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Objectives toxicity studies

e type of adverse effect

(classical protocol toxicology)

I: e (non) effective dose level

(classical protocol toxicology)
e mechanisms

significance for humans
(risk assessment)

Zagreb

toxicological risk assessment

e “Classical:”

« animal experiments: quantification (LD50, NOEL)
e extrapolation to human situation (safety factors)
= threshold vs. non-threshold extrapolation
approaches

establish safety standards for human exposure

uncertainties
mechanisms of action (in vitro methods)

Zagreb
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DOSE-EFFECT RELATIONSHIPS

Hypothetical dose response curves

HUMANS

100 7 . .
i sensitive subjects

HUMANS
population mean

ANIMALS
population mean

90 A
80

70 1
60 A
50 1

<

INTRASPECIES

INTERSPECIES

Response

40
30 -
20 -

10: ¢

> | <

>

NOAEL

0.1 1

Institute for Risk Assessment Sciences | Division Tocicalogy Zagreb

100

Dose in mg/kg

1000

31-3-2016



Animal studies

= acute toxicity: (LDg,, other acute tests)

< subchronic tests (28 or 90 days)

"‘;o chronic studies (two-year rat test)

reproductive toxicity studies
(fertility, developmental tox, teratology)

genotoxicity (mutagenesis, carcinogenesis)

specialised studies: biotransformation,
organ toxicity, etc.

Zagreb 7
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i Tiered Testing Scheme

Chemical
Characterization

Literature Review

Structure-Activity
Assessment

(Sub)Acute
| Toxicity Test
I
| 1
Subchronic Toxicity ’ ‘ Biokinetics }
|
| 1 1
Chronic Toxicity ’ ‘ RO TE T ’ ‘ Oncogenicity...
Teratology 8
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Risk Assessment:

o

* does it need redefinition?

\Zagreb 9
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L'-;;l;;;-,-:f";-Toxicity Testing: problem redefinition?

5.4 million animals + 950 million € extra / year
(Hartung and Rovida 2009 Nature 460: 1080-1081)

Costs ¢ Science

)
i
A4S

-y

Call for animal-rights
and welfare

Legal obligations Spec?lt_es extrgpol_z_a.tlon
e.g. 7" Amendment

0 EU Cosmetics Act)
wii, @ Tustivute for Risk Assessment Seiences | Divtsion Tuxicology Zagreb
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From Casaretts and Doull’s Toxicology (2008)

Cost concerns

Acute oral Rats 2000
Acute dermal Rabbits 1500
Acute inhalation Rats 5000
Ocular Rabbits 1500
Skin irritation Rabbits 100
Sensitization Guinea pigs 3000
Neurotoxicity Hens/rats 25,000
Mutagenicity In vivo/in vitro 5000
Carcinogenicity/chronic | Rats 1,400,000
toxicity Dogs
Reproduction & Rats/rabbits 505,000
teratogenicity
Toxicokinetics Rats/mice 100,000
Zagreb 11

Toxicological risk
assessment

Classical” in vitro toxicology:
e finding concentrations (not dose)

. * need to extrapolate to intact

organism
e |lack of biotransformation/ kinetics
e not focused on relevant biomarkers

e concentrated on cytotoxicity, rather
than on mechanisms of importance
hlsrinn- R\Ifisv.o'.-fm.u / Division Toovicology
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l Integrated Testing Strategies (ITS)
|
characterization

waiving

g data

Exposure information

13

THRESHOLD FOR TOXICOLOGICAL
CONCERN

TTC principle is derived from FDA'’s
'_.' Threshold of Regulation approach
; for food contact materials

— Dietary concentration below 0.5 ppb
(= 1.5 yg/person/day) is so negligible
that it presents no public health
concern

— “Exempt from regulation”

Institute for Risk Assessment Sciences | Division Tocicology Zagreb
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I Structure Activity Relationships
Toxic effect related to molecular
structure
= Similar toxicities within chemical
0 Literature Review ’ category
Mt
& — 2 Reprotoxic
‘ Structure-Activity ’ R1 R2 2
Assessment pO?Cﬂflﬂl
R4 R3
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QSAR to Predict Baseline Fish
Acute Toxicity

Log LC50 (mM)
: it

® Non-polar narcosis
O Polar narcosis

Log Kow

Log LC,, (MM) = -0.94 Log Kow + 1.57 (R? 0.89)
16
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Quantitative Structure
Activity Relationship (QSAR)

‘chemical structure or properties fate or effect properties

X « Y

/\/c' © . .
biodegradation rates
P L no-effect concentrations
0 soil sorption
la bioaccumulation
quantitative model relating Y to X (QSAR)
Y =f(X)

prediction of fate or effect properties
from chemical structure for related chemicals

17
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Activity of a chemical depends on:
Cl
hydrophobicity / solubility in water c _-OH
“ methanol
X Cl
siz€ tetrachlorobiphenyl
electronic parameters: charge
_ ' agonist
18
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Quantitative structure-activity
relationship: properties

Hydrophobic parameters

Aqueous solubility

Octanol-water partition coefficient (Kyy)
Total Surface Area (TSA)

Total Molecular Volume (TMV)
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Paradigm shift:

- Is determined by:

e the critical
concentration and time of exposure (dose
metric) to

e the critical compound (metabolite?) on

e the critical site of action

23

Toxicity testing: a more
| efficient approach.

- Health Council of the Netherlands.
! The Hague: Health Council of the
'; Netherlands, 2001; publication no.
. 2001/24E.

. = ISBN: 90-5549-415-1

e http://www.gr.nl/
(go to reports, 20 November 2001)
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l_ Chemical | _l

Physicochemical .
propertis Expasure profila
L ¥ ]
Is there relevant potenial exposure? »
No, exposure below
TIC (Tivesheld of Toxicological
(= G
Toxicity data available?
fngis B J
] ks chke fum

in test scheme (figurs 2)

Figure | Substances und theis toxicity profile.

Phase 4: Investigation info machanisms of action
(In-vitre-tests and animal experiments)

« biokinatics

- {oxicodynamics
- polymorphisms
- PBPK-madels

Information about for example;

- biomarkers of exposure

- blomarkers of effect

- qualitative and quantitative interspecies variations
« qualitative and quantitative intraspecies variations

Critaria, including

- applicationof the chemical ‘

= number of paople exposed Make safety evaluationlevel 4

- sensitiva subpopulations 5 Addltional research necessary? m (quantitative: isk charactarisation)
- level of exposure

- duration of axposura

Maks prorenan o revmarc |
[T i

Figure 7 Continued.

Institute for |
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TOXICITY TESTING IN THE 21ST
CENTURY: A VISION AND STRATEGY

Institute for Risk Assessment Sciences | Division Toxicology

Toxicity Testing in the 21* Century:

A Vision and Strategy

Committee on Toxicity Testing and Assessment of

Environmental Agents

Board on Environmental Studies and Toxicology

Institute for Laboratory Animal Research
Division on Earth and Life Studies

National Research Council

THE NATIONAL ACADEMIES

Advisers o the Notion on Science, Engineering, and Medicine

27
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A New Paradigm:

_/ Activation of Toxicity Pathways
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It’s all about homeostasis: 3
keeping within the boundaries AR
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= In toxicity testing...

% of cells alive

e |n ADME studies...

Chemical (or metabolite)
Apical compartment

Cell monolayer
— Porous membrane

— Basolateral compartment

concentration

[ ] Institute for Risk Assessment Sciences | Division Toicology Zagreb
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I Exposure assessment ]
I Literature review I P, Risk
g | evaluation
=l Structural, physicochemical characterization, N
© read across
3
Q
o : »
‘0 I Evaluation of biokinetic behavior I Consider variability,
g. | sensitive sub-populations
8‘ I In vitro effects battery (proper biomarkers) I
ol 3 Quantitative
\ I In vitro concentration response I 7 in vitro-in vivo
\ | extrapolation
! QIVIVE
N I Concentration-response modeling I
I Determination of appropriate point(s) of departure I
36
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In Vitro — In Vivo
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in vitro data

kinetic modelling

on kinetics

kinetics in

- .
ng VIVO

|

in vitro data
on dynamics

prediétion of
target tissue
concentrations

.

prediction of
dynamics

!

prediction of
systemic toxicity

~[in vivo toxicity
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KINETICS DYNAMICS
100% effect
uptake (Ka)
l degeneration
C*t/(C*t + Ct50)
distribution > 20% effect
CNC
[plasma] (Vd)

0% effect
metabolism Recovery (Krepair*t)
(Vmax, Km, Cli)
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Day X: Routine ESC culture

Iy 11

Day 0: Hanging drop culture

Day 2: EB in suspension culture

Day 5: EB in tissue culture platas

I _H____ll

l Day 10: Evaluation contracting
cardiac muscle foci

Van Dartel and Piersma, Reprod Tox 2011, 32: 235-244
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Output: predicted embryotoxic dose levels
parent glycol ethers (inhalation)

L1

blood

fat

rapidly perfused

slowly perfused

liver

’ alkoxyacetic acid metabolite

Input: BMC values y ic acids din EST
[}
1 ’—> excretion to urine
il blood
fat
rapidly perfused
slowly perfused
liver

Output: predicted embryotoxic dose levels parent glycol ethers (oral)
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Louisse et al, ToxSci 2010
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Conclusions 1

e Risk assessment = hazard characterization +
exposure assessment

- Traditional toxicology tests are performed on
animals and in a tiered manner: acute —
subchronic — chronic and specific toxicity tests

< Animal welfare and cost concerns as well as legal
obligations and questionable scientific results =
major impetus for research in alternatives testing
methods and strategies in toxicology

Zagreb 49
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Conclusions 2

e integration of in vitro data in risk evaluation
is possible, provided that:
biokinetics are taken into account (absolute
necessity)

- integration of all available data in a stepwise
(hierarchical) approach will improve the
transparency and efficacy of the risk
assessment process

 there are many possibilities for the use of
non-animal data in this process

Zagreb 50
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Conclusions 3

< New toxicological paradigm: tiered integrated
testing using
— Exposure-based waiving (TTC approach), read
across (SAR) and chemical categories

— In silico methods (QSARs, systems biology,
pathway modeling, PBPK and PKPD modeling)

— In vitro methods (testing battery for both
toxicological endpoints and kinetic parameters)

e Read ‘Toxicity Testing in the 21st Century’- Report
by NRC

P
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Conclusions 4
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