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ZEBET: organisation, tasks, missions

ZEBET 1 ZEBET 2 ZEBET 3

DOCUMENTATION EVALUATION RESEARCH
Database Validation Studies R&D
Information Service Co-ordination Applied Research

establish a database & information service on
alternatives at the national and international level

develop 3R alternatives
fund research on alternatives
participate / co-ordinate / consult validation studies

co-operate with national & international funding agencies
and validation centres

provide a forum for information  on alternatives

Matthias Peiser, Stockholm, 2009-05-13, Integrated in vitro Testing Strategies 4



Lecture Content

@ Introduction BfR and ZEBET

@ Phototoxicology Definitions

@ Validation and acceptance of the invitro 3T3 NRU PT

@ Practical experience with the 3T3 NRU PT

@ Adjunct invitro tests: PBC PT and H3D PT

@ Role of Human 3D skin model phototoxicity test (H3D PT)

@ Strategy for invitro assessment of photo -safety / -potency
for cosmetic ingredients

@ Conclusion and perspective

Matthias Peiser, Stockholm, 2009-05-13, Integrated in vitro Testing Strategies 5



Phototoxicology: Definitions

Photoreactive : Drugs or chemicals that react with another molecule in the
formulation or skin after exposure to UVA, UVB, or visible radiation

Phototoxicity : A spontaneous light-induced, nonimmunologic response to
a photoreactive drug or chemical

Photoirritation / Photochemical irritation . A spontaneous, light-induced,
nonimmunologic, skin response to a photoreactive drug or chemical

Photoallergy : acquired, immunologically mediated reaction to a drug or
chemical initiated by the formation of photoproducts when that drug or
chemical is exposed to light

Photoproducts : Compounds resulting from absorption of radiation by a
drug or chemical

Photochemical carcinogenesis : Carcinogenesis resulting from a reaction
with a photoactivated drug or chemical

Note: Photocarcarcinoma induced by UVB light without involvement of a
light-activated drug or chemical is by definition not covered by the
area of phototoxicology
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All known phototoxic effects ...
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... are, at the cellular level, based on two well know n
mechanisms, (transfer of energy or electrons)

photoreactive chemical + UV / visible light
v
Excited state chemical (triplet)
v v v
Energy transfer Electron transfer Formation of
(e.g. oxygen) * toxic photoproduct
+ Radial generation
Excited singlet -Photosensitiser | | Biomolecule | Covalent binding
oxygen - Biomolecule Adduct formation
' v v
Oxidation of - Hydroperoxides Immunological
biomolecules - Superoxide sensitisation
(Type Il reaction) - Hydroxyl radicals
(Type | reaction)
\1 o i
Molecular change QII damage
8

Matthias Peiser, Stockholm, 2009-05-13, Integrated in vitro Testing Strategies




Lecture Content

@ Introduction BfR and ZEBET

@ Phototoxicology Definitions

@ Validation and acceptance of the invitro 3T3 NRU PT

@ Practical experience with the 3T3 NRU PT
@ Adjunct invitro tests: PBC PT and H3D PT
@ Role of Human 3D skin model phototoxicity test (H3D PT)

@ Strategy for invitro assessment of photo -safety / -potency
for cosmetic ingredients

@ Conclusion and perspective

Matthias Peiser, Stockholm, 2009-05-13, Integrated in vitro Testing Strategies 9



Irradiation: solar simulaton

Doped Metal Halide Lamps (here: Dr. Hoenle SOL 500) provide
» acceptable technique for solar simulation at reasonable costs
« sufficient amount of UVB in the spectrum

 sufficient match between spectrum and natural sunlight
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3T3 NRU PT design: concurrent __ light and dark experiments

Seed 3T3 Fibroblasts in two 96-well plates
24 h Incubation

Medium exchange

96-well plate design

Treatment of cells with test chemical (8 conc) inE ~ BSS

o o 1 h Preincubation
PHOTOTOXICITY TEST DARK CONTROL TEST
UVA / vis irradiation Keep duplicate  plate
1.7 mW/cmz2 UVA, in the dark
50 min (=5 J/cm?) 50 min (= 0 J/cm?)
T Medium exchange
\ N J 20 h recovery period in culture medium
control C1-C8 control

Measurement of cell viability
by Neutral Red Uptake
(concertration response analysis )

Determine photo-irritancy-factor PIF = %Zzl_)(l%\\//)
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Use sophisticated Prediction Model: M ean Proto Eftect

Validation, see:
Peters & Holzhutter
ATLA 30: 415-432, 2002

...calculates several times (n = to be determined by user) photo
effect (PE) across the two complete (-UV / +UV) concentration-
-response curves, calculates then the mean photo effect (MPE)
and probability of prediction... NEEDS SPECIAL SOFTWARE
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“Phototox 2” Software should be used in any case

Was validated 2001 in the
process to develop OECD

Test Guideline 432 on the

3T3 NRU PT

Is approved for use in a
GLP environment

Can be obtained by free
download at the public
OECD Test Guideline
Website

Is provided with the full
data set (> 1000 tests) of
the formal Validation Study
and of the UV Filter study
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Phototoxic: conc-response differences exceed
prediction threshold (PIF > 5)

Bithionol
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3T3 NRU Phototoxicity Test
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Non phototoxic : only no/minor conc-resp
d iffe re n C e S Absorption spectrum

(10 mg/l in DMSO)
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Summary of Validation Studies of 3T3 NRU PT

SPONSORS
EU DG XlI, ECVAM, ZEBET-BfR, COLIPA

DESIGN of 3T3NRU-PT
3T3 monolayer 24h  1h +UVA/-UVA  24h viability (NRU)

Prediction Model:
comparison of two concentration response curves, obtained
+light & -light, either at the I1C, level (PIF), or complete (MPE)

CHEMICALS TESTED

(1) Prevalidation Study 11 PT 9 NPT not blind
(1) Validation Study 25 PT 5NPT blind trial
(111) UV Filter Study 10 PT 10 NPT blind trial

RESULTS (compared to animal and human in vivo data)

(1) sensitivity: 84% specificity:  93%
(1I) sensitivity:  100% specificity: 98%
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3T3 NRU PT: limitations and solutions

LIMITATIONS

poorly soluble chemicals may cause problems
(note : the majority of known phototoxins is positive at low concentrations, 0.01 — 10 pg / mL)

lack of metabolic activation
(note : this has so far not been proved a limitation)

Test detects general photocytotoxicity and biological photoreactivity:
the exact phototoxic mechanism cannot be identified
(note : photogenotoxins and even photoallergens provide positive results)

For chemicals predominantly (or solely) absorbing in the UVB range, some
regulators have requested higher UVB proportions in the solar light, than
the 3T3 cells can resist.

SOLUTION: use Photo RBC (RBC PT)

positive results indicate phototoxic potential that may be irrelevant because
biokinetics / bioavailability is poorly modelled in the 3T3 NRU PT

SOLUTION: for chemicals with topical exposure (e.g. cosmetic

ingredients) use the human 3D skin model phototoxicity test
(H3D PT) as second tier for verification of 3T3 NRU PT results.
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Review on phototoxicity / photogenotoxicity tests

ATLA, 33, Suppl.1, 131-146, 2005

Red blood cell haemolysis and
met-Hb formation phototoxicity test
(RBC-PT)

INVITTOX Prot. No. 81

Human 3D reconstructed skin
model phototoxicity test
(H3D-PT)

INVITTOX Prot. No. 121

* not a stand alone test

* identifies photodynamic mechanism
met-Hb formation: Type I
photohaemolysis: Type |

» can be used with high UVB doses

 valuable adjunct to 3T3 NRU-PT

* not recommended as stand alone

» can be used with poorly soluble test
substances and formulations

e mandatory 2nd tier to clarify the
relevance of positive 3T3 NRU PT
results when topical exposure to
the skin is the only relevant route
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Standard
H3D-PT
Protocol

INVITTOX
Nr. 121

Liebsch, M., Barrabas, C.,
Traue, D. & Spielmann, H.
(1997)

Entwicklung eines neuen in
vitro Tests auf dermale
Phototoxizitat mit einem
Modell menschlicher
Epidermis, EpiDerm™,
Alternativen zu
Tierexperimenten
(ALTEX) 14, 165-174
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...nho use until it became obvious that...

while the 3T3 NRU PT result will give an almost
100% correct indication of phototoxic potential

It does NOT allow

(1) to assess the potency of a phototoxin
under in vivo exposure conditions to
the skin

(2) to assess whether the phototoxic
potential of a substance is irrelevant
under in vivo exposure conditions to the
skin (photosafety)

Matthias Peiser, Stockholm, 2009-05-13, Integrated in vitro Testing Strategies 23



Proposal of H3D-PT as second tier

Since neither PIF, nor MPE of the 3ST3NRU-PT
correlated with the potency of a phototoxin, we
suggested already in 1995*, for substances with
exclusive exposure to the skin, to use a phototoxicity
test employing a human 3D skin model (H3D PT) as
a second tier in a testing strategy.

In case a NOAEL could be determined in the
H3D PT, photosafety clearance could then be
confirmed in a photo-patchtest in a third tier on
human volunteers.

Liebsch, M., Doéring, B., Donnelly, T.A., Logemann, P., Rheins, L. A. &
Spielmann, H. (1995). Application of the human dermal model Skin? ZK
1350 to phototoxicity and skin corrosivity testing.

Toxic. in Vitro 9, 557 - 562
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One example from this study...

Bergamot oils obtained from various suppliers differ in
phototoxicity detected by 3T3 NRU PT

AIM OF THE STUDY:

identification of differences in content of photoactive components

depending on different solvents (intended use in finished
products) using different tests in a strategy

EVALUATED TESTING STRATEGY
1. spectral + chemical analysis
2. invitro 3ST3 NRU PT
3. Invitro EpiDerm H3D-PT
4

. In vivo human skin photopatch test in volunteers
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Tier 1a: UV-vis absorption spectra

Bergamot oil (CAS No. 8007-75-8): different suppliers

AROMA s.r.o.(C2) BIOMEDICA s.r.0. (C2)
SIGMA AG (DE) SCHUPP GmbH (DE)

BO AROMA

Absorbance
@)
O i
RN
L1
&
Y/
ll

— -_\~._\
.

0.02 | BGBIOMEDICA ™ ~——e _

280 300 320 340 360 380 400
Wavelength [nm]
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Tier 1b: Content of photoactive impurities

Content (%) of Furocoumarins in BO (GC chromatography)

% in bergamot oll
component
Bergamot oil A Bergamot oil B Bergamot oil C Bergamot oil D
neral n.d. n.d. 0.48 0.43
geranial n.d. n.d. 0.04 n.d.
bergamoten n.d. n.d. 0.86 0.83
citropten n.d. n.d. 0.13 0.19
bergapten n.d. n.d. 0.13 0.18
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Tier 2. Phototoxicity in 3T3 NRU PT

Bergamot oil Solvent Run PIF MPE
Ethanol 1 1.218 0.027
(1% in PBS) 2 1.067 -0.004
A DMSO 1 1.006 0.005
(1% in PBS) 2 1.185 -0.038
1 1.075 0.004
PBS
2 0.905 0.064
Ethano| 1 1.377 -0.004
(1% in PBS) 2 1.178 0.016
B DMSO 1 1.051 0.003
(1% in PBS) 2 0.904 -0.017
1 1.310 0.113*
PBS
2 1.113 0.031

* probably phototoxic ** phototoxic
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Tier 2b: Phototoxicity iIn 3T3 NRU PT

Bergamot oil Solvent Run PIF MPE
Ethanol 1 1.159 0.000
(1% in PBS) 2 1.383 0.147*
C DMSO 1 1.266 0.048
(1% in PBS) 2 1.666 0.144*
1 1.648 0.017
PBS
2 2.380* 0.232%*
Ethanol 1 1.126 0.126*
(1% in PBS) 2 1.358 0.156**
> DMSO 1 1.419 0.081
(1% in PBS) 2 1.410 0.088
1 2.581* 0.289**
PBS
2 3.415* 0.348**

* probably phototoxic ** phototoxic
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Tier 3: EpiDerm H3D-PT vehicle: wate r

A B

NOAEL: >> 3.16 % NOAEL: >> 3.16 %
C D

NOAEL: 0.0316 % NOAEL: 0.10 %
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Tier 3: EpiDerm H3D-PT

A

NOAEL: 1.0 %

NOAEL: 0.316 %

vehicl e: oll

NOAEL: >> 10%

NOAEL: 0.1 %
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Tier 4. Human In vivo photo-patchtest (HP-PT)

Tested: highest non-phototoxic concentrations (NOAELS)

1 2 3 4
Ol A B C D

1% (W)  19%(W) 0.1% (W)  0.0316% (W)
1% (O)  10%(O) 0.316%(0) 0.1% (O)

Jirova, D., Liebsch, M., Basketter, D., Spiller, E., Kejlova, K., Bendova, H., Marriott, M. and

Kandarova, H. (2007).AATEX, Special Issue-proceedings from WC6. Vol. 14, 359-365.
I

Result: Photosafety of two purified Bergamot oils confirmed in humans
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Strategy In use: Photosafety testing of cosmetic
Ingredient raw materials (2)

39 materials positive in 3T3 NRU-PT

e ofthese 9 materials PIF>2<5
30 materials PIF>5

all 39 materials tested then in H3D-PT

o of these, 5 materials (19.5%) confirmed
positive at LOAEL’s between
0.3% and 10%

Expectedly, there was no_correlation
between PIF values and “potency”
(LOAEL) determined in the H3D-PT
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Conclusions & Perspective

For cosmetic ingredients, the 3T3 NRU-PT is a sensitive indicator
test of general phototoxic potential that - according to our
experience - also detects potential photo-genotoxic and photo-
allergenic properties.

A negative 3T3 NRU-PT result (at sufficiently high concen-
trations) may be a sufficient stand-alone indicator for photosafety.

A positive result in the 3T3 NRU-PT is always a call for further
testing.

For cosmetic ingredients (in particular for batch wise testing of
potentially contaminated raw materials), the H3D-PT is a relevant
2"d tier test to exclude irrelevant positives.

In that context, the H3D-PT may be used to determine a NOAEL
that can be confirmed by photo-patch-testing on humans.
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