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N Vivo d
In silico prediction of ata
toxicity/target tissues:
1, DEREK

2. TOPKAT In vitro toxicit
3. OECD Toolbox : 4
1. Literature
2. Experimental

IVIVE:
In vitro kinetic parameters PBPK modeling with only in
1. Literature vitro input to estimate
2. Experimental

equivalent in vivo
exposure

In vitro metabolism

1. Literature
In silico prediction of /

metabolites:
1 Meteor
2 OECD Toolbox

2. Experimental
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3;3:.,55;’Flowchart for IRAS/Hamner Evaluation of
. In Vitro to In Vivo Extrapolation (IVIVE)
Approach

Part 1 Part 2
Comparison of In vitro toxicity
QSAR predictions > assays
with in vivo data (EC50)
QSAR prediction of l
toxicity/target tissue
Conduct IVIVE to Comparison of
estimate equivalent ——>| IVIVE predictions
GSAR prediction in vivo exposure with in vivo results

of metabolites

!

Comparison of
metabolite predictions ————>
with in vivo data

In vitro metabolism assays
(Clh)

Prediction Evaluation




chemical class

organic chemicals (alcohols)

organic chemicals (amides)

organic chemicals (carboxylic acids)

organic chemicals (halogenated diphenyl ethers)

organic chemicals (halogenated hydrocarbons)

organic chemicals (hydrocarbons)

organic chemicals (organophosphorus compounds)
organic chemicals (phenols)

heterocyclic compounds (pyrans)

heterocyclic compounds (pyridines)

Chemical Primary use category
2-butoxyethanol solvent

ethanol solvent

isopropanol solvent

paracetamol (veterinary) medication
acrylamide industrial chemical base material
DEHP plasticizer

PFOA surfactant

decaBDE flame retardant
chloroform solvent

halothane (veterinary) medication

trichloroethylene

solvent

retinoic acid (veterinary) medication
paraoxon pesticide

parathion pesticide

bisphenol A plasticizer

coumarin flavoring/scent
warfarin (veterinary) medication
nicotine (veterinary) medication
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strategies

ethical considerations
cost-effective considerations
e REACH

integrated testing strategies

e exposure
e chemical structure toxicity predictions
e physico-chemical properties

e in vitro toxicity testing _

e physiologically-based kinetic modelling
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metabolism predictions:

METEOR (Lhasa Ltd) and the OECD QSAR Toolbox
- conjugated metabolites removed

- duplicates removed

toxicity predictions:

DEREK (Lhasa Ltd)

TOPKAT® (Accelrys)

OECD QSAR Toolbox (versions 2.0 beta and 2.1.2.865)

in vivo toxicity data:

North American and EU regulatory risk assessment
reports

Hazardous Substances Data Bank (Toxnet; US NIH)
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system toxicity

Predictions:

no alerts for neurotoxicity, thyroid toxicity, reproductive

(although these are included in DEREK)

In following slide targets are listed from risk
assessment reports and HSDB

predicted for parent chemical

new alerts when including metabolites
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ethanol in vivo

isopropanol in vivo

2-butoxyethanol in vivo

3 | Critical target(s):

‘] » nervous system
:{ ® carcinogenicity

i Secondary target(s):

:{ » development

e liver

Critical target(s):
* nervous system

Secondary target(s):
e respiratory system
e gastrointestinal system

Critical target(s):
® hervous system

e skin

Secondary target(s):
e respiratory system

e liver

e kidneys
] * genotoxicity e cardiovascular system e carcinogenicity
221 » reproductive system e hematopoietic system e hematopoietic system
)]  cardiovascular system e immune system * immune system
'] « hematopoietic system e liver * eyes
:] « immune system » kidneys
i o liver e skin
e gastrointestinal system * eyes
4 e adrenals
e skin
* eyes

] « bones

.....
'''''
S

predicted for parent chemical

new alerts when including metabolites
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Group Compound cas
Shadannilines) 111.76:2
alcohols Ethanc! s
il 67.63.0
amides Paracetamal 1B90-2
Acrylamide B
carbonylic acids DEHP e ead
PROA 135671
- s s diphanyl _— 1163195
Chioraform 86549-6
halogenated hydrocarbons Halothane 151677
Trichloroethylene nas
hydrocarnons retinaic acid 302794
$6.38.2
e snsugat Parathion

Phenals bisphenol A 80-05-7
—— 91.64.5

Pyrans
e g1.812
Pyrcines Nicotine s




Part 1a: Prediction of Metabolism

e The OECD Toolbox was able to correctly predict
the primary metabolite responsible for the

toxicity of 9 of thel2 chemicals investigated in
this study where toxicity is due to a metabolite

e However, a number of other metabolites were

also predicted, including many that have not
been detected in vivo

® The prediction of nontoxic or low-yield
metabolites makes the process of investigating
possible metabolite toxicity more difficult and
time-consuming
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Part 1b: Prediction of Toxicity

® The critical toxic endpoint was successfully
predicted for 11 of the 17 compounds evaluated

¢ By including QSAR-predicted metabolites in
QSAR prediction of toxicity, the average
sensitivity across the endpoints tested
increased from 0.35 to 0.55, compared to
predictions based on parent chemical alone
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Compound of interest (18x)

I

Selected toxicological endpoint (7x)

Decision scheme ivive v2

NO
Prediction pf)sitive (+) or NO [Proddt o oh No in silico prediction
equivocal (e) in silico *_Prediction negative in silico (-) I_' R a——
NO__LYES
YES [ key metaboiite(s)
Y E S known?
= — ; Check relevancy of unselected
Search “validated” in vitro models for
) ) - toxicological endpoints .
Concentration response relations
(OPTIONAL)
, NO
Concentration response relations Metabolism
available? YES incorporated? YES
NO
Search scientific literature and grey YES
literature (and background docs
Milo
T = Sensitive Appropriate level of detection for low-dose
- - chemicals
Concentration response relations |, |Datato L) Selective Discriminant for affinity
i relevant? __<
available? Comprehensive | Is it well correlated with in vivo effects?
NO NO Robust Are there issues with matrix interference?
- - Mature Is the assay widely used?
No useful information
available
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Part 2: In Vitro to In Vivo Extrapolation

In vitro Cl;,, Oral Inhalation
Biologim*m g Evidence for rapid
Hepatic CL (perfusion limited)
i . > fu+QL«Clint metabolism
* Hepatic CL
Whole body CL fowat
CL=Clg+Cly l+
Steady state blood o A Steady state t-)lood
Css at unit concentration exposure concentration
exposure [&—— oo, _ Doserates W A € Cos PCoas Cair
1mg/kg/day = CLoate dody concmu'aﬁon_ 1+ (EE)PCb: -
lx RED X UF l e
In vitro-based Cas at RFD In vitro-based Css at HEC
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Evaluation of IVIVE approach for Paracetamol
In vitro-based Css vs. PBPK model-based/in vivo data-based Css vs. in vitro POD

Cl,. in In vitro CL value In vivo data-based PBPK model
e In vivo data-based AUC, =03
Hepatic CL HepaticCL  Not mg*hr/mlat4 g/d
- 6.1L/hr available (DILISim)
Liver Cl,, Where fu =0.78 1
8.4 L/hr *
In vivo data-based
Whole body CL Not
11.3 L/hr whole body €1 available
Steady state blood " Steady state blood
concentration at 3¢ Maximum safe Maxn(r’n l_:imdsafe concentration at
1mg/kg/day = daily dose ally dose = 1mg/kg/day
Css = 0.26 mg/L (ag/day) (ag/day) Css = 0.22 mg/L
I IN VITRO-based Css = 14.7 mg/L I o~ IN VIVO-based Css = 12.6 mg/L
? s
In vitro POD: 755 mg/L

(LEC for GSH depletion, protein adducts, and LDH release in HepaRG cells, McGill et al., 2011)
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Summary: Paracetamol

® (ritical toxic endpoint:
® Predicted: hepatotoxicity, among others
® In vivo: hepatotoxicity

® Toxic metabolite prediction:
® Prediction: no oxidative metabolism
® In vivo: toxicity due to oxidation to reactive metabolite

® |VIVE:

® |n vitro predicted Css for 1mg/kg/d: 0.26mg/L
® In vivo Css for 1 mg/kg/d: 0.22 mg/L

® Toxicity estimate:
® |n vitro predicted: 14.7mg/L
® Invivo: 755 mg/L

® Problem:
® Toxicity due to production of reactive metabolite
® Lack of metabolic competence in in vitro assays
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Evaluation of IVIVE approach for Bisphenol-A

In vitro-based Css vs. PBPK model-based/in vivo data-based Css vs. in vitro POD

In vitro CL value In vivo data-based PBPK model

XHPGLX VL ——
- Liver Cl, ~ by
H CL int . .
;I;'I": 382 Le 7| 503 1/hr Liver Clint Fr——r
fu = 1 assumed pg*hr/ml at S mg/d
Whole body CL (Fisher et al., 2011)
73.1L/hr l
Steady state blood Steady state blood
concentration at ¥ RFDX UF RFDXUF % concentration at
PRI Css =40 pg/L |y .05 mg/kg/d X X 0.05 mg/kg/d | €55 =59 me/L S
+ 1000 X 1000 &
i S/ -
I IN VITRO-based Css = 2 mg/L I ~ IN VIVO-based Css = 0.3 mg/L
? ?

In vitro POD: 2.3 -11.4 mg/L

(Wu et al., 2012; Taxvig et al., 2012; Marchese /& Silva, 2012; Aoki & Takada, 2012 — carcinogenicity, adipogenesis, cell differentiation)
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Summary: Bisphenol A

® (Critical toxic endpoint prediction:
® Predicted: reproductive system toxicity
® |In vivo: decreased body weight gain

® Toxic metabolite prediction: N/A

® |VIVE:

® In vitro predicted Css for 1mg/kg/d: 40 ug/L
® Invivo Css for 1 mg/kg/d: 5.9 ug/L

® Toxicity estimate:
® |n vitro predicted: 2 mg/L
® Invivo: 2.3-11.4 mg/L

® Problem: uncertain mode of action for in vivo effect

* Institute for Risk Assessment Sciences / Division Toxicology



Evaluation of IVIVE approach for 2-Butoxyethanol

In vitro-based Css vs. PBPK model-based/in vivo data-based Css vs. in vitro POD

In vitro CL value In vivo data-based PBPK model

Perfusion limited metabolism

(Johanson et al., 1986)

2-BE, AUC, ;=999 pg*hr/L at 20 ppm, 2h
* 2-BAA, AUC_,=5200 pg*hr/L at 91 ppm, 6h
(Corley et al., 1994)

Hepatic CL
- Cl, ~ QL
Estimation based blood to air partition +
as Andersen et al,, 1981 Steady state blood concentration at 1 ppm

2-BE: Css =49 ug/L

Steady state blood concentration at 1ppm
2-BAA: Css =374 ug/L

2-BE:Css=19 uE/I.
% HEC % HEC l

IN VITRO-based 2-BE: Css = 66 ug/L

~' IN VIVO-based 2-BE: Css = 167 ug/L
2-BAA: Css = 1671 ug/L

?

-~J

In vitro POD — BE: 540 mg/L (sowden et al, 1995)
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Summary: 2-Butoxyethanol

® (ritical toxic endpoint prediction:
® Predicted: hepatotoxicity (metabolite)
® In vivo: heptotoxicity (metabolite)

® Toxic metabolite prediction:
® Predicted: 2-butoxyacetic acid, among others
® |n vivo: toxicity due to 2-butoxyacetic acid

® |VIVE:

® |n vitro predicted Css for 1 ppm 2-BE: 19 ug/L
® Invivo Css for 1 ppm 2-BE: 49 ug/L

® Toxicity estimate:
® |n vitro predicted: 66 ug/L
® |nvivo: 540 mg/L

® Problem:

® Toxicity due to metabolite
® Lack of metabolic competence in in vitro assays

Institute for Risk Assessment Sciences / Division Toxicology



Conclusion

.....
D..."
cocts
......
eggle

e Structure >> toxicity:

- qualitatively reasonably good predictions
of toxic endpoints, especially if
metabolism is included

In vitro toxicity >> prediction of in vivo
toxicity:

- quantification: problem: choice of POD

and UF
- good estimates if in vitro data also take

into account metabolism
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past/present

in vivo

Perspective

cellular/molecular
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mechanisms

in vitro

¢ target organ 3

confirmation

in silico

kinetic modeling

human risk assessment

future



