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Tiered test

Test battery




Test battery

Integrated

testing

strategy

«a group of assays conducted together to predict a toxicity endpoint
the results of each individual assay could be equally weighted

or a statistical weight could be used an attempt to better model
the in vivo response

*based on sequential assessments, where a result at one tier is used
to determine the next step
susually a decision-tree type of assessment

sintegrate different types of data and information into the decision-
making process

emay incorporate approaches such as weight-of-evidence and
exposure/population data into the final risk assessment

«  http://alttox.org/mapp/emerging-technologies/integrated-testing-strategies-risk-assessment/
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'Purpose of eye irritation test
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'Deﬁnition of eye irritation

« Eye corrosion is the production of irreversible tissue damage in
the eye following application of a test substance to the anterior
surface of the eye.

- Eye irritation is the production of reversible changes in the eye
following the application of a test substance to the anterior
surface of the eye.




Structures of the Eye

Inis

Pupil

Structure of eyes and animal alternative test

For Conjunctiva Response
* Vascular response

* HET-CAM : hemorrhage, lysis, Coagulation

TEAR FILM:

Outer Upid Layer
The most important function
Is to prevent the evaporation
of tears.

Middle Aqueous Layer
Contains vital nutrients and carrles
oxygen to sensitive ocular tissues.

Inner Mucous Layer
Helps to spread the tears and stabilize the tear film.

Image courtecy of Alcon
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Endothelium

Epithelium ' Bowman's membrane  Descemet's membrane

e For Cornea Response

o ; \ * 3-5 layers of flattened/ columnar epithelia
b i * Avascular response

' ) + STE, RhCE EIT : cell viability

Endoihelum * BCOP, ICE : opacity, etc
* FL test : permeability

https://nei.nih.gov/health/cornealdisease




'Initial considerations

(1)

(2)

(3)

Strongly acidic or alkaline substances, for example, with a
demonstrated pH of 2 or less or 11.5 or greater, need not be
tested owing to their predictable corrosive properties. Buffer
capacity should also be taken into account.

Materials which have demonstrated definite corrosion or severe
irritation in a dermal study need not be further tested for eye
irritation. It may be presumed that such substances will produce
similarly severe effects in the eyes.

Results from well validated and accepted /n vitro test systems
may serve to identify corrosives or irritants such that the test
material need not be tested /n vivo.

OPPTS 870.2400 Acute Eye Irritation
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Draize rabbit eye test

Observe tissues
ltd203l 1 @ Qlz{ @ @1 1 [ [ j+af | 1 { 1 | 5_3_1_,) » persistence Cat 1
—T_nl

Calculate for each rabbit mean CO, mean IR, mean CR, and mean CC values overday 1-3

Tab. 1: Description of Draize Scoring Rules
Endpoint Description Range
Cornea degree opacity and ulcerations 0-4
Iris swelling, hyperaemia 0-2
- " - — Mode Draize Outcome
Conjunctivae redness, vessel discernibility 0-3 Nonlrritating (1361)
. . . Type 1 (186)
Chemosis swelling, lids closed/open 0-4 ITvne 2A (213)
I Type 2B (81)
ALTEX 33(2) 2016 Fig. 1: Prevalence of outcomes for substances tested

with OECD TG 405 (Draize rabbit eye test) in REACH
registrations 2008-2014



21 Day
Reverse Na

No

Yes

cornfiris == 1 or
conjlchem >= 2

7 Day

Reverse
Mo Yes

¥ i
C Nunlrritant) (Type EB)

Fig. 4: Draize endpoint classification strategy as
represented by IDRI
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Table 3.3.1: Irreversible eve effects categories’

An eve irritant Category 1 (irreversible effects on the eve) 1s a test matenal that produces:

(a) atleast in one animal effects on the cornea, ms or conjunctiva that are not expected to reverse or
have not fully reversed within an observation period of normally 21 days; and/or

(b) at least in 2 of 3 tested amimals, a positive response of:

(1) corneal opacity = 3; and/or

(11) irit1s > 1.5;

calculated as the mean scores following grading at 24, 48 and 72 hours after installation of the test
material.

ST-SG-AC10-30-Rev4e (Unece)

11



Table 3.3.2: Reversible eve effects categories

An eye irritant Category 2A (irritating to eves) 1s a test material that produces:

(a) atleastin 2 of 3 tested anumals a positive response of:
(1) corneal opacity = 1; and/or
(11) mritis = 1; and/or
(111) conjunctival redness = 2; and/or
(1v) conjunctival oedema (chemosis) = 2
calculated as the mean scores following grading at 24, 48 and 72 hours after installation of the test
material, and which fully reverses withun an observation period of normally 21 days.
Within this category an eye 1rritant 1s considered mildly irritating to eves (Category 2B) when the
effects listed above are fully reversible within 7 days of observation.

ST-SG-AC10-30-Rev4e (Unece)
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Classification of mixture

Table 3.3.3: Concentration of ingredients of a mixture classified as skin Category 1 and/or eve
Category 1 or 2 that would trigger classification of the mixtures as hazardous to the eve

(Categorv 1 or 2)

Sum of ingredients classified as Concentration triggering classification of a mixture as

Irreversible eve effects Reversible eve effects
Categorv 1 Category 2

Eye or skin Category 1 = 3% = 1% but < 3%

Eye Category 2/2A = 10%

(10 x eye Category 1) + eye Category 2/2A = 10%

Skin Category 1 + eye Category 1 = 3% = 1% but < 3%

10 = (skin Category 1 + eye Category 1) = 10%

+ eye Category 2A/2B

Table 3.3.4: Concentration of ingredients of a mixture for which the additivity approach does not
apply, that would trigger classification of the mixture as hazardous to the eye

Ingredient Concentration | Mixture classified as:
Eve

Acid withpH <2 = 1% Category 1

BasewithpH = 11.5 = 1% Category 1

Other corrosive (Category 1) ingredients for which = 1% Category 1

additivity does not apply

Other uritant (Category 2) mgredients for which additivity > 3% Category 2

does not apply, including acids and bases

13
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Alternative methods currently available to the Draize rabbit
eye test

1. Isolated organs
1.1. Bovine Corneal Opacity and Permeability (BCOP) Test
1.2. Isolated Rabbit Eye (IRE)
1.3. Chicken Enucleated Eye Test (CEET)
2. Organotypic Methods - Chorio-allantoic membrane methods
2.1 Hen's egg test on the chorio-allantoic membrane (HET-CAM Assay)
2.2. Chorioallantoic membrane vascular assay (CAMVA)
2.3. Chorioallantoic membrane - trypan blue staining (CAM-TB)
3. Human corneal epithelium models
3.1.The EpiOcularTM assay (ET50-based assay)
3.2. The SkinEthic in vitro reconstituted human corneal epithelium (HCE model)
3.3. HCE-T Tissue Construct (Gillette)
4. Cell based cytotoxicity methods
4.1. Neutral Red Uptake
4.2. Neutral Red Release Assay
4.3. Red blood cell (RBC) haemolysis test
5. Cell function based assays
5.1. Fluorescein leakage (FL)
5.2. Silicon Microphysiometer (SM) or Cytosensor Microphysiometer
6. Other assays
6.1. Mucosal irritation model: using slugs (e.g. Arion lusitanicus)
6.2. The IRRITECTION® assay
6.3. The Pollen Tube Growth (PTG) assay

http://ec.europa.eu/consumers/sectors/cosmetics/files/doc/
antest/(5)_chapter_3/3_eye_irritation_en.pdf
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OECD test guidelines for eye irritation

Title Date Existing animal test
method

TG 437 Bovine Corneal Opacity and Permeability (BCOP) Test 29 Jun 2020

TG 438 Isolated Chicken Eye (ICE) Test Method 27 Jun 2018

TG 460 Fluorescein Leakage (FL) Test Method 09 Oct 2017

TG 491 Short Time Exposure (STE) in vitro test method 29un 2020 ¢ l:ﬁa‘t?jnfég:fosion
TG 492 Reconstructed Human Cornea-like Epithelium (RhCE) test 18 Jun 2019
TG 494 Vitrigel-Eye Irritancy Test Method 18 Jun 2019
TG 496 In vitro Macromolecular Test Method 22 Nov 2019

Depth of Injury to Non irritants vs others

the Cornea

Neutral Red Release
Fluorescein Leakage
Endothelium  Stroma Epithelium Cytosensor

; 2] Irritection
¥ I ??- Human Corneal Epithelium
3 g0 imitatin a EpiOcular

o HET-CAM

Red Blood Cell
Slug Mucosal Irritation
Organ Based Methods (below)

Slight

Mild

' oy ppniee ltn ’ '.ml.‘

Moderate e Severe irritants vs others

= Chicken Enucleated EyeTest
Severe <RI Bovine Corneal Opacity Test

o Porcine Corneal Opacity Test
[ g Rabbit Enucleated Eye Test
Scottet et al. 2010, h Rabbit Ex-Vivo

Tox. In vitro 24: 1-9 CAM-TBS
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'IATA for eye irritation (Parts and Modules)

Part &

Part 1: Existing information,
physico-chemical properties
and non-testing methods

Part 2: WoE analysis
Part 3: New testing

Modules
1. Existing human data on serious eye damage and eye irritation

2. Existing in vivo animal data according to OECD TG 405 on
serious eye damage and eye irritation

3. Existing in vifro data from OECD adopted test methods on
serious eye damage and eye irritation

a) OECD TG 437 on the BCOP test method

b) OECD TG 438 on the ICE test method

¢) OECD TG 491 on the STE test method

d) OECD TG 492 on the RhCE test methods

e) OECD TG 460 on the FL test method

4. Other existing animal data from non-OECD adopted test
methods on serious eye damage and eye irritation

5. Other data from non-OECD adopted alternative test methods
on serious eye damage and eye irritation

6. Existing data on skin corrosion (human. animal and in vitro)
7. Physicochemical properties (existing, measured or
estimated) such as pH and acid/alkaline reserve
8. Non-testing data on serious eye damage and eye irritation
a) Substances: (Q)SAR. expert systems. grouping and read-
across
b) Mixtures: bridging principles and theory of additivity
9. Phases and elements of WoE approaches
4. Testing onOECD adopted in vifro test methods for serious
eye damage and eye irritation OECD TG491 STE
6. Testing on other non-OECD adopted alternative test
methods for serious eye damage and eye irritation HET-CAM
3.As a last resort. testing on in vivo animal test method
according to OECD TG 405 for serious eye damage and eye
irritation

* While the three Parts are considered
as a sequence, the order of Modules 7
to 8 of Part 1 (here shown in decreasing
order of complexity) might be arranged
as appropriate. Furthermore, if sufficient
and adequate data exist each module
may lead on its own to a classification
decision or the absence of classification
where relevant as described in the
figure.

OECD GD 263 on IATA for Serious
eye damage and eye irritation (2019)



Existing human, animal and in vitro data from OECD * While the three Parts are considered as
PART 1 adopted test methods on eye hazard (Modules 1, 2 and 3) a Sequence the Ofd@f OfMOdU/@S 7 to 8
EXiSt-Iﬁé Other existing animal and in vitro data on eye hazard of Part 71 (hefe shown in dECfGBS/hg order
testing& from non-0OECD adopted methods (Modules 4 and 5) WoE Of Comp/e)(/'zj/) m/g/n‘ be arranged as
appropriate. Furthermore, if sufficient and
or
WoE

Existing data indicating skin corrosion (Module &)

ek X8 ,
non-testing Hm adequate data exist each module may

data® I Physico-chemical properties (Module 7)

_ C&LP lead on its own to a classification decision
I fon e e et ods (Modue®) I_’- or the absence of classification where

If no C&L decision from & individual modules /.e/e vant as descr/'bed n l"/?é’ ﬁgure
Weight of Evidence (WoE, Module 9) gij;?:g;i liEB
evidence

on all collected information
I Non-Cat. 1 ]‘(_I Identify most likely hazard based on WoE l

If no C&L decision G from WoE analysis

Classified Not classified
TOP-DOWN G & BOTTOM-UP

Invitrotest method(s)c 1~ OECD adopted invitrotest -
suitable for identification -1 method{s)® for identification .
.. of serious eye damage | - of no need for classification -
- (Modulesdand®) - - -y - - (Moduled) - -

PART 2: WoE

—

|
v Non-Cat. 1° ¢ Classified

[~ DECD adopted invitro test.- I “ Invitro test method(s)® .1‘
method(s)® for identification | suitable for identification
“ - of no need for classification |- - of serious éye damage -

(Moduled). - -y (Modulesdandb) .-

Classified i Non-Cat. 1 ¢
h 4

- - — If adequate
Weight of Evidence analyses of new invitro data and & suﬁfcr‘ent C&Lor
all other available information (Module 9) . ct
evidence N

PART 3: Testing data

if no C&L decision ¢ from WoE analysis

((Other in vitro test method for serious eye damage & eyeirritation )  yr
... .. notadopted by the OECD (Module&) ...~~~ . .~ analysis
T g e T

\ Invivo eye damage /eye irritation test as a last resort (Module 3) m

Figure 2.1. Detailed IATA for serious eve damage and eve irritation. C&L: Classification OECD GD 263 on IATA for Serious
and labelling (i.e., UN GHS Cat. 1 or Cat. 2); NC: UN GHS No Category. eye damage and eye irritation (2019)
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Existing human, animal and in vitro data from OECD
adopted test methods on eye hazard (Modules 1, 2 and 3)
PART1:
Existi Other existing animal and in vitro data on eye hazard
Xisting from non-OECD adopted methods (Modules4 and 5)
testing &
. Existing data indicating skin corrosion (Module 6)
non-testlng
data* Physico-chemical properties (Module 7)
Non-testing methods (Module 8)
If no C&L decision from G individual modules
us Weight of Evidence (WoE, Module 9) Uradegqate
: ] & sufficient
B on all collected information .
evidence
P If no C&L decision G from WoE analysis
f—
g Non-Cat. 1 Identify most likely hazard based on WoE
= O 4
| ——— f \

* the order of Modules 1 to 8 of Part 1 (here shown in decreasing
order of complexity) might be arranged as appropriate.

« Furthermore, if sufficient and adequate data exist each module may
lead on its own to a classification decision or the absence of
classification where relevant, as described in the figure.
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b For example, the application
of bridging principles might
be used to derive a
classification of the tested
mixture, which might include
also identification of UN GHS
No Category. In contrast,
results obtained from (Q)SARs
might be used in a WoE
approach.



PART 3: Testing data

¢ The use of additional in vitro test methods
suitable for identifying UN GHS Cat. 1, based

v v
Classified Not classified if possible on dlfferfent mechanisms of action,

may be considered in case a negative result is
TOP-DOWN U' @ BOTTOM-UP obtained with a first in vitro test method used
~Invitrotest method(( - I OECD adepted invitro test - for this purpose. This is due to the fact that a

smtable foridentification . 1. method(5)%or identification.
of serious eye damage . |- ofno need for classn‘lcatlon .
. .{M!Jdu'es_“.a.ndﬁ! oy Moduled)

v Non-Cat. @ ¢ Classified

single in vitro test method aiming at the
identification of UN GHS Cat. 1 may not cover
all mechanisms of action resulting in serious
eye damage (e.g. persistence of effects) and
may therefore produce a certain amount of

mthod{s)" forldentlfcatlon | suitableforldentlflcatlon m

false negatives (see chapters 3 and 4.3).

- of nonee d for dlassificatit fs ye damage .. .
:o_ "° féfm;drj:f)' ‘cation. ' 0_(;';_3:?;;3:;“51 d The use of additional OECD adopted in
. P NomCat. 1 vitro test methods for identifying UN GHS No
v assifie Cat. may be considered in case a positive

Weight of Evidence analyses of new invitro data and
all other available information (Module 9)

Vadequate  querpmem result is obtained with a first in vitro test
method used for this purpose. This is due to

evidence

‘L the fact that the currently OECD adopted in
if no CBL decision N from WoE analysis vitro test method aiming at the identification of
WoE UN GHS No Cat. produce a significant amount
0”0"5’5"5 of false positives (see chapters 3 and 4.3).
e In cases where the WoE evaluation in Part 2
indicates that a classification is warranted with a
high degree of certainty, testing with an in vitro
test method for identification of UN GHS No
Cat. may be waived, and the next steps in the
strategy should be undertaken
f UN GHS Cat. 2 classification is to be
considered only in cases where the WoE
evaluation indicates that the test chemical is
not UN GHS Cat. 1 with a high degree of
certainty.

rO'cl1er in vitro test method. forserious eye damage & eye lrrltatlon
' j “not adopted by the OECD. (Moduleﬁ} S .;. ;. .;.
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* A Top-Down approach, starting with in vitro test methods
that can identify test chemicals causing serious and/or
irreversible eye damage (UN GHS Cat. 1) with low false
positive predictions and the highest possible accuracy.

(Mild/Moderate) Irritant
(GHS cat.2 / R36)

i

In vitro test B

ﬂ No, proceed

Confirmed

Invitrotest A| —p

i

START

Presumptive Non-irritant

Confirmed

Severe Irritant
(GHS cat.1/
R41 labeling)

Non-Classified
(Non- labeled)

START
Presumptive Severe irritant

!

In vitro test B

Mo, proceed ﬂ

Confirmed

Confirmed

In vitro test A

!

(Mild/Moderate) Irritant
(GHS cat. 2 / R36)

A Bottom-Up approach, starting with in vitro test methods
that can identify test chemicals not requiring classification
for eye hazard (UN GHS No Cat.) with low false negative
predictions and the highest possible accuracy.
20

Scottet et al. 2010,
Tox. In vitro 24: 1-9
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' Two tiered approaches combining alternative test
methods and minimizing the use of reconstructed
human cornea-like epithelium tests

“ : Soluble chemicals

( Catl No pre No Cat

BCOP . Insoluble chemicals

}f_Catli No pre No Cat
Soluble chemicals Insoluble chemicals
Slight Mild Se\_fere
lni_tam Non-_irritant_ Ca;l
e e o Kyung Yuk Ko, et al.
G _Nocat ) 2020, Tox. In vitro

63, 704675
Fig. 1. The tiered approach A proposed from the present study.
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