliphatic C-oxidation
| p=oo7 | P
—C—CH,O0H —> —C-—C_
| | H
HZCQC CHs Epoxide Hydration

P=0.96
CfC/

\ /
o\

N
~

Epoxidation

N  P=095 \_ s
/C—C\ —>/C\O—/C\

Aliphatic C-oxidation

| P=0.94
—C-CHy — > —C—CH,0H

Aliphatic C-oxidation

| //O P=0.93 L
—c-Cc_ — —CC_
| H | OH
O-Glucuronidation OH H
OH
P=0.90 H
—C—0OH —> —C-0
H O OH
H
Oéc\




Substrate

Principle transformations

Metabolites

Aliphatic C-oxidation
| P=0.97 P
—C—CHOH ——> —C—-C

| | H

/

Epoxide Hydration

\ / P=0.96 \ \
Q Match? - No! K \ —>HO“C—(‘3—OH
Epoxidation
P=0.95
>C=C/ —>\C dt

\

Aliphatic C-oxidation

| P=0.94 |
—C-CHy — > —C—CH,0H

Aliphatic C-oxidation
7 |

Vi — V4
—C—C\ P 0.93> C—C\
| H | OH
O-Glucuronidation OH H
OH
| P=0.90 | H
—C—0OH —> —C-0
| | Ho OH
H
Oéc\




Substrate Principle transformations Metabolites J

Generated map

CH,

AN Epoxidation

H

Aliphatic C-oxidation mp—C
| p=097 | P @
—C—CHOH ——> —C—-C

Epoxide Hydration

P=0.96 |
\CfC/ - » HO—C—C—OH
N/ N\ ||
@)
HaCo . _CHg Epoxidation

N/ P=095 \ A
Match? -Yes! _c=c ——> /C\E/C\ RESULT B @

Aliphatic C-oxidation

| P=0.94 |
—C-CHy — > —C—CH,0H

Aliphatic C-oxidation
P |

Vi — V4
—C—C\ P 0.93> C—C\
| H | OH
O-Glucuronidation OH H
OH
| P=0.90 | H
—C—0OH —> —C-0
| | Ho OH
H
Oéc\




Substrate

Principle transformations

Metabolites

Generated map

Aliphatic C-oxidation
| P=0.97 P
—C—CH,OH ———> CcC—C

AN

H

=

HE=C

S

Epoxidatipn C-oxidation

Epoxide Hydration

P=0.96 |
C*C/

2 |

N
~

Epoxidation

N  P=095 \_ s
/C—C\ —>/C\O—/C\

Aliphatic C-oxidation

C—cH, —P=094,

Match? - Yes! _| C—CH,0H

Aliphatic C-oxidation

| //O P=0.93 | //O
w

H

O-Glucuronidation

| P=0.90
~ COH —> —C-O0

| | Ho




Metabolites J

BfCo - CH20H

Substrate Principle transformations
Generated map
CH,
Aliphatic C-oxidation H{,3=(|3
@)
C-CHoH 299 ¢ ¢ @
- 2 - OXi atiEn -oxidation
‘ ‘ \H 1.1 = - 12t
L’
Epoxide Hydration e |
N o eosp o b 0 ©
c—c. P=09% Ho—c—C—OH O O
N/ N\ ||
0]
Epoxidation
\ / Retorg50f Misthemad
/ — /C—C
\ \/ N\
O
Aliphatic C-oxidation
P=0.94
HaCo C/CH3 Aliphatic C-oxidation
2 | //O P=0.93 L
Match? - No! —c—¢ =R c—C
AN AN
| H | OH
O-Glucuronidation OH H
‘ ‘ OH
—CcOoHPEYR _c o H
| . Ho OH
H
Oéc\




Substrate Principle transformations Metabolites J

Generated map
CH,

Aliphatic C-oxidation H{,3=(|3

| - P O
_CcchoH =9 o (¢

‘ ‘ AN EpoxidaliEn C-oxidation
1.2

11

o, i -CH0H
Epoxide Hydration e T
P=03g o 0 ©
o’ P=0%8 o ¢ C oH O O
N/ 7\ ||
)
Epoxidation

/ = A
> P=0.95 >C_C

\ \O/ N

Aliphatic C-oxidation

P=0.94
—C—CH, - C—CH,OH

Aliphatic C-oxidation

| //O P=0.93 L
—(C—=C —> C—C
AN AN
| H | OH
H2C§C/CH3 O-Glucuronidation OH H o
- |
b on P09 L H
MatCh’) - NO' ‘ ‘ H O HOH
—C
o=\




Substrate

Principle transformations

Metabolites J

H,C

- Metabolite 1.1

oL
[ >C—CH,

Match? - No!

Aliphatic C-oxidation

| - |
_CcchoH =9 o (¢

| |

Generated map

P
HE=C

o

Epoxidatipn C-oxidation

Epoxide Hydration

o’ P=0% Ho ¢ CoH
' ]

Epoxidation

N, abopsieresof Mitheme

C=C
p® \ NN\
@)
Aliphatic C-oxidation
P=0.94
Aliphatic C-oxidation
| //O P=0.93 L
—Cc-—C, ==l C G
| H | OH
O-Glucuronidation OH H
| | OH
—CcOoHPEYR _c o H
| . Ho OH
H
Oéc\




Substrate

Principle transformations

Metabolites

- Metabolite 1.1

Aliphatic C-oxidation

| P
_C-choH 29 o ¢

Generated map

o
HE=C

Q

Epoxidation  C-oxidation

N
| | H
o Epoxide Hydration OH
>C—CH
C/ ’ \ / H,C—C—OH
P P=2096 HO—C—C—OH resuit B
()] Match?- Yes! \
Epoxidation
\ / pzloestony sf Math
/ — /C—C
\ \/ '\
O
Aliphatic C-oxidation
| P=0.94
—C—CH; ———» —C—CH,0OH
Aliphatic C-oxidation
P P
P=0.93
—C—C_ > C—C_
| H | OH
O-Glucuronidatiopy OH H
OH
—coH P20 _c o H
. Ho OH
H
OéC\




Documented and OASIS simulated metabolism

Autoxidation simulator
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Predicting skin sensitization in TIMES
Simulators for (a)biotic transformations
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Predicting skin sensitization in TIMES

Model reliability and mechanistic justification

TIMES-SS model reliability relies on:

1.
2.

Model applicability domain

Transformation/ Alert Performance - the ratio between the number
of correct (Positive and Negative) predictions and the total number of
chemicals within the local training set

Number of chemicals in the local training sets

Mechanistic justification

31



Predicting skin sensitization in TIMES

Applicability domain of TIMES-SS model is built following the step
wise approach as described by Dimitrov et.al. and consists of:

* general parametric requirements - include ranges of molecular
weight MW and log Kow defined on the basis of correctly
predicted training set chemicals

e structural domain - based on atom-centered fragments extracted
from correctly and incorrectly predicted training chemicals
accounting for the atom type, hybridization and attached H-atoms

* mechanistic domain — characterizes specific functional group
assoclated to skin sensitization effect

S. Dimitrov, G. Dimitrova, T. Pavlov, D. Dimitrova, G. Patlevisz, J. Niemela, and O. Mekemyan, A stepwise approach for
defining the applicability domain of SAR and QSAR models, J. Chem. Inf. Model. 45 (2005), pp. 839-849. 32



Predicting skin sensitization in TIMES

View of TIMES-SS model
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Predicting skin sensitization in TIMES

View of TIMES-SS model

Generation of metabolic map with highlighted the activated metabolites
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Predicting skin sensitization in TIMES

View of TIMES-SS model

Generation of metabolic map with highlighted the activated metabolites
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Predicting skin sensitization in TIMES

View of TIMES-SS model

Generation of metabolic map with highlighted the activated metabolites

A\ [ )= QASIS TIMES v2.27 16,6 [D:\Chanita\FIRMENICH'2015"eugenol familiy.ODB] SHESR X
) -
INFUT  HELF | Skin sensitization with autoxication
[ Al “. Description * About v’ Show “J, QPRF # Customize W Select all ©, simple  fgll Distribution & Transformations = m
/| Selected = QMRF Interpretation | @ Apply ™ Full Design TS Unselect all | & Flexible | 2 Map |l Mass spectrum
|1| Current L7 What's new B Report B Summary - Invert TRk Compare map Model | Stakistic

-

options™ || results

Predict Model info Domain Report Salart
P Bw Map of #782. C/C=Clclecc(0)c(0C)c B N
File Edit Font
F . . . . . Fle Edt_F ] A
“ Pie with protein binding alerts | »@l == aa cEe@EwrF=0 5@ o o oo
= | Sheww most probatle pathwzys 0 | Rikabily threshoid | @ £ Redraw]| Piint Preview || (]| [][ Fter aptons || ) =)

tr.#423, Level=1. Quantity=4.375E-004 (Q total=4.79E-004). R=1.000. P(obtain)=0.700, P(metabolize)-0.999

P 2 1. = ) -
hChartof.&ler‘rs | = [—t | ;(

,Quinone methide(s)/imines, Quinoide oxime structure, Nitroguinones I
423, Autoxidation 423, Autoxidation
i
! 1 1
- 253 CxiEon b QUINONE Memide 258. O-Dealkylation 259. 0-Dealkylation 286. Sulphate conjugation
[l |4 ‘_\’_@':' "Cag
i
Mo
i 257 uxuamn 288 Sulphate conjugation 286 Sulphate conjugation 244 Aldehyde oxidation
R F g -
423, J
[ 291 G or s
Alert Alert training Alert Interaction | _7 ~
_| || Boundaries set Performance || Mechanism i ¥
] [ 3
\,




Predicting skin sensitization in TIMES

View of TIMES-SS model

. =
f’h\) E & OASIS TIMES v2.27.16.6 [D:\Chanita\FIRMEMNICH\2015\eugenol familiy. ODE]
- INFUT  HELF | Skin sensitization with autoxidation
|E| All “. Description *. About v Show %, QPRF Customize W Select all O\ Simple ol Distribution E Transformations a -
] selected | 5 QMRF _ Interpretation | 2 Apply 2 Full _ Design TS Unselect all | &, Flexible | }32 Map |l Mass spectrum
W] current | |7) what's new B Report | Y Summary b, Invert T} compare map Model | Statistic
options™ || results T
Predict Model info Domain Report Select Search Metabolism
Forecast data || Training data  Observed Maps Current structure | Legend | Wiew3D I Selected Step
=] . Observed values
- Y=
=
- - - = y BEED
B Chart of Alerts - - = %
,Quinone methide(s)/imines, Quinoide oxime structure, Nitroquinones 5
H "\ \\
o
50
| " | Alert Boundari -
:h Show Fragments SR X
— redi
I -
+ 4
Mo KR Y R
(\ : %
Da :
423) g™ v
|duuble click on the picture for more information
Alert WAlert training Alert Interaction [
Boundaries set Performance | Mechanism &




Predicting skin sensitization in TIMES

View of TIMES-SS model

= = | B ||
0y \) m = OASIS TIMES v2.27.16.6 [D:\Cha Alert Tl‘al n | n Set
(e g — - =
INFUT  HELF | Skin sensitization with autoxidation [ Save to fie ]
[¥ Al . Description . About v’ Show " QPRF Customize Quinone methide(s)/imines, Quinoide oxime structure, Nitroquinones,
- — . ~ . Local training set : 341 applications{number of parents and active metabolites)
] selected * QMRF _ Interpretation | 2 Apply t Full __ Design 1
- . + .| |l observed and predicted chemical's values
m Current LZ What's new @ Report £} Summary Observed: Strong sensitiser Predicted: Strong sensitiser
Predict Model info Domain Report # | parent LEEEE
Forecast data || Training data ~ Observed Maps (‘\\
R
9
| B
- = = T T 5
R Chart of Alerts ~ - = X
,Quinone methide(s)/imines, Quinoide oxime structure, Nitroquinones TR T PR AR VR R R IR IR
Observed: Strong sensitiser Predicted: Strong sensitiser
50 #  parent metabolite
50
R
9
! \
- redicted SkinS g
- OT PREDICTH
- Senz=MOT PRE
Mo obgerved and predicted chemical's values Forbidde *
Observed: Strong sensitiser Predicted: Strong sensitiser
#  parent metabolite
423, W
5 \ X i
Alert Alert training Alert Interaction |
Boundaries set erformance || Mechanism H S
4| hdl | 3




Predicting skin sensitization in TIMES

View of TIMES-SS model

-

IS

OASIS TIMES v2.27.16.6 [D:\Cha

INPUT  HELF | Skin sensitization with autoxidation
[ An “. Description *. About v’ Show ., QPRF Customize
] selected | 5 QMRF _ Interpretation | 2 Apply 2 Full __ Design 1
W] current | |7) what's new B Report | Y Summary |
Predict Model info Domain Report

Forecast data || Training data ~ Observed Maps

B Chart of Alerts

,Quinone methide(s)/imines, Quinoide oxime structure, Nitroquinones

50
50
- redicted SkinS g
H OT PREDICTH
- Senz=MOT PRE
Mo
423,
Alert Alert training Alert Interaction
Boundaries set erformance || Mechanism
4l

oo = | G [
Alert Training set =Ey
[ Save to file ]
Quinone methide(s)/imines, Quinoide oxime structure, Nitroquinones,
Local training set : 341 applications{number of parents and active metabolites)
observed and predicted chemical's values
Observed: Strong sensitiser Predicted: Strong sensitiser

#  parent metabolite

&, -
. AN h ChoiceObservedValueForm =anEN X

N Nc1coo(M{ 4}, CH-Hecl

|/a®
MNHz
observed and predicted chemical's values O
Observed: Strong sensitiser Predicted: Strong sensit
N7Hz
#  parent metabolite cr
t

“Q{' Parameter names Value

9 \ \ SKIN_SEMSITISATIOM__LLMA  3.0000

obgerved and predicted chemical's values L

Observed: Strong sensitiser Predicted: Strong sensitiser

References

#  parent metabolite

"
R




Predicting skin sensitization in TIMES

View of TIMES-SS model

4 = .- = | B |
) |E| = OASIS TIMES v2.27.16.6 [D:\Cha AI T
) ert Training set .
INFUT  HELF | Skin sensitization with autoxidation [ Save to fie ]
[¥] A . Description . About v’ Show " QPRF Customize Quinone methide(s)/imines, Quinoide oxime structure, Nitroquinones,
. . - ) ) Local training set : 341 applications(number of parents and active metabolites)
] selected * QMRF _ Interpretation | 2 Apply t Full __ Design 1
- .| |l observed and predicted chemical's values
m Current - ) What's news @ Report ?j Summary Observed: Strong sensitiser Predicted: Strong sensitiser
Predict Model info Domain Report # | parent LEEEE
Forecast data || Training data ~ Observed Maps (‘\\
— . f _ =l
s | HH . 2 B ChoiceObservedValueForm = e e
5 | N Ncicoo(My+}.CH{-Fecl
RE&F
f | | R NHz
B Chart of Alerts [= = ]
,Quinone methide(s)/imines, Quincide oxime structure, Nitroquinones ST ET R T RS Q
| Observed: Strong sensitiser Predicted: Strong sensit
_N'Hs
750 #  parent metabolite cr
i ] N
K)HR Parameter names Value
Il W h|
P Model Browser - = | = < | o&KIN_SENSITISATION__LLNA,  3.0000
L Model descriptars Aodel parameter
f | B sensitsstion
I -
B NAME - -
— o — R oK Experimental data
Mo DATE 1/1/2002 L
BIOASSAY fLna] - |z e
ORGAN/TISSUE -
CONDITIONS -
ADMINISTRATION T"'m
423 — Source of the
SOURCE m R
VALUE DATA trengls s experimental data
Alert Alert training Alert Interaction | P = p— : =
Boundaries set rformance || Mechanism . &
¥ | 19 New model @ Close | 5
h i | ——————— =)




Predicting skin sensitization in TIMES

View of TIMES-SS model

m m = OASIS TIMES v2.27.16.6 [D\Chanita\ FIRMENICH\2015\eugenol familiy.ODE]
_.h e e S - e . — —
IMFUT  HELF | Skin sensitizetion with autoxidation
|E| All . Description % About v Show “| QPRF I Customize W Select all a, Simple Bl Distribution B Transformations = m
] selected | 5 QMRE _Interpretation @ Apply & Full _ Design FS Unselect all | &, Flexible | 22 Map |l Mass spectrum
[®] current || (7] what's new EH Report | ™ Summary - Invert TF Compare map Model | Shatistic

options™ | results

Predict Model info Domain Report Select Search Metabolism

Forecast data” Training data  Obszerved Mapsl - I_|:|I = IEE T8 ISeIected Step

#
h Alert performance

Quinone methide(s)/imines, Quinoide oxime struct
# Transformation(s) included in this alert

i
I 81 82 83 84 85 80 87 88 89 90 91 92 93
| | M
t £ Alertinformation
[+]
Alert preformance : 0.908 ct %
Y
5 | | Correct applications: 138 Incorrect applications: 14
50 TR
2

| [ save to file J
|
I \ v,
I redicted SkinG ens=NOT PREDICTED leteboig

OT FREDICTED

Sens=N0OT PREDICTED -
il Source specify Source Aoy Products Forbidd:
|
|
H
I
I |

k




Predicting skin sensitization in TIMES

View of TIMES-SS model

B . B e r—— )
@ IE = QASIS TIMES v2.27.16.6 [D:\Chanita\FIRMENICH'2015\ eugenol familiy.ODE]
o - el . — -

IMFUT  HELF | Skin sensitizetion with autoxidation

v show | o &= camo Mechanistic justification of the alert

[ Al . Description <. About oz
] selected | 5 QMRE _Interpretation @ Apply & Full _ Desig
m Current 7 What's new @ Report E1 Summary Mechanistic Domain: Michael addition
Mechanistic Alert: Quincid type compounds
Predict Model info Domain Report

Structaral Alert: Quinone methide(s) imines, Quinoids oxime stucture, Nitroguinones,

Forecast data || Training data  Observed Maps MNaphshogquinone(s)/imines

The chemical is & strong sensitizer as a result of Michael type addition on quinene methide

(imine):

HO

CH—5—Pr

50
50

Ortho-gquinones and para-quinones react with proteins via 1,4-addition of Iysine NH,

or cystein SH groups across the nng system. They often are formed by oxidation of para and
orthe dilydroxy aromatics acting as pro-Michsel acceptors. These acceptors are able w be
converted to Michael acceptors by well-established transformations (metabolic or abiotic), for

ot example, hydroquinone oxidized to benzoquinone. Michael-type addition provides a means of
Cen: covalent adduct formation at an electrophilic center, without any lesving group. The groups

E comprising the Michael-type acceptor can be amanged either in an open chain or in the form
Mo of a ring such as quinone. Forbidd:

Ortho-sminophenols and  pars-aminophencls, after membolic or  abioic

mansfonmations, form quinone imines that react with proteins via Michael rype addition.
Mirophenols, afier metabolic or shiotic t ion (keto-aci izm), form

nitro quinones that react with proteins via Michael type addidon.

423 For example, I 4-dinitrophenol is a cellular metabolic poison. Allergic reactions can

inchude hives, blisters, and/or mexplicable rashes.

Alert
Boundaries

= S—

Alert Interaction

Alert training :
Performand| Mechanism

set




Predicting skin sensitization in TIMES

Patlewicz G, Kuseva C, Mehmed A, Popova Y, Dimitrova G, Ellis G,
Hunziker R, Kern P, Low L, Ringeissen S, Roberts DW, Mekenyan O,
TIMES-SS--recent refinements resulting from an industrial skin
sensitisation consortium, SAR QSAR Environ Res. 2014;25(5):367-91

Taylor & Francis
Taylor & Francis Group

SAR and OSAR in Environmental Research, 2014
Vol. 25, No. 5, 367-391, http://dx.doi.org/10.1080/1062936X.2014.900520

TIMES-SS — Recent refinements resulting from an industrial skin
sensitisation consortium®

G. Patlewicz™*, C. Kuseva®, A. MLthd Y. Popova®, G. Dimitrova®, G. Ellis,
R. Hunziker®, P. Kern®, L. Low", S. Ringeissen®, D.W. Roberts™ and O. MLkuwan

”DuPer‘ Haskell Global Centers for Health and Envir rmme*m‘af Sciences, Newark DE, USA;

Labor atory of Maﬂrc«‘maﬁcm’ Chemistry, “Prof. As. Zlatarov”, Bourgas, Bulgaria; “Givaudan Swiss SA,
Vernier, Switzerland; “Dow Europe GmbH, Toxicology and Emn onmental Research and Consulfing,
Horgen, Switzerland; “Procter and Gamble Ltd, Beijing, China, JExxonMobil, Biomedical Sciences, Inc,
Division of Toxicology and Environmental Sciences, Annandale NJ, USA; *L’Oreal R & I, Aulnay-
sous-Bois, France; ”L.f'.«‘e.i'pom' John Moores University, Liverpool, UK

43



Outline

TIMES Skin sensitization model

Predicting skin sensitization in TIMES:

v" Mechanism of Skin sensitization

v Main concept of the model

v Simulators for (a)biotic transformations

v Model reliability and mechanistic justification

Summary
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TIMES Skin sensitization model

Summary
TIMES-SS model is an unique non-testing system:

 Simulating:
v" Pre- and Pro-electrophilic activation in skin
v' covalent interactions of activated metabolites with proteins

 Generating activation pathways with quantitative distribution of the
metabolites

 Providing reliability of the prediction in terms of:
v alert performance
v’ mechanistic justification of protein binding

 Estimating belonging of chemicals in the parametric, structural and
mechanistic boundaries of the model applicability domain

45



