EN
ANNEX
The Annex to Regulation (EC) No 440/2008 is amended as follows:

(1) InPartA, the following Chapteis added

" A.25 Dissociation Constants in Water (Titration Method - Spectrophotometric Method -
Conductometric Method)

INTRODUCTION
This test method is equivalent to OE@#3tguideline 112 (1981)
Prerequisites
- Suitable analytical method
- Water solubility
Guidance information

Structural formula

Electrical conductivity foconductometric method
Qualifying statements

- All test methods may be carried out on pure or commercial grade substances. The possible
effects of impurities on results should be considered.

- The titration method is not suitable for low solubility substan@@E® Test solutions,
below).

- The spectrophotometric method is only applicable to substances having appreciably
different UV/VIS-absorption spectra for the dissociated and undissociated forms. This
method may also be suitable for low solubility substanced for nonacid/base
dissociations, e.g. complex formation.

- In cases where the Onsager equation holds, the conductometric method may be used, even
at moderately low concentrations and even in cases feacidfbase equilibria.

Standard documents

This test method is based on methods given in the referenlisted in the section



"Literature"and on the Preliminary Draft Guidance for Premanufadiotfication EPA,
August 18, 1978.

METHOD - INTRODUCTION, PURPOSE, SCOPE, RELEVANCE, APPLICATION AND
LIMITSOF T EST

The dissociation of aubstancen water is of importance in assessing its impact upon the
environment. It governs the form of the substance which in turn determines its behaviour
and transport. It may affect the adsorption of the chemical on soilssadinents and
adsorption into biological cells.

Definitions and units

Dissociationis the reversible splitting into two or more chemical species which may be
ionic. The process is indicated generally by

Yo 'Y ®
and the concentration equilibrivconstant governing the reaction is
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For example, in the particular case where R is hydrogen (the substance is an acid), the

constant is
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Reference substances

The following referencesubstance need not be employed in all cases when investigating a
new substance. They are provided primarily so that calibration of the method may be
performed from time to time and to offer the chance to compare the results when another
method is applied.

pKa (1) Tempin C
p-Nitrophenol 7.15 25"
Benzoic acid 412 20
p-Chloroanilie  3.93 20

1 No value for 20°C is available, but it can be assumed that the variability of measurement results is
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higher than the temperature dependence to be expected

It would be useful to &ve a substance with severalpHKs indicated in Principle of the
method, below. Suchsubstanceould be:

Citric acid pKa (8) Temp.in C
1)3.14 20
2)4.77 20
3)6.39 20

Principle of the test method

The chemical procesdescribed is generally only slightly temperature dependent in the
environmentally relevant temperature range. The determination of the dissociation constant
requires a measure of the concentrations of the dissociated and undissociated forms of the
chemicalsubstance. Frorthe knowledge of the stoichiometry of the dissociation reaction
indicated in Definitions and units, above, the appropriate constant can be determined. In the
particular case described in thest methodhe substance is behaving as am axia base,

and the determination is most conveniently done by determining the relative concentration
of the ionised and unionised forms of the substance and the pH of the solution. The
relationship between these terms is given in the equation foinpgBefinitions and units,
above. Somasubstance exhibit more than one dissociation constant and similar equations
can be developed. Some of the methods described herein are also suitableafidiase
dissociation.

Quiality criteria

Repeatability

The dissociation constant should be replicated (a minimum of three determinations) to
within = 0.1log units.

DESCRIPTION OF THE T EST PROCEDURES

There are two basic approaches to the determination i€ involves titrating a known
amount of substance with standard acid or base, as appropriate; the other involves
determining the relative concentration of the ionised and unionised formstsapét
dependence.

Preparations

Methods based on those pringplmay be classified as titration, spectrophotometric and
conductometric procedures.

Test solutions

For the titration method and conductometric method the chemical substance should be



dissolved in distilled water. For spectrophotometric and other methdtis Bolutions are

used. The concentration of the test substance should not exceed the lesseiMobrOHaif

the saturation concentration, and the purest available form of the substance should be
employed in making up the solutions. If the substana@mig sparingly soluble, it may be
dissolved in a small amount of a wateiscible solvent prior to adding to the concentrations
indicated above.

Solutions should be checked for the presence of emulsions using a Tyndall beam, especially
if a co-solvent hasbeen used to enhance solubility. Where buffer solutions are used, the
buffer concentration should not exceed QMD5

Test conditions
Temperature

The temperature should be controlled to at ledalsiC: The determination should preferably
be carried out &0 C.

If a significant temperature dependence is suspected, the determination should be carried out
at leastattwo other temperatures. The temperature intervals should keid@his case and
the temperature control + 0.

Analyses

The method will be etermined by the nature of the substance being tested. It must be
sufficiently sensitive to allowhe determination of the different specieseachtest solution
concentration.

Performance of the test
Titration method

The test solution is determined byrdtion with the standard base or acid solution as
appropriate, measuring the pH after each addition of titrant. At least 10 incremental
additions should be made before the equivalence point. If equilibrium is reached sufficiently
rapidly, a recording potgiometer may be used. For this method both the total quantity of
substance and its concentration need to be accurately known. Precautions must be taken to
exclude carbon dioxide. Details of procedure, precautions, and calculation are given in
standard tds, e.g. references (1), (2), (3), (4).

Spectrophotometric method

A wavelength is found where the ionised and unionised forms ofsubstancehave
appreciably different extinction coefficients. The UV/VIS absorption spectrum is obtained
from solutions ofconstant concentration under a pH condition where the substance is
essentially unionised and fully ionised and at several intermediate pHs. This may be done,
either by adding increments of concentrated acid (base) to a relatively large volume of a
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solutionof the substanceén a multicomponent buffer, initially at high (low) pH (r&), or

by adding equal volumes of a stock solution of shilestancen e.g. water, methanol, to
constant volumes of various buffer solutions covering the desired pH range thieqhi

and absorbance values at the chosen wavelength, a sufficient number of values fgisthe pK
calculated using data from at least 5 pHs wherestistancées at least 10 per cent and less
than 90 per cent ionised. Further experimental details atitbchef calculation are given in
reference (1).

Conductometric method

Using a cell of small, known cell constant, the conductivity of an approximatelyl 0.1
solution of thesubstancén conductivity water is measured. The conductivities of a number

of accuatelymade dilutions of this solution are also measured. The concentration is halved
each time, and the series should cover at least an order of magnitude in concentration. The
limiting conductivity at infinite dilution is found by carrying out a simi&periment with

the Na salt and extrapolating. The degree of dissociation may then be calculated from the
conductivity of each solution using the Onsager equation, and hence using the Ostwald
Dilution Law the dissociation constant may be calculated adskC/(11 U) where C is the
concentration in moles per litre akts the fraction dissociated. Precautions must be taken

to exclude ©,. Further experimental details and method of calculation are given in
standard texts and references (1), (6) and (7).

DATA AND REPORTING
Treatment of results
Titration method

The pkK, is calculated for 10 measured points on the titration curve. The mean and standard
deviation of such pkvalues are calculated. A plot of pH versus volume of standard base or
acid should béncluded along with a tabular presentation.

Spectrophotometric methods

The absorbance and pH are tabulated from each spectrum. At least five values far the pK
are calculated from the intermediate spectra data points, and the mean and standard
deviation of these results are also calculated.

Conductometric method

The equivalent condueity s is calculated for each acid concentration and for each
concentration oa mixture of one equivalent of acid, plus 0.98 equivalent of carbéreste
sodium hydroxide. Thacid isin excess to prevent an excess of @de to hydrolysis. %/

is plotted againgdbC ands, of the salt can be fourtny extrapolation to zero concentration.

So of the acid can be calculated using literature values foartdl Nd. The pKa can be
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calculated fromJ=s; /s, and Ka= (PC/(1 i U) for each concentration. Better values for
Ka can be obtained by making correais for mobility and activity. The mean and standard
deviations of the pKvalues should be calculated.

Test report

All raw data and calculated pKalues should be submitted together wtle method of
calculation (preferably in a tabulated format, sushsaggested in ret) as should the

statistical parameters described above. For titration methods, details of the standardisation
of titrants should be given.

For the spectrophotometric method, all spectra should be submitted. For the conductometric
methal, details of the cell constant determination should be reported. Information on
technique used, analytical methods and the nature of any buffers used should be given.

The test temperature(s) should be reported.
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(2) In Part B,Chapter B.5s replaced by the following
"B.5 Acute Eye Irritation/Corrosion

INTRODUCTION

1.This test method is equivalent to OEQBst guideline (TG) 405 (2012).OECD test
guidelines for Testing of Chemicals are periodically reviewed to ensure that they reflect
the best available scienda. previous reviews of thigestguideline, special attéion was
given to possible improvements through the evaluation of all existing information on the
test chemical in order to avoidnnecessary testing in laboratory animals and thereby
address animal welfare concerii§ 405 (adopted in 1981 and updatedl8#87, 2002, and
2012) includes the recommendation that prior to undertaking the desarilbvad test for
acute eye irritation/corrosion, a weighfi-the-evidence analysis should be performed (1)
on the existing relevant data. Where insufficient datsageglable, it is recommended that
they should be developed through application of sequential testing (2JH8)testing
strategy includes the performance of validated and acceptetto tests and is provided
as asupplement to this test method. Foetpurpose of Regulation EC (No) 1907/2006
concerning the registration, evaluation, authorization and restriction of chemicals
(REACH)", an integrated testing strategy is aiscluded in the relevant ECHA Guidance
(21). Testing in animals should only bencucted if determined to be necessary after
consideration of available alternative methods, and use of those determined to be
appropriate. At the time of drafting of this updated test method, there are instances where
using this test method is still necasgor required under some regulatory frameworks.

! Regulation (EC) No 1907/2006 of the lBpean Parliament and of the Council of 18 December 2006
concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH), establishing a
European Chemicals Agency, amending Directive 1999/45/EC and repealing Council Reg&&@nNo
793/93 and Commission Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and
Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/BC3@V p. 1, 22.11.2007



2.The latest update mainly focused on the use of analgesics and anestheticsimiplacting
the basic concept and structure of test guideline ICCVAM?! and an independent
international scientific peer veew panel reviewed the usefulness and limitatioofs
routinely usng topical anesthetics, systemic analgesics, and humane endpoints iduring
vivo ocular irritation safety testingl@). The reviewconcluded that the use of topical
anesthetics and systemanalgesics could avoid most or all pain and distress without
affecting theoutcome of the tesand recommended that these substances should always be
used. Thistest method takes this review into account.opical anesthetics, systemic
analgesics, andumane endpointshould be routinely used during acute eye irritation and
corrosionin vivo testing. Exceptions to their use should be justifiéthe refinements
described in this proposal wiubstantially reducer avoid animal pain and distress in
mosttesting situationsvherein vivo ocular safety testing istill necessary

3.Balanced preemptive pain management should include (i) routine pretreatitena
topical anesthetic (e.gproparacaine or tetracaine) and a systemic analgesic (e.g.
buprenorphie), (i) routine postreatment schade of systemic analgesia (e.g.
buprenorphine and meloxicam), (iii) scheduled observation, monitoring, and recording of
animals for clinical signs of pain and/or distress, and (iv) scheduled observation,
monitoring, andrecording of the nature, severity, and progression of all eye injuries.
Further detail is provided in the updated procedures described below. Following test
chemical administration, no additional topical anesthetics or analgesics should be applied
in orde to avoid interference with the study. Analgesics withi-enflammatory activity
(e.g.meloxicam) should not be applied topically, and doses used systemically should not
interfere with ocular effects.

4. Definitions are set out in theppendixto thetestmethod

INITIAL CONSIDERATIO NS

5.In the interest of both sound science and animal welfare/jvo testing should not be
considered until all available data relevant to the potential eye corrosivity/irritation of the
chemical have been evaluated in a weighthe-evidence analysis. Such data include

! The US Interagency Coordinating Committee on the Validation of Alternative Methods



evidence from existing studies in humans and/or laboratory animals, evidence of eye
corrosivity/irritation of one or more structurally related substances or mixtures of such
substances, data demonstrating hagidity or alkalinity of the chemical (4) (5), and
results from validated and acceptedvitro or ex vivotests for skin corrosion and eye
corrosion/irritation (6) (13) (14) (15) (16) (17). The studies may have been conducted prior
to, or as a result o weightof-the-evidence analysis.

6.For certainchemica) such an analysis may indicate the needrfarivo studies of the ocular
corrosion/irritation potential of the chemical. In all such cases, before considering the use
of the in vivo eye test, prefably a study of then vitro and/orin vivo skin corrosion
effects of the chemical should be conducted first and evaluated in accordance with the
sequential testing strategy in test method B.4 ¢r)the integrated testing strategy
described in ECHA Guidae (21)

7.A sequential testing strategy, which includes the performance of valitateitto or ex
vivo eye corrosion/irritation tests, is included as a Supplement to this test method, and, for
the purpose of REACH, in ECHA Guidance (21). It is recommended that such a testing
strategy be followegrior to undertaing in vivo testing. For new cheltals, a stepwise
testing approach is recommended for developing scientifically sound data on the
corrosivity/irritation of the chemicaFor exiging chemicad with insufficient data on skin
and eye corrosion/itiation, he strategycan be used to fill issing data gaps. The use of a
different testing strategy or proceduce the decision not to use a stepwise testing
approach, shouldebjustified.

PRINCIPLE OF THE IN VIVO TEST

8.Following pretreatment with a systemic analgesic and induction of appropadpieal
anesthesiathe chemicalto be tested ispplied n asingledose to one of the eyes of the
experimental animal; the untreated eye serassthe ontrol. The degree of eye
irritation/corrosion is evaluated by scoring lesionscohjunctiva, corneaand iris, at
specific intervals. Other effects in the eye and adverse systemic effects are also described
to provide a complete evaluation of the effects. The duration of the study should be
sufficient to evaluate the reversibility or irreversibilitytbe effects.

9.Animals showing signs of severe distress and/or pain at any stage of tlue testons
consistent with the humane endpoints described intdss method(see Paragraph 26)
should be humanelkilled, and the chemical assessed accordinghte@a for making the
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decision to humanely kill moribund and severely suffering animals are the subject of an
OECD Guidance document (8).

PREPARATIONS FOR THE IN VIVO TEST

Selection ofspecies

10.The albino rabbit is the preferable laboratory animal agalthy young adult animals are
used. A rationale for using other strains or species should be provided.

Preparation of animals

11.Both eyes of each experimental animal provisionally selected for testing should be
examined within 24 hours before testing ttarAnimals showing eye irritation, ocular
defects, or prexisting corneal injury should not be used.

Housing and feeding conditions

12.Animals should be individually housed. The temperature of the experimental animal room
should be 20°C (£ 3°C) for rabbits. Although the relative humidity should be at least 30%
and preferably not exceed 70%, other than during room cleaning, the aim &leo&
60%. Lighting should be artificial, the sequence being 12 hours light, 12 hours dark.
Excessive light intensity should be avoided. For feeding, conventional laboratory diets
may be used with an unrestricted supply of drinking water.

TEST PROCEDURE

Use of topical anesthetics and systemic analgesics

13.The following procedures are recommended to avoid or minimize pain and distress in
ocular safety testing procedures. Alternate procedures that have been determined to
provide as good or better avoidancearef of pain and distress may be substituted.

1 Sixty minutes prior to test chemical application (TCA), buprenorphine 0.01 mg/kg is
administered by subcutaneous injection (SC) to provide a therapeutic level of systemic
analgesia. Buprenorphine and otlsanilar opiod analgesics administered systemically
are not known or expected to alter ocular responses (12).

1 Five minutes prior to TCA, one or two drops of a topical ocular anesthetic (e.g. 0.5%
proparacaine hydrochloride or 0.5% tetracaine hydrochloadeapplied to each eye. In
order to avoid possible interference with the study, a topical anesthetic that does not
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contain preservatives is recommeddThe eye of each animal that is not treated with a
test chemical, but which is treated with topicalsihetics, serves as a control. If the test
chemical is anticipated to cause significant pain and distress, it should not normally be
testedin vivo. However, in case of doubt or where testing is necessary, consideration
should be given to additionapplications of the topical anesthetic anbute intervals

prior to TCA. Users should be aware that multiple applications of topical anesthetics
could potentially cause a slight increase in the severity and/or time required for
chemicallyinduced lesion$o clear.

1 Eight hours after TCA, buprenorphine 0.01 mg/kg SC and meloxicam 0.5 mg/kg SC are
administered to provide a continued therapeutic level of systemic analgesia. While there
are no data to suggest that meloxicam hasiafidimmatory effects on theye when
administered SC once daily, meloxicam should not be administered until at least 8 hours
after TCA in order to avoid any possible interference with the study (12).

1 After the initial 8hour postTCA treatment, buprenorphine 0.01 mg/kg SC should be
administered every 12 hours, in conjunction with meloxicam 0.5 mg/kg SC every
24 hours, until the ocular lesions resolve and no clinical signs of pain and distress are
present. Sustaine@lease preparations of analgesics are available that could be
consicered to decrease the frequency of analgesic dosing.

fTARescued anal gesia shoul d bemptye anadgesiaiamdme d i
topical anesthesia are inadequate. If an animal shows signs of pain and distress during
t he study, abufreneshinai00® mgkg SCewowddfbe given immediately
and repeated as often as every 8 hours, if necessary, instead of 0.01 mg/kg SC every 12
hours. Meloxicam 0.5 mg/kg SC would be administered every 24 hours in conjunction
with the fr esnomphné bulmisustlabléast B hoprs pHSIA.

Application of the testchemical

14.The testchemicalshould be placed in the conjunctival sac of one eye of each animal after
gently pulling the lower lid away from the eyeball. The lids are then gentty toglether
for about one second in order to prevent loss of the materialothlee eye, which remains
untreated, serves as a control.

Irrigation

15.The eyes of the test animals should not be washed for at least 24 hours following
instillation of the test ltzemical, except for solids (see paragraph 18), and in case of
immediate corrosive or irritating effects. At 24 hours a washout may be used if considered
appropriate.
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16.Use of a satellite group of animals to investigate the influence of washing is not
recomnended unless it is scientifically justified. If a satellite group is needed, two rabbits
should be used. Conditions of washing skiobke carefully documented, e.gme of
washing; composition and temperature of wash solution; duration, volume, andwefocit
application.

Dose level

(1) Testing ofiquids

17.For testing liquids, a dose of 0.1 ml is used. Pump sprays should not be used for instilling
the chemical directly into the eye. The liquid spray should be expelled and collected in a
container prior tanstilling 0.1 mL into the eye.

(2) Testing of solids

18.When testing solids, pastes, and particuletemicas, the amount used should have a
volume of 0.1 rhor a weight of not more than 100 mg. The tesemicalshould be
ground to a fine dust. The vohe of solid material should be measured after gently
compacting it, e.g. by tapping the measuring container. If the solic¢hesticalhas not
been removed from the eye of the test animal by physiological mechanisms at the first
observation time point ol hour after treatment, the eye may be rinsed with saline or
distilled water.

(3) Testing of aerosols

19.1t is recommended that all pump sprays and aerosols be collected prior to instillation into
the eye. The one exception is for chemicals in pressure@da containers, which cannot
be collected due to vaporisation. In such cases, the eye should be held open, and the test
chemical administered to the eye in a simple burst of about one second, from a distance of
10 cm directly in front of the eye. Thisstihnce may vary depending on the pressure of the
spray and its contents. Care should be taken not to damage the eye from the pressure of the
spray. I n appropriate cases, there may be
damage to the eye frothe force of the spray.

20.An estimate of the dose from an aerosol can be made by simulating the test as follows: the
chemical is sprayed on to weighing paper through an opening the size of a rabbit eye
placed directly before the paper. The weight increase of the paper is usqudrimpte
the amount sprayed into the eye. For volatile chemicals, the dose may be estimated by
weighing a receiving container before and after removal of the test chemical.
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Initial test (in vivo eye irritation/corrosion test using one animal)

21.1t is strangly recommended that tha vivo test be performed initially using one animal
(see Supplement tihis test methodA Sequential Testing Strategy for Eye Irritation and
Corrosion) Observations should allow for determination of severity and reversibility
before proceeding to a confirmatory test in a second animal.

22.1f the results of this test indicate the chemical to be corrosive or a severe irritant to the eye
using the procedure described, further testing for ocular irritancy should not be performed.

Confirmatory test (in vivo eye irritation test with additional animals)

23.1f a corrosive or severe irritant effect is not observed in the initial test, the irritant or
negative response should be confirmed using up to two additional animals. If an irritant
effect is observed in the initial test, it is recommended that the confirmatory test be
conducted in a sequential manner in one animal at a time, rather than exposing the two
additional animals simultaneously. If the second animal reveals corrosive or sevame
effects, the test is not continudflresults from the second animal are sufficient to allow
for a hazard classification determination, then no further testing should be conducted.

Observation period

24.The duration of the observation period shibbe sufficient to evaluate fully the magnitude
and reversibility of the effects observed. However, the experiment should be terminated at
any time that the animal shows signs of severe pain or distress (8). To determine
reversibility of effects, the aninm should be observed normally for 21 days post
administration of the test chemical. If reversibility is seen before 21 days, the experiment
should be terminated at that time.

Clinical observations and grading of eye reactions

25.The eyes should beompreheasively evaluated for the presence or absence of ocular
lesions one bur postTCA, followed by at least daily evaluations. Animals should be
evaluatedseveral timeslaily for the first 3 days to ensure that termination decisions are
made in a timely mannerTest animals should be routinely evaluated the entire
duration of the studyor clinical signs of pain and/or distress (e.g. repeated pawing or
rubbing of the eye, excessive blinking, excessive tep(®)g(10) (11)at least twice daily,
with a minimum of 6 hours between observations, or more often if necessary. This is
necessary toi) adequately assess animals for evidence of pain and distress in order to
make informed decisions on the need to increase the do$agmlgesics andi) assess
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animals for evidence of established humane endpoints in order to make informed decisions
on whether it is appropriate to humanely euthanize animals, and to ensure that such
decisions are made in a timely manrfduorescein staing should be routinely used and a

slit lamp biomicroscope used wh considered appropriate (eagsessing depth of injury

when corneal ulceration is present) as an aid in the detection and measurement of ocular
damageand to evaluaté establishecendpoint criteria for humane euthanasia have been
met Digital photographs of observed lesiamsiy be collected for reference and to provide

a permanent record of the extent of ocular damagémals should be kept on test no
longer than necessary once ddfire information has been obtained. Animals showing
severe pain or distress should be humanely killed without delay, and the chemical assessed
accordingly.

26.Animals with the following eye lesions peiststillation should be humanely killed (refer
to Tablel for a description of lesion grades): corneal perforation or significant corneal
ulceration including staphyloma; blood in the anterior chamber of the eye; grade 4 corneal
opacity; absence of a light reflex (iridial response grade 2) which persist2 foouts;
ulceration of the conjunctival membrane; necrosis of the conjunctivae or nictitating
membrane; or sloughing. This is because such lesions generally are not reversible.
Furthermore, it is recommended that the following ocular lesions be used adium
endpoints to terminate studies before the end of the schedulddy2dbservation period.
These lesions are considered predictive of severe irritant or corrosive injuries and injuries
that are not expected to fully reverse by the end of thda3lobsevation perial: severe
depth of injury (e.g.corneal ulceration extending beyond the superficial layers of the
stroma), limbus destruction >50% (as evidenced by blanching of the conjunctival tissue),
and severe eye infection (purulent discharge)combindion of: vascularsation of the
cornea surface (i.e., pannus); acédluorescein staining not diminishing over time based
on daily assessmentand/or lack of re-epithelialsation 5 days aftertest chemical
applicationcould also be considered as poteltyiaseful criteriato influencethe clinical
decision on early study termination. However, these findings individually are insufficient
to justify early study termination. Once severe ocular effects have been identified, an
attending or qualified laboratp animalveterinarianor personnel trained to identify the
clinical lesions should be consulted for a clinical examination to determine if the
combination of these effects warrants early study terminafidre grades of ocular
reaction (conjunctivae, coea and irisshould be obtained and recorded at 1, 24, 48, and
72 hours following testhemicalapplication (Table 1)Animals that do not develop ocular
lesions may be terminated not earlier than 3 days post instillation. Animals with ocular
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lesions thatare not severe should be observed until the lesions clear, or for 21 days, at
which time the study is terminated. Observations should be perfoameédecordedit a
minimum of 1 hour, 24 hours, 48 hours, 72 hours, 7 days, 14 days, and 21 days in order to
determine the status of the lesions, and their reversibility or irreversibility. More frequent
observations should be performed if necessary in order to determine whether the test
animal should be euthanized out of humane consideradioresmoved from thetudy due

to negative results

27.The grades of ocular lesions (Table 1) should be recorded at each examination. Any other
lesions in the eye (e.g. pannus, stainiagterior chamber changesr adverse systemic
effects should also be reported.

28.Examination 6 reactions can be facilitated by use of a binocular loupe, hanthsit,
biomicroscope, or other suitable device. After recording the observations at 24 hours, the
eyes may be further examined with the aid of fluorescein.

29.The grading of ocular resporssés necessarily subjective. To promote harmonisation of
grading of ocular response and to assist testing laboratories and those involved in making
and interpreting the observations, the personnel performing the observations need to be
adequately trainediithe scoring system used.

DATA AND REPORTING

Evaluation of results

30.The ocular irritation scores should be evaluated in conjunction with the nature and severity
of lesions, and their reversibility or lack of reversibility. The individual scores do not
represent an absolute standard for the irritant properties of a cheasaoather effects of
the test chemical are also evaluated. Insteéadividual scores should be viewed as
reference values and are only meaningful when supported by a full description and
evaluation of all observations.

Test report
31.The test report shodlinclude the following information:

Rationale forin vivo testing: weightof-the-evidence analysis of pixisting test data,
including results from sequential testing strategy:

- description of relevant data available from prior testing;
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data derived ireach step of testing strategy;

description ofin vitro tests performed, including details of procedures, results obtained with
test/reference chemicals;

description ofin vivo dermal irritation / corrosion study performed, including results
obtained,

weightof-the-evidence analysis for performimgvivo study.

Testchemical

identification data (e.g. chemical name and if available CAS number, purity, known
impurities, source, lot number);

physical nature and physicochemical properties (e.g. pH, volatility, solubility, stability,
reactivity with water);

in case of a mixture, components should be identified including identification data of the
constituent substances (e.g. chemical namesifaadlailable CAS numbers) and their
concentrations;

doseapplied

Vehicle:

identification, concentration (where appropriate), volume used,;
justification for choice of vehicle.

Test animals:

species/strain used, rationale for using animals other theo aabbit;
age of each animal at start of study;

number of animals of each sex in test and control groups (if required);
individual animal weights at start and conclusion of test;

source, housing conditions, diet, etc.

Anaesthetics and analgesics

doses and times when topical anaesthetics and systemic analgesics were administered;

if local anaesthetic is used, identification, purity, type, and potential interaction with test
chemical.

Results:
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- description of method used to score irritation at edidervaton time (e.ghand slitlamp,
biomicroscope, fluorescein);

- tabulation of irritant/corrosive response data for each animal at each observation time up to
removal of each animal from the test;

- narrative description of the degree and nature oftigiteor corrosion observed;

- description of any other $&éons observed in the eye (evgscularisation, pannus formation,
adhesions, staining);

- description of nofocular local and systemic adverse effects, record of clinical signs of pain
and distress,idital photographs, and histopathological findings, if any.
Discussion of results

Interpretation of the results

32.Extrapolation of the results of eye irritation studies in laboratory animals to humans is
valid only to a limited degree. In many cases th@na rabbit is more sensitive than
humans to ocular irritants or corrosives.

33.Care should be taken in the interpretation of data to exclude irritation resulting from
secondary infection.
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TABLE 1: GRADING OF OCULAR LESIONS

Cornea Grade
Opacity: degree of density (readings should be taken from most dense area)*

NO UICEratioN OF OPACILY......c..uurriiiiieeeeeeeiicmee ettt e e e e e s e e e e e e e e e e e e e e eannes 0
Scattered or diffuse areas of opacity (other than slight dulling of normal lustre); details

Of IHS Clearly VISIDIE.........ceiieiii e e e 1
Easily discernible translucentea; details of iris slightly obscured...........ccccoeeiiiiiineee... 2
Nacrous area; no details of iris visible; size of pupil barely discernible....................... 3
Opaque cornea; iris not discernible through the opacity..........cccccccvviicceeeeieeeeennnnn 4

Maximum possible: 4

* The area of corneal opacity should be noted

Iris

NN [0 0 PP 0
Markedly deepened rugae, congestion, swelling, moderate circumcorneal hyperaemia;
or injection; iris reactive to light (a sluggish reaction is considered to be an.effect....1
Hemorrhage, gross destruction, or no reaction to light...........ccccceeviiiccceeeiiiniiienieeeen, 2

Maximum possible: 2

Conjunctivae

Redness (refers to palpebral and bulbar conjunctivae; excluding cornea and iris)

NN [0 0 0 PP 0
Some blood vessels hyperaemic (INJeCted)...........uuuuriiiiiiicrreeee e 1
Diffuse, crimson colour; individual vessels not easily discernible............ccccccoooieeee. 2
DIffUSE DEETY FEA ... .t e e e e e 3

Maximum possible3

Chemosis
Swelling (refers to lids and/or nictating membranes)
N[0 2 PP PPPPPUPPPPP 0

Some swelling above NOrmMal...........ooo oo 1



Obvious swelling, with partial eversion of lidS........ccccoeeiiiiiiiiiicccr e, 2
Swelling, with lids about half ClOSEA............ouviiiiiii e 3
Swelling, with lids more than half closed.............cooveiviiiiieeeiii e, 4

Maximum possible4
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Appendix

DEFINITIONS

Acid/alkali reserve: For acidic preparations, this is the amount (g) of sodium hydroxide/100
g of preparation required to produce a specified pH. For alkaline preparations, it is the
amount (g) of sodium hydroxide equivalent to the g sulphuric acid/100 g of preparation
requred to produce a specified pH (Youepal 1988).

Chemical: A substance or a mixture.

Non irritants : Substances that are not classifees EPA Category |, Il, or Il ocular irritants;
or GHSeyeirritants Category 12, 2A, or 2B or EU Category 1 or £17) (18) (19).

Ocular corrosive: (a) A chemicalthat causes irreversible tissue damage to the eye; (b)
Chemica$ that are classified as GH&e irritantsCategory 1 or EPA Category | ocular
irritants, or EU Category 117) (18) (19).

Ocular irritant:  (a) A chemical that produces a reversible change in the eye; (b) Chemicals
that are classified as EPA Category Il or Il ocular irritants; or GHS eye irritants Category 2,
2A or 2B ; or EU Category @.7) (18) (19).

Ocular severe irritant; (a) A chemical thatauses tissue damage in the eye that does not
resolve within 21 days of application or causes serious physical decay of vision; (b)
Chemicals that are classified as GHS eye irritant Category 1, or EPA Category | ocular
irritants, or EU Category (IL7) (18) (19).

Test chemical:Any substance or mixture tested using tesmethod.

Tiered approach: A stepwise testing strategy where all existing information on a test
chemical is reviewed, in a specified order, using a wedfelvidence process at each tier
determine if sufficient information is available for a hazard classification decision, prior to
progression to the next tier. If the irritancy potential of a test chemical can be assigned based
on the existing information, no additional testing is reepli If the irritancy potential of a test
chemical cannot be assigned based on the existing information;\&iséepequential animal
testing procedure is performed until an unequivocal dleagson can be made.

Weight-of-the-evidence (process):The stengths and weaknesses of a collection of

information are used as the basis for a conclusion that may not be evident from the individual
data.
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SUPPLEMENT TO TEST METHOD B.5'

A SEQUENTIAL TESTING STRATEGY FOR EYE IRRITATION AND CORROSION

General considerdions

1.In the interests of sound science and animal welfare, it is important to avoid the unnecessary
use of animals, and to minimise testing that is likely to produce severe responses in
animals. All information on ahemicalrelevant to its potential otar irritation/corrosivity
should be evaluated prior to consideringvivo testing. Sufficient evidence may already
exist to classify a testhemicalas to its eye irritation or corrosion potential without the
need to conduct testing in laboratory animals. Therefore, utilizing a wefghte
evidence analysis and sequential testing strategy will minimise the neiedvfgo testing,
especially if thechemicalis likely to produce severe reactions.

2.1t is recommended that a weigbt-the-evidence analysis be used to evaluate existing
information pertaining to eye irritation and corrosion ohemicat and to determine
whether additional studies, otherathin vivo eye studies, should be performed to help
characterise such potential. Where further studies are needed, it is recommended that the
sequential testing strategy be utilised to develop the relevant experimental data. For
substances which have natiag history, the sequential testing strategy shouldtilised
to develop the datameeded to evaluate its eye corrosion/irritatidine initial testing
strategy described in this Supplement was developed at an OECD workshdtpw@s.
subsequently affmed and expanded in the Harmonised Integrated Hazard Classification
System for Human Health and Environmental Effects of Chemical Substances, as endorsed
by the 28th Joint Meeting of the Chemicals Committee and the Working Party on
Chemicals, in Novembelr998 (2) and updated by an OECD expert group in 2011.

3.Although this testing strategy is not an integrated patesfmethod B.5 it expresses the
recommended approach for the determination of eye irritation/corrosion properties. This
approach represent®th best practice and an ethical benchmarkrfaivo testing for eye
irritation/corrosion. Theest methodorovides guidance for the conduct of tinevivo test

! For the use of an integrated testing strategy for eye irritation under the REACH see also the ECHA Guidance on
information requirements and chemical safety assessmehgpt€ R.7a: Endpoint specific guidance
http://echa.europa.eu/documents/10162/13632/information_requirements_r7a_en.pdf
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and summarises the factors that should be addressed before considering such a test. The
seqiential testing strategy provides a weiglitthe-evidence approach for the evaluation

of existing data on the eye irritation/corrosion propertiescloémicas and a tiered
approach for the generation of relevant datalemicas for which additional studs are

needed or for which no studies have been performed. The strategy includes the
performance first of validated and accepted/itro or ex vivo tests and then ofM B.4

studies under specific circumstances (@)

Description of the stepwise testig strategy

4.Prior to undertaking tests as part of the sequential testing strategy (Figure), all available
information should be evaluated to determine the neednfeivo eye testing. Although
significant information might be gained from the evaiom of single parameters (e.g.
extreme pH), the totality of existing information should be assessed. All relevant data on
the effects of thehemicalin question, and its structural analogues, should be evaluated in
making a weighbf-the-evidence decision, and rationale for the decision should be
presented. Primary emphasis should be placed upon existing human and animal data on the
chemica) followed by the outcome oin vitro or ex vivo testing. In vivo studies of
corrosivechemicas should be avoided wheravpossible. The factors considered in the
testing strategy include:

5.Evaluation of existing human and/or animal data and/or in vitro data from validated and
internationally accepted methods (Step BExisting human data, e.g. clinical and
occupational studies, and case reports, and/or animal test data from ocularastdtbes
vitro data from validated and internationally accepted methods for eye irritation/corrosion
should be considered first, dsuse they provide information directly related to effects on
the eyes. Thereafter, available data from human and/or animal stuistigating dermal
corrosion/irritation and/or in vitro studies from validated and internationally accepted
methods for kin corrosionshould be evaluatedChemica$ with known corrosivity or
severe irritancy to the eye should not be instilled into the eyes of animals, nor should
chemicas showing corrosive or severe irritant effects to the skin; sheimicas should
be corsidered to be corrosive and/or irritating to the eyes as v@emicalswith
sufficient evidence of neoorrosivity and nosirritancy from previously performed ocular
studies should also not be testednivivo eye studies.

6.Analysis of structure activityelationships (SAR) (Step 2)The results of testing of
structurally related chemicals should be considered, if available. When sufficient human
and/or animal data are available on structurally related substances or mixtures of such
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substances to indicatbeir eye corrrosion/irritancy potential, it can be presumed that the
test chemical will produce the same responbBeghose cases, the chemical may not need

to be tested. Negative data from studies of structurally related substances or mixtures of
suchsubstances do not constitute sufficient evidence ofauwrosivity/nonirritancy of a
chemical under the sequential testing strategy. Validated and accepted SAR approaches
should be used to identify the corrosion and irritation potential for both dendad@ular

effects.

7.Physicochemical properties and chemical reactivity (StepCBemicals exhibiting pH
extremes such a&2.0 or211.5 may have strong local effectEextreme pH is the basis
for identifying a chemical as corrosive or irritant to the aien its acid/alkaline reserve
(buffering capacity) may also be taken into consideration (5)(6)(7). If the buffering
capacity suggests that a chemical may not be corrosive to the eye (i.e., chemicals with
extreme pH and low acid/alkaline reserve), therthier testing should be undertaken to
confirm this, preferably by the use of a validated and accepted in vitro or ex vivo test (see
paragraph 10).

8.Consideration of other existing information (Step AlJ. available information on systemic
toxicity via thedermal route should be evaluated at this stage. The acute dermal toxicity of
the test chemical should also be considered. If the test chemical has been shown to be
highly toxic by the dermal route, it may not need to be tested in the eye. Although there is
not necessarily a relationship between acute dermal toxicity and eye irritation/corrosion, it
can be assumed that if an agent is highly toxic via the dermal route, it will also exhibit
high toxicity when instilled into the ey&uch data may also be codsied between Steps
2 and 3.

9.Assessment of dermal corrosivity of tbhemicalif also required for regulatory purposes
(Step5). The skin corrosion and severe irritation potential should be evaluated first in
accordance with test method B.4 (4) and theoaganying Supplement (8), including the
use of validated and internationally accepted in vitro skin corrosion test methods (9) (10)
(12). If the chemical is shown to produce corrosion or severe skin irritation, it may also be
considered to be a corrosive severely irritant to the eye. Thus, no further testing would
be required. If the chemical is not corrosive or severely irritating to the skin, an in vitro or
ex vivo eye test should be performed.

10.Results fromn vitro or ex vivotests (Stef®). Chemicalghat have demonstrated corrosive
or severe irritant properties in an in vitro or ex vivo test (12) (13) that has been validated
and internationally accepted for the assessment specifically of eye corrosivity/irritation,

26



need not be tested in animals. dincbe presumed that such chemicals will produce similar
severe effects in vivo. If validated and accepted in vitro/ex vivo tests are not available, one
should bypass Step 6 and proceed directly to Step 7.

11.In vivo test in rabbits (Steps 7 and &):vivo ocular testing should begin with an initial
test using one animal. If the results of this test indicate the chemical to be a severe irritant
or corrosive to the eyes, further testing should not be performed. If that test does not reveal
any corrosive or seere irritant effects, a confirmatory test is conducted with two
additional animals. Depending upon the results of the confirmatory test, further tests may
be needed. [see test method B.5]
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TESTING AND EVALUATION STRATEGY FOR EYE IRRITATION/CORROSION

Activity

Existing human and/or anim;
data, and/orin vitro data from
validated and internationall
accepted methodshowing effects
on eyes

Existing human and/or anim;
data and/orin vitro data from
validated and internationall
accepted methods showing
corrosive effect®n skin

Existing human and/or animal
data and/orin vitro data from
validated and internationall
accepted methodshowing severe
irritant effects on skin

®
no information available, or
available information is not
conclusive
®

Perform SAR for ey
corrosion/irritation

Finding

Severe damage to eye Apical

Eye irritant

Not corrosive/not
irritating to eyes

Skin corrosive

Severe skin irritant

Conclusion

endpoint; conside
corrosive to eyes. No testing
needed.

Apical endpoint; considdrritating
to eyesNo testing is needed.

Apical endpoint; considered neol
corrosive and noirritating  to
eyes.No testing required.

Assume corrosivity to eyes. N
testing is needed.

Assume irritating to eyes. N
testing is needed

Predict severe dama¢ Assume corrosivity to eyes. Nc

to eyes
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ConsiderSAR for skin corrosion

®
No predictions can be made, o
predictions are not conclusive o
negative
®

Measure pH (buffering capacit)
if relevant)

®
2<pH < 11.5, or pH2.0 or
211.5 with low/no buffering
capacity, if relevant
®

Consider  existing systemic
toxicity datavia the dermal route

®
Such information is not available
or chemicalis not highly toxic
®

Experimentally  assess sk
corrosion potentialaccording to
the testing strategy in chapter E
of this Annex if also required fc
regulatory purposes

®
Chemicalis not corrosive or
severely irritating to skin
®

Predict irritation

eyes

to Assume irritating to eyes.
testing is needed.

N

Predict skincorrosivity Assume corrosivity to eyes. N

testing is needed.

pH ¢ 2 orz 11.5 (with Assume corrosivity to eyes. N

high

buffering testing is needed.

capacity, if relevant)

Highly toxic
concentrations

at Chemicalwould be too toxic for

tha testing. No testing is needed.

would be tested in th

eye.

Corrosive or
irritant response

31

severi Assume corrosie to eyes.

further testing is needed.

No



Perform validated and acceptied
vitro or ex vivooculartes(s)

®
Validated and accepted in vitro
or ex vivo ocular test(s) cannot t
used to reach a conclusion

®

Perform initialin vivo rabbit eye
testusing one animal

®
No severe damage, or no
response
®

Perform confirmatory test usin

Corrosive or
irritant response

Irritant response

Norrirritant response

severe Assume corrosi or severe irritant

to eyes provided the tes
performed can be used to ident
corrosives/severe irritants and t
chemical is within the applicabilit
domain of the test.No further
testing is needed.

Assume irritait to eyes provided
the test(s) performed can be us
to correctly identify corrosive
severe irritants, and irritants, ai
the chemical is within the
applicability domain of the test(s
No further testing is needed.

Assume nosrritant to eyes,
provided the test(s) performed ce
be used to correctly identify ner
irritants, correctly distinguish thes
from chemicals that are irritant
severe irritants, or  ocule
corrosives, and the chemical i
within the applicability domain o
the test. No further tdsg is
needed.

Severe damage to eye Consider corrosive to eyes. M

Corrosive or irritating
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one or two additional animals

Not corrosive

irritating

33
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or Consider nosrritating and non

corrosive to eyes.
testing is needed.

No furthe



(3) In Part B,Chapter B.10s replaced by the following
"B.10IN VITRO MAMMALIAN CHROMOSOMAL ABERRATION TEST

INTRODUCTION

1.This test method is equivalent to OEG@&stguideline 473 (2014)lt is part of a series of
test methods on genetic toxicology. An OECD document presented lag@huctionto
the OECDtestguidelines on genetic toxicology (1) can also be referred topaadides
succinct and useful guidance to users of this test method.

2.The purpose of th@a vitro chromosomal aberration test is to identify chemicals that cause
structural chromosomal aberrations in cultured mammalian cells (2) (3) (4). Structural
aberratons may be of two types, chromosome or chromatid. Polyploidy (including
endoreduplication) could arise in chromosome aberration agsayso. While aneugens
can induce polyploidy, polyploidy alone does not indicate aneugenic potential and can
simply indcate cell cycle perturbation or cytotoxicity (5Jhis test is not designed to
measure aneuploidyAn in vitro micronucleus test (6)vould be recommended for the
detection of aneuploidy.

3.Thein vitro chromosomal aberration test may employ cultures abdished cell lines or
primary cell cultureof human or rodent originThe cells used should be selected on the
basis of growth ability in culture, stability of the karyotype (including chromosome
number) and spontaneous frequency of chromosomal abegdfiy. At the present time,
the available data do not allow firm recommendations to be made but suggest it is
important, when evaluating chemical hazards to consider pb® status, genetic
(karyotype) stability, DNA repair capacity and origin (rodeetsushuman) of the cells
chosen for testing. The users of this testthod arethus encouraged to consider the
influence of these and other cell characteristics on the performance of a cell line in
detecting the induction of chromosomal aberrations, as laume evolves in this area.

4.Definitions used are provided Appendix1.

INITIAL CONSIDERATIO NSAND LIMITATIONS

5.Tests conductedh vitro generally require the use of an exogenous source of metabolic
activation unless the cells are metabolically competétit respect to the testhemicals
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The exogenous metabolic activation system does not entirely nimio/o conditions.
Care should be taken to avoid conditions that could lead to artifactual positive results,
chromosome damage not caused by diiat¢raction between the teshemicalsand
chromosomes; such conditions include changes in pH or osmol&)ty(9) (10),
interaction with the medium componenftsl) (12) or excessive levels of cytotoxicityL )
(14 (15) (16).

6.This test is used to detechromosomal aberrations that may result from clastogenic events.
The analysis of chromosomal aberratiamduction should be de using cells in
metaphase. It is thus essential that cells should reach mitosis both in treated and in
untreated culturesFor manufactured nanomaterials, specific adaptations of this test
method may be needédit are not described in thiest method

7.Before use of theéest method on a mixture for generating data for an intended regulatory
purpose, it should be consideretiether, and if so why, it may provide adequate results
for that purpose. Such consideratioase not needed, when there is a regulatory
requirement for testing of the mixture.

PRINCIPLE OF THE TEST

8.Cell cultures of human or other mammalian origin areosegd to the test chemical both
with and without an exogenous source of metabolic activation unless cells with an
adequate metabolizing capability are used (see paragrég)h At appropriate
predetermined intervals after the start of exposure of cell cidtuto the test chemical, they
are treated with a metaphaaeestingchemical(e.g. colcemid or colchicine), harvested,
stained and metaphase cells are analysed microscopically for the presence of chromatid
type and chromosorviype aberrations.

DESCRIPTION OF THE METHOD

Preparations

Cells

9.A variety of cell lines (e.g. Chinese Hamster OvéBHO), Chinese Hamster lung V79,
Chinese Hamster Lun@HL)/IU, TK6) or primary cell cultures, including human or other
mammalian peripheral blood lymphocytes, canulsed ). The choice of the cell lines
used should be scientifically justifiedVhen primary cells are used, for animal welfare
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reasons, the use of primary cells from human origin should be considered where feasible
and sampledn accordance with th@uman ethical principles and regulatiansluman
peripheral blood lymphocytes should be obtained from young (approximated$ $8ars

of age), norsmoking individuals with no known illness or recent exposures to genotoxic
agents (e.g. chemicals, ionizing ratas) at levels that would increase the background
incidence of chromosomal aberrations. This would ensure the background incidence of
chromosomal aberrations to be low and consistent. The baseline incidence of chromosomal
aberrations increases with agedahis trend is more marked in females than in mdl&s (

(18). If cells from more than one donor are pooled for use, the number of donors should be
specified. It is necessary to demonstrate that the cells have divadtedhe beginning of
treatment withthe test chemical to cell sampling. Cell cultures are maintained in an
exponential cell growth phase (cell lines) or stimulated to divide (primary cultures of
lymphocytes), to expose the cells at different stages of the cell cycle, since the sensitivity
of cell stages to the teshemicalsmay not be known. The primary cells that need to be
stimulated with mitogenic agents in order to divide are generally no longer synchronized
during exposure to the test chemical (e.g. human lymphocytes aftehaud8ntogenic
stimulation). The use of synchronized cells during treatment is not recommended, but can
be acceptable if justified.

Media and culture conditions

10.Appropriate culture medium and incubation conditions (culture vessels, humidified
atmosphere of 5% @; if appropriate, incubation temperature of 37°C) should be used for
maintaining cultures. Cell lines should be checked routinely for the stability of the modal
chromosome number and the absencévigtoplasmacontamination 7) (19), and cells
should not kb used if contaminated or if the modal chromosome number has changed. The
normal cell cycle time of cell lines or primary cultures used in the testing laboratory
should be established and should be consistent with the published cell charactéfistics (

Preparation of cultures

11.Cell lines: cells are propagated from stock cultures, seeded in culture medium at a density
such that the cells in suspensions or in monolayers will continue to grow exponentially
until harvest time (e.g. confluence should be aeditbr cells growing in monolayers).

12.Lymphocytes: whole blood treated with an ariagulant (e.g. heparin) or separated
lymphocytes are culturece g for 48 hours for human lymphocytes) in the presence of a
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mitogen[e.g. phytohaemagglutinin (PHA) for human lymphogytes] in order to induce cell
division prior to exposure to the test chemical.

Metabolic activation

13.Exogenous metabolising systems should be used when employing cells which have
inadequate endogenous metabolic capacity. The most commonly systech that is
recanmendedby ddaut, unless otherwise justified, is a -tactorsupplemented post
mitochondrial fraction (S9) prepared from the livers of rodents (generally rats) treated with
enzymeinducing agents such as Aroclor 12521) (22) (23) or a combination of
p henobar bnaghtadflavaneZd) (25) (26) (27) (28) (29). The latter combination
does not conflict with the Stockholm Convention on Persistent Organic Pollud@tand
has been shown to be as effective as Aroclor 1254ntlucing mixedfunction oxidases
(24) (25) (26) (28). The S9 fraction typically is used at concentrations ranging from 1 to
2% (v/v) but may be increased to 10% (v/v) in the final test mediuma.uEe of products
that reducethe mitotic index especiallycalcium complexingproducts(31) should be
avoidedduring treatmentThe choice of type and concentration of exogenous metabolic
activation system or metabolic inducer employed may be influenced by the class of
chemicalsbeing tested.

Test chemical prepati@n

14.Solid test chemicals should be prepared in appropriate solvents and diluted, if appropriate,
prior to treatment of the cells (see paragra@j 2iquid test chemicals may be added
directly to the test system and/or diluted prior to treatment ofabieslystem. Gaseous or
volatile test chemicals should be tested by appropriate modifications to the standard
protocols, such as treatment in sealed culture ves38)9(33) (34). Preparations of the
test chemical should be made just prior to treatmergssnstability data demonstrate the
acceptability of storage

Test conditions

Solvents

15.The solvent should be chosen to optimize the solubility of the desinicalswithout
adversely impacting the conduct of the assay, e.g. changing cell growth, afféogin
integrity of the testchemica) reacting with culture vessels, impairing the metabolic
activation system. It is recommended that, wherever possible, the use of an aqueous
solvent (or culture medium) should be considered first. Well established tolwenfor
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example water or dimethyl sulfoxide. Generally organic solvents should not exceed 1%
(v/v) and aqueous solvents (saline or water) should not exceed 10% (v/v) in the final
treatment medium. If not weltstablished solvents are used (e.g. ethanaketone), their

use should be supported by data indicating their compatibility with thehesticals the

test system and their lack of genetic toxicity at the concentration used. In the absence of
that supporting data, it is important to include eated controls (seAppendix 1) to
demonstrate that no deleterious or clastogenic effects are induced by the chosen solvent.

Measuring cell proliferation and cytotoxicity and choosing treatment concentrations

16.When determining the highestst chemical aocentration concentrations that have the
capability of producing artifactual positive responses, such as those producing excessive
cytotoxicity (see paragrapt2p, precipitation in the culture medium (see paragraph @
marked changes in pH or osmotgli(see paragraph 5), should be avoided. If the test
chemical causes a marked change in the pH of the medium at the time of addition, the pH
might be adjusted by buffering the final treatment medium so as to avoid artifactual
positive results and to maimteappropriate culture conditions.

17.Measurements of cell proliferation are made to asthatea sufficient number oftreaed
cells have reached mitoss duing the test and that the treatmernts are conducted at
appropriate levels of cytotoxicity (see paragraphs 18 and 22). Cytotoxicity should be
determined with and without metabolic activation in the main experiment using an
appropriate indication of cell death and growth. While the evaluation of cytotoxicity in an
initial test may be useful to better define the conceiatnat to be used in the main
experiment, an initial test is not mandatory. If performed, it should not replace the
measurement of cytotoxicity in the main experiment.

18.Relative Population Doubling (RPD) or Relative Increase in Cell Count (RICC) are
approprate methods for the assessment of cytotoxicity in cytogenetic tE3t$16) (35)
(36) (55) (seeAppendix 2 for formulas). In case of loAgrm treatment and sampling
times after the beginning of treatment longer than 1.5 normal gelé dengths (i.e.
longer than 3 cel cycle lengths in total), RPD might underestimate cytotoxicity (37).
Under these circumstanes RICC might be a better measue or the evauation of
cytotoxicity after 1.5 namal cell cycle lengthswould be a helpful estimate using RPD.

19.For lymphocytes in primary cultures, while the mitotic index (MI) is a measure of
cytotoxic/cytostatic effects, it is influenced by the time after treatment it is measured, the
mitogen used and possible cell cycle disruption. However, the Ml is accepiatdese
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20.

21.

22.

23.

other cytotoxicity measurements may be cumbersome and impractical and may not apply
to the target population of lymphocytes growing in response to PHA stimulation.

While RICC and RPD for cell lines and MI for primary culture of lymphocytes are the
recommended cytotoxicity parameters, other indicators (e.g. cell integrity, apoptosis,
necrosis, cell cycle) could provide useful additional information.

At least three test concentrations (not including the solvent and positive controls) that meet
the aceptability criteria (appropriate cytotoxicity, number of cells, etc) should be
evaluated. Whatever the types of cells (cell lines or primary cultures of lymphocytes),
either replicate or single treated cultures may be used at each concentrationéged.

the use of duplicate cultures is advisable, single cultures are also acceptable provided that
the same total number of cells are scored for either single or duplicate cultueesse of

single cultures is particularly relevant when more than 3 eotnations are assessed (see
paragraph3l1). The results obtained in the independent replicate cultures at a given
concentration can be pooled for the data analy83. (Fortest chemicals demonstrating

little or no cytotoxicity, concentration intervals approximately 2 to 3 fold will usually

be appropriate. Where cytotoxicity occurs, the test concentrations selected should cover a
range from that producing cytotoxicity as described in paragrabharzl including
concentrations at which there is moderated dittle or no cytotoxicity. Many test
chemicalsexhibit steep concentration response curves and in order to obtain data at low
and moderate cytotoxicity or to study the dose response relationship in detail, it will be
necessary to use more closely spapmacentrations and/or more than three concentrations
(single adltures or regicates), in particular in situaions whee a repeat experiment is
required (see paragraplvy

If the maximum concentration is based on cytotoxicity, the highest concentshiourid

aim to achieve 55 + 5% cytotoxicity using the recommended cytotoxicity paramiegers (
reduction iINRICC and RPD for cell lines and reduction in Ml for primary cultures of
lymphocytes to 45+ 5% of the concurrent negative control). Care shouldkbe ta
interpreting positive results only to be found in the higher end of this 55 + 5% cytotoxicity
range (3).

For poorly solubleest chemicaldhat are not cytotoxic at concentrations lower than the
lowest insoluble concentration, the highest conegitn analysed should produce
turbidity or a precipitate visible by eye or with the aid of an inverted microscope at the end
of the treatment with the test chemical. Even if cytotoxicity occurs above the lowest
insoluble concentration, it is advisable &stt at only one concentration producing turbidity
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or with a visible precipitate because artifactual effects may result from the precipitate. At
the concentration producing a precipitate, care should be taken to assure that the
precipitate does not interferwith the conduct of the test (e.g. staining or scoring). The
determination of solubility in the culture medium prior to the experiment may be useful.

24.1f no precipitate or limiting cytotoxicity is observed, the highest test concentration should
correspod to 10 mM, 2 mg/rhor 2 pl/ml, whichever is the lowest €3 (40) (41). When
the test chemical is not of defined compositierg a substancef unknown or variable
composition, complex reaction products or biological material (UVCBR),(
environmental etract etc., the top concentratianay need to be higher (e.g. 5 mg/ml), in
the absence of sufficient cytotoxicityp increase the concentration of each of the
componentslt should be noted however that these requirements may differ for human
pharmaceutals (43).

Controls

25.Concurrent negative controls (see paragrapl, tonsisting of solvent alone in the
treatment medium and treated in the same way as the treatment cultures, should be
included for every harvest time.

26.Concurrent positive controls are eted to demonstrate the ability of the laboratory to
identify clastogens under the conditions of the test protocol used and the effectiveness of
the exogenous metabolic activation systewhen applicable. Examples of positive
controls are given in the tabll below. Alternative positive control chemicals can be used,
if justified. Becausen vitro mammalian cell tests for genetic toxicity are sufficiently
standardized, the use of positive controls may be confined to a clastogen requiring
metabolic activation. Provided it is done concurrently with the-activated test using the
same treatment durah, this single positive control response will demonstrate both the
activity of the metabolic activation system and the responsiveness of the test system. Long
term treatment (without S9) should however have its own positive control as the treatment
duraton will differ from thetest using metabolic activatiorEach positive control should
be used at one or more concentrations expected to give reproducible and detectable
increases over background in order to demonstrate the sensitivity of the test system (
the effects are clear but do not immediately reveal the identity of the coded slides to the
reader), and the response should not be compromised by cytotoxicity exceeding the limits
specified in the test method.

Table 1. Reference chemicals recommedder assessing laboratory proficiency and for selection
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of positive controls.

Category Chemical CASRN

1. Clastogens active without metabolic activation

Methyl methanesulphonate 66-27-3
Mitomycin C 50-07-7
4-NitroquinolineN-Oxide 56-57-5
Cytosine arabinoside 147-94-4

2. Clastogens requiring metabolic activation

Benzo(a)pyrene 50-32-8

Cyclophosphamide 50-18-0

PROCEDURE

Treatment with test chemical

27.Proliferating cells are treated with the test chemical in the presence and absence of a
metabolic activation system.

Culture harvest time

28.For thorough evaluation, which would be needed to conclude a negative outcome, all three
of the ollowing expeimertal conditions should be conducted using a short term treatment
with and without metabolic activation and long term treatment without metabolic
activation (see paragraph8,44 and %):

- Cells should be exposed to the test chemical without metabolic activatio fool®'s,
and sampled at a time equivalent to about 1.5 normal cell cycle lengths after the
beginning of treatment (18),

- Cells should be exposed to the test chemical with robtadctivation for 36 hours,
and sampled at a time equivalent to about 1.5 normal cell cycle lengths after the
beginning of treatment (18),

- Cells should be continuously exposed without metabolic activation until sampling at a
time equivalent to aboutd3 normal cell cycle length€ertain chemicals (e.qg.
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nucleoside analogues) may be more readily detected by treatment/sampling times
longer than 1.5 normal cell cycle lengths (24).

In the event that any of the above experimental conditions lead to a pastponse, it
may not be necessary to investigate any of the other treatment regimens.

Chromosome preparation

29.Cell cultures are treated wittolcemid or colchicine usually for one to three hours prior to
harvesting. Each cell culture is harvested andesesed separately for the preparation of
chromosomes. Chromosome preparation involves hypotonic treatment of the cells, fixation
and staining (1). In monolayers, mitotic cells (identifiable as being round and detaching
from the surface) may be present ke tend of the B hour treatment. Because these
mitotic cells are easily detached, they can be lost when the medium containing the test
chemical is removed. If there is evidence for a substantial increase in the number of
mitotic cells compared with conti®y indicating likely mitotic arrest, then the cells should
be collected by centrifugation and added back to cultures, to avoid losing cells that are in
mitosis, and at risk for chromosome aberration, at the time of harvest.

Analysis

30.All slides, includingthose ofthe positive and negative controls, should beindepemertly
coded before microscopic aralysis for chromosanal aberations. Since fixation procedues
often resut in a propation of metaphase dés which have lostchromosanes, the céls
scored should, therefore, contain a number of certromeresequal to the modalnumber +/- 2.

31.At least 300 welspread metaphases should be scored per concentration and control to

conclude a test chemical as clearly negative (see paragBpfihe 300 cells should be
equally divided among the replicates, when replicate cultures are Wdeeh single
cultures are used g conceitration (see paragraph 21), at least 300 well spread
metaphaes shaold be sored in thissingle culture. Scoring 300 cell s hasthe adrantage of
increasing the statistical power of the test and in adlition, zero values will be rarely
observed (expected to benly 5%) (44). Thenumber of metaphases scorean be redwed

when high numbes of cells with chromosane aberations are obsrved and the test
chemical considered asclearly positive.

32.Cells with structural chromosomal aberration(s) including and excluding gaps should be
scored. Breaks and gaps are definedmppendix1 according to45) (46). Chromatid and
chromosoméype aberrations should be recorded separately and classified Hypssb
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(breaks, exchanges). Procedures in use in the laboratory should ensure that analysis of
chromosomal aberrations is performed by wviedined scorers ah peefreviewed if
appropriate.

33.Although the purpose of the test is to detect structural chromosomal aberrations, it is
important to record polyploidy and endoreduplication frequencies when these events are
seen(See paragraph 2).

Proficiency of the laboratory

34.In order toestablishsufficient experience with the test prior to using it for routine testing,
the laboratory should have performed a series of experiments with reference positive
chemica$ acting via different mechanisms and various negativérais (using various
solvents/vehicle). These positive and negative control responses should be consistent with
the literature. This is not applicable to laboratories that have experiendbat have an
historical data base available as defined iragnaph37.

35.A selection of positive controthemicat (see Table 1 in paragraph 26) should be
investigated with short and long treatments in the absence of metabolic activation, and also
with short treatment in the presence of metabolic activation, in daletemonstrate
proficiency to detect clastogenichemicat and determine the effectiveness of the
metabolic activation system. A range of concentrations of the selelaéedicas should be
chosen so as tayive reproducible and concentratioglated increases above the
background in order to demonstrate the sensitivity and dynamic range of the test system.

Historical control data
36.The laboratory should establish:

- A historical positive control range and distribution
- A historical negative (untreatesblvent) control range and distribution.

37.When first acquiring data for an historical negative control distribution, concurrent
negative controls should be consistent with published control data, where they exist. As
more experimental data are added todbetrol distribution, concurrent negative controls
should ideally be within the 95% control limits of that distributiofd)( (47). The
| aboratoryés historical negative control C
of 10 experiments but would-gferably consist of at least 20 experiments conducted under
comparable experimental conditions. Laboratories should use quality control methods,
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such as control charts (e.g-dBarts or Xbar charts (8)), to identify how variable their
positive and negate control data are, and to show that the methodology is ‘under control’
in their laboratory 44). Further recommendations on how to build and use the historical
data (i.e. criteria for inclusion and exclusion of data in historical data and the acagptabil
criteria for a given experiment) can be found in the literatd. (

38.Any changes to the experimental protocol should be considered in terms of their
consi stency wi t h t he | aboratoryos exi sti
inconsistencies shubd result in the establishment of a new historical control database.

39.Negative control data should consist of the incidence of cells with chromosome aberrations
from a single culture or the sum of replicate cultures as described in paragtaph 2
Concurrentnegative controls should ideally be within the 95% control limits of the
di stribution of the | aborator ¥4 &7). Whee or i ¢
concurrent negative control data fall outside the 95% controldittngy may be acceptable
for inclusion in the historical control distribution as long as these data are not extreme
outliers and there iIis evidence that7)ahdhe t e
evidence of absence of technical or human failure.

DATA AND REPORTING

Presentation of the results

40.The percentage of cells with structural chromosomal aberration(s) should be evaluated.
Chromatid and chromosoméype aberrations classified by stypes (breaks, exchanges)
should be listed separately with their numbers andukecies for experimental and
control cultures. Gaps are recorded and reported separately but not included in the total
aberration frequency.dPcentage of polyploidy and/or endoreduplicated cells are reported
when seen.

41.Concurrent measures of cytotoxicityr all treated, negative and positive control cultures
in the main aberration experiment(s) should be recorded.

42.Individual culture data should be provided. Additionally, all data should be summarised in
tabular form.

Acceptability Criteria
43.Acceptanceof a test is based on the following criteria:
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The concurrent negative control is considered acceptable for addition to the laboratory
historical negative control database as described in parag®aph 3

Concurrent positive controls (see paragraphshouldinduce responses that are
compatible with those generated in the historical positive control data base and produce
a statistically significant increase compared with the concurrent negative control.

Cell proliferation criteria in the solvent control shoblel fulfilled (paragraphs Zand
18).

All three experimental conditions were tested unless one resulted in positive results
(see paragraphgg.
Adequate number of cells and concentrations are analysable (paradgtapius2B).

The criteria for the seleion of top concentration are consistent with those described in
paragraphs2 23 and 2.

Evaluation and interpretation of results

44.Providing that all acceptability criteria are fulfilled, a test chemical is considered to be
clearly positive if, in any ofhe experimental conditions examined (see paragr8ph 2

a)

b)
c)

at least one of the test concentrations exhibits a statistically significant increase
compared with the concurrent negative control,

the increase is dogelated when evaluated with an approprieéed test,

any of the results are outside the distribution of the historical negative control data
(e.g. Poissoibased 95% control limits; see paragraph 39).

When all of these criteria are met, the test chemical is then considered able to induce
chromo®mal aberrations in cultured mammalian cells in this test syst@eommendations
for the most appropriate statistical methods can be found in the litera®n&Qt (51).

45.Providing that all acceptability criteria are fulfilled, a test chemicalossidered clearly
negative if, in all experimental conditions examined (see paragi@ph 2

a)
b)

c)

none of the test concentrations exhibits a statistically significant increase compared
with the concurrent negative control,

there is no concentratienelated increase when evaluated with an appropriate trend
test,

all results are inside the distribution of the historical negative control data (e.qg.
Poissorbased 95% control limits; see paragraph 39).
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The test chemical is thezbnsidered unable to induce chromosomal aberrations in cultured
mammalian cells in this test system.

46.There is no requirement for verification of a clearly positive or negative response.

47.In case the response is neither clearly negative nor clearlyyeoasi described above or
in order to assist in establishing the biological relevance of a result, the data should be
evaluated by expert judgement and/or further investigati@taring additional cells
(where appropriate) or performing a repeat experimpossibly using modified
experimental conditions (e.g. concentration spacing, other metabolic activation conditions
(i.e. S9 concentration or S9 origjrcould be useful.

48.In rare cases, even after further investigations, the data set will preclude making a
conclusion of positive or negative results, dhetefore the test chemical response vk
concludedto be equivocal

49.An increase in the number of polyploid cells may indicate that theheshicalshave the
potential to inhibit mitotic processes ama induce numerical chromosomal aberrations
(52). An increase in the number of cells with endoreduplicated chromosomes may indicate
that the testthemicalshave the potential to inhibit cell cycle progresS3f (54) (see
paragraph 2). Therefore incidencé polyploid cells and cells with endoreduplicated
chromosomes should be recorded separately.

Test report
50.The test reporshouldinclude the following information:

Test chemical:
- source, lot number, limit date for use, if available
- stability of the test abmical itself, if known;
- solubility and stability of the test chemical in solvent, if known.
- measurement of pH, osmolality and precipitate in the culture mediuwhich thetest
chemicalwas addedas appropriate.

Mono-constituent substance:

- physical appearance, water solubility, and additional relevant physicochemical
properties;
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chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChl
code, structural formula, purity, chemical identity of impurities as appropridte an
practically feasible, etc.

Multi-constituent substance, @MBs and mixtures:

characteriseds far as possible by chemical identity (see above), quantitative
occurrence and relevant physicochemical properties of the constituents.

Solvent:

justificationfor choice of solvent.

percentage of solvent in the final culture medium should also be indicated.

Cells:

type and source of cells

karyotype features and suitability of the cell type used;

absence of mycoplasmiay cell lines;

for cell lines, informatia on cell cycle length, doubling time or proliferation index;

sex of blood donors, age and any relevant information on the donor, whole blood or
separated lymphocytes, mitogen used;

number of passages, if availatia;, cell lines;
methods for maintenanad cell culturesfor cell lines;

modal number of chromosomésr cell lines.

Test conditions:

identity of the metaphasarrestingchemica) its concentration and duration of cell
exposure;

concentration of test chemical expressed as final concentrattba culture medium
(e.g. ug or mg/mL or mM of culture medium).

rationale for selection of concentrations and number of cultures including, e.g.
cytotoxicity data and solubility limitations;

composition of media, C{roncentration if applicable, humiditgvel,
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concentration (and/or volume) of solvent and test chemical added in the culture
medium;

incubation temperature;

incubation time;

duration of treatment;

harvest time after treatment;

cell density at seeding, if appropriate;

type and composition ghetabolic activation system (source of S9, method of
preparation of the S9 mix, the concentration or volume of S9 mix and S9 in the final
culture medium, quality controls of S9);

positive and negative controhemicalsfinal concentrations for each condits of
treatment;

methods of slide preparation and staining technique used,;

criteria for acceptability of assays;

criteria for scoring aberrations;

number of metaphases analysed;

methods for the measurements of cytotoxicity;

any supplementary informatiagelevant to cytotoxicity and method used;
criteria for considering studies as positive, negative or equivocal;

methods used to determine pH, osmolality and precipitation.

Results:

the number of cells treated and the number of cells harvested for eachwhkn
cdl lines are used

cytotoxicity measurements, e.g. RPD, RICC, M, other observations if any;

information on cell cycle length, doubling time or proliferation index in case of cell
lines;

signs of precipitation and time of the determination;
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- definition for aberrations, including gaps;

- Number of cells scored, number of cells with chromosomal aberrations and type of
chromosomal aberrations given separately for each treated and control culture,
including and excluding gaps;

- changes in ploidy (pgploid cells and cells with endoreduplicated chromosomes, given
separately)f seen;

- concentratiofrresponse relationship, where possible;
- concurrent negative (solvent) and positive control data (concentrations and solvents);

- historical negative (solvengnd positive control data, with ranges, means and standard
deviationsand 95%control limits for the distributionas well as the number of data;

- statistical analyses;ymalues if any.

Discussion of the results.

Conclusions.
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Appendix 1

DEFINITIONS

Aneuploidy: any deviation from the normal diploid (or haploid) number of chromosomes by
a single chromosome or more than one, but nonhiyeeset(s) of chromosomes (polyploidy).

Apoptosis: programmed cell death characsed by a series of steps leading to a
disintegration of cells into membrateund particles that are then eliminated by
phagocytosis or by shedding.

Cell proliferation: increase in cell number as a result of mitotic cell division.
Chemical: a substance or a mixture.

Chromatid break: discontinuity of a single chromatid in which there is a clear misalignment
of one of the chromatids.

Chromatid gap: non-staining region (achroatic lesion) of a single chromatid in which there
is minimal misalignment of the chromatid.

Chromatid -type aberration: structural chromosome damage expressed as breakage of single
chromatids or breakage and reunion between chromatids.

Chromosometype aberration: structural chromosome damage expressed as breakage, or
breakage and reunion, of both chromatids at an identical site.

Clastogen any chemical which causes structural chromosomal aberrations in populations of
cells or eukaryotic organisms.

Concentrations: refer to final concentrations of the test chemical in the culture medium.

Cytotoxicity: For the assays covered in thest method using cell lines, cytotoxicity is
identified as a reduction in relative population doubling (RPD) or relatieease in cell
count (RICC) of theareatedcells as compared to the negative control (see paragraph 17 and
Appendix 2). For the assays covered in thisst method using primary cultures of
lymphocytes, cytotoxicity is identified as a reduction in matatidex (MI) of thetreatedcells

as compared to the negative control (see paragraph 18pgeehdix 2).

Endoreduplication: a process in which after an S period of DNA replication, the nucleus does
not go into mitosis but starts another S peribde restl i s chr omosomes wi
chromatids.
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Genotoxic: a general term encompassing all types of DNA or chromosome damage,
including breaks, deletions, adducts, nucleotides modifications and linkages, rearrangements,
gene mutations, chromosome aberrati@mgl aneuploidy. Not all types of genotoxic effects
result in mutations or stable chromosome damage.

Mitotic index (MI): the ratio of cells in metaphase divided by the total number of cells
observed in a population of cells; an indication of the degrpeobiferation of that population.

Mitosis: division of the cell nucleus usually divided into prophase, prometaphase, metaphase,
anaphase and telophase.

Mutagenic: produces a heritable change of DNA bas& sequences(s) in genes or of the
structure of chromosomes (chromosome aberrations).

Numerical aberration: a change in the number of chromosomes from the normal number
characteristic of the cells utilised.

Polyploidy: numerical chromosomal aberrations in cells or organisms involving entire set(s)
of chromosomes, as opposed to an individual chromosome or chromosomes (aneuploidy).

p53 status:p53 protein is involved in cell cycle regulation, apoptosis and DNA rePeifs
deficient in functional p53 protein, unable to arrest cell cycle or to eliminate damaged cells
via apoptosis or other mechanisms (e.g. induction of DNA repair) related to p53 functions in
response to DNA damage, should be theoretically more prongebhe mutations or
chromosomal aberrations.

Relative Increase in Cell Counts (RICC)the increase in the number of cells in chemieally
exposed cultures versus increase in-trteated cultures, a ratio expressed as a percentage.

Relative Population Doubling (RPD): the increase in the number of population doublings in
chemicallyexposed cultures versus increase in-tieated cultures, a ratio expressed as a
percentage.

S9 liver fraction: supernatant of liver homogenate after 9000g centrifugation, i.elivemw
extract.

S9 mix: mix of the S9 liver fraction and cofactors necessary for metabolic enzymes activity.

Solvent control: General term to define the control cultures receiving the solvent alone used
to dissolve the test chemical.

Structural aberration: a change in chromosome structure detectable by microscopic
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examination of the metaphase stage of cell division, observed as deletions and fragments,
intrachanges or interchanges.

Test chemical:Any substane or mixture tested using this tes¢tmod.

Untreated controls. cultures that receive no treatment (i.e. no test chemical nor solvent) but
are processed concurrently in the same way as the cultures receiving the test chemical.
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Appendix 2

FORMULAS FOR CYTOTOX ICITY ASSESSMENT
Mitotic index (MI):
. Oi AIAIGE OTAGE A O

EEP  IT BT AADAIGAD ORAT

Relative Increase in Cell Counts (RICC) or Relative Population Doubling (RPD) is
recommended, as both take into account the propasfitre cell population which has divided.

n & ABA pTT

n"Em

where:
Population Doubling = [log (Posttreatment cell number + Initial cell number)] + log 2

For example, a RICC, or a RPD of 53% indicates 47% cytotoxicity/cytostasibZ#d
cytotoxicity/cytostasisneasured by Ml means that the actual Ml is 45% of control.

In any case, the number of cells before treatment should be measured and the same for
treated and negative control cultures.

While RCC (i.e. Number of cells in treated cultures/ Number of celt®ntrol cultures) had
been used as cytotoxicity parameter in the past, is no longer recommended because it can
underestimate cytotoxicity

In the negative control cultures, population doubling should be compatible with the
requirement to sample cells aftezatment at a time equivalent to about 1.5 normal cell cycle
length and mitotic index should be higher enough to get a sufficient number of cells in
mitosis and to reliably calculate a 50% reduction.
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(4) InPart B,ChapteB.11is replaced by the following
"B.11 MAMMALIAN BONE MARROW CHROMOSOMAL ABERRATION TEST

INTRODUCTION

1.This test method is equivalent to OEG@&stguideline475 (2014). It is part of a series of
test methods on genetic toxicology. A document presentad &sroduction to the OECD
test guidelines on genetic toxicology (1) can also be referred to and provides succinct and
useful guidance to users of these test methods.

2. The mammaliann vivo bone marrow chromosomal aberration test is especially relevant for
assessing genotoxicity because, although they may vary among species, factonivmf
metabolism, pharmacokinetics and DN@épair processes are active and contribute to the
responses. Am vivo assay is also useful for further investigation of geniaitxdetected
by anin vitro system.

3.The mammaliann vivo chromosomal aberration test is used for the detection of structural
chromosome aberrations induced by tebemicalsin bone marrow cells of animals,
usually rodentg?2) (3) (4) (5). Structural chomosomal aberrations may be of two types,
chromosome or chromatid. While the majority of genotoxic chenrinchiced aberrations
are of the chromatitlype, chromosoméype aberrations also occur. Chromosomal damage
and related events are the cause of manyan genetic diseases and there is substantial
evidence that, when these lesions and related events cause alterations in oncogenes and
tumour suppressor genes, they are involved in cancer in humans and experimental systems.
Polyploidy (including endoreddigation) could arise in chromosome aberration assays
vivo. However, an increase in polyploidy per se does not indicate aneugenic potential and
can simply indicate cell cycle perturbation or cytotoxicity. This test is not designed to
measure aneuploidyn in vivo mammalian erythrocyte micronucleus tes€Ei{apter B.12
of this Anney or thein vitro mammalian cell micronucleus tesCi{apter B.49 of this
AnneX) would be thein vivo and in vitro tests, respectively, recommended for the
detection of aneupldy.

4. Definitions of terminology used are set outAppendix1.

INITIAL CONSIDERATIO NS
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5.Rodents are routinely used in this test, but other species may in some cases be appropriate if
scientifically justified. Bone marrow is the target tissue in this test since it is a highly
vascularised tissue and it contains a population of rapidly cyckfig that can be readily
isolated and processedhe scientific justification for using species other than rats and
mice should be provided in the report. If species other than rodents are used, it is
recommended that the measurement bmfne marrow chronmsomal aberrationbe
integrated into another appropriate toxicity test.

6.If there is evidence that the tesdtemica(s), or its metabolite(s), will not reach the target
tissue, it may not be appropriate to use this test.

7.Before use of theéest methodon a mixture for generating data for an intended regulatory
purpose, it should be considered whether, and if so why, it may provide adequate results
for that purpose. Such considerations are not needed, when there is a regulatory
requirement for testingfdhe mixture.

PRINCIPLE OF THE TEST METHOD

8.Animals are exposed to the test chemical by an appropriate route of exposure and are
humanely euthaséd at an appropriate time after treatment. Prior to euthanasia, animals
are treated with a metaphaagestingagent €.g colchicine orcolcemid). Chromosome
preparations are then made from the bone marrow cells and stained, and metaphase cells
are analysed for chromosomal aberrations.

VERIFICATION OF LABO RATORY PROFICIENCY

Proficiency Investigations

9.1n order toestablish sufficient experience with the conduct of the assay prior to using it for
routine testing, the laboratory should have demonstrated the ability to reproduce expected
results from published data (e.g6)) for chromosomal aberration frequencies hwa
minimum of two positive controthemica$ (including weak responses induced by low
doses of positive controls), such as those listed in Table 1 and with compatible
vehicle/solvent controls (see paragrdff). These experiments should use doses that giv
reproducible and dose related increases and demonstrate the sensitivity and dynamic range
of the test system in the tissue of interest (bone marrow) and using the scoring method to
be employed within the laboratory. This requirement is not applicaldebtoratories that
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have experience, i.e. that have a historical database available as defined in pare@raphs
14.

Historical Control Data
10.During thecourse of the proficiency investigations, the laboratory should establish:

- A historical positive control range and distribution, and
- A historical negative control range and distribution.

11.When first acquiring data for a historical negative contisiridbution, concurrent negative
controls should be consistent with published control data, where they exist. As more
experimental data are added to the historical control distribution, concurrent negative
controls should ideally be within the 95% contrdmits of that distribution. The
| aboratoryds historical negative control d
ability of the laboratory to assess the distribution of their negative control data. The
literature suggests that a minimum o® Experiments may be necessary but would
preferably consist of at least 20 experiments conducted under comparable experimental
conditions.Laboratories should use quality control methods, such as control charts-(e.g. C
charts or Xbar charty(7)), to idenify how variable their data are, and to show that the
methodology is 'under control' in their laboratory. Further recommendations on how to
build and use the historical data (i.e. criteria for inclusion and exclusion of data in
historical data and the aquability criteria for a given experiment) can be found in the
literature(8).

12.Where the laboratory does not complete a sufficient number of experiments to establish a
statistically robust negative control distribution (see paragfdptduring the proficency
investigations (described in paragra®h it is acceptable that the distribution can be built
during the first routine tests. This approach should follow the recommendations set out in
the literature §) andthe negative control results obtained hredse experimentshould
remain consistent with published negative control data.

13.Any changes to the experimental protocol should be considered in terms of their impact on
the resulting data remaining consi stoent W
databaseOnly major inconsistencies should result in the establishment of a new historical
control database, where expert judgement determines that it differs from the previous
distribution (see paragraphl). During the reestablishment, a full negative control
database may not be needed to permit the conduct of an actual test, provided that the
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laboratory can demonstrate that their concurresgative control values remain either
consistent with their previous database or with the corresponding published data.

14.Negative control data should consist of the incidence of structural chromosomal aberration
(excluding gaps) in each animal. Concurrergateve controls should ideally be within the
95% control Il i mi t s of the distribution o]
database. Where concurrent negative control data fall outside the 95% contiltheyt
may be acceptable for inclusion the historical control distribution as long as these data
are not extreme outliers and there is evi
paragraphLl) and no evidence of technical or human failure.

DESCRIPTION OF THE M ETHOD
Preparations

Selection of animal species

15.Commonly used laboratory strains of healthy young adult animals should be employed.
Rats are commonly used, although mice may also be appropriate. Any other appropriate
mammalian species may be used, if scientific justification is provided in the report.

Animal housing and feeding conditions

16.For rodents, the temperature in the animal room should be 22°C (x3°C). Although the
relative humidity ideally should be 580%, it should be at lead0% and preferably not
exceed 70% other than during room cleaninighting should be artificial, the sequence
being 12 hours light, 12 hours dark. For feeding, conventional laboratory diets may be
used with an unlimited supply of drinking water. The choice of diet may be influenced by
the need to ensure a suitable admgtaf a test chemical when administered by this route.
Rodents should be housed in small groups (no more than five per cage) of the same sex
and treatment group if no aggressive behaviour is expected, preferably in solid floor cages
with appropriate envinemental enrichment. Animals may be housed individually only if
scientifically justified.

Preparation of the animals

17.Healthy young adult animals (for rodents, idealhl® weeks old at start of treatment,
though slightly older animals are also acceptabte) rormally used, and are randomly
assigned to the control and treatment groups. The individual animals are identified
uniquely using a humane, minimally invasive method (e.g. by ringing, tagging, -micro
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chipping or biometric identification, but not ear tme clipping) and acclimated to the
laboratory conditions for at least five days. Cages should be arranged in such a way that
possible effectsue to cage placement are minieuls Cross contamination by the positive
control and the test chemical should dsided. At the commencement of the study, the
weight variation of animals should be minimal and not exceed + 20% of the mean weight
of each sex.

Preparation of doses

18.Solid test chemicals should be dissolved or suspended in appropriate solvents or vehicles
or admixed in diet or drinking water prior to dosing the animals. Liquid test chemicals
may be dosed directly or diluted prior to dosing. For inhalation exposures, test chemicals
can be administered as a gas, vapour, or a solid/liquid aerosol, depemditigeio
physicochemical properties. Fresh preparations of the test chemical should be employed
unless stability data demonstrate the acceptability of storage and define the appropriate
storage conditions.

Solvent/vehicle

19.The solvent/vehicle should not prnack toxic effects at the dose levels used, and should
not be suspected of chemical reaction with the ¢asimicals If other than welknown
solvents/vehicles are used, their inclusion should be supported with reference data
indicating their compatibility It is recommended that wherever possible, the use of an
aqueous solvent/vehicle should be considered first. Examples of commonly used
compatible solvents/vehicles include water, physiological saline, methylcellulose solution,
carboxymethyl cellulose sagin salt solution, olive oil and corn oil. In the absence of
historical or published control data showing that no structural aberrations or other
deleterious effects are induced by a chosen atypical solvent/vehicle, an initial study should
be conducted inrder to establish the acceptability of the solvent/vehicle control.

Controls

Positive controls

20.A group of animals treated with a positive control chemical should normally be included
with each test. This may be waived when the testing laboratory has demeds
proficiency in the conduct of the test and has established a historical positive control
range. When a concurrent positive control group is not included, scoring controls (fixed
and unstained slides) should be included in each experiment. Thes® adtained by
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including within the scoring of the study appropriate reference samples that have been
obtained and stored from a separate positive control experiment conducted periodically
(e.g. every 618 months) in the laboratory where the test is peréat; for example, during
proficiency testing and on a regular basis thereafter, where necessary.

21.Positive control chemicals should reliably produce a detectable increase in the frequency
of cells with structural chromosomal aberrations over the spontarlewak Positive
control doses should be chosen so that the effects are clear but do not immediately reveal
the identity of the coded samples to the scorer. It is acceptable that the positive control be
administered by a route different from the test clwmiusing a different treatment
schedule, and for sampling to occur only at a single time point. In addition, the use of
chemical classelated positive control chemicals may be considered, when appropriate.
Examples of positive control chemicals are utgd in Table 1.

Table 1. Examples of positive control chemicals

Chemical CASRN
Ethyl methanesulphonate 62-50-0
Methyl methanesulphonate 66-27-3
Ethyl nitrosourea 759739
Mitomycin C 50-07-7
Cyclophosphamide (monohydrate) | 50-18-0 (605519-2)
Triethylenemelamine 51-18-3

Negative controls

22. Negative control group animals should be included at every sampling time and otherwise
handled in the same way as the treatment groups, except for not receiving treatment with
the test chemical. If a solvent/vehicle is used in administering the test aiethecontrol
group should receive this solvent/vehicle. However, if consistent-amienal variability
and frequencies of cells with structural aberrations are demonstrated by historical negative
control data at each sampling time for the testing latooy, only a single sampling for the
negative control may be necessary. Where a single sampling is used for negative controls,
it should be the first sampling time used in the study.
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PROCEDURE

Number and sex of animals

23.

24.

In general, the micronucleus response is similar between male and female §8)raal$

it is expected that this will be true also for structural chromosomal aberrations; therefore,
most studiecould be performed irither sex Data demonstratingelevan differences
between males and females (e.g. differences in systemic toxicity, metabolism,
bioavailability, bone marrow toxicityetc. including e.g. a rangénding study)would
encourage theseof both sexes In this case,timay be appropriate to perin a study in

both sexes, e.g. as part of a repdadose toxicity studyit might be appropriate to use the
factorial design in case both sexes are used. Details on how to analyse the data using this
design are given iAppendix2.

Group sizes at studyitiation should be established with the aim of providing a minimum

of 5 analysable animals of one sex, or of each sex if both are used, per group. Where
human exposure to chemicals may be -spe&cific, as for example with some
pharmaceutical the test sbuld be performed with the appropriate sex. As a guide to
maximum typical animal requirements, a study in bone marrow at two sampling times with
three dose groups and a concurrent negative control group, plus a positive control group
(each group composed five animals of a single sex), would require 45 animals.

Dose levels

25.

26.

27.

If a preliminary rangdinding study is performed because there are no suitable data
already available to aid in dose selection, it should be performed in the same laboratory,
using thesame species, strain, sex, and treatment regimen to be used in the main study
(10). The study should aim to identify the maximum tolerated dose (MTD), defined as the
highest dose that will be tolerated without evidence of stumiging toxicity, relativeto

the duration of the study period (for example, by inducing body weight depression or
hematopoietic system cytotoxicity), but not death or evidence of pain, suffering or distress
necessitating humane euthangdid).

The highest dose may also be defimesda dose that produces some indication of toxicity
to the bone marrow.

Chemicalsthat exhibit saturation of toxicokinetic properties, or induce detoxification
processes that may lead to a decrease in exposure aftetelfomgreatment may be
exceptionsa the dosesetting criteria and should be evaluated on a-bgsease basis.
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28.In order to obtain dose response information, a complete study should include a negative
control group and a minimum of three dose levels generally separated ttpracia2, bu
not greater than 4. If the test chemical does not produce toxicity in a-famiyeg study
or based on existing data, the highest dose for a single administration should be 2000
mg/kg body weight. However, if the test chemical does cause toxicity, T2 $thould be
the highest dose administered and the dose levels used should preferably cover a range
from the maximum to a dose producing little or no toxicity. When target tissue (bone
marrow) toxicity is observed at all dose levels tested, further studgpratoxic doses is
advisable. Studies intending to more fully charasterihe quantitative dosesponse
information may require additional dose groupsr certain types of testhemicals(e.g.
human pharmaceuticals) covered by specific requiremdrgsetlimits may vary.

Limit test

29.1f dose rangdinding experiments, or existing data from related animal strains, indicate
that a treatment regime of at least the limit dose (described below) produces no observable
toxic effects, (including no depression of bone marrow proliferation leeratvidence of
target tissue cytotoxicity), and if genotoxicity would not be expected basedinpitno
genotoxicity studies or data from structurally relatdgemicas, then a full study using
three dose levels may not be considered necegsaryidedit has been demonstrated that
the testchemical(syeacH{eg the target tissue (bone marrovil such cases, a single dose
level, at the limit dose, may be sufficient. For an administration period of >14 days, the
limit dose is 1000 mg/kg body weight/dafyor administration periods of 14 days or less,
the limit dose is 2000 mg/kg/body weight/day.

Administration of doses

30. The anticipated route of human exposure should be considered when designing an assay.
Therefore, routes of exposure such as dietary, kovgn water, topical subcutaneous,
intravenous, oral (by gavage), inhalation, intratracheal, or implantation may be chosen as
justified. In any case, the route should be chosen to ensure adequate exposure of the target
tissue(s). Intraperitoneal injectioa generally not recommended since it is not an intended
route of human exposure, and should only be used with specific scientific justification. If
the test chemical is admixed in diet or drinking water, especially in case of single dosing,
care should béaken that the delay between food and water consumption and sampling
should be sufficient to allow detection of the effects (see paragr8ptgt). The
maximum volume of liquid that can be administered by gavage or injection at one time
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depends on the size of the test animal. The volume simmtidormally exceed 1 i#100 g

body weight except in the case of aqueous solutions where a maximuml&fGD m may

be used. The use of volumes greater than this should be justified. Except for irritating or
corrosive test chemicals, which will normallyopluce exacerbated effects at higher
concentrations, variability in test volume should be minimised by adjusting the
concentration to ensure administration of a constant volume in relation to body weight at
all dose levels.

Treatment schedule

31.Test chemica are normally administered as a single treatment, but may be administered
as a split dose (i.e. two or more treatments on the same day separated by no mofe than 2
hours) to facilitate administering a large volume. Under these circumstances, or when
admnistering the test chemical by inhalation, the sampling time should be scheduled
based on the time of the last dosing or the end of exposure.

32.There are little data available on the suitability of a repedts#® protocol for this test.
However, in circumstances where it is desirable to integrate this test with a redeséed
toxicity test, care should be taken to avoid loss of chromosomallpaglednmitotic cells as
may occur with toxic doses. Such integration is acceptable when the highest dose is greater
or equal to the limit dose (see paragr&#h and a dose group is administered the limit
dose for the duration of the treatment period. The micronucleustésstnjethod B.1R2
should be viewed as th& vivo test of choice for chromoswal aberrations when
integration with other studies is desired.

33.Bone marrow samples should be taken at two separate times following single treatments.
For rodents, the first sampling interval should be the time necessary to complete 1.5
normal cell cycle éngths (the latter being normally -18 hours following the treatment
period). Since the time required for uptake and metabolism of thehestical(s)as well
as itseffect on cell cycle kinetics can affect the optimum time for chromosomal aberration
detection, a later sample collection 24 hours after the first sampling time is recommended.
At the first sampling time, all dose groups should be treated and samples collected for
analysis; however, at the later sampling time(s), only the highest dose reduoks t
administered. If dose regimens of more than one day are used based on scientific
justification, one sampling time at up to approximately 1.5 normal cell cycle lengths after
the final treatment should generally be used.
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34.Following treatment and prior tsample collection, animals are injected intraperitoneally
with an appropriate dose of a metaphasesting agent (e.golcemid or colchicine), and
samples are collected at an appropriate interval thereafter. For mice this interval is
approximately & hours prior to collection and for rats it is2hours. Cells are harvested
from the bone marrow, swollen, fixed and stained, and analysed for chromosomal
aberrationg12).

Observations

35.General clinical observations of the test animals should be made amchlclsigns
recorded at least once a day, preferably at the same time(s) each day and considering the
peak period of anticipated effects after dosing. At least twice daily during the dosing
period, all animals should be observed for morbidity and moytadil animals should be
weighed at study initiation, at least once a week during repelmsel studies, and at
euthanasia. In studies of at least -ovexek duration, measurements of food consumption
should be made at least weekly. If the test chemicalnsimistered via the drinking water,
water consumption should be measured at each change of water and at least weekly.
Animals exhibiting norlethal indicators of excessive toxicity should be humanely
euthanised prior to completion of the test pei(ibdl).

Target tissue exposure

36.A blood sample should be taken at appropriate time(s) in order to permit investigation of
the plasma levels of the teshemicalsfor the purposes of demonstrating that exposure of
the bone marrow occurred, where warranted and wb#rer exposure data do not exist

(see paragrap#4).

Bone marrow and chromosome preparations

37.Immediately after humane euthanasia, bone marrow asfl®btained from the femurs or
tibias of the animals, exposed to hypotonic solution and fixed. The metaphase cells are
then spread on slides and stained using established method3) ().

Analysis

38.All slides, including those of positive and negaticontrols, should be independently
coded before analysis and should be randechso the scorer is unaware of the treatment
condition.
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39.The mitotic index should be determined as a measure of cytotoxicity in at least 1000 cells
per animal for all treatednamals (including positive controls), untreated or vehicle/solvent
negative control animals.

40.At least 200 metaphases should be analysed for each animal for structural chromosomal
aberrations including and excluding g&(83. However, if the historical negae control
database indicates the mean background structural chromosomal aberration frequency is
<1% in the testing laboratory, consideration should be given to scoring additional cells.
Chromatid and chromosontgpe aberrations should be recorded sepefyand classified
by subtypes (breaks, exchanges). Procedures in use in the laboratory should ensure that
analysis of chromosomal aberrations is performed by -tk@ithed scorers and peer
reviewed if appropriate. Recoginig that slide preparation proderes often result in the
breakage of a proportion of metaphases with a resulting loss of chromosomes, the cells
scored should, therefore, contain a number of centromeres not lessntigrwberen is
the haploid number of chromosomes for that species.

DATA AND REPORTING

Treatment of Results

41.Individual animal data should be presented in tabular form. The mitotic index, the number
of metaphase cells scored, the number of aberrations per metaphase cell and the percentage
of cells with structural chromosomaberration(s) should be evaluated for each animal.
Different types of structural chromosomal aberrations should be listed with their numbers
and frequencies for treated and control groups. Gaps, as well as polyploid cells and cells
with endoreduplicatedhtomosomes are recorded separately. The frequency of gaps is
reported but generally not included in the analysis of the total structural aberration
frequency. If there is no evidence for a difference in response between the sexes, the data
may be combinedbr statistical analysis. Data on animal toxicity and clinical signs should
also be reported.

Acceptability Criteria
42.The following criteria determine the acceptability of the test:

a) The concurrent negative control data are considered acceptable for additithe
laboratory historical control database (see paragraphig);
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b) The concurrent positive controls or scoring controlsusdh induce responses that are
compatible with those generated in the historical positive control database and produce a
statistically significant increase compared with the negative control (see para2pi)s

c) The appropriate number of doses and cells has been analysed,;

d) The criteria for the selection of highest dose are consistent with those described in
paragraph25-28.

Evaluation and Interpretation of Results

43.Providing that allacceptability criteria are fulfilled, a test chemical is considered clearly
positive if:
a) At least one of the treatment groups exhibits a statistically significant increase in the

frequency of cells with structural chromosomal aberrations (excluding) gampared
with the concurrent negative control,

b) This increase is doselated at least at one sampling time when evaluated with an
appropriate trend test, and

c) Any of these results are outside the distribution of the hesibnegative control ata
(e.g.Poissonrbased 95% control lirrs).

If only the highest dose is examined at a particular sampling time, a test chemical is
considered clearly positive if there is a statistically significant increase compared with the
concurrent negative contr@nd the results are outside the distribution of the historical
negative control data (e.g. Poissoased 95% control limits). Recommendations for
appropriate statistical methods can be found in the literature (13). When conducting a dose
response analysist least three treated dose groups should be analysed. Statistical tests
should use the animal as the experimental unit. Positive results in the chromosomal
aberration test indicate that a test chemical induces structural chromosomal aberrations in
the bave marrow of the species tested

44 . Providing that all acceptability criteria are fulfilled, a test chemical is considered clearly
negative if in all experimental conditions examined:

a) None of the treatment groups exhibits a statistically significant inetieabe frequency of
cells with structural chromosomal aberrations (excluding gaps) compared with the
concurrent negative control,

b) There is no doseelated increase at any sampling time when evaluated by an appropriate
trend test,
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c) All results are insid¢he distribution of the historical negative control data (e.g. Poisson
based 95% control limits), and
d) Bone marrow exposure to the teeemicafs) occurred

Recommendations for the most appropriate statistical methods can be found in the literature
(13). Evidence ofexposure othe bone marrow t@testchemicalmay include a depression

of the mitotic index or measurement of the plasma or blood levels of thehtsical(s) In

the case of intravenous administration, evidence of exposure is not nédidedatively,

ADME data, obtained in an independent study using the same route and same species can be
used to demonstrate bone marrow exposure. Negative results indicate that, under the test
conditions, the test chemical does not induce structural clvomal aberrations in the bone
marrow of the species tested.

45.There is no requirement for verification of a clear positive or clear negative response.

46.In cases where the response is not clearly negative or positive and in order to assist in
establishing théiological relevance of a result (e.g. a weak or borderline increase), the
data should be evaluated by expert judgement and/or further investigations of the existing
experiments completed. In some cases, analysing more cells or performing a repeat
experimet using modified experimental conditions could be useful.

47.In rare cases, even after further investigations, the data will preclude making a conclusion
that the test chemical produces either positive or negative results, and the study will
therefore be carluded as equivocal.

48.The frequencies of polyploid and endoreduplicated metaphases among total metaphases
should be recorded separateyn increase in the number of polyploid/endoreduplicated
cells may indicate that the teshemicalhas the potential tonhibit mitotic processes or
cell cycle progression (see paragraph 3).

Test Report
49.The test report should include the following information:

Summary

Testchemical
- source, lot numbelimit date for usef available;

72



- stability of the test chemical, if knaw

Mono-constituent substance:

- physical appearance, water solubility, and additional relevant physicochemical
properties;

- chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChl
code, structural formula, purity, chemical identity of impurities as appropriate and
practically feasible, etc.

Multi-constituent substance, UVCBs and mixtures:

- characteriseds far as possible by chemical iden{gge above), quantitative
occurrence and relevant physicochemical properties of the constituents.

Test chemical preparation:
- justification for choice of vehicle;

- solubility and stability of the test chemical in geht/vehicle, if known
- preparation of dietary, drinking water or inhalation formulations;

- analytical deteninations on formulations (e.gtability, homogeneity, nominal
concentrations), when conducted.

Test animals:
- species/strain used and justificatifor use;
- number, age and sex of animals;
- source, housing conditions, diet, etc.;
- method for uniquely identifying the animals

- for shortterm studies: individual weight of the animals at the start and end of the test;
for studies longer than one week: individual body weights during the study and food
consumption. Body weight rangmean and standard deviation for each group should
be included.

Test conditions:

- positive and negative (vehicle/solvent) controls;
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- data from rangdinding study, if conducted;

- rationale for dose level selection;

- details of test chemical preparation;

- details of the administration of the test chemical;
- rationale for route and duration of administration;

- methods for verifying that the teshemical(syeached the general circulation or
bone marrow;

- actual dose (mg/kg body weight/day) calculated from diet/drinking water test
chemical concentration (ppm) andnsumption, if applicable;

- details of food and water quality;
- method of euthanasia;
- method of analgesia (where used);

- detailed description of treatment and sampling schedules and justifications for the
choices;

- methods of slide preparatipn
- methods fomeasurement of toxicity;

- identity of metaphase arresting chemical, its concentration, dose and time of
administration before sampling;

- procedures for isolating and preserving samples;
- criteria for scoring aberrations;

- number of metaphase cells analysedgmemal and the number of cells analysed
for mitotic index determination;

- criteria for acceptability of the study;

- criteria for considering studies as positive, negative or inconclusive.

Results:
- animal condition prior to and throughout the test perioduing signs of toxicity;

- mitotic index, given separately for each animal;
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- type and number of aberrations and of aberrant cells, given separately for each animal;
- total number of aberrations per group with means and standard deviations;
- number of cells vih aberrations per group with means and standard deviations;

- changes in ploidy, if seen, including frequencies of polyploid and/or endoreduplicated
cells;

- doseresponse relationship, where possible;
- statistical analyses and method applied;
- data supportinghatexposure of the bone marrow occutred

- concurrent negative control and positive control data with ranges, means and standard
deviations;

- historical negative and positive control data with ranges, means, standard deviations,
and 95% control limits forhe distribution, as well as the time period covered and
number of observations;

- criteriametfor a positive or negative response.

Discussion of the results.
Conclusion.

References.
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Appendix 1
DEFINITIONS

Aneuploidy: Any deviation from the normal diploid (or haploid) number of chromosomes by
one or more chromosomes, but not by multiples of entire set(s) of chromosomes (

polyploidy).

Centromere: Region(s) of a chromosome with which spindle fibers are associated during
cell division, allowing orderly movement of daughter chromosomes to the poles of the
daughter cells.

Chemical: a substance or a mixture.

Chromatid-type aberation: Structural chromosome damage expressed as breakage of
single chromatids or breakage and reunion between chromatids.

Chromosometype aberration: Structural chromosome damage expressed as breakage, or
breakage and reunion, of both chromatids at antidal site.

Endoreduplication: A process in which after an S period of DNA replication, the nucleus
does not go into mitosis but starts another S period. The result is chromosomes with
4,8,16...chromatids.

Gap: An achromatic lesion smaller than the widihone chromatid, and with minimum
misalignment of the chromatids.

Mitotic index: The ratio between the number of cells in mitosis and the total number of cells
in a population, which is a measure of the proliferation status of that cell population.

Numerical aberration: A change in the number of chromosomes from the normal number
characteristic of the animals utilised (aneuploidy).

Polyploidy: A numerical chromosomal aberration involving a change in the number of the
entire set of chromosomes, as opposed to a numerical change in part of the chromosome set
(cf. aneuploidy).

Structural chromosomal aberration: A change in chromosome structure dedéble by

microscopic examination of the metaphase stage of cell division, observed as deletions and
fragments, intrachanges or interchanges.
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Test chemical:Any substance or mixture tested using tieistmethod.
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Appendix 2

THE FACTORIAL DESIGN FOR IDENTIFYING SEX DIFFERENCES IN THE IN VIVO
CHROMOSOMAL ABERRATI ON ASSAY

The factorial design and its analysis

In this design, a minimum of 5 males and 5 females are tested at each concentration level
resulting in a design usingrainimum of 40 animals (20 males and 20 femgbéss relevant
positive controlg

The design, which is one of the simplactorial designs, is equivalent to a tway analysis

of variance with sex and concentration level as the main effects. The ddte emalysed

using many standard statistical software packages such as SPSS, SAS, STATA, Genstat as
well as using R.

The analysis partitions the variability in the datasto that between the sexésat between

the concentrations and that related tce tinteraction between the sexes and the
concentrations. Each of the terms is tested against an estimate of the variability between the
replicate animals within the groups of animals of the same sex given the same concentration.
Full details of the underlgig methodology are available in many standard statistical
textbooks (see references) and in the 'help’ facilities provided with statistical packages.

The analysis proceeds by inspecting the sex x concentration interaction term in the ANOVA
tablé". In the dsence of a significant interaction term the combined values across sexes or
across concentration levels provide valid statistical tests between the levels based upon the
pooled within group variability term of the ANOVA.

The analysis continues by paniting the estimate of the between concentrations variability
into contrasts which provide for a test for linear and quadratic contrasts of the responses
across the concentration levels. When there is a significant sex x concentration interaction
this termcan also be partitioned into linear x sex and quadratic x sex interaction contrasts.
These terms provide tests of whether the concentration responses are parallel for the two

! Statisticians who take a modellingppach such as using General Linear Models (GLMs) may approach the
analysis in a different but comparable way but will not necessarily derive the traditional anova table, which dates
back to algorithmic approaches to calculating the statistics developgutétomputer age.
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sexes or whether there is a differential response between the two sexes.

The esmate of the pooled within group variability can be used to providewiae tests of

the difference between means. These comparisons could be made between the means for the
two sexes and between the means for the different concentration level such as for
comparisons with the negative control levels. In those cases where there is a significant
interaction comparisons can be made between the means of different concentrations within a
sex or between the means of the sexes at the same concentration.

Referernces

There are many statistical textbooks which discuss the theory, design, methodology, analysis
and interpretation of factorial designs ranging from the simplest two factor analyses to the
more complex forms used in Design of Experiment methodology. dllewing is a non
exhaustive list. Some books provide worked examples of comparable designs, in some cases
with code for running the analyses using various software packages.

Box, G.E.P, Hunter, W.G. and Hunter, J.8978). Statistics for Experimenteré&n
Introduction to Design, Data Analysis, and Model Building. New York: John Wiley & Sons.

Box G.E.P. & Draper, N.R. (1987Empirical modelbuilding and response surfaces. John
Wiley & Sons Inc.

Doncaster, C.P. & Davey, A.J.H. (200Analysis of Varianceand Covariance: How to
Choose and Construct Models for the Life Sciences. Cambridge University Press.

Mead, R. (1990)The Design of Experiments. Statistical principles for practical application.
Cambridge University Press.

Montgomery D.C. (1997Designand Analysis of Experiments. John Wiley & Sons Inc.
Winer, B.J. (1971)Statistical Principles in Experimental Design. McGraw Hill.

Wu, C.F.J & Hamada, M.S. (2008 xperiments: Planning, Analysis and Optimization. John
Wiley & Sons Inc!
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(5) In Part B,Chapter B.12s replaced by the following
"B.12 MAMMALIAN ERYTHROCYTE MICRONUCLEUS TEST

INTRODUCTION

1.This test method is equivalent to OEG@&stguideline 474 (2014)lt is part of a series of
test methods on genetic toxicology. A document presented as an IntroductiorOi6Gie
testguidelines on genetic toxicology (1) can also be referred to and provides succinct and
useful guidance to users of these test methods.

2. The mammalianin vivo micronucleus test is especially relevant for assessing genotoxicity
because, although they may vary among species, factoren ofivo metabolism,
pharmacokinetics and DN£epair processes are active and contribute to the responses. An
in vivo assay is also usdftor further investigation of gnotoxicity detected by an vitro
system.

3.The mammaliann vivo micronucleus test is used for the detection of damage induced by
the test chemical to the chromosomes or the mitotic apparatus bfagsts. The test
evaluates micronucleus formation in erythrocytes sampled either in the bone marrow or
peripheral blood cells of animals, usually rodents.

4.The purpose of the micronucleus test is to iderdifgmicalsthat cause cytogenetic damage
which results in the formation of micronuclei containing either lagging chromosome
fragments or whole chromosomes.

5.When a bone marrow erythroblast develops into an immature erythrocyte (sometimes also
referred to as a polychromatic erythrocyte or reticulocyttey, main nucleus is extruded;
any micronucleus that has been formed may remain behind in the cytoplasm. Visualisation
or detection of micronuclei is facilitated in these cells because they lack a main nucleus.
An increase in the frequency of micronuclehtexmature erythrocytes in treated animals
is an indication of induced structural or numerical chromosomal aberrations.

6.Newly formed micronucleated erythrocytes are identified and quantitated by staining
followed by either visual scoring using a microscopeby automated analysis. Counting
sufficient immature erythrocytes in the peripheral blood or bone marrow of adult animals
is greatly facilitated by using an automated scoring platform. Such platforms are
acceptable alternatives to manual evaluation )mparative studies have shown that
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such methods, using appropriate calibration standards, can provide betteanoteéntra
laboratory reproducibility and sensitivity than manual microscopic scoring (43)
Automated systems that can measure micrmated erythrocyte frequencies include, but
are not limited to, flow cytometers (5), image analysis platform§7/(6)and laser scanning
cytometers (8).

7.Although not normally done as part of the test, chromosome fragments can be distinguished

from whole chromosomes by a number of criteria. These include identification of the
presence or absence of a kinetochore or centromeric DNA, both of which are characteristic
of intact chromosomes. The absence of kinetochore or centromeric DNA indicates that the
micronucleus contains only fragments of chromosomes, while the presence is indicative of
chromosome loss.

8. Definitions of terminology used are set outAppendix1.

INITIAL CONSIDERATIO NS

9.The bone marrow of young adult rodents is the target tissue for gelagtiage in this test

10.

11.

since erythrocytes are produced in this tissue. The measurement of micronuclei in
immature erythrocytes in peripheral blood is acceptable in other mammalian species for
which adequate sensitivity to detechemicals that cause structuraor numerical
chromosomal aberrations in these cells has been demonstrated (by induction of
micronuclei in immature erythrocytes) and scientific justification is provided. The
frequency of micronucleated immature erythrocytes is the principal endpoi. Th
frequency of mature erythrocytes that contain micronuclei in the peripheral blood also can
be used as an endpoint in species without strong splenic selection against micronucleated
cells and when animals are treated continuously for a period that exbeelif@span of

the erythocyte in the species used (edgweeks or more in the mouse).

If there is evidence that the tediemical(s) or its metabolite(s), will not reach the target
tissue, it may not be appropriate to use this test.

Before use of théest method on a mixture for generating data for an intended regulatory
purpose, it should be considered whether, and if so why, it may provide adequate results
for that purpose. Such considerations are not needed, when there is a regulatory
requirement fotesting of the mixture.

PRINCIPLE OF THE TEST METHOD
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12.Animals are exposed to the test chemical by an appropriate route. If bone marrow is used,
the animals are humanely euthgad at an appropriate time(s) after treatment, the bone
marrow is extracted, a@npreparations are made and stained(19) (11) (12) (13) (14)
(15). When peripheral blood is used, the blood is collected at an appropriate time(s) after
treatment and preparations are made and stained(162)17) (18). When treatment is
administeredacutely, it is important to select bone marrow or blood harvest times at which
the treatmentelated induction of micronucleated immature erythrocytes can be detected.
In the case of peripheral blood sampling, enough time must also have elapsed for these
events to appear in circulating blood. Preparations are sathlfor the presence of
micronuclei, either by visuaation using a microscope, image analysis, flow cytometry, or
laser scanning cytometry.

VERIFICATION OF LABO RATORY PROFICIENCY

Proficiency Investigations

13.In order to establish sufficient experience with the conduct of the assay prior to using it for
routine testing, the laboratory should have demonstrated the ability to reproduce expected
results from published data (1739) (20) (21) (22) for micronucleus frequencies with a
minimum of two positivecontrol chemicals (including weak responses induced by low
doses of positive controls)such as those listed in Table 1 and with compatible
vehicle/solvent controls (see paragréd8). These experiments should use doses that give
reproducible and doselated increases and demonstrate the sensitivity and dynamic range
of the test system in thessue of interest (bone marrow or peripheral blood) and using the
scoring method to be employed within the laboratory. This requirement is not applicable to
laboratories that have experience, i.e. that have a historical database available as defined in
paragraphsl4-18.

Historical Control Data
14.During the course of the proficiency investigations, the laboratory should establish:

- A historical positive control range and distribution, and
- A historical negative control range and distribution.

15.When first acquiring data for a historical negatoantrol distribution, concurrent negative
controls should be consistent with published control data, where they exist. As more
experimental data are added to the historical control distribution, concurrent negative
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controls should ideally be within the 95%ontrol limits of that distribution.The

| aboratoryés historical negative contr ol d
ability of the laboratory to assess the distribution of their negative control data. The
literature suggests that a mmum of 10 experiments may be necessary but would
preferably consist of at least 20 experiments conducted under comparable experimental
conditions.Laboratories should use quality control methods, such as control charts-(e.g. C
charts or Xbar chartg23)), to identify how variable their data are, and to show that the
methodology is 'under control' in their laboratory. Further recommendations on how to
build and use the historical data (i.e. criteria for inclusion and exclusion of data in
historical déda and the acceptability criteria for a given experiment) can be found in the
literature (24).

16.Where the laboratory does not complete a sufficient number of experiments to establish a
statistically robust negative control distribution (see paragr&ptddring the proficiency
investigations (described in paragra@),lit is acceptable that the distribution can be built
during the first routine tests. This approach should follow the recommendations set out in
the literature (24)andthe negative control re#ts obtained in these experimersisould
remain consistent with published negative control data.

17.Any changes to the experimental protocol should be considered in terms of their impact on
the resulting data remai ni ngngadistorisal cortrel n t W
databaseOnly major inconsistencies should result in the establishment of a new historical
control database where expert judgement determines that it differs from the previous
distribution (see paragraph5). During the reestablishment, a full negative control
database may not be needed to permit the conduct of an actual test, provided that the
laboratory can demonstrate thideir concurrent negative control values remain either
consistent with their previous database or with the corresponding published data.

18.Negative control data should consist of the incidence of micronucleated immature
erythrocytes in each animal. Concurraregative controls should ideally be within the
95% control l i mi t s of the distribution o
database. Where concurrent negative control data fall outside the 95% contiltheyt
may be acceptable for inclasi in the historical control distribution as long as these data
are not extreme outliers and there is evi
paragraphl5) and no evidence of technical or human failure.

DESCRIPTION OF THE M ETHOD
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Preparations

Selection of animal species

19.Commonly used laboratory strains of healthy young adult animals should be employed.
Mice, rats, or another appropriateammalian species may be used. When peripheral blood
is used, it must be established that splenic removal of micronucleated cells from the
circulation does not compromise the detection of induced micronuclei in the species
selected. This has been clearlgntbnstrated for mouse and rat peripheral blood (2). The
scientific justification for using species other than rats and mice should be provided in the
report. If species other than rodents are used, it is recommended that the measurement of
induced micronulei be integrated into another appropriate toxicity test.

Animal housing and feeding conditions

20.For rodents, the temperature in the animal room should b@ @B'C). Although the
relative humidity ideally should be 880%, it should be at leag0% and peferably not
exceed 70% other than during room cleaning. Lighting should be artificial, the sequence
being 12 hours light, 12 hours dark. For feeding, conventional laboratory diets may be
used with an unlimited supply of drinking water. The choice of dliay be influenced by
the need to ensure a suitable admixture of a test chemical when administered by this route.
Rodents should be housed in small groups (no more than five per cage) of the same sex
and treatment group if no aggressive behaviour is expepteferably in solid floor cages
with appropriate environmental enrichment. Animals may be housed individually only if
scientifically justified.

Preparation of the animals

21.Healthy young adult animals (for rodents, idealhl® weeks old at start of tremént,
though slightly older animals are also acceptable) are normally used, and are randomly
assigned to the control and treatment groups. The individual animals are identified
uniquely using a humaneninimally invasive method (e.duy ringing, tagging, ncro-
chipping or biometric identification, but not ear or toe clipping) and acclimated to the
laboratory conditions for at least five days. Cages should be arranged in such a way that
possible effects due to cage placement are mgahiCross contaminatioby the positive
control and the test chemical should be avoided. At the commencement of the study, the
weight variation of animals should be minimal and not exceed + 20% of the mean weight
of each sex.
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Preparation of doses

22.Solid test chemicals should lokssolved or suspended in appropriate solvents or vehicles
or admixed in diet or drinking water prior to dosing the animals. Liquid test chemicals
may be dosed directly or diluted prior to dosing. For inhalation exposures, test chemicals
can be administetk as a gas, vapour, or a solid/liquid aerosol, depending on their
physicochemical properties. Fresh preparations of the test chemical should be employed
unless stability data demonstrate the acceptability of storage and define the appropriate
storage condions.

Test Conditions

Solvent/vehicle

23.The solvent/vehicle should not produce toxic effects at the dose levels used, and should
not be capable of chemical reaction with the tastmicals If other than welknown
solvents/vehicles are used, themclusion should be supported with reference data
indicating their compatibility. It is recommended that wherever possible, the use of an
aqueous solvent/vehicle should be considered first. Examples of commonly used
compatible solvents/vehicles include egtphysiological saline, methylcellulose solution,
carboxymethyl cellulose sodium salt solution, olive oil and corn oil. In the absence of
historical or published control data showing that no micronuclei and other deleterious
effects are induced by a cless atypical solvent/vehicle, an initial study should be
conducted in order to establish the acceptability of the solvent/vehicle control.

Controls

Positive controls

24.A group of animals treated with a positive contcbkemicalshould normally be included
with each test. This may be waived when the testing laboratory has demonstrated
proficiency in the conduct of the test and has established a historical positive control
range. When a concurrent positive control group is ndudex, scoring controls (fixed
and unstained slides or cell suspension samples, as appropriate for the method of scoring)
should be included in each experiment. These can be obtained by including within the
scoring of the study appropriate reference samtilat have been obtained and stored from
a separate positive control experiment conducted periodically (e.g. edéyr®nths); for
example, during proficiency testing and on a regular basis thereafter, where necessary.
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25.Positive control chemicals shoutdliably produce a detectable increase in micronucleus
frequency over the spontaneous level. When employing manual scoring by microscopy,
positive control doses should be chosen so that the effects are clear but do not immediately
reveal the identity of # coded samples to the scorer. It is acceptable that the positive
control be administered by a route different from the test chemical, using a different
treatment schedule, and for sampling to occur only at a single time point. In addition, the
use of chental classrelated positive control chemicals may be considered, when
appropriate. Examples of positive control chemicals are included in Table 1.

Table 1.Examplesof positive control chemicals.

Chemicals and CASRN

Ethyl methanesulphonate [CASRN-6@-0]

Methyl methanesulphonate [CASRN-88-3]

Ethyl nitrosourea [CASRN 7593-9]

Mitomycin C [CASRN 5607-7]

Cyclophosphamide (monohydrate) [CASRNHEBO (CASRN 605519-2)]

Triethylenemelamine [CASRN 518-3]

Colchicine [CASRN 646-8] or Vinblastind CASRN 86521-4] i as aneugens

Negative controls

26.Negative control group animals should be included at every sampling time and otherwise
handled in the same way as the treatment groups, except for not receiving treatment with
the test chemical. If a solvent/vehicle is used in administering the test @letheccontrol
group should receive this solvent/vehicle. However, if consistent-amienal variability
and frequencies of cells with micronuclei are demonstrated by historical negative control
data at each sampling time for the testing laboratory, anlsingle sampling for the
negative control may be necessary. Where a single sampling is used for negative controls,
it should be the first sampling time used in the study.

27.1f peripheral blood is used, a pteeatment sample is acceptable instead of awwant
negative control for shoterm studies when the resulting data are consistent with the
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historical control database for the testing laboratory. It has been shown for rats that pre
treatmentsampling of small volumes (e.dp e | o w I/da®) has animnal impact on
micronucleus background frequency (25).

PROCEDURE

Number and sex of animals

28.In general, the micronucleus response is similar between male and female animals and,
therefore,most studiesauld be performed ieither sex(26). Data demonstratorelevant
differences between males and females (e.g. differences in systemic toxicity, metabolism,
bioavailability, bone marrow toxicity, etc. including e.g. in a rafigding study) would
encourage the use bbth sexes. In this case, it may be apprafa to perform a study in
both sexes, e.g. as part of a repdatose toxicity study. It might be appropriate to use the
factorial design in case both sexes are used. Details on how to analyse the data using this
design are given iAppendix2.

29.Group sizs at study initiation should be established with the aim of providing a minimum
of 5 analysable animals of one sex, or of each sex if both are used, per group. Where
human exposure to chemicals may be -spe&cific, as for example with some
pharmaceutical the test should be performed with the appropriate sex. As a guide to
maximum typical animal requirements, a study in bone marrow conducted acciarttieg
parameters established in paragr8@hwith three dose groups and concurrent negative and
positive controls (each group composed of five animals of a single sex) would require
between 25 and 35 animals.

Dose levels

30.If a preliminary rangdinding study is performed because there are no suitable data
already available to aid in dose selection, it should be performed in the same laboratory,
using the same species, strain, sex, and treatment regimen to be used in the main study
(27). The study shouldim to identify the maximum tolerated dose (MTD), defined as the
highest dose that will be tolerated without evidence of stuniging toxicity, relative to
the duration of the study period (for example, by inducing body weight depression or
hematopoieti system cytotoxicity, but not death or evidence of pain, suffering or distress
necessitating humane euthanasia (28)).
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31.The highest dose may also be defined as a dose that produces toxicity in the bone marrow
(e.g. a reduction in the proportion of immatwee/throcytes among total erythrocytes in
the bone marrow or peripheral blood of more than 50%, but to not less than 20% of the
control value). However, when analysing CD+dositive cells in peripheral blood
circulation (i.e., by flow cytometry), this veryoung fraction of immature erythrocytes
responds to toxic challenges more quickly than the larger fRbBMive cohort of
immature erythrocytes. Therefore, higher apparent toxicity may be evident with acute
exposure designs examining the CBdsitive immaure erythrocyte fraction as compared
to those that identify immature erythrocytes based on RNA content. For this reason, when
experiments utilise five or fewer days of treatment, the highest dose level for test
chemicals causing toxicity may be definedlas dose that causes a statistically significant
reduction in the proportion of CD7dositive immature erythrocytes among total
erythrocytes but not to less than 5% of the control v&29¢.

32.Chemicalsthat exhibit saturation of toxicokinetic properties; induce detoxification
processes that may lead to a decrease in exposure aftetefomgdministration may be
exceptions to the dossetting criteria and should be evaluated on a-bgsease basis.

33.In order to obtain dose response information, a cota@eudy should include a negative
control group and a minimum of three dose levels genergligraged by a factor of 2, but
not greater than 4. If the test chemical does not produce toxicity in a-famijeg study
or based on existing data, the highgsse for an administration period of 14 days or more
should be 1000 mg/kg body weight/day, or for administration periods of less than 14 days,
2000 mg/kg/body weight/day. However, if the test chemical does cause toxicity, the MTD
should be the highest dosidministered and the dose levels used should preferably cover a
range from the maximum to a dose producing little or no toxicity. When target tissue (bone
marrow) toxicity is observed at all dose levels tested, further study atomandoses is
advisalke. Studies intending to more fully characserithe quantitative dosesponse
information may require additional dose groups. For certain types othesticals(e.g.
human pharmaceuticals) covered by specific requirements, these limits may vary.

Limit test

34.1f dose rangdinding experiments, or existing data from related animal strains, indicate
that a treatment regime of at least the limit dose (described below) produces no observable
toxic effects, (including no depression of bone marrow proliferatioonther evidence of
target tissue cytotoxicidy and if genotoxicity would not b expected based upam vitro
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genotoxicity studies or data from structurally relatemicas, then a full study using
three dose levels may not be considered necessamidpdoit has been demonstrated that
the testchemical(s) reach(eshe target tissue (bone marrow). In such cases, a single dose
level, at the limit dose, may be sufficient. When administration occurs for 14 days or more,
the limit dose is 1000 mg/kg bodyeight/day. For administration periods of less than 14
days, the limit dose is 2000 mg/kg/body weight/day.

Administration of doses

35.The anticipated route of human exposure should be considered when designing an assay.
Therefore, routes of exposure such astaty, drinking water, topical subcutaneous,
intravenous, oral (by gavage), inhalation, intratracheal, or implantation may be chosen as
justified. In any case, the route should be chosen to ensure adequate exposure of the target
tissue(s). Intraperitoneaijection is generally not recommended since it is not an intended
route of human exposure, and should only be used with specific scientific justification. If
the test chemical is admixed in diet or drinking water, especially in case of single dosing,
care should be taken that the delay between food and water consumption and sampling
should be sufficient to allow detection of the effects (see paragd@phrhe maximum
volume of liquid that can be administered by gavage or injection at one time depends on
the size of the test animal. The volume should not normally exceet/1DGng body
weight except in the case of aqueous solutions where a maxirh@nmid100 g may be
used. The use of volumes greater than this should be justified. Except for irritating or
corrosive test chemicals, which will normally produce exacerbated effects at higher
concentrations, variability in test volume should be minimideg adjusting the
concentration to ensure administration of a constant volume in relation to body weight at
all dose levels.

Treatment schedule

36.Preferably, 2 or more treatmentsare performed,administered at 2#our intervals,
especiallywhen integrating tis test into other toxicity studie#n the alternativesingle
treatments can badministered, ifscientifically justified (e.g. testchemicalsknown to
block cell cycle).Test chemicals also may be administered as a split dose, i.e., two or more
treatmems on the same day separated by no more th&h Hburs, to facilitate
administering a large volume. Under these circumstances, or when administering the test
chemical by inhalation, the sampling time should be scheduled based on the time of the
last dosingor the end of exposure.

91



37.The test may be performed in mice or rats in one of three ways:

a.Animals are treated with the test chemical once. Samples of bone marrow are taken at
least twice (from independent groups of animals), starting not earlier than 3 ditax
treatment, but not extending beyond 48 hours after treatment with appropriate interval(s)
between samples, unless a @stmicalis known to have an exceptionally long higié.
The use of sampling times earlier than 24 hours after treatmentdshe justified.
Samples of peripheral blood are taken at least twice (from the same group of animals),
starting not earlier than 36 hours after treatment, with appropriate intervals following the
first sample, but not extending beyond 72 hours. At th& Bampling time, all dose
groups should be treated and samples collected for analysis; however, at the later sampling
time(s), only the highest dose needs to be administered. When a positive response is
detected at one sampling time, additional sampiggot required unless quantitative
doseresponse information is needed. The described harvest times are a consequence of
the kinetics of appearance and disappearance of the micronuclei in these 2 tissue
compartments.

b.If 2 daily treatments are used (etgo treatments at 24 hour intervals), samples should be
collected once between 18 and 24 hours following the final treatment for the bone marrow
or once between 36 and 48 hours following the final treatment for peripheral (8@od
The described harvedimes are a consequence of the kinetics of appearance and
disappearance of the micronuclei in these 2 tissue compartments.

c.If three or more daily treatments are used (e.g. three or more treatments at approximately
24 hour intervals), bone marrow samplesdd be collected no later than 24 hours after
the last treatment and peripheral blood should be collected no later than 40 hours after the
last treatmen{31). This treatment option accommodates combination of the comet assay
(e.g. sampling B hours ar the last treatment) with the micronucleus test, and
integration of the micronucleus test with repeadede toxicity studies. Accumulated data
suggested that micronucleus induction can be observed over these wider timeframes when
3 or more administratits have occurre¢l5).

38.0ther dosing or sampling regimens may be used when relevant and scientifically justified,
and to facilitate integration with other toxicity tests.

Observations
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39.General clinical observations of the test animals should be made anchlclksgns
recorded at least once a day, preferably at the same time(s) each day and considering the
peak period of anticipated effects after dosing. At least twice daily during the dosing
period, all animals should be observed for morbidity and mortaiityanimals should be
weighed at study initiation, at least once a week during repeated dose studies, and at
euthanasia. In studies of at least -aveek duration, measurements of food consumption
should be made at least weekly. If the test chemical israsti®red via the drinking water,
water consumption should be measured at each change of water and at least weekly.
Animals exhibiting norethal indicators of excessive toxicity should be humanely
euthansed prior to completion of the test period (28).dgn certain circumstances, animal
body temperature could be monitored, since treatrmehiced hyper and hypothermia
have been implicated in producing spurious resul?$ (33) (34).

Target tissue exposure

40.A blood sample should be taken at appropriate time(s) in order to permit investigation of
the plasma levels of the teshemicalsfor the purposes of demonstrating that exposure of
the bone marrow occurred, where warranted and where other exposure chathexast
(see paragrap#s).

Bone marrow / blood preparation

41.Bone marrow cells are usually obtained from the femurs or tibias of the animals
immediately following humane euthanasia. Commonly, cells are removed, prepared and
stained using established methods. Small volumes of peripheral blood can be obtained,
according toadequate animal welfare standards, either using a method that permits
survival of the test animal, such as bleeding from the tail vein or other appropriate blood
vessel, or by cardiac puncture or sampling from a large vessel at animal euthanasia. For
both bone marrow or peripheral bledérived erythrocytes, depending on the metbhbd
analysis, cells may be immediately stained supravitally (18) (18), smear preparations
are made and then stained for microscopy, or fixed and stained appropriately for flow
cytometric analysis. The use of a DNA specific stain [e.g. acridine ora@yer Hoechst
33258 plus pyronikY (36)] can eliminate some of the artifacts associated with using a
nonDNA specific stain. This advantage does not preclude the usengkgtonal stains
(e.g. Giemsa for microscopic analysis). Additional systems [edllulose columns to
remove nucleated cells {B(38)] also can be used provided that these systems have been
demonstrated to be compatible with sample preparation in the laboratory.
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42.Where these methods are applicable, -kimétochore antibodies 93, FISH with
pancentromeric DNA probed(), or primedin situ labelling with pancentromergpecific
primers, together with appropriate DNA counterstaining),(4an be used to identify the
nature of the micronuclei (chromosome/chromosomal fragment) in ordeeternune
whether the mechanism of micronucleus induction is due to clastogenic and/or aneugenic
activity. Other methods for differentiation between clastogens and aneugens may be used
if they have been shown to be effective.

Analysis (manual and automated)

43.All slides or samples for analysis, including those of positive and negative controls, should
be independently coded before any type of analysis and should be raadosoi the
manual scorer is unaware of the treatment condition; such coding is notargogben
using automated scoring systems which do not rely on visual inspection and cannot be
affected by operator bias. The proportion of immature among total (immature + mature)
erythrocytes is determined for each animal by counting a total of at l@@strgthrocytes
for bone marrow and 2000 erythrocytes for peripheral blo@)l @t least 4000 immature
erythrocytes per animal should be scored for the incidence of micronucleated immature
erythrocytes (43). If the historical negative control database indicates the mean
background micronucleated immature erythrocyte frequency is <0.1% in the testing
laboratory, consideration should be given to scoring additional dalleen analysing
samples, the proportioof immature erythrocytes to total erythrocytes in treated animals
should not be less than 20% of the vehicle/solvent control proportion when scoring by
microscopy and not less than approximately 5% of the vehicle/solvent control proportion
when scoring CDX+ immature erythrocytes by cytometric methods (see paragddph
(29). For example for a bone marrow assay scored by microscopy, if the conpottimo
of immature erythrocytes in the bone marrow is 50%, the upper limit of toxicity would be
10% immature erythrocytes.

44.Because the rat spleen sequesters and destroys micronucleated erythrocytes, to maintain
high assay sensitivity when analysing ratipleeral blood, it is preferable to restrict the
analysis of micronucleated immature erythrocytes to the youngest fraction. When using
automated analysis methods, these most immature erythrocytes can be identified based on
their high RNA content, or the ¢ih level of transferrin receptors (CD71+) expressed on
their surface §1). However, direct comparison of different staining methods has shown
that satisfactory results can be obtained with various methods, including conventional
acridine orange staining \84).
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DATA AND REPORTING

Treatment of Results

45.Individual animal data should be presented in tabular form. The number of immature
erythrocytes scored, the number of micronucleated immature erythrocytes, and the
proportion of immature among total erythroey should be listed separately for each
animal analysed. When mice are treated continuously for 4 weeks or more, the data on the
number and proportion of micronucleated mature erythrocytes also should be given if
collected. Data on animal toxicity andriltal signs should also be reported.

Acceptability Criteria

46. The following criteria determine the acceptability of the test:

a. The concurrent negative control data are considered acceptable for addition to the

C.

d.

laboratory historical control database (see gra@hsl5-18).

The concurrent positive controls or scoring controls should induce responses that are
compatible with those generated in the historical positive control database and produce a
statisticaly significant increase compared with the concurrent negative control (see
paragraph24-25).

The appropriate number of doses and cells has been analysed.

The criteria for the selection of highest dose are consistent with those described in
paragraphs 333.

Evaluation and Interpretation of Results

47.Providing that all acceptability criteria are fulfilled, a test chemical is considered clearly
positiveif:

a.

At least one of the treatment groups exhibits a statistically significant increase in the
frequency of micronucleated immature erythrocytes compared with the concurrent
negative control,

This increase is dogelated at least at one sampling timben evaluated with an
appropriate trend test, and
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c. Any of these results are outside the distribution of the historical negative control data (e.qg.
Poissorbased 95% control limits).

If only the highest dose is examined at a particular sampling tintestachemical is
considered clearly positive if there is a statistically significant increase compared with the
concurrent negative control and the results are outside the distribution of thechlstori
negative control data (e.dRoissorbased 95% contrdimits). Recommendations for the

most appropriate statistical methods can be found in the literatur¢d@4%6) (47). When
conducting a doseesponse analysis, at least three treated dose groups should be analysed.
Statistical tests should use the raal as the experimental unit. Positive results in the
micronucleus test indicate that a test chemical induces micronuclei, which are the result of
chromosomal damage or damage to the mitotic apparatus in the erythroblasts of the test
species. In the casehere a test was performed to detect centromeres within micronuclei, a
test chemical that produces centromeo&taining micronuclei (centromeric DNA or
kinetochore, indicative of whole chromosome loss) is evidéhatthe test chemical is an
aneugen.

48. Providing that all acceptability criteria are fulfilled, a test chemical is considered clearly
negative if, in all experimental conditions examined:

a. None of the treatment groups exhibits a statistically significant increase in the frequency
of micronucleatd immature erythrocytes compared with the concurrent negative control,

b. There is no doseelated increase at any sampling time when evaluated by an appropriate
trend test,

c. All results are inside the distribution of the historical negative control(dajaPoisson
based 95% control limits), and

d. Bone marrow exposure to the test chemical(s) occurred.

Recommendations for the most appropriate statistical methods can be found in the literature
(44) (45) (46) (47). Evidence of exposure of the bone marrova testchemicalmay include

a depression of the immature to mature erythrocyte ratio or measurement of the plasma or
blood levels of the testhemical In case of intravenous administration, evidence of
exposures not needed. Alternatively, ADME data, obtained in an independent study using
the same route and same species can be used to demonstrate bone marrow exposure.
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Negative results indicate that, under the test conditions, the test chemical does not produce
micronuclei in the immature erythrocytes of the test species.

49.There is no requirement for verification of a clear positive or clear negative response.

50.In cases where the response is not clearly negative or positive and in order to assist in
establishing e biological relevance of a result (e.g. a weak or borderline increase), the
data should be evaluated by expert judgement and/or further investigations of the existing
experiments completed. In some cases, analysing more cells or performing a repeat
experment using modified experimental conditions could be useful.

51.In rare cases, even after further investigations, the data will preclude making a conclusion
that the test chemical produces either positive or negative results, and the study will
therefore beoncluded as equivocal.

Test Report
52.The test report should include the following information:

Summary

Test chemical:
- source, lot numbelimit date for useif available;

- stability of the test chemical, if known.

Mono-constituent substance:
- physical appearance, water solubility, and additional relevant physicochemical
properties;

- chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChl
code, structural formula, purity, chemical identity of impurities as appropridte an
practically feasible, etc.

Multi-constituent substance, UVCBs and mixtures:

- characteriseds far as possible by chemical identity (see above), quantitative
occurrence and relevant physicochemical properties of the constituents.

Test chemical preparain:
- justification for choice of vehicle;
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solubility and stability of the test chemical in the solvent/vehicle, if known;
preparation of dietary, drinking water or inhalation formulations;

analytical deteninations on formulations (e.gtability, homogaeity, nominal
concentrations), when conducted.

Test animals:

species/strain used and justification for use;
number, age and sex of animals;

source, housing conditions, diet, etc.;
method for uniquely identifying the animals

for short term studies: indigual weight of the animals at the start and end of the test;
for studies longer than one week: individual body weights during the study and food
consumption. Body weight range, mean and standard deviation for each group should
be included.

Test conditions:

positive and negative (vehicle/solvent) control data;
data from rangdinding study, if conducted;
rationale for dose level selection;

details of test chemical preparation;

details of the administration of the test chemical;
rationale for route anduration of administration;

methods for verifying that the teshemical(syeached the general circulation or
targettissue;

actual dose (mg/kg body weight/day) calculated from diet/drinking water test
chemicalconcentration (ppm) and consumption, if applicable;

details of food and water quality;
method of euthanasia;

method of analgesia (where used);
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- detailed description of treatment and sampling schedules and justifications for the
choices;

- methods of slide igparation;

- procedures for isolating and preserving samples;

- methods for measurement of toxicity;

- criteria for scoring micronucleated immature erythrocytes;

- number of cells analysed per animal in determining the frequency of micronucleated
immature erythocytes and for determining the proportion of immature to mature
erythrocytes;

- criteria for acceptability of the study;

- methods, such as use of akitietochore antibodies or centromeecific DNA
probes, to characterise whether micronuclei contain wérdigmented
chromosomes, if applicable.

Results:

- animal condition prior to and throughout the test period, including signs of toxicity;
- proportion of immature erythrocytes among total erythrocytes;

- number of micronucleated immature erythrocytes, giegasately for each animal;

- mean = standard deviation of micronucleated immature erythrocytes per group;

- doseresponse relationship, where possible;

- statistical analyses and methods applied;

- concurrent negative and positive control dattn ranges, meansd standard
deviations

- historical negative and positive control data with ranges, means, standard deviations
and 95% control limits for the distribution, as well as the time period covered and
the number of data points;

- data supportinghatexposure othe bone marrow occurred;

- characterisation data indicating whether micronuclei contain whole or fragmented
chromosomes, if applicahle
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- criteria for a positive or negative response that are met.

Discussion of the results.
Conclusion.

References.
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Appendix1

DEFINITIONS

Centromere: Region(s) of a chromosome with which spindle fibers are associated during cell
division, allowing orderly movement of daughter chromosomes to the poles of the daughter
cells.

Chemical: a substance or a mixture.

Erythroblast: An early stage of erythrocytelevelopment, immediately preceding the
immature erythrocyte, where the cell still contains a nucleus.

Kinetochore: The protein structure that forms on the centromere of eukaryotic cells, which
links the chromosome to microtubule polymers from the mitgiindde during mitosis and
meiosis and functions during cell division to pull sister chromatids apart.

Micronuclei: Small nuclei, separate from and additional to the main nuclei of cells, produced
during telophase of mitosis (meiosis) by lagging chromosdnagments or whole
chromosomes.

Normochromatic or mature erythrocyte: A fully matured erythrocyte that has lost the
residual RNA that remains after enucleation and/or has lost otheiliskdrtell markers that
characteristically disappear after enucleatiollowing the final erythroblast division.

Polychromatic or immature erythrocyte: A newly formed erythrocyte in an intermediate
stage of development, that stains with both the blue and red components of classical blood
stains such ascaWe df thehpteSeace @ resdme RNA line¢he ndadyed

cell. Such newly formed cells are approximately the same as reticulocytes, which are
visualised using a vital stain that causes the residual RNA to clump into a retitloen.
methods, including wnochromatic staining of RNA with fluorescent dyes or labeling of
shortlived surface markers such as CD71 with fluorescent antibodies, are now often used to
identify the newly formed red blood celRolychromatic erythrocytes, reticulocytes, and
CD71-postive erythrocytes are all immature erythrocytes, though each has a somewhat
different age distribution.

Reticulocyte: A newly formed erythrocyte stained with a vital stain that causes residual
cellular RNA to clump into a characteristic reticuluReticulccytes and polychromatic
erythrocytes have a similar cellular age distribution.

Test chemical:Any substance or mixture tested using testmethod.
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Appendix 2

THE FACTORIAL DESIGN FOR IDENTIFYING SEX DIFFERENCES IN THE IN VIVO
MICRONUCLEUS ASSAY

The factorial design and its analysis

In this design, a minimum of 5 males and 5 females are tested at each concentration level
resulting in a design using a minimum of 40 animals (20 males and 20 females, plus relevant
positive controls)

The design, which isne of the simplefactorial designs, is equivalent to a tway analysis

of variance with sex and concentration level as the main effects. The data can be analysed
using many standard statistical software packages such as SPSS, SAS, STATA, Genstat as
well as using R.

Theanalysis partitions the variability in the dataset into that between the sexes, that between
the concentrations and that related to the interaction between the sexes and the
concentrations. Each of the terms is tested against an estimate of the vakabilggn the
replicate animals within the groups of animals of the same sex given the same concentration.
Full details of the underlying methodology are available in many standard statistical
textbooks (see references) and in the 'help’ facilities prowtbdstatistical packages.

The analysis proceeds by inspecting the sex x concentration interaction term in the ANOVA
tablé". In the absence of a significant interaction term the combined values across sexes or
across concentration levels provide valid statistical tests between the levels based upon the
pooled within group variability term of the ANOVA.

The analysis continudsy partitioning the estimate of the between concentrations variability

into contrasts which provide for a test for linear and quadratic contrasts of the responses
across the concentration levels. When there is a significant sex x concentration interaction
this term can also be partitioned into linear x sex and quadratic x sex interaction contrasts.
These terms provide tests of whether the concentration responses are parallel for the two

! Statisticians who take a modelling approach such as using General Linear Models (GLMs) may approach the
analysis in a different but comparable way but will not necessarily derive the tradAN@WA table which
dates back to algithmic approaches to calculating the statistics developed ineopnputer age.
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sexes or whether there is a differential response between the two sexes

The estimate of the pooled within group variability can be used to providevisaitests of

the difference between means. These comparisons could be made between the means for the
two sexes and between the means for the different concentration leselas for
comparisons with the negative control levels. In those cases where there is a significant
interaction comparisons can be made between the means of different concentrations within a
sex or between the means of the sexes at the same concentration.
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(6)
(7)
(8)
9)
(10)
(11)

In Part B,Chapter B.15is deleted
In Part B,Chapter B.16is deleted
In Part B,Chapter B.18is deleted
In Part B,Chapter B.19is deleted
In Part B,Chapter B.20is deleted

In Part B,Chapter B.24is deleted

110



(12) In Part B,Chapter B.47is replaced by the following

"B.47 Bovine Corneal Opacity and Permeability Test Method for Identifying i) Chemicals
Inducing Serious Eye Damage and ii) Chemicals NoRequiring Classification for Eye
Irritation or Serious Eye Damage

INTR ODUCTION

1.This test method is equivalent to OECD tgstideline (TG) 437 (2013. The Bovine
Corneal Opacity and Permeability (BCOP) test method was evaluatie lryteragency
Coordinating Committee on the Vadidation of Alternative Methods (ICCVAM), in
conjunction with the European Centre for the Validation of Alternative Methods
(ECVAM) and the Japanese Center for the Validation of Alternative Methods (JaCVAM),
in 2006 and 2010 (1)(2)n the first evaluation, the BCOP test method was evaluated for
its usefulness to identify chemicals (substances and mixtures) inducing serious eye
damage(1). In the second evaluation, the BCOP test method was evaluated for its
usefulness to identify chenals (substances and mixtures) not classified for eye irritation
or serious eye damage (dhe BCOP validation database contained 113 substances and
100 mixtures in total )(3). From these evaluations and their peeviaw it was
concluded that the test method can correctly identify chemicals (both substances and
mixtures) inducing serious eye damage (Category 1) as well as those not requiring
classification for eye irritation or serious eye damaxggefined by the United Nations
(UN) Globally Harmonized System of Classification and Labelling of Chemicas (GHS)
(4) andthe European Union (EU) Regulation 1272/2008 on Classification, Labelling and
Packaging of Substances and Mixtures (CLBhd it was therefore endorseab
scientifically valid for both purposeserious eye damage is the production of tissue
damage in the eye, or serious physical decay of vision, following application of a test
chemicalto the anterior surface of the eye, which is not fully reversiblaiwi21 days of
application. Testchemicalsinducing serious eye damagare classified as UN GHS
Category 1. Chemicals not classified Bye irritationor serious eye damagege defined
as those that do not meet the requirements for classification as BNGakégory 1 or 2

! Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 2008 on
classification, labelling and packaging of substances and mixtures, amending and repealing Directives
67/548/EEC and 1999/45/EC, and amending Regulation K&C)907/2006, Ol 353/1, 31.12.2008
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(2A or 2B), i.e. they are referred to as UN GHS No Categbnys test method includes

the recommended use and limitations of the BCOP test method based on its evaluations.
The main differences between the original 2009 version and tteteg 2013 version of

the OECD test guideline concern, but are not limited to: the use of the BCOP test method
to identify chemicals not requiring classification according to UN GHS (paragraphs 2 and
7); clarifications on the applicdily of the BCOP tesmethod to the testing of alcohols,
ketones and solids (paragraphs 6 and 7) and of substances and mixtures (paragraph 8);
clarifications on how surfactant substances and surfactartaining mixtures should be
tested (paragraph 28); updates and claribest regarding the positive controls
(paragraphs 39 and 40); an update of the BCOP test method decision criteria (paragraph
47); an update of the study acceptance criteria (paragraph 48); an update to the test report
elements (paragraph 49); an update gip@ndix 1 on definitions; the addition of
Appendix 2 for the predictive capacity of the BCOP test method under various
classification systems; an update of Appendix 3 on the list of proficiency chemicals; and
an update of Appendix 4 on the BCOP cornealdéol(paragraph 1) and on the
opacitometer (paragraphs 2 and 3).

2.1t is currently generally accepted that, in the foreseeable future, no smgiéro eye
irritation test will be able to replace tle vivo Draize eye test to predict across the full
range of irritation for different chemical classes. However, strategic combinations of
several alternative test methods within a (tiered) testing strategy may be able to replace
the Draize eye test (5). The T-@own approach (5) is designed to be used when, based
on existing information, a chemical is expected to have high irritancy potential, while the
BottomUp approach (5) is designed to be used when, based on existing information, a
chemical is expected not ttause sufficient eye irritation to require a classification. The
BCOP test method is an vitro test method that can be used under certain circumstances and
with specific limitations for eye hazard classification and labeling of chemicals. While it is no
considered valid as a staatbne replacement for the vivo rabbit eye test, the BCOP test
method is recommended as an initial step within a testing strategy such as -bewirop
approachsuggested by Scodt al. (5) to identifychemicals inducing seus eye damage,
i.e. chemicals to be classified as UN GHS Category 1, without further testingh@).
BCOP test method is also recommendedidentify chemicals that do not require
classification foreye irritation or serious eye damage, defined by th UN GHS (UN
GHS No Category) (4) within a testing strategy such as the Batrapproach (5).
However, a chemical that is not predicted as causing serious eye damage or as not
classified for eye irritation/serious eye damage with the BCOP test methdd reguire
additional testingif vitro and/orin vivo) to establish a definitive classification.
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3.The purpose of this test methodis to desaibe the procedures usedto evaluate the eye
hazard potertia of a test chemical as measued by its ability to induce opacity and
increased permeablity in an isdated bovine cornea. Toxc effeds to the cornea are
meagsired by: (i) deaeased light trangnisson (opacity), and (ii) increased pasage of
sadium fluores@in dye (permeallity). The omcity and pemeaility assessmerts of the
corneafollowing exmsure to atest chemicalare canbinedto derive an In Vitro Irritancy
Saoore (IVIS), which is usedto classify theirritancy level of the test chemical

4. Definitions are providedin Appendix1.

INITIAL C ONSIDERATI ONS AND LIMITAT 1ONS

5.This test methods based on the ICCVAM BCOP test method protocol (6)(7), which was
originally developed from information obtained from the Institute ifovitro Sciences
(IIVS) protocol and INVITTOX Protocol 124 (8). The latter representspiteeocol used
for the European Commun#gponsored prevalidation study conducted in 19998.
Both of these protocols were based on the BCOP test method first reported by Gautheron
et al (9).

6.The BCOP test method can be used to identify chemicals imgls@rious eye damage as
defined by UN GHS, i.e. chemicals to be classified as UN GHS Category 1 (4). When
used for this purpose, the BCOP test method has an overall accuracy of 79% (150/191), a
false positive rate of 25% (32/126), and a false negative 0&t14% (9/65), when
compared toin vivo rabbit eye test method data classified according to the UN GHS
classification system (3) (seppendix 2, Table 1). When test chemicals within certain
chemical (i.e., alcohols, ketones) or physical (i.e., solittyses are excluded from the
database, the BCOP test method has an overall accuracy of 85% (111/131), a false
positive rate of 20% (16/81), and a false negative rate of 8% (4/50) for the UN GHS
classification system (3). The potential shortcomings of t8©®B test method when used
to identify  chemicals inducing serious eye damage (UN GHS
Category 1) are based on the high false positive rates for alcohols and ketones and the
high false negative rate for solids observed in the validation database (1)k&(&ver,
since not all alcohols and ketones are gwedicted by the BCOP test method and some
are correctly predicted as UN GHS Category 1, these two organic functional groups are
not considered to be out of the applicability domain of the test methizdup to the user
of thistestmethodto decide if a possible ow@rediction of an alcohol or ketone can be
accepted or if further testing should be performed in a waletidence approach.
Regarding the false negative rates for solids, it shoulddted that solids may lead to
variable and extreme exposure conditions inithgivo Draize eye irritation test, which
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may result in irrelevant predictions of their true irritation potential (10). It should also be
noted that none of the false negativegntified in the ICCVAM validation database
(2)(3), in the context of identifying chemicals inducing serious eye damage (UN GHS
Category 1), resulted in IVIS O 3, which i
a UN GHS No CategoryMoreover, BAOP false negativgin this context are not critical

since all testhemicalsthatproduce ar8 < | V wdld ke sBbSequently tested with

other adequately validateidh vitro tests, or as a last option in rabbits, depending on
regulatory requirements, g a sequential testing strategy in a weightvidence
approachGiven the fact that some solid chemicals are correctly predicted by the BCOP
test method as UN GHS Category 1, this physical state is also not considered to be out of
the applicability dorain of the test method. Investigators could consider using this test
method for all types of chemicals, whereby an VIS > 55 should be accepted as indicative
of a response inducing serious eye damage that should be classified as UN GHS Category
1 without further testing. However, as already mentioned, positive results obtained with
alcohols or ketones should be interpreted cautiously due to potentigbi@dbction.

7.The BCOP test method can also be usedidentify chemicals that do not require
classificaton for eye irritation or serious eye damage under Wi GHS classification
system (4). When used for this purpose, the BCOP test method has an overall accuracy of
69% (135/196), a false positive rate of 69% (61/89), and a false negative rate of 0%
(0/107), whencompared to in vivo rabbit eye test method data dassified according to the
UN GHS dassification system (3) (seeAppendix 2, Table 2). The false positive rate
obtained in vivo UN GHS No Category chemicals producing an IVIS,>see paragraph
47) is considerably high, but not critical this contextsince all testchemicalsthat
produce ar8 < IVIS O55would be sbseqiertly tested with other adequately validated in
vitro tests, or as a last option in rabbitdepending on regulatory requremens, using a
sequettial testing drategy in a weight-of-evidence approach. The BCOP test method
shows no specific shortcomings for the testing of alcohols, ketones and solids when the
purpose is to identify chemicals that do not require classification for eye irritation or
serious eye damage (UN GHS No Category) [@edigators calld consder using this
test method for al typesof chemicals whereby a negativeesult ( | V1 Sshodld [ )
accepted asindicative that no classification is required (UN GHS No Category). Since the
BCOP test method can only identify correctly 3b¥the chemicals that do not require
classification for eye irritation or serious eye damage, this test method should not be the
first choice to initiate a Bottorp approach¥), if other validated and acceptéd vitro
methods with similar high sensittyibut higher specificity are available.
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8.The BCOP validation database contained 113 substances and 100 mixtures @)®tal (
The BCOP test method is therefore considered applicable to the testing of both substances
and mixtures.

9.The BCOP test method isot recommended for the identification of testemicalsthat
should be classified as irritating to eyes (UN GHS Category 2 or Category 2A) or test
chemicalsthat should be classified as mildly irritating to eyes (UN GHS Category 2B)
due to the considerebnumber of UN GHS Category 1 chemicals underclassified as UN
GHS Category 2, 2A or 2B and UN GHS No Category chemicals overclassifed as UN
GHS Category 2, 2A or 2B (2)(3). For this purpose, further testing with another suitable
method may be required.

10.All procedueswith bovine g/esand bovine corneas shald follow the esting fecilityd s
apdicable regulations and procedures for hardling animal-derived matetfals, which
include, but are not limited to, tisstes andtissue fluids. Universal laboratory precaitions
arerecommended(11).

11.Whilst the BCOP test methodoes not consider conjunctival and iridal injuries, it
addressescorneal effects, which are the major driver of classificationvivo when
considering the UN GHS classificatioihe reversibility of corned lesions canrot be
evaluaed per se in the BCOP test methodIt has keen proposed, kesed on rakbit eye
studies, that an asessnent of the initial depgh of cornea injury may beused to identify
some types ofrreversible effeds (12). However,further scientific knowledge is required
to understand how irreversible effects not linked with initial high level injury occur.
Finally, the BCOP test methoddoesnot alow for an assessment of the potential for
systamic toxicity assocated with ocular exposire.

12.Thistest methodvill be updded perodicdly as newinformation and dea areconsdered.
For example, hstopahology may be potetiadly usdul when a more complete
charaterisation of cornealdamageis needé. As outlined in OECD Guidande@ocument
No. 160 (13),uses are encouragedio preseéve corneasand prepae histopathology
speémens that can be usedo devéop adaabaseand decsion ciiteria that may further
improve theaccuracy othis testmethod.

13.For any labaatory initialy edablishing this test method the proficiency chamicds
provided in Appendix 3 shodd be used. A laboratory can use these chamicas to
demondrate their techical competence in paforming the BCOP test method prior to
sulmitting BCOP test method dafor regulatory hazard clasdfication puposes.

PRINCIPLE OF THE TEST
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14.The BCOP test method is anorgandypic model that provides slort-term maintenance of
normal physiological and biochemica function of the bovine corneain vitro. In this teg
method, damage by the test chemical is ases®d by quartitative measiremens of
charges in cornedl opadty and permeability with an opacitometer and a visible light
spedrophotometer, regedively. Both measurenerts are usedto cdculate an1VIS, which
is usedto assign anin vitro irritancy hazard classification category for prediction of the in
vivo ocuar irritation potertia of atest chemical(seeDecision Criteria in paragraph 47

15.The BCOP test method uses isolated corneas from the eyes of freshly slaughtered cattle.
Corned opadaty is measuredjuantitatively asthe amountof light transnission through the
comea. Permeablity is measuredjuantitatively asthe anount of sodium fluores@n dye
that passes across the full thicknessof the corma, as detected in the medum in the
posterior chamber. Testchemicalsare apdied to the epithelial suface of the corneaby
addtion to the anterior chamber of the corneal holder. Appendix4 providesa desription
and adiagram of a corneal holder usedin the BCOP test methodCorned holders canbe
obtained canmercially from different sources or canbe @ngructed.

Saurce and Ageof Bovine Eyesand Selection of Animal Species

16.Cattle sent to daughterhousesare typically killed either for human consumption or for
othe commercial uses.Only hedthy arimals corsidered suitade for entry into the human
foodchain are used as asaurce of corness for usein the BCOP test methodBecause cattle
have a wide range of weights, depending onbreed, age, andsex, there is no recommended
weight for the animal atthetime of slaughter.

17.Variationsin corneal dimensons can result when using eyes from animals of different
ages. Corness with ahorizontal diameter >305 mm andcentra corned thickness CCT)
values 1000um aregenerdly obtained from cattle older than eight years,while those
with a horizontal diameter < 28.5mm and CCT <900 pum are genedly obtaired from
catle lessthan five yearsold (14). For this reason, eyes from cdtle greater than 60
monthsold are not typicaly usel. Eyes from catle lessthan 12 monthsof age have not
traditionaly been used since the eyes are still developing and the corneal thickness
and corned diameter are consderably smaller than hat repated for eyes from adult
cattle. However, the useof corneas from young anmals (i.e, 6 to 12 months old) is
permissible since there are some advantages, suchas inaessed availability, a narow age
range, and dcreased haards related to pdential worker exmsure to Bovine Spomgiform
Encephalgpathy (15). As further evaluaion of the effect of corneal size orthickness on
respnsivenessto carosive and rritant chemicas would be useful, users are encouaged
to report the esimated ge ard/or weight of the animals providing the orneas usd in a

study.
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Collection and Transport of Eyesto the Laboratory

18.Eyes are collected by slaughterhouse employees. To minimise mechanmcal and other
types of damage to the eyes,the eyesshauld be enucleated as soon agossible after death
and cooled immediately after enucleation auding transport. T@revent expasure of the
eyes to potentially irritant chemicas, the daughterhouse employees shald not use
detergentwhenrinsing the headof theanmal.

19.Eyes shoud be immersed completely in cooledHarks @alancedSdt Solution (HBSS)
in a sutably sized caotainer, and transported to the laboratory in such amanneras to
minimise deterioration and/or baderial contaminaion. Becawse the e/es ae cdlected
during the daughter process, they might be expo®d to blood and other biologica
materials, including bacteria and other microorganisms. Therefore, it is important to
ensure that the risk of contamination is minimised (e.g, by keeing the container
containing the eg/es onwet ice during collection and transportation and by iadd
antibioticsto the HBSS sedto store the g/es duing transprt [e.g penicillin a 100 [U/ml
andstreptomycin at100 pg/ml]).

20.The time interval between callection of the eyes and use of corness in the BCOP test
method should be minirsed (typicallycollected and used on the same day) and should
be demondrated to not compromise theassay resits. These reailts are basedon the
seledion aiteria for the eyes,aswell as thepositive and negative corrol resporses. All
eyes ugd inthe asayshould berom the sane group ofeyes ollected ona speific day.

Sdection Criteriafor EyesUsedin the BCOP Test Method

21.The g/es, amcethey arive atthe laboratory, are caefully exaninedfor defects including
increased opacity, scratches, and neovascularisation. Only corneasfrom eyesfree of such
defects are to be used.

22.The quality of eachcornea is also evaluaed at later steps in the assay. Corneas that
have opacty greder than s&en opacty units or equivalent for the opacitometer and
cornea holders usedter an initial one hou equilibration period are to be discarded
(NOTE: the opaitometer shoud be cébrated with opacity standards that are used to
establishthe opacity units, see Appendix4).

23.Each treatment group (tes chemica] concurrent neggtive and positive controls)
corsists of a minimum of three ges. Three coneas shald be usedfor the negative
control comeasin the BCOP test method Since al corneasare excised from the whole
globe,andmourtedin the corned chambers, there is patential for artifads from handing
upon individual corneal opacity and pemeablity values (including negative control).
Furthermore, the opacity and permeabllity valuesfrom the negative control corneasare
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usedto correct the test chemicaltreatedand postive contol-treated corneal opacity and
permeablity valuesin the VIS cdculations.

PROCEDURE

Preparation of the Eyes

24.Corness, free of defects, are dissected with a 2 to 3 mm rim of sdera remaining to
assst in sulsequent handing, with care taken to avoid damage to the corneal epithelium
and erdothelium. Isdated caneasare mourtedin speially desgned orned holders that
consist of anterior and paterior compatments, which interface with the eptheial ard
endohelia sidesof the correa, respectively. Both chanbers are filled to excesswith pre-
warmed phenol red freeEagle's Minimum Essemia Medium (EMEM) (posterior
chamberfirst), ensuing tha no bubblesare formed. The deviceisthenequilibratedat 32 +
1°C for at least one hour to alow the corneasto equilibrate with the medum and to
acheve normal metabdic adivity, to the extent possible (the approximate temperature of
thecornealsufacein vivo is 32°C).

25.Fadlowing the equilibration period, fresh prewarmed phenol red freeEMEM is added
to both chanbers and basline opadty readings are taken for eachcornea. Any corneas
that show maaoscic tissuedamage (e.g scratches, pigmertation, neovascularisation)

or an opadty greaer than seen opacty units or equivalent for the opacitometer and

cornea holders usedeadiscarded. A minimum of three corneas are sdected as negtive
(or sdvent) control correas. The remaining caneas are thendistributed into treatment
andposdtive cortrol groups.

26.Because the het caprcity of water is hgher thanthat of ar, water provides more dalde
temperature conditions for incubation. Therefore, the use a water bath for maintaining
the corned holder andits catents at32 + 1°C is recanmended.However, ar incubaors
might also be used, assuming recauion to maintain temperature stability (e.g. by pre-
warming of holders andmeda).

Application of the Test Chemical

27.Two different treatment protocols are used, one for liquids and surfactants (solids or
liguids), and onéfor non-surfactantsolids.

28.Liquids are tested undiluted. Semi-sdids, creams, and waxes are typicaly teded as
liquids. Neat surfactart substance ae teded ata concentration of 10% w/v in a 0.9%
sodium chloride solution, dstilled water, or other solvent that has been demonstrated to
have no adverse dfeds on the test system. Appropriate justification shald be providedfor

aternative dilution conentrations. Mixtures containing surfactants may be tested
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undiluted or diluted to an appropriate concentration depending on the relevant exposure
scenarioin vivo. Appropriate justification should be provided for the concentration
tested. Corneas are exposed to liquids and sufactants for 10 minutes. Use of other
exposue times shodd be accopaned by adeqate scientific rationde. Please see
Appendix1 for a definition of surfactant and surfactamantaining mixture.

29.Non-surfacent sdids are typicdly tested as solutions or suspensions a 20% w/v
concertration in a 0.9% sotum chlaide sdution, distilled water, or other olvent that has
been denonstieted to hae no adrerseeffects on the test systam. In certaincircumstances
and with proper scientific justification, sdids may also beteded reat by direct
apdication onto the correal suface using theopen chanber method (see pararaph 32).
Comeas are exposedto sdids for four hours, but as with liquids and surfactants,
aternative expaure timesmay be usedvith appopriate scientific rationde.

30.Different treatment methods can beused,deperting on thephysical reture and chemical
chaaderigtics (e.g solids, liquids, viscaus vs. nonviscous liquids) of the test
chemical The critical factor is ensuring that the test chemicaladequately coversthe
epthdial aurface and hat it is adegately removed during therinsing seps. A closed
chamber method is typicaly used for nonviscous to dightly viscous liquid test
chemicals, while an openchanber method is typically used for semi-viscous and
viscousliquid test chemica$ andfor neat solids.

31.In the closedchanber method, suficienttest chemical (750 ul) to cover the epithelia
side of the caneais introducedinto the aterior chanberthrough the dosng hdes on the
top suface of the chanber, andthe holesare subsauently sedled with the chanber plugs
during the expogire. It isimportart to ensure that eachcorneais exposedto atest chemical
for the appropriate time interval.

32.In the openchamber method, the window-locking ring and glass window from the
anterior chamber are removed pror to treatmert. The corirol or test chemical(750 p, or
enowgh testchemicalto campletely cover the canea) is applied diredly to the epthelid
surface of the mmeausing a micro-pipet. If a testchemicalis dfficult to pipet, the test
chemicalcan be pressure-loadedinto a postive displacement ppet to aid in dosing. The
pipet tip of the positive displacement pipet is inserted into the dispensing tip of the gringe
so that the materid can be loaded into the dsplacement tip urder presue.
Simultaneouwdly, the syringe plunger is depressed asthe pipet piston is drawn upwards. If
air bubblesapper in the pipet tip, thetest article is removed (expdled) and the process
repeded until the tip is filled without air bulbles. If necessary, a normal syringe (without
a neealle) canbe usedsince it permits measuring an accurate volume of test chemicaland
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aneasier application to the epithdial suface of the cornea. After dosing, the glasswindow
isreplacedon the anterior chamberto recreate a closed system.

Post-Exposure I ncubation

33.After the exposue period, the test chemica) the negative control, or the podtive antrol
chemicalis removed from the anterior chanber and te epthelium washedat least three
times (or urtil no visual evidence of test chemical can be obsrved) with EMEM
(containing phenol rd). Phenol red- containing medium is used for rinsing since a
colour charge in the pherol red may be monitored to detrmine the effectiveness of
rinsing aciic or akaline materials. Thecorneas are washedmore than thee timesif the
pherol red isstill discoloured (yellow or purple), or te test chemicalis still visible. Once
the medium is fee of test chemica) the corneas ae given afind rinse with EMEM
(without phenol red). The EMEM (ithout pheol red) is used as a fnal rinseto ensire
removal of the phenol red from the &arior chanber prior to the opacity measurenent.
The arterior chanber is then &filled with freshEMEM without phenolred.

34.For liquids or surfactarts, after rinang, the corneas are incubated for an addtional two
hours at 32+ 1°C. Longer post-expasure time may be uséul in catain drcumstancesand
could beconsidered on a cae-by-case bass. Corneas treated with solids are rinsed
thoroughly at the end of the four-hour exposire peiod, ut do not require further
incubdtion.

35.At the end othe pat-exposue incubation peiod for liquids and arfactarnts andat the end
of the four-hourexpasure period for nonsurfactant sdids, the opeacity and pemeablity of
each cornea are recorded. Also, each cornea is obsrved visudly and pertinent
observations recorded (e g., tisse peding, resdua test chemica) non-uniform opadty
paterns). These observations could be important asthey may berefleded by variationsin
the goacitometer readings.

Control Chemicals

36.Concurent negative or solvert/vehicle controls and pasitive cantrols ae included in each
expeaimert.

37.When teding a liquid substance at 100%, a concurrent negative cortrol (e.g 0.9%
sodum dloride solution or digtilled water) is included in the BCOP test method so that
nonspecific changesin the test system canbe detected andto provide a basdline for the
assay endponts. It also ensirresthat the assay condtionsdo not ingppropriately resut in
anirritant respon®.
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38.When testing a diluted liquid, sufactant, or sdid, a conarrent sdvent/vehicle cortrol
group is includedin the BCOP testmethod so that nonspecific chargesin the test system
canbe degeded andto provide a baeline for the assay endjnts. Only a sdvert/vehicle
that has leen denondratedto have no aderseeffects on thetest systemcanbe use.

39.A chemicalknown to induce a positive response is included as a concurrent positive
control in each experiment to verify the integrity of the test system and its correct
conduct. However, to ensure that variability in the positive control response across time
can beassessed, the magnitude of irritant response should not be excessive.

40.Examples of positive controls for liquid test chemicas are 100% ethanolor 100%
dimethylformamide. An example of a positive control for solid test chemicas is 20%w/v
imidazole in 0.9%sadium chloride olution.

41.Benchmark chemicalsare uséul for evaluaing the oalar irritancy potenial of unknown
chamicds of a specific chemical or product class,or for evaluating the relative irritancy
potential of an ocuar irritant within a specific range of irritant respamses.

Endpoints Measued

42.0padty is determined by the amount of light transnission through the cornea. Cornedl
opeity is measued quantitatively with the aid of an opacitometer, resulting in opadty
valuesmeasuied on a cominuaus scale.

43.Pameablity is determined by the amount of sadium fluorescein dye that peretrates all
corned cel layers (i.e, the epthelium on the outer cornea surface through the
endathelium onthe inner cornea suface). One ml sodum fluorescein sdution (4 or 5
mg/ml when teding liquids and surfadarts or non suifactant sdids, resgectively) is
addedto the anterior chamber of the @rneal holder, which interfaces with the epithelial
side of the cornea,while the posterior chamber, which interfaceswith the endothelia side
of the cornea, is filled with fresh EMEM. The holder is then incubeted in a horizontal
position for
90 £ 5 min at32 £ 1 °C. The amountof sadium fluorescein that crossesinto the paosterior
chamber is quantitatively measwed with the aid of UV/VIS spetrophaometry.
Spedrophotometric measuemernts evaluated at490 nm are recaded as optica dersity
(OD490 or absabance values, which are measwed on a continuous scée. The
fluoreseein permeablity values are detetrmined usng OD490 values based upan a

visible lightspectrophotometer using a standard 1 cmpath length.

44 Alternatively, a 96-well micratiter plate readr may beusedprovided tha; (i) the linear
range of the plate readyr for determining fluorescein OD490 valuescan be established,;

and (ii), the correct volume of fluorescein samplesare used in the 96-well plate to resut
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in 0OD490 values equivalent to the stardard
1 cm pathlength (this coud require a canpletely full well [usudly 360ul]).

DATA AND REPORTING

Data Evaluation

45.0nce the opaity and mean permeability (OD490Q) values have been corrected for
badkground opaity and the negative control permeablity OD490 values, the mean
opadty and permeablity OD490 valuesfor each treamentgroup shauld be combinedin
an empiricdly-derived formula to caculate anin \tro irritancy soore (IVIS) for each
treatmentgroup asfollows:

IVIS =meanopacity value+ (15 x meanpermeablity OD490 value)

46.Sina et al. (16) reported that this formula was derived during in-house and inter-
labaatory studies. The dda generated for a series 0f36 compoundsin amulti-labaratory
study were subected to a multivariate andysis to determine the equdion of best fit
between in vivo and in vitro data. Sdentists at two sepaate comparies performedhis
analysis andlerived nealy identical equations.

47.The opaity and permeablity values siould dso be ealuated indgpendently to deermine
whether a test chemicalinduced corosivity or severe irritation through orly one ofthe
two endpants (see Dedsion Criteria).

Dedsion Criteria
48.The IVIS cutoff values for identifying testhemicas asinducing serious eye damage

(UN GHS Category 1and tesithemica$ not requiring classification for eye irritation or
serious eye damade&/N GHS No Category) argivenhereafter

IVIS UN GHS
O 3 No Category
> 3 d No prediction can be
made
> 55 Category 1

Study AcceptanceCriteria
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49.A test is corsdered aceptalde if the paitive cortrol gives anlVIS that falls within two

standard deviations of the current historical mean,which is to be updeted at least every
threemonths,or eachtime anacaptable test is conducted in laboratories where teds are
conducted infrequently (i.e., less than once a month). The negative or solvert/vehicle
control respnsesshoud resut in opaity and pemeablity values that are less than the
established ugper limits for background opaity and mrmeablity values for bovine
corneastreated with the respedive negative or solvert/vehicle control. A single testing run
composed of at least three corneas should be sufficient for ahesticalwhen the
resulting classification is unequivocal. However, in cases of borderline results in the first
testing run, a second testing run should be considgnetdnot necessarily required), as
well as a third one in case of discordant mean IVIS results between the first two testing
runs. In this context, a result in the first testing run is considered borderline if the
predictions from the 3 corneas were rammcordant, such that:

2 of the 3 corneas gave discordant predictions from the mean of all 3 corneas, OR,

1 of the 3 corneas gave a discordant prediction from the mean of all 3 corneas, AND the
discordant result was >10 IVIS units from the-offtthresholdof 55.

If the repeat testing run corroborates the prediction of the initial testing run (based upon
the mean IVIS value), then a final decision can be taken without further testing. If the
repeat testing run results in a rooncordant prediction from theitial testing run (based

upon the mean IVIS value), then a third and final testing run should be conducted to
resolve equivocal predictions, and to classify the dksemical It may be permissible to
waive further testing for classification and labglim the event any testing run results in

a UN GHS Category 1 prediction.

TestReport

50.Thetest report shauld include the following information, if relevantto the condwct of the

study:

Testand Control Chemicas

Chemical name(s) such as the structura name used by the Chemical Abdrads
Service (CAS), followed byother names, if known; The CAS Registry Number (RN), if
known;

Purity and composition of the test/control chemical (in percentage(s) by weight), to the
extent this information is available;

Physicochemical properties such as physical state, volatility, pH, stability, chemical class,
water solubility relevant to the conduct of the study;
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Treatment of the test/control chemicals prior to testing, if applicable \eagming,
grinding);

Stability, if known.

Information Conceming the Sporsor andthe Test Facility
Name andaddessof the sponsa, testfacility and study director.

TestMethod Conditions
Opacitometer used (e.godel and specifications) and instrument settings;

Calibration information for devices used for measuring opacity and permeability (e.g
opacitometer and spectrophotometer) to ensure linearity of measurements;

Type of corneal holders used (engpdel and specifications);

Description of other equipment used;

The procedure usedto ensire theintegrity (i.e.,accuracy andreliability) of the test method
over time (e.g periodic testing of proficiency chemicals).

Criteria for an Acceptable Test
Accepale concurrent positive andnegative control rangesbasedon historical data;

If applcable, acceptalle concurent benchmark control rangesbasedon historical data.

Eyes Collection and Preparation
Idertifi cation of the source of the eyes(i.e., the facility fromwhich theywere colleded);

Corneal diameter as a measureag@é of the source animal and suitability for the assay;

Storage andtransport conditions of eyes(e g. date and time of eye collection, time interva
prior to initiating testing, trangort meda and temperature conditions, any antibiotics
used;

Preparation & mounting of the bovine corneas including statements regarding their quality,
temperature of corneal holders, and criteria for selection of corneas used for testing.

TestProcedure
Number of replicates used;

Identity of the negative and pos# controls used (if applicable, also the solvent and
benchmark controls);

Test chemicalconcentration(s), application, exposure time and-prpbsure incubation
time used,;

Description of evaluation and decision criteria used;
Description of study acceptee criteria used,
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Description of any modifications of the test procedure;
Description of decision criteria used.

Reslts

Tabulation of data from individual test samplesg( opacity and OD490 values and
calculated IVIS for the testhemicaland the positive, negative, and benchmark controls [if
included], reported in tabular form, including data from replicate repeat experiments as
appropriate, and means = the standard deviation for each experiment);

Description of other effects observed;
The derivedn vitro UN GHS classification, if applicable.

Discuwssion of the Resllts

Condusion
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Appendix 1

DEFINITI ONS

Accuracy: The closeness ofagreanentbetweentest method resuts and acapted reference values.
It is a measureof test method performanceand oneaspect of firelevanced The term is often used
interchargeally with ficoncordanced to meanthe proportion of correct outcomesof atest method.

Benchmark chemicat A chemicalused as a stardard for compaison to a test chemical A
benchmark chemicalshould have the following properties; (i) a consstentandrelialde source(s);
(i) structural and functional smilarity to the dass of chemicalsbeing teded; (iii) known
physical/chamical characteristics; (iv) supporting data on known efeds, and (v) known paency in
the range of thedesredresporse.

Bottom-Up Approach: stepwise approach used for a chemiaalspected of not requiring
classification for eye irritation or serious eye damage, which starts with the determination of
chemicals not requiring classification (negative outcome) from other chemicals (positive
outcome).

Chemical: A substance or a mixture

Cornea: The transparent part of the front of the eyebdl that covers the iris and pupl and admits
light to theinterior.

Corneal opacity: Measurement of the extent of opaquenes of the corneafollowing exposte to a
teg chemical Increagd corneal opadty is indicative of damage to the comea. Opadty can be
evaluated swjectively asdonein the Draize ratbit eye test, or objectively with an instrument such
asa n [Gitonpetar. 0

Corneal permeability: Quartitative measwement of damage to the corneal epthdium by a
determination of the amountof sadium fluorescein dye that passesthrough all corneal cell layers.

Eye irritation: Production of changes in the eye following the application of abeshicalto the
anterior surface of the eye, which are fully reversible within 21 days of application. Interchangeable
with AReversible effects on the eyed and with

Falsenegative rate: The proportion of al positive chemicas fasdy identified by atest method as
negative. It is oneindicator of testmethod performance.

False positive rate: The popotion of all negative chemicas that are falsely identified by a test
methodas paositive. It is one indicator of testmethod performance.

Hazard: Inheent property of an agent or stuaion having the potertia to cause aderse eff ects
whenan organsm, systemor (sub) popuation is exposedto that agen.
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In Vitro Irr itancy Score (1VIS): An empiricdly-derived formula usedin the BCOP testmethod
whereby the meanopadty and meanpermeablity valuesfor each treatment group ae combined
into asingle in vitro scae for each treatment group. The IVIS = mean opaity value + (15 x mean
pemeablity value).

Irreversible effects onthe eyeSeeii Ser i ous eye damageo.

Mixture: A mixture or a solution composed of two or more substances in which they do not react

(4)

Negaive control: An untreated replicate containing dl comporents of a testsystem. This sanple
is pro@ssd with test chemicaltreaed samplesandother control samplesto determine whetherthe
solvent interacts with the testsystem.

Not Classified Chemicalsthat are not classified for Eye irritation (UN GHS Category 2, 2A, or
2B) or Serious eye damadéeN GHS Category 1).1 nt er changeabl e with AUN

Opacitometer: An instrumentusedto measurdicorneal opacityo by quatitatively evauating light
transmisson through the cornea. The typica ingrument has two compatmerts, eachwith its
own light souce and photocell. One compartmentis used for the treated cornea,while the other
is used to calibrate andzero the ingrumert. Light from a haogenlamp is sentthrough a control
compatment (empty chamberwithout windows or liquid) to a photocell and comparedto the light
sent through the experimental compartment, which houses the chamber containing the cornea,to a
photocell. The difference in light transmisson from the plotocdls is compared and a numeric
opacity valueis presentedon a digital display.

Positive control: A replicate containing all comporents of a test system and treated with a
chemicalknown to inducea positive respnse.To ensure that variability in the positive cortrol
respamse across time canbe asessed, the magnitude of the positive resporse shodd not be
excessive

Reversible effectsontheeye&see fiEye irritationo.

Reliability: Measuresof the extent that a test method canbe performed reproducibly within and
between laboratories over time, when performed using the same protocol. It is assessed by
cdcuating intra- andinter-labaatory reproducibility andintra-labaratory repeaability.

Serious eye damageProduction of tissue damage in the eye, or serious physical decay of vision,
following application of a testhemicalto the anterior surface of the eye, which is not fully
reversible within 21 days of application. I nt
with AUN GHS Category 10 (4).

Sdvent/vehicle control: An untreated sample containing dl componeits of a test system,

induding the sdvent or vehicle that is processedwith the testchemicaltreaded samplesand
other control samples to establish the baseline respase for the samples treded with the test
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chemical dissdved in the same sdvent or vehicle. When teded with a concurent negative
control, this sample also demondrateswhetherthe solvent orvehcle interacts with the test system.

Substance: Chemical elements and their compounds in the natural state or obtained by any
production processncluding any additive necessary to preserve the stability of the product and
any impurities deriving from the process used, but excluding any solvent which may be separated
without affecting the stability of the substance or changing its composition (4).

Surfactant: Also called surfac@ctive agent, this is a substance, such as a detergent, that can
reduce the surface tension of a liquid and thus allow it to foam or penetrate solids; it is also known
as a wetting agent.

Surfactant-containing mixture: In the context of thigest methogdit is a mixture containing one
or more surfactants at a final concentration of > 5%.

Top-Down Approach: stepwise approach used for a chemical suspected of causing serious eye
damage, which starts with the determination leéraicals inducing serious eye damage (positive
outcome) from other chemicals (negative outcome).

Test chemical:Any substance or mixture tested using testmethod.

Tiered testing strategy: A stepwise testing strategy where all existing information on a test
chemicalis reviewed, in a specified order, using aweightof-evidenceprocess at each tier to
determine if sufficient information is available for a hazard classification decision, prior to
progression to the next tier. If theirritancypotential of atestchemicalcanbe assgnedbased on
the existing information, no additional testing is required. If the irritancy poential of a test
chemicalcamot be asigned based onthe «isting information, a step-wise sequetial anmal
testing procedureis performeduntil anunequivocal classification canbe made.

United Nations Gobally Harmonized Sysem of Classification and Labelling of Chemicals
(UN GHS): A system propaing the classification of chemicds (substances and mixtures)
acording to stardardised types and levels of physicd, hedth andenvironmertal hazards, and
addesing carespondng canmunicaion demens, such as pictograms, signal words, hazard
statemerts, precautionary statements and safety daa shets, sothatto conveyinformation on their
adverse effects with a view to protect people (including employers, workers, trangporters,
comsumers and energencyrespondrs) andthe environment(4).

UN GHSCategory1:See @A Serious eye damageo.
UN GHSCategory2:See A Eye irritationo.

UN GHS No Category: Chemicals that do not meet the requirements for classification as UN
GHS Category 1 or 2 (2A or 2B). I nterchangeahb

Validated test method: A test method for which validation studies have been completed to
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determine the relvance (including accuracy) and reliability for a specific purpose. It is important
to note that a validated test method may not have sufficient performance in terms of accuracy and
reliability to be found acceptable for the proposed purpose.

Weight-of-evidence: The process of considering the strengths and weaknesses of various pieces of
information in reaching and supporting a conclusion concerning the hazard potential of a test
chemical.
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Appendix 2

PREDICTIVE CAPACITY O F THE BCOPTEST METHOD

Table 1: Predictive Capacity of BCOP for identifying chemicals inducing serious eye damage [UN GHS/ EU CLP Cat 1
vs Not Cat 1 (Cat 2 + No Cat); US EPA Cat | vs Not Cat | (CatQiat 11l + Cat IV)]

Classification N Accuracy Sensitivity False NegativegSpecificity False Positives
0.

System % No. % No. % No. % No. |% No.

UN GHS

EU CLP 191 |78.53 |150/191 |86.15 |56/65 |13.85 |9/65 |74.60 |94/126 |25.40 |32/126

US EPA 190 |78.95 |150/190 |85.71 |54/63 |14.29 |9/63 |75.59 |96/127 |24.41 |31/127

Table 2: Predictive Capacity of BCOP for identifying chemicals not requiring classification for eye irritation or serious

eye damaigrer i(thanmotns 6) [ UN GHS/ EU CLP N®EPB&atIVvss Not N
Not Cat IV (Cat | + Cat Il + Cat Il1)]
Classification | No. Accuracy Sensitivity False Specificity False
System Negatives Positives
% No. % No. % No. % No. % No.
UN GHS
196 | 68.88| 135/196| 100 | 107/107| O 0/107 | 31.46| 28/89 | 68.54 | 61/89
EU CLP
US EPA 190 | 82.11| 156/190| 93.15 | 136/146| 6.85 | 10/146| 45.45| 20/44 | 54.55 | 24/44
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Appendix 3

PROFICIENCY C HEMICALS FOR THE BCOPTEST METHOD

Prior to routine use of this test method, labometories shoulddemongrate technical proficiency

by carectly identifying the eye hazard tassification of the 13 chemicas recanmendedin
Tale 1. Thesechemicas were selected to represent the range of resporsesfor eye hazards
based on resuts in the in vivo rabbit eye test (TG 405) (17) and the UN GHS
classification systeni.e., Categories 1, 2A, 2B, or Not Classified) (4). Other seledion
criteria were that chemicas are commercially avail able, that there ae high qudity in vivo
referencedata available, andthatthere are high quality in vitro data availablefromthe BCOP
test methodReference dda are available in the Streamlined Summary Document (3) and in
the ICCVAM BadkgroundReview Documert for the BCOP testmethod (2)(18).

Table 1: Recommended chemicals for demonstrating technical proficiency with the B&SOfethod

Chemical CASRN Chemllcal IF:’hyS|cal In Vivo 2 (B:FOF; -
Class orm Classification assmication
Benzalkonium chloride (5%) [800%:545  [ONum Liquid Categay 1 Categoryl
compound
Chlorhexidine 55-56-1 Amine, Amidine|Solid Categay 1 Category 1
. . . Carboxylic acid, .
DibenzoytL- tartaric acid 274338-6 Ester olid Categay 1 Category 1
Imidazole 288-32-4 Heterocyclic  |Solid Categay 1 Category 1
Trichloroacetic acid (30%) |76-03-9 Carboxylic acid|Liquid Categay 1 Category 1
No accurate/reliab
2,6-Dichlorobenzoyl chloride |465945-4 Acyl halide Liquid Categay 2A predictioncan be
made
No accurate/reliab
Ethyl-2-methylacetoacetate [609-14-3 Ketone, Ester |Liquid Categay 2B predictioncan be
made
No accurate/reliab
Ammonium nitrate 648452-2 Inorganic salt |Solid Categay 2° predictioncan be
made
Amine,
EDTA, di-potassium salt 25102129  |carboxylic acid|Solid Not Classified Not Classified
(salt)
Tween 20 900564-5 Ester,Polyether |Liquid Not Classified Not Classified
2-Mercaptopyrimidine 145085-7 Acyl halide Solid Not Classified Not Classified
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Phenylbutazone 50-33-9 Heterocyclic  |Solid Not Classified Not Classified

Polyoxyethylene 23 lauryl

ether (BRIJ35) (10%) 900292-0 Alcohol Liquid Not Classified Not Classified

Abbreviations CASRN = Chemical Abstrads Sevice Registry Number

1Chemical classes were assigned to eachtest chemicalusing a standard classfication scheme, based on the
National Library of Medicine Medical Subject Headings (MeSH) classification system (available at
http//www.nlm.nih.gov/mesh).

2Basedon resuts from the in vivo rabbit eyetest (OECD TG 405 (17) and usng the UN GHS (4).

SClassification as 2A or 2B depends on the interpretation of the UN GHS criterion for distinguishing between
these two categories, i.e. 1 out of 3 vs. 2 out of 3 animals with effects at day 7 necessary to generate a Category
2A classification. Then vivo study included 3 animals. All endpoints apart from conjunctiva redness in one
animal recovered to a score of zero by day 7 or earlier. The one animal that did not fully recover by day 7 had a
conjunctiva redness score of 1 (at day 7) that fully recoverddyalO.
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Appendix 4

THE BCOP CORNEAL HOLDER

The BCOP comed holders are made of an inet materid (e.g. paypropylene). The holders

are comprised of two haves (an anerior and posterior chanber), and have two similar
cylindrica interna chambers. Each chamber is designed tchdd a volume of about5 ml

and terminates in a glasswindow, through which opacity measurenerts are recorded. Each

of the inner chambers is 1.7 cm in diameter and 2.2 cmin deph®. An o-ring located on the
posterior chamber is used to prevent leaks. The corneas are daced endbthelial side down on

the o-ring ofthe posterior chanbers andthe anterior chambers are daced on theepthelial side

of the comeas.The chambers are maintainedin placeby threestainless steel sews locatedon

the outer edges of the chamber. Theend of eachchamber houses a glasswindow, which can

be removed for easy access to the cornea. An o-ring is also located between the glass
window and the chamber to prevent leaks. Two holes onthe top of each chamber permit
introduction andremoval of medum and test compounds.They are closed with rubber caps

during the treament andincubetion periods. The light transmission through corneal holders

can potentially change as the effects of wear and tear or accumulation of specific chemical
residues on the internal chamber bores or on the glass windows may affect light scatter or
reflectance. The consequence could be increases or decreases in baseltren$igiission

(and conversely the baseline opacity readings) through the corneal holders, and may be evident
as notable changes in the expected baseline initial corneal opacity measurements in individual
chambers (i.e., the initial corneal opacity valuesspecific individual corneal holders may
routinely differ by more than 2 or 3 opacity units from the expected baseline values). Each
laboratory should consider establishing a program for evaluating for changes in the light
transmission through the corméwmlders, depending upon the nature of the chemistries tested
and the frequency of use of the chambers. To establish baseline values, corneal holders may be
checked before routine use by measuring the baseline opacity values (or light transmission) of
chanbers filled with complete medium, without corneas. The corneal holders are then
periodically checked for changes in light transmission during periods of use. Each laboratory
can establish the frequency for checking the corneal holders, based upon tistrigsaiested,

the frequency of use, and observations of changes in the baseline corneal opacity values. If
notable changes in the light transmission through the corneal holders are observed, appropriate
cleaning and/or polishing procedures of the intersurface of the cornea holders or
replacement have to be considered.

! The dimensions provided are based on a corneal holder that is used for cows ranging in age from 12 to 60
months old. In the event that animals 6 to 12 months are being used, the holder would instead need to be
desigred such that each chamber holds a volume of 4 mLl, and each of the inner chambers is 1.5 cm in
diameter and 2.2 cm in depth. With any newly designed corneal holder, it is very important that the ratio of
exposed corneal surface area to posterior chambd@meoshould be the same as the ratio in the traditional
corneal holder. This is necessary to assure that permeability values are correctly determined for the
calculation of the IVIS by the proposed formula
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Appendix 5

THE OPACIT OMETER

51. The opacitometer is a light transmission measuring device. For examptbe fQRKIT
equipment from Electro Design (Riom, France) used in the validation of the BCOP test
method, light from a halogen lamp is sent through a control compartment (empty chamber
without windows or liquid) to a photocell and compared to the light semugh the
experimental compartment, which houses the chamber containing the cornea, to a
photocell. The difference in light transmission from the photocells is compared and a
numeric opacity value is presented on a digital display. The opacity uniestatgished.

Other types of opacitometers with a different setup (e.g., not requiring the parallel
measurements of the control and experimental compartments) may be used if proven to
give similar reslis to the validated equipment.

52. The opacitometer shauld provide a linear resporse through a range of opacity readings
covering the cut-offs used for the different clasdfi cations desribed by the Predction
Model (i.e., up b the cut-off determining corrosiveness/severe irritancy). To ensure linear
and accurate readings up to 7580 opady units, it is necsesay to calibrate the
opaitometer using a sees of alibrabors. Calibrators are placed into the calibration
chamber (a corneal chamber degned to hold the calibrators) and read on the
opecitometer. Thecalibration chamberis designedto hdd the calibrators at approximately
the samne distancebetweenthelight and phaocell that the caneaswould beplaced duing
the opacity measuemens. Reference values and initial set point depend on the type of
equipment used. Linearity of opacity measurements should be ensured by appropriate
(instrument specific) procedureBor example, for the GRIT equipment from Electro
Design (Riom, France)he opacitometer is first calibrated to 0 opady units usng the
calibration chamber without a cdibrator. Three different cdibrators are then paced into
the calibration chanberoneby oneandthe opadtiesare measued. Calibrators 1, 2 and3
shoud resut in opacity readngs equal to their set valuesof 75, 150, and 2250pacity units,
repedively, £5%."
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(13) In Part B,Chapter B.48s replaced by the following

" B.48 Isolated Chicken Eye Test Method for Identifying i) Chemicals InducingSerious Eye
Damage and ii) Chemicals Not Requiring Classification for Eye Irritation or Serious Eye
Damage

INTRODUCTION

1.This test method is equivalent to OECD testideline (TG) 438 (2013. The Isolated
Chicken Eye (ICE) test method was evaluatedhayinteragency Coordinating Committee
on the Validation of Alternative Methods (ICCVAM), in conjunction with the European
Centre for the Validation of Alternative Methods (ECVAM) and the Japanese Centre for
the Validation of Alternative Methods (JaCVAM), in 2006 and 2010 (1) (2)I(3he first
evaluation, the ICE was endorsedaascientifically valid test method for use as a screening
test to identify chemicals (substances and mixtures) inducing serious eye da@atgmry
1) as @finedby theUnited Nations(UN) Globally Harmonized System of Classification
and Labelling of Chmaicals (GHS) (1) (2) (4) andthe European Union (EU) Regulation
1272/2008n Classification, Labelling and Packaging of Substances and Mixtures{(CLP)
In the second evaluation, the ICE test method was evaluated for use as a screening test to
identify chemicals not classified for eye irritation or serioye damage as defined by UN
GHS (3) (4). The results from the validation study and the peer review panel
recommendations maintained the original recommendation for using the ICE for
classification of bemicals inducing serious eye damage (UN GEkegory 1), as the
available database remained unchanged since the original ICCVAM validation. At that
stage, no further recommendations for an expansion of the ICE applicability domain to
also include other ¢agories were suggested. rA-evaluation of than vitro andin vivo
dataset used in the validation study was made with the focus of evaluating the usefulness

! Regulation (EC) No 1272/2008 of the Europeanli®@aent and of the Council of 16 December 2008 on
classification, labelling and packaging of substances and mixtures, amending and repealing Directives
67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/200&53/1, 31.12.2008
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of the ICE to identify chemicals not requiring classification for eye irritation or serious eye
damage (5).This reevaluation concluded that the ICE test method can also be used to
identify chemicals not requiringlassification for eye irritation and serious eye damage
defined by theUN GHS (4) (5). This test method includes the recommended ases
limitations of the ICE test method based on these evaluations. The main differences
between the original 2009 version and the updated 2013 version of the OECD test guideline
include, but are not limited to, the use of the ICE test method to identiypichls not
requiring classification according to the UN GHS Classification System, an update to the
test report elements, an update of Appendix 1 on definitions, and an update to Appendix 2
on the proficiency chemicals.

2.1t is currently generally acceptetthat, in the foreseeable future, no singhevitro eye
irritation test will be able to replace tle vivo Draize eye test to predict across the full
range of irritation for different chemical classes. However, strategic combinations of
several alternate test methods within a (tiered) testing strategy may be able to replace the
Draize eye test (6). The Tdpown approach (7) is designed to be used when, based on
existing information, a chemical is expected to have high irritancy potential, while the
Bottom-Up approach (7) is designed to be used when, based on existing information, a
chemical is expected not to cause sufficient eye irritation to require a classificEtien.
ICE test method is am vitro test method that cabe used, under certain circurastes
and with specific limitations as described in paragraphs 8 to 10 for eye hazard
classification and labelling of chemicals. While it is not considered valid as a-atame
replacement for thén vivo rabbit eye test, the ICE test method is recomrednds an
initial step within a testing strategy such as the-Dmvn approach suggested by Sacsitt
al. (7) to identify chemicals inducing serious eye damage, i.e., chemicals to be classified
as UN GHS Category 1 without further testing (4). The ICE testhod is also
recommended to identify chemicals that do not require classification for eye irritation or
serious eye damage as defined by the UN GHS (No Category, NC) (4), and may therefore
be used as an initial step within a BottdJp testing strategy appach (7).However a
chemical that is not predicted as causing serious eye damage or as not classified for eye
irritation/serious eye damage with the ICE test method would require additional tésting (
vitro and/orin vivo) to establish a definitivelassification. Furthermore, the appropriate
regulatory authorities should be consulted before using the ICE in a bottom up
approachunder other classification schemes than the UN GHS.
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3.The purpose of thigest methods to describe the procedures usedualeate the eye hazard
potential of a testhemicalas measured by its ability to induce or not toxicity in an
enucleated chicken eye. Toxic effects to the cornea are measured by (i) a qualitative
assessment of opacity, (i) a qualitative assessment ohglarno epithelium based on
application of fluorescein to the eye (fluorescein retention), (iii) a quantitative
measurement of increased thickness (swelling), and (iv) a qualitative evaluation of
macroscopic morphological damage to the surface. The coopsdlity, swelling, and
damage assessments following exposure to actesnicalare assessed individually and
then combined to derive an Eye Irritancy Classification.

4. Definitions are provided ik\ppendix1.
INITIAL CONSIDERATIO NS AND LIMITATIONS

5. This testmethodis based on the protocol suggested in the OECD Guidance Document 160
(8), which was developed following the ICCVAM international validation study (1) (3)
(9), with contributions from the European Centre for the dé&tlon of Alternative
Methods the Japanese Center for the Validation of Alternative Methods, and TNO Quality
of Life Department of Toxicology and Applied Pharmacology (Netherlands pfdtocol
is based on information obtained from published protocols, as well as the current protocol
used by TNO (10) (11) (12) (13) (14).

6.A wide range of chemicals has been tested in the validation underlyinigshimethocnd
the empirical database of the validation study amounted to 152 chemicals including 72
substances and 80 mixtures (5). Testmethodis applicable to solids, liquids, emulsions
and gels. The liquids may be aqueous or-aguneous; solids may be soluble or insoluble
in water. Gases and aerosols have not been assessed yet in a validation study.

7.The ICE test method can be used tentify chemicals inducing serious eye damaige.,
chemicals to be classified as UN GHS Categorid)l When used for this purpose, the
identified limitations for the ICE test method are based on the high false positive rates for
alcohols and the high fs¢ negative rates for solids and surfactants (1) (3) (9). However,
false negative rates in this context (UN GHS Category 1 identified as not being UN GHS
Category 1) are not criticaliree all test chemicalshat come out negativevould be
subsequethy tested with other adequately validated in vitro test(s), or as a last option in
rabbits, de@nding on regulatory requremerts, using a sequeitial testing drategy in a
weightof-evidence approacht should be noted that solids may lead to variable and
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extreme exposure conditions in threvivo Draize eye irritation test, which may result in
irrelevant predictions of their true irritation potential (15)veddigators cald consder
using this test method for dl types of chemicals whereby a paitive reailt should be
accepted asindicaive of serious eye damage, i.e., UN GHS Category 1 classification
without further testing However, positive results ddtained with alcohols bkould be
interpreted autioudy dueto risk of over-predction.

8.When used to identify chemicaisducing serious eye damage (UN GHS Categortk)
ICE test method has an weral acaracy of 86% (120/140), a false positive rate of 6%
(7/113) and a false negative rate of 48% 2¥3vhen canparedto in vivo rabbit eye test
method dita dassified according to the UN GHS dassification system (4) (5).

9.The ICE test method can also be used to identify chemicals that do not require classification
for eye irritation or serious eye damage underUihe GHS classification system (4). The
appropriate regulatory authorities should be consulted before using the ICE in a bottom up
approactunder other classification schem@#is test method can be usetbr dl typesof
chemicals whereby a negativeeault could be accepted for not classifying a chemical for
eye irritation and serious eye damage. However, on the basis of one result from the
validation database, affiuling organic solventontaining paints malge undepredicted

(5).

10.When used to identify chemicals that do not require classificatioryerirritation and
serious eye damagthe ICE test method has an overall accuracy of 82% (125/152), a false
positive rate of 33% (26/79), and a false negatate of 1% (1/73)when canparedto in
vivo rabhit eye test method dita dassified according to the UN GHS (4) (5). When test
chemicas within certain classes.€., anti-fouling organic solvent containing paints) are
excluded from the databagbge accuracy ofthe ICE test methods 83% (13/149), the
false positive rat&3% (26/78), and the false negative rate of 0% (0f@ldhe UN GHS
classification syster(¥) (5).

11.The ICE test method is not recommended for the identification ofctesmicas that
should be classified as irritating to eyeg.( UN GHS Category 2 or Category 2A) or test
chemicas that should be classified as mildly irritating to eyes (UN GHS Category 2B) due
to the considerable number of UN GHS Category 1 chemicals underclassfléNGHS
Category 2, 2A or 2B and USHS No Category chemicals overclassifed as UN GHS
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Category 2, 2A or 2B. For this purpose, further testing with another suitable method may
be required.

12.A1 | procedures with <chicken applicabde regilatond d f
and procedures for handling of human or anihelived materials, which include, but are
not limited to, tissues and tissue fluids. Universal laboratory precautions are recommended
(16).

13.Whilst the ICE test method does not considenjunctival and iridal injuries as evaluated
in the rabbit ocular irritancy test method, it addresses corneal effects which are the major
driver of classificationin vivo when considering the UN GHS ClassificatioAlso,
although the reversibility of coeal lesions cannot be evaluatpdr sein the ICE test
method, it has been proposed, based on rabbit eye studies, that an assessment of the initial
depth of corneal injury may hesed to identify some types ofeversible effects (17). In
particular, furher scientific knowledge is required to understand how irreversible effects
not linked with initial high level injury occur. Finally, the ICE test method does not allow
for an assessment the potential for systemic toxicity associated with ocular exgosur

14.This test methodwill be updated periodically as new information and data are considered.
For example, histopathology may be potentially usefukhen a more complete
charactesgation of corneal damage is needékb evaluate this possibility, users are
encouraged to preserve eyes and prepare histopathology specimens that can be used to
develop a database and decision criteria that may further improve the accuracy of this test
method. The OECD has developed a GomaDocument on the use of vitro ocular
toxicity test methods, whichincludes detailed procedures on the collection of
histopathology specimens and information on where to submit specimens and/or
histopathology data (8).

15.For any laboratory initially eablishing this assay, thgroficiency chemicals provided in
Appendix2 should be used. A laboratory can use these chemicals to demonstrate their
technical competence in performing the ICE test method prior to submitting ICE data for
regulatory hazard claffication purposes.

PRINCIPLE OF THE TEST

16.The ICE test method is an organotypic model that provides-giont maintenance of the
chicken eyein vitro. In this test method, damage by the tekemicalis assessed by
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determination of corneal swellingpacity, and fluorescein retention. While the latter two
parameters involve a qualitative assessment, analysis of corneal swelling provides for a
guantitative assessment. Each measurement is either converted into a quantitative score
used to calculate anverall Irritation Index, or assigned a qualitative categadion that is

used to assign an vitro ocular hazard classification, either as UN GHS Category 1 or as
UN GHS nonclassified. Either of these outcomes can then be used to predict the potential
in vivo serious eye damage or no requiremémt eye hazard classificatioof a test
chemical(see DecisiorCriteria). However, no classification can be given for chemicals

not predicted as causing serious eye damage or as not classified wittEthest nethod

(see paragraphl).

Source and Age of Chicken Eyes

17.Historically, eyes collected from chickens obtained from a slaughterhouse where they are
killed for human consumption have been used for this assay, eliminating the need for
laboratory animals. Onlthe eyes of healthy animals considered suitable for entry into the
human food chain are used.

18. Although a controlled study to evaluate the optimum chicken age has not been conducted,
the age and weight of the chickens used historically in this test matieaithat of spring
chickens traditionally processed by a poultry slaughterhause gpproximately 7 weeks
old, 1.5- 2.5kg).

Collection and Transport of Eyes to the Laboratory

19.Heads should be removed immediately after sedation of the chickens, uspallgctric
shock, and incision of the neck for bleeding. A local source of chickens close to the
laboratory should be located so that their heads can be transferred from the slaughterhouse
to the laboratoryjuickly enoughto minimise deterioration and/dvacterial contamination.
The time interval between collection of the chicken heads and placing the eyes in the
superfusion chamber following enucleation should be msgdi(typically within two
hours) to assure meeting assay acceptance criteria. Allusgesin the assay should be
from the same group of eyes collected on a specific day.

20.Because eyes are dissected in the laboratory, the intact heads are transported from the
slaughterhouse at ambient temperature (typically betwe®® 48d 25C) in plastic boxes
humidified with tissues moistened with isotonic saline.
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Selection Criteria and Number of Eyes Used in the ICE

21.Eyes that have high baseline fluorescein stainimg, > 0.5) or corneal opacity score
(i.e.,>0.5) after they are enucleatect aejected.

22.Each treatment group and concurrent positive control consistsleasithree eyes. The
negative control group or the solvent control (if using a solvent other than saline) consists
of at least one eye.

23.1In the case of solid materials leadittga GHS NC outcome, a second run of three eyes is
recommended to confirm or discard the negative outcome.

PROCEDURE

Preparation of the Eyes

24.The eyelids are carefully excised, taking care not to damage the cornea. Corneal integrity
is quickly assessed wita drop of 2% (w/v) sodium fluorescein applied to the corneal
surface for a few seconds, and then rinsed with isotonic saline. Fluorés=ded eyes
are then examined with a slamp microscope to ensure that the cornea is undamaged
(i.e.,fluoresceir et enti on and corneal opacity score

25.1f undamaged, the eye is further dissected from the skull, taking care not to damage the
cornea. The eyeball is pulled from the orbit by holding the nictitating membrane firmly
with surgical forceps, and the @ynuscles are cut with a bent, bhiipped scissor. It is
important to avoid causing corneal damage due to excessive pressyreo(npresmn
artifacts).

26.When the eye is removed from the orbit, a visible portion of the optic nerve should be left
attacled. Once removed from the orbit, the eye is placed on an absorbent pad and the
nictitating membrane and other connective tissue are cut away.

27.The enucleated eye is mounted in a stainless steel clamp with the cornea positioned
vertically. The clamp is thetransferred to a chamber of the superfusion apparatus (18).
The clamps should be positionedthe superfusion apparatus such that the entire cornea is
supplied with the isotonic saline drip-@Bdrops per minute or 0.1 to 0.19/min). The
chambers of theuperfusion apparatus should be temperature controlled at 32 + 1.5°C.
Appendix 3 provides a diagram of a typical superfusion apparatus and the eye clamps,
which can be obtained commercially or constructed. The apparatus can be modified to
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meet the needsfa@n individual laboratoryd.g to accommodate a different number of
eyes).

28.After being placed in the superfusion apparatus, the eyes are again examined with a slit
lamp microscope to ensure that they have not been damaged during the dissection
procedure.Corneal thickness should also be measured at this time at the corneal apex
using the depth measuring device on thelahtp microscope. Eyes with; (i), a fluorescein
retention score of > 0.5; (iorneal
opacity >0.5; or, (iii), any additional signsf @amage should be replaced. For eyes that are
not rejected based on any of these criteria, individual eyes with a corneal thickness
deviating more than 10% from the mean value for all eyes are to be rejected. Users should
be aware that shtamp microscops ould yield different corneal thickness measurements
if the slitwidth setting § different. The slitwidth should be set at 0.095 mm.

29.0nce all eyes have been examined and approved, the eyes are incubated for approximately
45 to 60 minutes to equilibratthem to the test system prior to dosing. Following the
equilibration period, a zero reference measurement is recorded for corneal thickness and
opacity to serve as a baselinee( time = 0). The fluorescein score determined at
dissection is used as thaseline measurement for that endpoint.

Application of the TestChemical

30.Immediately following the zero reference measurements, the eye (in its holder) is removed
from the superfusion apparatus, placed in a horizontal position, and thehéssicalis
applied to the cornea.

31.Liquid test chemicas are typically tested undiluted, but may be diluted if deemed
necessaryd.g as part of the study design). The preferred solvent for dilutedheshicas
is physiological saline. However, alternative solvents/raso be used under controlled
conditions, but the appropriateness of solvents other than physiological saline should be
demonstrated.

32.Liquid testchemicas are applied to the cornsach that the entire surface of the cornea is
evenly covered with theestchemical;the standard volume 03 ni.

33.If possible,solid testchemicas should be ground as finely as possible in a mortar and
pestle, or comparable grinding tool. The powder is applied to the cornea such that the
surfaceis uniformly covered wittithe testchemicaj the standard amount is 0.03 g
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34.The testchemical(liquid or solid) is applied for 10 secondsd therrinsed from the eye
with isotonic saline (approximately 20l)rat ambient temperature. The eye (in its holder)
is subsequently returnet@d the superfusion apparatus in the original upright position. In
case of need, additional rinsing may be used after trmed@pplication and at subsequent
time points €.g upon discovery of residues of teftemicalon the cornea). In general the
amownt of saline additionally used for rinsing is not critical, but the observation of
adherence ofhemical to the cornea is important.

Control Chemicals

35.Concurrent negative or solvent/vehicle controls and positive controls should be included in
eachexperiment.

36.When testing liquids at 100% or solids, physiological saline is used as the concurrent
negative control in the ICE test method to detect-specific changes in the test system,
and to ensure that the assay conditions do not inappropriatalyirean irritant response.

37.When testing diluted liquids, a concurrent solvent/vehicle cogimalp is included in the
test methodo detect norspecific changes in the test system, and to ensure that the assay
conditions do not inappropriately resultam irritant responseds stated in paragrapsil,
only a solvent/vehiclghat has been demonstrated to have no adverse effects on the test
systemcan be used.

38.A known ocular irritant is included as a concurrent positive control in each experiment to
verify that an appropriate response is induced. As the ICE assay is being usedestthis
methodto identify corrosive or severe irritants, the positive control should be a reference
chemicalthat induces a severe response in this test method. However, te ¢hat
variability in the positive control response across time can be assessed, the magnitude of
the severe response should not be excessive. Suffinigito data for the positive control
should be generated such that a statistically defined acteptahge for the positive
control can be calculated. If adequate historical ICE test method data are not available for
a particular positive control, studies may need to be conducted to provide this information.

39.Examples of positive controls for liquid teshemicas are 10% acetic acidr 5%
benzalkonium chloride, while examples of positive controls for solid desmicas are
sodium hydroxide or imidazole.
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40.Benchmarkchemicalsare useful for evaluating the ocular irritancy potential of unknown
chemicals of a specific chemical or product class, or for evaluating the relative irritancy
potential of an ocular irritant within a specific range of irritant responses.

Endpoints Measured

41.Treated corneas are evaluated prior to treatment and at 30, 75, 120, 180, and 240 minutes
(= 5 minutes) after the posteatment rinse. These time points provide an adequate number
of measurements over the felour treatment period, while leaving sefént time
between measurements for the requisite observations to be made for all eyes.

42.The endpoints evaluated are corneal opacity, swelling, fluorescein retention, and
morphological effectsg.g pitting or loosening of the epithelium). All of the endpis,
with the exception of fluorescein retention (which is determined only prior to treatment
and 30 minutes after teshemicalexposure) are determined at each of the above time
points.

43.Photographs are advisable to document corneal opacity, fluoresegention,
morphological effects and, if conducted, histopathology

44. After the final examination at four hours, users are encouraged to preserve eyes in an
appropriate fixative €.g neutral buffered formalin) for possible histopathological
examination (se paragraph4and reference (8) for details).

45.Corneal swelling is determined from corneal thickness measurements made with an optical
pachymeter on a sliamp microscope. It is expressed as a percentage and is calculated
from corneal thickness measurerteeaccording to the following formula:

Q&1 &0UBQEH ROQOE | & QD NG '
wé 1 &0 Qecm DA ‘G

pTT

46.The mean percentage of corneal swelling for all test eyes iglatdd for all observation
time points. Based on the highest mean score for corneal swelling, as observed at any time
point, an overall category score is then given for eaclcteshical(see paragraphl.

47.Corneal opacity is evaluated by using the arfethe cornea that is most densely opiad
for scoring as shown inable 1. The mean corneal opacity value for all test eyes is
calculated for all observation time points. Based on the highest mean score for corneal
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opacity, as observed at any time poant, overall category score is then given for each test

chemical(seeparagraph 51

Table 1.Corneal opacity scores.

Score Observation

0 No opacity

0.5 Very faint opacity

1 Scattered or diffuse areas; details of the iris are clearly visible

2 Easilydiscernible translucent area; details of the iris are slightly obscured

3 Severe corneal opacity; no specific details of the iris are visible; size of the
is barely discernible

4 Complete corneal opacity; iris invisible

48.Fluorescein retention is evaluated at the 30 minute observation time point only as shown in

Table 2. The mean fluorescein retention value of all test eyes is then calculated for the 30
minute observation time point, and used for the overall category goge for each test

chemical(see paragraphl}.

Table 2.Fluorescein retention scores.

Score Observation
0 No fluorescein retention
0.5 Very minor single cell staining
1 Single cell staining scattered throughout the treated area of the cornea
2 Focalor confluent dense single cell staining
3 Confluent large areas of the cornea retaining fluorescein
49.Mor phol ogi cal effects include pitting
epithelium, Arougheni ngo of t hechemicaltntieea |

cornea. These findings can vary in severity and may occur simultaneously. The
classification of these findings is subjective according to the interpretation of the

investigator.
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DATA AND REPORTING

Data Evaluation

50.Results from corneal opacity, swelling, and fluorescein retention should be evaluated
separately to generate an ICHEss for each endpoinThe ICEclasses for each endpoint
are then combined to generatelaitancy Classification for each teshemical

Decision Criteria

51.0nce each endpoint has been evaluat€k classes can be assigned based on a
predetermined range. Interpretation of corneal swelling (Table 3), opacity (Table 4), and
fluorescein retention (Table 5) using four ICE classes is done according to the scales
shown below. It is important to note thaethorneal swelling scores shown in Table 3 are
only applicable if thickness is measured with alglihp microscopdfor exampleHaag
Streit BP90) with depthmeasuring device nd and slitwidth setting at 9%, equalling
0.095 mm. Users should be awarattklitlamp microscopesaulld yield different corneal
thickness measurements if theslidth setting s different.

Table 3.ICE classification criteria for corneal swelling.

Mean Corneal Swelling (%) ICE Class
0Oto5 I
>51012 Il

>12 to 18 (>75 mirafter treatment) Il

>12 to 18 (75 min after treatment) 1l
>18 to 26 1
>26 to 32 (>75 min after treatment) 11

>26 to 32 (75 min after treatment) vV

>32 v
"Highestmean score observed at any time point

Table 4.ICE classification criteria foopacity.

Maximum Mean Opacity Score ICE Class
0.0-0.5 I
0.61.5 Il
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1.62.5 11

2.64.0 \

"Maximummean score observed at any time point (based on opacity scores as
defined in Table 1).

Table 5.ICE classification criteria for mean fluorescegtention.

Mean Fluorescein Retention Score
at 30 minutes posttreatment

0.00.5 I
0.61.5 Il
1.62.5 1
2.63.0 v

ICE Class

"Based on scores as defined in Table 2.

52.Thein vitro classification for a testhemicalis assessed by reading the Gel&ssification
that corresponds to the combination of categories obtained for corneal swelling, corneal
opacity, and fluorescein retention as described in Table 6.

Table 6.Overallin vitro classifications.

%ii':i?ation Combinations of the 3 Endpoints
No Category 3xl
2x 1, 1x1
No prediction Other combinations
can be made
Category 1 3xIV
2x 1V, 1xIll
2xIV, 1LxII*
2xIV,1xI*
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Corneal opacity 3 at 30 mi
Corneal opacity = 4 at any time point (in at least 2 eyes)

Severe loosening of the epithelium (in at least 1 eye)

*Combinations less likely to occur.

Study Acceptance Criteria

53.A test is considered acceptable if the concurrent negative or vehicle/solvent controls and
the concurrent positiveontrols are identified as GHS Ndalassified and GHS Category
1, respectively.

Test Report

54.The test report should include the following information, if relevant to the conduct of the
study:

TestChemicaland ControlChemica$

- Chemical name(s) such as theuctural name used by the Chemical Abstracts Service
(CAS), followed by other names, if known;

- The CAS Registry Number (RN), if known;

- Purity and composition of the teltontrol chemicals(in percentage(s) by weight), to the
extent this information iavailable;

- Physicochemical properties such as physical state, volatility, pH, stability, chemical class
water solubility relevant to the conduct of the study;

- Treatment of the testcontrol chemicas prior to testing, if applicablee(g warming,
grinding),

- Stability, if known;

Information Concerning the Sponsor and the Test Facility
- Name and address of the sponsor, test facility and study director;

- ldentification on e source of the eyes.§ the facility from which they were collected);

Test MethodConditions
- Description of test system used;
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Slit-lamp microscope useé.g model) and instrument settings for the-Eiinp microscope
used,

Reference to historical negative and positive control results and, if applicable, historical
data demonstratingcaeptable concurrent benchmark control ranges;

The procedure used to ensure the integrigy,@ccuracy and reliability) of the test method
over time €.g periodic testing of proficiency chemicals)).

Eyes Collection and Preparation

Age and weight of th donor animal and if available, other specific characteristics of the
animals from which the eyes were collectedy(sex, strain);

Storage and transport conditions of eyeg (date and time of eye collection, time interval
between collection of chicke heads and placing the enucleated eyes in superfusion
chamber);

Preparation & mounting of the eyes including statements regarding their quality,
temperature of eye chambers, and criteria for selection of eyes used for testing

Test Procedure
Number of eplicates used;

Identity of the negative and positive controls used (if applicable, also the solvent and
benchmark controls);

Testchemicaldose, application and exposure time used,;
Observation time points (prand posttreatment);
Description of evaluain and decision criteria used,;
Description of study acceptance criteria used,;
Description of any mofications of the test procedure.

Results

Tabulation of corneal swelling, opacity and fluorescein retention scores obtained for each
individual eye and atach observation time point, including the mean scores at each
observation time of all tested eyes;

The highest mean corneal swelling, opacitg 8norescein retention scorebserved (from
any time point), and its relating ICE class.

Description of anyther effects observed;
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- The derivedn vitro GHS classification;
- If appropriate, potographs of the eye;
Discussion of the Results

Conclusion
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Appendix 1

DEFINITIONS

Accuracy: The closeness of agreement between test method results and accepted
reference values. It is a measure of test method performance and one aspect of
Airel evance. 0 The term is often used inte
proportion of carect oucomes of a test method.

Benchmark chemical A chemical used as a standard for comparison to a test
chemical A benchmarkchemicalshould have the following properties; (i), a consistent
and reliable source(s); (ii), structural and functional similarittheoclass othemicas
being tested; (iii), known physidahemical characteristics; (igupporting data on
known effects; and (v), known potency in the range of the desired response

Bottom-Up Approach: stepwise approach used for a chemical suspectedhabf
requiring classification for eye irritation or serious eye damage, which starts with the
determination of chemicals not requiring classification (negative outcome) from othe
chemicals (positive outcome).

Chemical: A substance or a mixture

Cornea: The transparent part of the front of the eyeball that covers the iris and pupil
ard admits light to the interior.

Corneal opacity: Measurement of the extent of opaqueness of the cornea following
exposure to a testhemical Increased corneal opacity isdinative of damage to the
cornea.

Corneal swelling: An objective measurement in the ICE test of the extent of distension
of the cornea following exposure to a tesemical It is expressed as a percentage and

is calculated from baseline (pd®se) corndahickness measurements and the thickness
recorded at regular intervals after exposure to the test material in the ICE test. The
degree of corneal swelling is imditive of damage to the cornea.

Eye Irritation: Production of changes in the eye followingetapplication of test
chemicalto the anterior surface of the eye, which are fully reversible within 21 days of
application. Interchangeable with "Reversible effects on the Eye" and with "UN GHS
Category 2" (4).

False negative rateThe proportion of alpositivechemicaldalsely identified by a test
method as negative. It is one indicator of test method performance.
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False positive rate:The proportion of all negativehemicalsthat are falsely identified
by a test method as positive. It is one intbcaf test method performance.

Fluorescein retention: A subjective measurement in the ICE test of the extent of
fluorescein sodium that is retained by epithelial cells in the cornea following exposure
to a test substance. The degree of fluorescein retestiomicative of damage to the
corneal epithelim.

Hazard: Inherent property of an agent or situation having the potential to cause adverse
effects when an organism, system or (sub) patpri is exposed to that agent.

Irreversible effects on the eyesee Serious eye amage" and "UN GHS Category 1".

Mixture: A mixture or a solution composed of two or more substamcesich they do
not react (4)

Negative control: An untreated replicate containing all components of a test system.
This sample is processed with tebemicaltreated samples and other control samples
to determine whether the solventeracts with the test system.

Not Classified Substances that are not classified for eye irritation (UN GHS
Category 2) or serious damage to €N GHS Category 1). Interchangeable with
AUN GHS Mo yGat eg

Positive control: A replicate containing all components of a test system and treated
with a chemical known tinduce a positive response. To ensure that variability in the
positive control response across time can be assessed, the magnitude of the severe
response should not be excessive.

Reliability: Measures of the extent that a test method can be performeduejnly

within and between laboratories over time, when performed using the same protocol. It
is assessed by calculating inteand interlaboratory reproducibility anohtra-laboratory
repeatability.

Reversible effects on the Eyesee "Eye Irritation” anlUN GHS Category 2".

Serious eye damageProduction of tissue damage in the eye, or serious physical decay
of vision, following application of a testhemicalto the anterior surface of the eye,
which is not fully reversible within 21 days of applicatidmterchangeable with
"Irreversible effects on the eye" and with "UN GHS Category 1" (4).

Slit-lamp microscope: An instrument used to directly examine the eye under the

magnification of a binocular microscope by creating a stereoscopic, erect image. In the
ICE test method, this instrument is used to view the anterior structures of the chicken
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eye as well as to objectively measure corneal thickness withtha-gheasuring device
attachment.

Solvent/vehicle control: An untreated sample containing all composent a test
system, including the solvent or vehicle that is processed with thehesiicaltreated

and other control samples to establish the baseline response for the samples treated with
the testchemical dissolved in the same solvent or vehicle. Whested with a
concurrent negative control, this sample also demonstrates whether the solvent or
vehicle interacts with the test syste

Substance: Giemical elements and their compounds in the natural state or obtained by
any production process, includiagy additive necessary to preserve the stability of the
product and any impurities deriving from the process used, but excluding any solvent
which may be separated without affecting the stability of the substardd®oging its
composition (4).

Surfactant: Also called surfacective agent, this is a substance, such as a detergent,
that can reduce the surface tension of a liquid and thus allow it to foam or penetrate
solids; it isalso known as a wetting agent.

Top-Down Approach: stepwise approach usedrf@ chemical suspected of causing
serious eye damage, which starts with the determination of chemicals inducing serious
eye damage (positive outcome) from other chemicals (negative outcome).

Test chemical:Any substance or mixture tested using this Teshile

Tiered testing strategy:A stepwise testing strategy where all existing information on a
testchemicalis reviewed, in a specified order, using a weighévidence process at
each tier to determine if sufficient information is available for a hazkaskification
decision, prior to progression to the next tier. If the irritancy potential of ahestical

can be assigned based on the existing information, no additional testing is required. If
the irritancy potential of a testhemical cannot be asgned based on the existing
information, a stepvise sequential animal testing procedure is performed until an
unequiveal classification can be made.

United Nations Globally Harmonized System of Classification and Labelling of
Chemicals (UN GHS):A systemproposing the classification of chemicals (substances
and mixtures) according to standaedl types and levels of physical, health and
environmental hazards, and addressing corresponding communication elements, such as
pictograms, signal words, hazardtetaents, precautionary statements and safety data
sheets, so that to convey information on their adverse effects with a view to protect
people (including employers, workers, transporters, consumers and emergency
responders) and the environméht
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UN GHS Category 1:see "Serious damage to eyes" and/or "Irreversible effects on the
eye".

UN GHS Category 2 see "Eye Irritation” and/or "Reversible effects to the eye".

UN No Category. Substancesthatdo not meet the requirements for classification as UN
GHSCategorylor2(2Aor2B) I nt erchangeabl e with ANot

Validated test method: A test method for which validation studies have been
completed to determine the relevance (including accuracy) and reliability for a specific
purpose. It is importanto note that a validated test method may not have sufficient
performance in terms of accuracy and reliability to be found &alskepfor the proposed
purpose.

Weight-of-evidence: The process of considering the strengths and weaknesses of

various pieces oinformation in reaching and supporting a conclusion concerning the
hazard potential of a chemical.

161



Appendix 2

PROFICIENCY CHEMICAL S FOR THE ICE TEST METHOD

Prior to routine use of a test method that adheres toetisnethodlaboratories should
demonstrate technical proficiency by correctly identifying the eye hazard classification
of the 13 chemicas recommended in Table 1. Theskemicas were selected to
represent the range of responses for eye hazards based on ressutteefn vivo rabbit

eye test (TG 405) and the UN GHS classification sysieam UN GHS Categories 1,

2A, 2B, or No Category) (4)(6). Other selection criteria were tit@micas are
commercially available, there are high quaiityivoreference datavailable, and there

are high quality data from the IGR vitro method. Reference data are available in the
SSD (5) and in the ICCVAM Background Review Documents for the ICE test method

(9).

Table 1: Recommended chemicals for demonstrating technicalgeatty with ICE

. Chemical Physical In Vivo In Vitro
Chemical CASRN Class Form Classification? Classification®
Benzalkonium Onium -
chloride (5%) 8001:54-5 compound Liquid Category 1 Category 1
Chlorhexidine 5556-1 | Amine, Amidine Solid Category 1 Categoryl
DibenzoytL - Carboxylic acid, :
tartaric acid 2743386 Ester Solid Category 1 Category 1
Imidazole 28832-4 Heterocyclic Solid Category 1 Category 1
Trichloroacetic . . -
acid (30%) 76-03-9 Carboxylic Acid Liquid Category 1 Category 1
2,6 No predictions can
Dichlorobenz 4659454 Acyl halide Liquid Category 2A P

: be madé
oyl chloride
Ammonium . . No predictions can
nitrate 648452-2 Inorganic salt Solid Category 2A be madé
Ethyk-2- No predictions can
methylacete 60914-3 Ketone, Ester Liquid Category 2B P
be madé
acetate
Dimethyl 3 Organic sulphur -
sulfoxide 67-685 compound Liquid No Category No Category
- No Category
Glycerol 56-81-5 Alcohol Liquid No Category (borderline)
Methylcyclopen 5 Hydrocarbon -
tane 96-37-7 (cyclic) Liquid No Category No Category
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n-Hexane 11054-3 Hydrocarbon Liquid No Categor No Categor
(acyclic) q gory gory
Triacetin 102-76-1 Lipid Liquid Not classified No Category

Abbreviations: CASRN = Chemical Abstracts Service Registry Number

'Chemical classes were assigned to eachctesmical using a standard classification scheme, based on the
National Library of Medicine Medical Subject Headings (MeSH) classification system (available at
http//www.nlIm.nih.gov/mesh)

’Based on results from tle vivo rabbit eye test (OECD TG 405) and using the UN GHS (4)(6).
3Based on results in ICE as described in table 6.

“Combination of ICE scores other than the ones described in table 6 for the identification of Gat8guoy
and GHS Category 1 (see table 6)

® Classification as 2A or 2B depends on the interpretation of the UN GHS criterion for distinguishing between
these two categoriese. 1 out of 3 vs 2 out of 3 animals with effects at day 7 necessary to generate a Category
2A classification. Then vivo study included 3 animals. All endpoints apart from conjunctiva redness in one
animal recovered to a score of zero by day 7 or earlier. The one animal that did not fully recover by day 7 had a
conjunctiva redness score of 1 (at day 7) that fully recoverddyat 0
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Appendix 3

DIAGRAMS OF THE ICE SUPERFUSION APPARATUS AND EYE CLAMPS

(See Burton et al. (18) for additional generic descriptions of the superfusion apparatus and
eye clamp)

—
Item No. | Description Iltem No. Description
1 QOutlet warm water 9 Compartment
2 Sliding door 10 Eye holder
3 Superfusion apparatus 11 Chicken eye
4 Optical measuring instrument 12 Outlet saline solution
5 Inlet warm water 13 Setscrew
6 Saline solution 14 Adjustable upper arm
7 Warm water 15 Fixed lower arm
8 Inlet saline solution

164



165



(14) In Part B,Chapter B.49s replaced by the following
"B.49 IN VITRO MAMMALIAN CELL MICRONUCLEUS TEST

INTRODUCTION

1. This test method is equilent to OECDtestguideline487 (2014)it is part of a series of
test methods on genetic toxicology. A document presented as an Introduction to the OECD
testguidelines on genetic toxicology (1) can also be referred to and m®widccinct and
useful guidance to users of these test methods.

2. Thein vitro micronucleus (MNuvit) test is a genotoxicity test for the detection of micronuclei
(MN) in the cytoplasm of interphase cells. Micronuclei may originate from acentric
chromosome frgments (.e. lacking a centromere), or whole chromosomes that are unable
to migrate to the poles during the anaphase stage of cell division. Therefore the MNvit test
is anin vitro method that provides a comprehensive basis for investigating chromosome
damaging potentiain vitro because both aneugens and clastogens can be dd@c{&)
in cells that have undergone cell division during or after exposure to the test chemical (see
paragraph 13 for more details). Micronuclei represent damage that hagdresmitted to
daughter cells, whereas chromosome aberrations scored in metaphase cells may not be
transmitted. In either case, the changes may not be compatible with cell survival.

3.This test method allows the use of protocols with and without the aolymerisation
inhibitor cytochalasin B (cytoB). Thaddition of cytoB prior to mitoss results in cells that
are binucleate and therefoaows for the identification and andysis of micronuclei in
only those cells thahave conpleted one mitosis (4) (5). This test methodidso al ows for
the use of protocols without cytokinesis Hock, provided there is evidence that the cell
population analysed has undegonemitosis.

4.In addition to using the MNuvit test to identibhemicalsthat induce micronuclei, the use of
immunochemical labelling of kinetochores, or hybridisation with centromeric/telomeric
probes (fluorescende situ hybridisation (FISH)), also can provide additional information
on the mechanisms of chromosome damage rarcronucleus formation6j (7) (8) (9)
(10) (11) (12) (13) (14) (15) (16) (17). Thoselabelling and hybridisation procedures can be
used when there is an increase in micronucleus formation and the investigator wishes to
determine if the increase was thesult of clastogenic and/or aneugenic events.
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5.Because micronuclei in interphase cells can be assessed relatively objectively, laboratory
personnel need only determitiee number of binucleate cells when cytoB is uaedthe
incidence of micronucleate k=in all casesAs a result, the slides can be scored relatively
quickly and analysis can kaeitomated. This makes it practical to score thousands instead
of hundreds of cells per treatment, increasing the power of the test. Finally, as micronuclei
may aise from lagging chromosomes, there is the potential to detect aneupidigying
agents that are difficult to study in conventional chromosomal aberration tegts,
ChapterB.10 of this annex18). However, the MNvit test as describedhins test method
does not allow for the differentiation afhemica$ inducing changes in chromosome
number and/or ploidy from those inducing clastogenicity without special techniques such
as FISH mentioned under paragraph 4.

6. The MNvit test is robust and Bde conductedn a variety of cell types, and in the presence
or absence of cytoB. There are extensive data to support the validity of the MNuvit test
using various cell types (cultures of cell lines or primary cell culture®) (@0) (21) (22)

(23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36). These include, in
particular, the international validation studies-ardinated by the Société Francaise de
Toxicologie Génétique (SFTG) 91 (20) (21) (22) (23) and the reports of the Internatia
Workshop on Genotoxicity Testingd)( (17). The available data have also been re
evaluated in a weighkaf-evidence retrospective validation study by the European Centre
for the Validation of Alternative Methods (ECVAM) of the European Commission (EC),
and the test method has been endorsed as scientifically valid by the ECVAM Scientific
Advisory Committee (ESAC) B (38) (39).

7.The mammalian cell MNvit test may employ cultures of cell lines or primary cell cultures,
of human or rodent originBecause thebackground frequency of micronuclei will
influence the sensitivity of the test, it is recommended that cell types with a stable and
defined background frequency of micronucleus formation be.u$kd cells used are
selected on théasis of their ability to grow well in culture, stability aheir karyotype
(including chromosome number) and spontaneous frequency of microndi@gleiAf the
present time, the available data do not allow firm recommendations to be made but suggest
it iIs important, whenevaluating chemical hazards to consider g&3 status, genetic
(karyotype) stability, DNA repair capacity and origin (rodeetsushuman) of the cells
chosen for testing. The users of this test method are thus encouraged to consider the
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influence of these and other cell characteristics on the performance of a cell line in
detecting the induction of micronuc)eis knowledge evolves in this area.

8. Definitions used are provided Appendix1.

INITIAL CONSIDERATIO NS AND LIMITATIONS

9.Tests conductedh vitro generally require the use of an exogenous source of metabolic
activation unless the cells are metabolically competent with respect to trehéesicals
The exogenous metabolic activation system does not entirely niimio/o conditions.
Care sbuld be taken to avoid conditions that could lead to artifactual positive results
which do not reflectthe gendoxicity of the test chemicals Such conditions include
chargesin pH (41) (42) (43)or osmolality, interaction with the cell culturemedum (44)
(45) or excessive levels of cytotoxicity (see paragrapho.

10.To analyse the induction of micronuclei, it is essential that mitosis has occurred in both
treated and untreated cultures. Tiest informative stage for scoring micronuclei is in
cells that lave completed one mitosis during or after treatment with the test chefucal.
Manufactured Nanomaterials, specific adaptations of this test method are neetleslybut
are not described in this test method

11.Before use of the test method on a mixture fenerating data for an intended regulatory
purpose, it should be considered whether, and if so why, it may provide adequate results
for that purpose. Such considerations are not needed, when there is a regulatory
requirement for testing of the mixture.

PRINCIPLE OF THE TEST

12.Cell cultures of human or other mammalian origin are exposed to the test chemical both
with and without an exogenous source of metabolic activation unless cells with an
adequate metabaing capability are used (see paragraphl

13.During or after exposure to the test chemical, the cells are grown for a period sufficient to
allow chromosome amage or other effects on cell cycle/cel divison to lead to the
formation of micronuclei in interphase cells. For induction of aneuploidy, the test chemical
should ordinarily be present during mitosis. Harvested and stained interphase cells are
analysed for the presence of micronuclei. Ideally, micragiushould only be scored in
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those cells that have completed mitosis during exposure to the test chemical or during the
posttreatment period, if one is used. In cultures that have been treated with a cytokinesis
blocker, this is easily achieved by scoring only binudeate cdls. In the alsence of a
cytokinesis blocker, it is important to demondrate thatthe cells aralysed are likely to have
undegone cdl divison, based on an increase in the cell populatduring or after
expasure to the test chamicd. For al protocols, it is important to demondrate that cell
proliferation has occured in both the control and treated cultures, and the extent of test
chamical-inducedcytotoxicity or cytodasis should be asessed in all of the culturesthat are

scored for micronuclei.

DESCRIPTION OF THE M ETHOD

Cells

14.Cultured primary human or other mammalian peripheral blood lymphocytd2Q) (46)
(47) and a number of rodent cell lines such as CHO, V79, CHL/IU, and L5178Y cells or
human cell lines sucas TK6 can be usedq)L(20) (21) (22) (23) (26) (27) (28) (29) (31)
(33) (34) (35) (36) (see paragraph 6). Other cell lines such as HE3), Cace2 (49),
HepaRG 50) (51), HepG2 cells§2) (53), A549 and primary Syrian Hamster Embryo cells
(54) have een used for micronucleus testing but at this time have not been extensively
validated. Therefore the use of those cell lines and types should be justified based on their
demonstrated performance in the test, as described in the Acceptability Criteroa.sect
Cyto B was reported to potentially impact L5178Y cell growth and therefore is not
recommended with this cell line 32 When primary cefl are used, for animal welfare
reasons, the use of cells from human origin should be considered where feasible and
sampledn accordance with theuman ethical principles and regulations

15.Human peripheral blood lymphocytes should be obtained from youngofapately 18

35 years of age), nesmoking individuals with no known illness or recent exposures to
genotoxic agentse(g chemicals, iorsing radation) at levels that would increase the
badground incidence of micronucleae cdls. This would ensure thebackground
incidence of micronucleate cells to be low and consistent. The baseline incidence of
micronucleate cells increases with age and this trend is more marked in females than in
males (). If cells from more than one donor are pooled for use, tmebeun of donors
should be specifiedt is necessary to demonstrate that the cells have divicea the
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beginning of treatment with the test chemical to cell sampling. Cell cultures are
maintained in an exponential growth phase (cell lines) or stimulatetivide (primary
cultures of lymphocytes) to expose the cells at different stages of the cell cycle, since the
sensitivity of cell stages to the testemicalsmay not be known. The primary cells that
need to be stimulated with mitogenic agents in ordedivide are generally no longer
synchronsed during exposure to the test chemiaalg(human lymphocytes after a 48

hour mitogenic stimulation). The use of syncheeudl cells during treatment with the test
chemical is not recommended, but can be accépthjustified.

Media and culture conditions

16.Appropriate culture medium and incubation conditions (culture vessels, humidified
atmosphere of 5% 0, if appropriate, temperature of 37°C) should be used for maintaining
cultures. Cell lines should be checked routinely for the stability of the modal chromosome
number and the absence Mifycoplasmacontamination, and cells should not be used if
contaminated or if the motd@hromosome number has changed. The normal cell cycle
time of cell lines or primary cultures used in the testing laboratory should be established
and should be consistent with the published cell characteristics.

Preparation of cultures

17.Cell lines: cells ee propagated from stock cultures, seeded in culture medium at a density
such that the cells in suspensions or in monolayers will continue to grow exponentially
until harvest timed.g confluence should be avoided for cells growing in monolayers).

18.Lymphogytes: whole blood treated with an antagulant €.g heparin), or separated
lymphocytes, are culturecek.g.for 48 hoursfor human lymphocytes) in the presence of a
mitogen €.g.phytohaemagglutinin (PHAfor human lymphocytes) in order to induce cell
division prior to exposure to the test chemical and cytoB.

Metabolic activation

19.Exogenous metabolising systems should be used when employing cells with inadequate
endogenous metabolic capacithe most commonly used system thateésanmendedby
default unless another system is justified is a-fawtorsupplemented poshitochondrial
fraction (S9) prepared from the livers of rodents (generally rats) treated with enzyme
inducing agents such as Aroclor 12546)%57) or a combination of phenobarbital ahd
naphthoflavone (B) (59) (60). The latter combination does not conflict with the
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Stockholm Convention oRersistent Organic Pollutants {6dnd has been shown to be as
effective as Aroclor 1254 for inducing mixddnction oxidases @ (59) (60). The S9
fraction typically is used at concentrations ranging from 1 to 2% (v/v) but may be
increased to 10% (v/v) in the final test mediurheTuse oproductsthat reducehe mitotic

index, especiallycalcium complexingoroducts(62), shouldbe avoided during treatment

The choice of type and concentration of exogenous metabolic activation system or
metabolic inducer employed may be influenced by the clasherhicalsdbeing tested.

Test chemical preparation

20.Solid test chemicals should Ipeeparedn appropriate solvents and diluted, if appropriate,
prior to treatment of the cells. Liquid test chemicals may be added directly to the test
system and/or diluted prior to treatment of the test system. Gaseous or vtdatile
chemicals should beested by appropriate modifications to the standard protocols, such as
treatment in sealed vesseS) (64) (65). Preparations of the test chemical should be made
just prior to treatment unless stability data demonstrate the acceptability of storage.

TestConditions

Solvents

21.The solvent should be chosen to opsenithe solubility of the testhemicalswithout
adversely impacting the conduct of the assa&ychanging cell growth, affecting integrity
of the testchemical reacting with culture vessel@npairing the metabolic activation
system.It is recommended that, wherever possible, the use of an aqueous solvent (or
culture medium) should be considered firstellWestalished sdvents are water or
dimethyl sufoxide (DMSO). Geneaadly organc sdvens shaild not exceed 1% (v/v). If
cytoB is dissdved in DMSO, the total amount of organic solvent used for both the test
chemical and cytoB should not exceed 1% (vbtherwise,untreated controlshould be
usedto ensure that th@ercentage obrganic solvent has no adverse effe&tjueous
solvents (saline or water) should not exceed10% (v/v) in the final treatment medum. If
other thanwell -established sdvents are used (e.g. etharol or acetone), their use shauld be
suppated by daa indicating their compatibility with the test chemical, the test system and
their lack of geretic toxicity at the concetration used. In the absence of that supporting
daa, it is important to indude untreated cortrols (see Appendix 1), as well as solvent
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controls to demondrate that no ddeterious or chromosamnal effects (e.g. aneupoidy or
clastogenicity) are induced by the chosen solvert.

Use of cytoB as a cytokinesis blocker

22.0ne ofthe mostimportant corsiderationsin the performanceof the MNVvit test is ensuring
that the cells being sored have completed mitoss during the treatment or the post-
treatment incubation peiod, if one is used. Micronucleus scoring, therefore, shauld be
limitedto cdls that have gonethrough mitoss during or after treatment. CytoB is the agent
that hasbeen mostwiddy used to block cytokinesis becauseit inhibits a¢in assembly, and
thus prevents separation of dawhter cells after mitosis, lealing to the formation of
binucleate cdls (6) (66) (67). The effect of the test chemical on cell proliferation kinetics
can bemeasued simultaneowsy, when cytoB is usedCytoB shoud be ugd asa cytokinesis
blocker when human lymphog/tesare usd because cell cycle timeswill be variable among
donars and because not all lymphogytes will respand to PHA stimulation. CytoB is not
manddory for other cell typesif it can be established they have undergone division as
described in paragraph 27. Moreover CytoB is not gererdly used when smplesare
evaluated for micronudei using flow cytometric methods.

23.The appropriate concentration of cytoB should be determined by the laboratory for each
cell type to achieve the optimal frequency of binucleate cells in the solvent control cultures
and should be shown to produce a good yield of binucleate figllscoring The
appropriate concentration of cytoB is usually between 3 amgl@l (19).

Measuring cell proliferation and cytotoxicity and choosing treatment concentrations

24.When determining the highestst chemical concentration, concentrations thave the
capability of producing artifactual positive responses, such as those producing excessive
cytotoxicity (see paragraplBp, precipitation in the culture medium (see paragra@h or
marked changes in pH or osmolality (see paragraph 9), shoulddiged. If the test
chemical causes a marked change in the pH of the medium at the time of addition, the pH
might be adjusted by buffering the final treatment medium so as to avoid artifactual
positive results and to maintain appropriate culture conditions

25.Measurements of cell proliferation are made to assure that sufficient treated cells have
undergone mitosis during the test and that the treatments are conducted at appropriate
levels of cytotoxicity (see paragrapl9)2 Cytotoxicity should be determined the main
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26.

27.

28.

experiment with and without metabolic activation using an appropriate indication of cell
death and growth (see paragraplésa2d ). While the evaluation of cytotoxicity in an
initial preliminary test may be useful to better define the conaéotrs to be used in the
main experiment, an initial test is not mandatory. If performed, it should not replace the
measurement of cytotoxicity in the main experiment.

Treatment of cultures with cytoB and measurement of the relative frequencies of
mononuckate, binucleate, and muftucleate cells in the culture provides an accurate
method of quantifying the effect on cell proliferation and the cytotoxic or cytostatic
activity of a treatment€), and ensures that only cells that divided during or aftetnresat
aremicroscopicallyscored. The cytokinesiblock proliferation index (CBPE) (27) (68)

or the Replication Index (RI) from at least 500 cells per culture fggEendix 2 for
formulas) are recommended to estimate the cytotoxic and cytostatidyaofia treatment

by comparing values in the treated and control cultures. Assessment of other indicators of
cytotoxicity (e.g.cell integrity, apoptosis, necrosis, metaphase countaly cyclg could
provide useful informatiorbut should not be used place of CBPbr RI.

In studies without cytoB, it is necessary to demonstrate that the cells in culture have
divided, so that a substantial proportion of ttedls scored have undergone division during

or following treatment with the test chemical, othemsvfalse negative responses may be
produced. The measurement of Relative Population Doubling (RPD) or Relative Increase
in Cell Count (RICC) is recommended to estimate the cytotoxic and cytostatic activity of a
treatment () (68) (69) (70) (71) (seeAppendix 2 for formulas).At extended sampling
times g.g.treatment for 1.2 normal cell cycle lengths and harvest after an additional 1.5

2 normal cell cycle lengths, leading to sampling times longer thkdm@rmal cell cycle
lengths in total as describenh paragraphs 8 and 3®), RPD might underestimate
cytotoxicity (71). Under these circumstances RICC might be a better measure or the
evaluation of cytotoxicity after a 1.3 normal cell cycle lengths would be a helpful
estimate.Assessment of other markefsr cytotoxicity or cytostasise(g. cell integrity,
apoptosis, necrosis, metaphase counting, Proliferation index (P1), cell syclepplasmic
bridges or nuclear buiisould provide useful additional informatipbut should not be
used in place ogither the RPD or RICC

At least three test concentrations (not including the solvent and positive controls) that meet
the acceptability criteria (appropriate cytotoxicity, number of cells, etc) should be
evaluated.Whatever the types of cells (cell lines primary cultures of lymphocytes),
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29.

30.

31.

either replicate or single treated cultures may be used at each concentration4sted

the use of duplicate cultures is advisable, single cultures are also acceptable provided that
the same total number of celleeascored for either single or duplicate culturBise use of

single cultures is particularly relevant when more than 3 concentrations are agsessed
paragraphs 4+45). The results obtained from the independent replicate cultures at a given
concentratio can be pooled for the data analysis. féstchemicals demonstrating little or

no cytotoxicity, concentration intervals of approximately 2 to 3 fold will usually be
appropriate. Where cytotoxicity occurs, the test concentrations selected should cover a
range from that producing cytotoxicity as described in paragrapharzl including
concentrations at which there is moderate and little or no cytotoxicity. Many test
chemicalsexhibit steep concentration response curves and in order to obtain data at low
and moderate cytotoxicity or to study the dose response relationship in detail, it will be
necessary to use more closely spaced concentrations and/or more than three concentrations
(single cultures or replicatesh particularin situations where a repeat ptiment is
required (see paragraid).

If the maximum concentration is based on cytotoxicity, the highest concentration should
aim to achieve 55 + 5% cytotoxicity using the recommended cytotoxicity paramiegers (
reduction in RICC and RPD for cell s when cytoB is not used, and reduction in CBPI
or Rl when cytoB is used to 45+ 5% of the concurrent negative cofi@)l) Care should

be taken in interpreting positive results only found in the higher end of5this 5%
cytotoxicity range 71).

For paorly solubletest chemicalghat are not cytotoxic at concentrations lower than the
lowest insoluble concentration, the highest concentration analysed should produce
turbidity or a precipitate visible by eye or with the aid of an inverted microscope anthe

of the treatment with the test chemic@ven if cytotoxicity occurs above the lowest
insoluble concentration, it is advisable to test at only one concentration inducing turbidity
or with visible precipitate because artifactual effects may result fthenprecipitateAt the
concentration producing a precipitate, care should be taken to assure that the precipitate
does not interfere with the conduct of the tesg(staining or scoring)The determination

of solubility in the culture medium prior thé experiment malge useful.

If no precipitateor limiting cytotoxicity is observed, the highest test concentration should
correspond to 10 mM, 2 mglnor 2 m/ml, whichever is the lowest 8} (74) (75). When
the test chemical is not of definedmposition e.g.a substancef unknown or variable

174



composition, complex reaction products or biological materials (UVCB®), (7
environmental extragetc., the top concentratianay need tde higher €.9.5 mg/ml)in

the absence of sufficient cytotoxigi to increase the conceation of each of the
componentslt should be noted however that these requirements may differ for human
pharmaceuticals9g).

Controls

32.Concurrent negative controls (see paragragdh, 2onsisting of solvent alone in the
treatmaet medium andorocessedn the same way as the treatment cultures, should be
included for every harvest time.

33.Concurrent psitive controls are needed to demonstrate the ability oflaheratoryto
identify clastogens and aneugens under the conditiorikeofest protocol used and the
effectivenesf the exogenous metabolic activation system (when applicaBt@mples
of positive controls are given in Table 1 beloMternative positivecontrol chemicalsan
be used, if justified

34.At the present time, mm aneugens are known that require metabolic activation for their
genotoxic activity (¥). Becausen vitro mammalian cell tests for genetmxicity are
sufficiently standarded for the shorterm treatments done concurrently with and without
metabolic ativation using the same treatment duration, the use of positive controls may be
confined to a clastogen requiring metabolic activation. In this case a single clastogenic
positive control response will demonstrate both the activity of the metabolic amtivati
system and the responsiveness of the test system. However, long term treatment (without
S9) should have its own positive control, as the treatment duration will differ from the test
using metabolic activation. If a clastogen is selectedtles single paitive control for
shortterm treatment with and without metabolic activation, an aneugen should be selected
for the longterm treatment without metabolic activation. Positive controls for both
clastogenicity and aneugenicity should be used in metabglicalhpetent cells that do
not require S9.

35.Each positive control should be used at one or more concentrations expected to give
reproducible and detectable increases over background in order to demonstrate the
sensitivity of the test systen.€. the effectsare clear but do not immediately reveal the
identity of the coded slides to the reader), and the response should not be compromised by
cytotoxicity exceeding the limits specified in thest method
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Table 1. Reference chemicals recommendém assessing laboratory proficiency and fiire
selection of positive controls

Category Chemical CASRN

1. Clastogens active without metabolic activation

Methyl methanesulphonate | 66-27-3

Mitomycin C 50-07-7

4-NitroquinolineN-Oxide 56-57-5

Cytosine arabinoside 147-94-4

2. Clastogens requiring metabolic activation

Benzo(a)pyrene 50-32-8

Cyclophosphamide 50-180
3. Aneugens

Colchicine 64-86-8

Vinblastine 143679

PROCEDURE

Treatment Schedule

36.In order to maximise the probability afetecting an aneugen or clastogen acting at a
specific stage in the cell cycle, it is important that sufficient numbers of cells representing
all of the various stages of their cell cycles are treated with the test chemical. All
treatments should commenead end while the cells are growing exponentially and the
cells shouldcontinue to grow up to the time of samplifighe treatment schedule for cell
lines and primary cell cultures may, therefore, differ somewhat from that for lymphocytes
which require mitgenic stimulation to begin their cell cycle7jl For lymphocytes, the
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most efficient approach is to start the treatment with the test chemicald& Wdurs after
PHA stimulation, when cells will be dividing asynchronoudy. (

37.Published dat&19) indicate that most aneugens and clastogens will be detected by a short
term treatment period of 3 to 6 hours in the presenceatsénce of SY%ollowed by
removal of the test chemicahd sampling at a time equivalent to aboutilZA0 normal
cell cycle lengs after the beginning of treatmé€).

38.However, for thorough evaluation, which would be needed to conclude a negative
outcome, all three following experimental conditions should be conducted using a short
term treatment with and without metabolic actigat and long term treatment without
metabolic activation (see paragraplés 57 and B):

- Cells should be exposed to the test chenvigdout metabolic activation for-8 hours,
and sampled at a time equivalent to abouti 225 normal cell cycle lengttefter the
beginning of treatment €],

- Cells should be exposed to the test chemical with metabolic activatior6fboGrs,
and sampled at a time equivalent to about 125 normal cell cycle lengths after the
beginning of treatment €,

- Cells shoull be continuously exposed without metabolic activation until sampling at a
time equivalent to about 1i152.0 normal cell cycle lengths.

In the event that any of the above experimental conditions lead to a positive response, it
may not be necessary to estigateany of the other treatment regimens

If it is known or suspected that the test chemical affects the cell cycling émgenhen

testing nucleoside analogues), especially for p&@petent cells (35) (36) (77)yampling or
recovery times may be #nded by up to a further 1i52.0 normal cell cycle lengths.€.

total 3.0 to 4.0 cell cycle lengthafter the beginning of sheterm and longerm
treatments These options address situations where there may be concern regarding possible
interactionsbetween the test chemical and cytd®Bhen using extended sampling times.(

total 3.0 to 4.0 cell cycle lengths culture timeare should be taken to ensure that the cells
are still actively dividing. For example, for lymphocytes exponengi@wth may be
declining at 96 hours following stimulaticend monolayercultures of cellsmay become
confluert.
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39.The suggested cell treatment schedules are sumedain Table 2. These general
treatment schedules may be modified (and should be justified) dependthg stability
or reactivity of the test chemical or the particular growth characteristics of the cells being
used.

Table 2. Cell treatment and harvest times for the MNVvit test

Lymphocytes, primary celll + S9 | Treat for 36 hours in the presence of S9;
and cell lines treatedvith | short | remove the S9 and treatment medium:;
cytoB treatment add fresh medium and cytoB,;
harvest 1.5 2.0 normal cell cycle lengths after the beginn
of treatment.

T S9 Treat for 36 hours;

Short | remove thdreatment medium;
treatment add fresh medium and cytoB,;

harvest 1.5 2.0 normal cell cycle lengths after the beginn
of treatment.

T S9 Treat for 1.51 2 normal cell cycle lengths in the presence

Extended| CYtOB;
treatment| harvest at the end of tikeatment period.

Cell lines treatedvithout cytoB

(Identical to the treatment schedules outlined above with the exception that no cytoB is added)

40.For monolayer cultures, mitotic cells (identifiable as being round and detaching from the
surface) may b@resent at the end of the63hour treatment. Because these mitotic cells
are easily detached, they can be lost when the medium containing the test chemical is
removed.If there is evidence for a substantial increase in the number of mitotic cells
comparedwith controls, indicating likely mitotic arresthen the cells should be collected
by centrifugationand added back to the cultute, avoid losing cells that are in mitosis,
and at risk for micronuclei/chromosome aberration, at the time of harvest

Cell harvest and slide preparation
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41.Eachculture should beharvested andprocessed separately. Cell preparation may involve
hypotonic treatment, but this gepis notnecessary if adequate cdl spreadng is aherwise
achieved. Different tecmiques canbe used in dide preparation provided that high-qudity
cdl prepaations for scoring ae oltained. Cells with intact cell membrane and intact
cytoplasm shoud be retainedto alow the detection of micronudei and(in the cytokinesis-
block method)reliade identification of binucleae cells.

42.The slides can be stained using various methods, such as Giemsa or fluorescent DNA
specific dyes. The use of appropriate fluorescent starg. 4cridine orange @) or
Hoechst 33258 plus pyronivi (79)) can eliminate some of the artifacts associated with
using a norDNA specific stain. Antkinetochore antibodies, FISH with pancentromeric
DNA probes, or primedn situ labelling with pancentromergpecific primers, together
with appropriate DNA countetaining, can be used to identify the contents (whole
chromosomes will be stained while acentric chromosome fragments will not) of
micronuclei if mechanistic information of their formation is of intere®) (I17). Other
methods for differentiation betweerlastogens and aneugens may be used if they have
been shown to be effective and validated. For example, for certain cell lines the
measurements of stfN nuclei as hypodiploid eventssing techniques such as image
analysis laser scanning cytometoy flow cytometry could also provide useful information
(80) (81) (82). Morphological observations of nuclei could also give indications of
possible aneuploidyMoreover, atest for metaphase chromosome aberrations, preferably
in the same cell type and protocoithivcomparable sensitivity, could also be a useful way
to determine whether micronuclei are due to chromosome breakage (knowing that
chromosome loss would not be detected in the chromosome aberration test).

Analysis

43.All slides, including those of the solekand the untreated (if used) and positive controls,
should be independently coded before the microscopic analysis of micronucleus
frequencies. Appropriate techniques should be used to control any bias or drift when using
an automated scoring system, fastance, flow cytometry, laser scanning cytometry or
image analysisRegardless of thautomated platform is used to enumerate micronuclei,
CBPI, RI, RPD, or RICC should be assessed concurrently.

44.In cytoB-treatedcultures, micronucleus frequencies shobkl analysed in at least 2000
binucleate cells per concentration and cont88), equally divided among the replicates, if
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replicates are used. In the case of single cultures per dose (see par&yrapheast 2000
binucleate cells per culture3d) shoud be scored in this single culture. If substantially
fewer than 1000 binucleate cells per culture (for duplicate cultures), or 2000 (for single
culture), are available for scoring at each concentration, and if a significant increase in
micronuclei is notdetected, the test should be repeated using more cells, or at less
cytotoxic concentrations, whichever is appropriate. Care should be taken not to score
binucleate cells with irregular shapes or where the two nuclei differ greatly inlsize.
addition, binucleate cells should not be confused with poorly spread imudiieate cells.

Cells containing more than two main nuclei should not be analysed for micronuclei, as the
baseline micronucleus frequency may be higher in these c8Us Scoring of
mononucleate cells is acceptable if the test chemical is shown to interfere with cytoB
activity. A repeat test without CytoB might be useful in such cases. Scoring mononucleate
cells in addition to binucleate cells could provide useful informat&®) (86), but is not
mandatory.

45.1n cell lines tested without cytoB treatment, micronuclei should be scored in at least 2000
cells per test concentration and cont(8B), equally divided among the replicates, if
replicates are used. When single cultures pereatnation are useds¢e paragrapi8), at
least 2000 cells per culture should be scored in this single culture. If substantially fewer
than 1000 cells per culture (for duplicate cultures), or 2000 (for single culture), are
available for scoring at each ammntration, and if a significant increase in micronuclei is
not detected, the test should be repeated using more cells, or at less cytotoxic
concentrations, whichever is appropriate.

46.When cytoB is used, a CBPI or an RI should be determined to asses®lifdtation (see
Appendix 2) using at least 500 cells per culture. When treatments are performed in the
absence of cytoB, it is essential to provide evidence that the cells in culture have divided,
as discussed in paragraphs2ZB.

Proficiency of the labaatory

47.In order to establish sufficient experience with the assay prior to using it for routine
testing, the laboratory should have performed a series of experiments with reference
positive chemicals acting via different mechanisms (at least one with madvithout
metabolic activation, and one acting via an aneugenic mechanism, and selected from the
chemicals listed in Table 1) and various negative controls (including untreated cultures
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and various solvents/vehicle). These positive and negative congpbnses should be
consistent with the literature. This is not applicable to laboratories that have experience,
i.e.that have an historical data base available as defined in paragraphs 49 to 52.

48.A selection of positive control chemicals (see Table 1) shbel investigated with short
and long treatments in the absence of metabolic activation, and also with short treatment in
the presence of metabolic activation, in order to demonstrate proficiency to detect
clastogenic and aneugenic chemicals, determine etffiectiveness of the metabolic
activation system and demonstrate the appropriateness of the scoring procedures
(microscopic visual analysis, flow cytometry, laser scanning cytometry or image analysis).
A range of concentrations of the selected chemichlsulsl be chosen so as to give
reproducible and concentratigalated increases above the background in order to
demonstrate the sensitivity and dynamic range of the test system.

Historical control data
49.The laboratory should establish:

- A historicalpositive control range and distribution,
- A historical negative (untreated, solvent) control range and distribution.

50.When first acquiring data for an historical negative control distribution, concurrent
negative controls should be consistent with publishedative control data where they
exist. As more experimental data are added to the control distribution, concurrent negative
controls should ideally be within the 95% control limits of tdetribution 87) (88). The
| aboratoryds hi sltdaabase shbuldmngialyabe buitevithca mmimuom
of 10 experiments but would preferably consist of at least 20 experiments conducted under
comparable experimental conditions. Laboratories should use quality control methods,
such as control charte.g C-charts or Xbar charts (8)), to identify how variable their
positive and negative control data are, and to show that the methodology is 'under control'
in their laboratory §3). Further recommendations on how to build and use the historical
data {.e. criteria for inclusion and exclusion of data in historical data and the acceptability
criteria for a given experiment) can be found in the literat@v (
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51.Any changes to the experimental protocol should be considered in terms of the consistency
of the at a with t he | aboratoryos e Any snajor n g h
inconsistencies should result in the establishment of a new historical control database.

52.Negative control data should consist of the incidence of micronucleated cells from a single
culture or the sum of replicate cultures as described in paragBaglocurrent negative
controls should ideally be within the 95% control limits of the distribution of the
| aboratoryds histor i c(87) (88h ¥/bemet conclerentcnegative o |
control data fall outside the 95% control ligyithey may be acceptable for inclusion in the
historical control distribution as long as these data are not extreme outliers and there is
evidence that the test systés u n d e rr od dn ( s &@ angd thareaigevidepch of
absence ofechnical or human failure.

DATA AND REPORTING

Presentation of the results

53.If the cytokinesisblock technique is used, only the frequencies of binucleate cells with
micronuclei (independent of énnumber of micronuclei per cell) are used in the evaluation
of micronucleus induction. The scoring of the numbers of cells with one, two, or more
micronuclei can be reported separately and could provide useful information, but is not
mandatory.

54.Concurreh measures of cytotoxicity and/or cytostasis for all treated, negative and positive
control cultures should be determined (16). The CBPI or the RI should be calculated for all
treated and control cultures as measurements of cell cycle delay when thenesiwoki
block method is usedn the absence of cytoB, the RPD or the RICC should be used (see
Appendix2).

55.Individual culture data should be provided. Additionally, all data should be summarised in
tabular form.

Acceptability Criteria
56.Acceptance of a tesd based on the following criteria:

- The concurrent negative control is considered acceptable for addition to the laboratory
historical negative control database as described in parag@aph
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- Concurrent positive controls (see paragraphshould induce rgmnses that are
compatible with those generated inthe b o r distaricalypdstive control data base
and produce a statistically significant increase compared with the concurrent negative
control.

- Cell proliferation criteria in the solvent control st be fulfilled (paragraph%27).

- All experimental conditions were tested unless one resulted in positive results
(paragraphs &40).

- Adequate number of cells and concentratiaresanalysable (paragraph8 and 41-46).
- The criteria for the selection tdp concentration are consistent with those described in
paragraphs£31.

Evaluation and interpretation of results

57.Providing that all acceptability criteria are fulfilled, a test chemical is considered to be
clearly positive if, in any of the experimahiconditions examined (see paragrapé-39):

- atleast one of the test concentrations exhibits a statistically significant increase
compared with the concurrent negative cont88) (

- theincrease is dogelated in at least one experimental conditionmwéealuated with
an appropriate trend test (see paragrag)h 2

- anyof the results are outside the distribution of the historical negative controkedata (
Poissorbased 95% control linst see paragraph2h

When all of these criteria are met, the tebemical is then considered able to induce
chromosome breaks and/or gain or loss in this test sy®@esommendations for the most
appropriate statistical methods can also be found in the liter&0y€3(Q) (92).

58.Providing that all acceptability criteriare fulfilled, a test chemical is considered clearly
negative if, in all experimental conditions examined (see paragr&psd)3

- none of the test concentrations exhibits a statistically significant increase compared
with the concurrent negative control,

- there is no concentratienelated increase when evaluated with an appropriate trend
test
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- all results are inside the distribution of the historical negative control elgta (
Poissorbased 95% control linsf see paragraph2h

The test chemical is theronsidered unable to induce chromosome breaks and/or gain or
loss in this test system. Recommendations for the most appropriate statistical methods can
also be found in the literatur8@) (91) (92).

59.There is no requirement for verification of a clearipes or negative response.

60.In case the response is neither clearly negative or clearly positive as described above
and/or in order to assist in establishing the biological relevance of a, tbguttata should
be evaluated by expert judgement and/orhartinvestigationsScoring additional cells
(where appropriate) or performing a repeat experiment possibly using modified
experimental conditionse(g.concentration spacing, other metabolic activation conditions
[i.e. S9 concentration or S9 origin]) caube useful.

61.In rare cases, even after further investigations, the data set will not allow a conclusion of
positive or negative, and will therefore be concluded as equivocal.

62.Test chemicalghat induce micronuclei in the MNvit test may do so because tidhyce
chromosome breakage, chromosome loss, or a combination of the two. Further analysis
using antikinetochore antibodies, centromere specificsitu probes, or other methods
may be used to determine whether the mechanism of micronucleus inductioa te du
clastogenic and/or aneugenic activity.

Test Report
63.The test report should include the following information:

Test chemical:
- source, lot number, limit date for use, if available;

- stability of the test chemical itself, if knoywn
- reactivity of the testhemicalswith the solvent/vehicle or cell culture media
- solubility and stability of the test chemical in solvent, if known;

- measurement of pH, osmolality, and precipitate in the culture mediwhichthetest
chemical was added, as appropriate.
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Mono-constituent substance:

- physical appearance, water solubility, and additional relevant physicochemical
properties;

- chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChl
code, structural formula, purity, chemical identity of impurities as appropriate and
practically feasible, etc.

Multi-constituent substance, @MBs and mixtures

- characteriseds far as possible by chemical identity (see above), quantitative
occurrence and relevant physicochemical properties of the constituents.

Solvent:

- justification for choice of solvent;

- percentage of solvent in the final culture medium

Cells:

- type and soure of cells used;

- suitability of the cell type used;

- absence of mycoplasmia,case of cell lines

- for cell lines, information on cell cycle length or proliferation index;

- where lymphocytes are used, sex of blood donors, age and any relevant information o
the donor, whole blood or separated lymphocytes, mitogen used,;

- normal (negative control) cell cycle time;
- number of passages, if availalfiey, cell lines
- methods fothe maintenance of cell culturefgyr cell lines

- modal number of chromosomédsr cel lines

Test Conditions:

- identity ofthe cytokinesis blocking substanoce.g.cytoB), if used, and its
concentration and duration of cell exposure;
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concentration othetest chemical expressedafinal concentrationn the culture
medium €.g.1ug or mg/mL, or mM of culture medium)

rationale fortheselection of concentrations atie number of cultures, including
cytotoxicity data and solubilitymitations,

composition of media, C{roncentration, if applicable, humidity level;

concentratiorfand/or volume) othe solvent and test chemical addadhe culture
medium

incubation temperature and time;
duration of treatment;

harvest time after treatment;

cell density at seeding, if applicable;

type and composition of metabolic activation syst@ource of S9, method of
preparation of the S9 miiye concentration or volume of S9 mix and S9 in the final
culture mediumquality controls of S9¢.g.enzymatic activity, sterility, metabolic
capabiity);

positive and negative control chemicals, final concentrations, conditiorduagiibns
of treatment and recovery periods;

methods of slide preparation atie staining technique used;

criteria for scoring micronucleate cells (selection of analysaddle and identification
of micronucleus);

numbers of cells analysed;

methods for the measurements of cytotoxicity;

any supplementary information relevant to cytotoxicity and method used,;
criteria for considering studies as positive, negative, or equivoca

method(s) of statistical analysis used;
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methods, such as useaftikinetochore antibodgr parcentromeric specific probes,
to characterise whether micronuclei contain whole or fragmented chromosomes, if
applicable;

methods used to determine pH, osatity and precipitation

Results:

definition of acceptable cells for analysis

in the absence of cyto Bhe number of cells treated and the number of cells harvested
for each culturén case of cell lines

measurement of cytotoxicity useslg.CBPI or Rl in the case of cytokinediock
method; RICC or RPD when cytokinesikbck methods are not used; other
observations if ange.g.cell confluency, apoptosis, necrosis, metaphase counting,
frequency of binucleated celjs)

signs of precipitatiomnd time of the determination;
data on pH and osmolality of the treatment medium, if determined;

distribution of mone, bi-, and multinucleate cells if a cytokinesis block method is
used;

number of cells with micronuclei given separately for each treatddtontrol culture,
and defining whether from binucleate or mononucleate cells, where appropriate;

concentratiorresponse relationship, where possible;
concurrent negative (solvent) and positive control data (concentrations and solvents);

historical negave (solvent) and positive control data, with ranges, means and standard
deviation and 95%ontrol limits for the distribution, as well as the number of data;

statistical analysis;-palues if any

Discussion of the results.

Conclusions.

187



LITERATURE

(1) OECD, Draft Introduction to the OECD guidelines on genetic toxicology
testing and guidance on the selection and application of assays. Under
preparation.

(2) Kirsch-Volders, M. (1997) Towards a vatlation of the micronucleus test.
Mutation Researchvol. 392/1-2, pp. 14.

(3) Parry, J.M., A. Sors (1993The detection and assessment of the aneugenic
potential of environmental chemicals: the Eump&ommunity aneuploidy
project.Mutation Researchvol. 287/1, pp. 3L5.

(4) Fenech, M., A.A. Morley (1985)Solutions to the iketic poblem in the
micronucleus assagytobios,Vol. 43/172173, pp. 233246.

(5) Kirsch-Volders, M. et al (2000). Report from theln Vitro Micronucleus
Assay Working GroupEnvironmental and Molecular Mutagenegsigol.
35/3, pp. 167172.

(6) Fenech, M. (2001 Cytokinesisblock micronucleus cytome assayature
Protocols,Vol. 2/5, pp. 10841104.

(7) Fenech, M., A.A. Morley (1986)Cytokinesisblock micronucleus method in
human lymphocytes: effect ah-vivo ageing and low dose Xradiation.
Mutation Researchyol. 161/2, pp. 193198.

(8) Eagmond, D.A., J.D. Tucker (1989)dentification of aneuploidynducing
agents using cytokinesidocked human lymphocytemnd an antikinetochore
antibody.Environmental and Molecular Mutagenesi&l. 13/1, pp. 343.

(9) Eastmondg D.A., D. Pinkel (1990)Detection of aneuploidy and aneuploidy
inducing agents in human lymphocytes using fluorescemtesitu
hybridisation with chromosomespecific DNA probe.Mutation Research,
Vol. 234/5, pp. R0.

(10)Miller, B.M. et al (1991). Classifcation of micronuclei in murine
erythrocytes: immunofluorescent staining using CREST antibodies compared

188



to in situ hybridization with lotinylated gamma satellite DNAJutagenesis,
Vol. 6/4, pp. 297302.

(11)Farooqi, Z., F. @rroudi, A. T. Natarajan (1993)he use of fluorescenae-
situ hybridisation for the detection of aneugens in cytokinbkisked mouse
splenocytesMutagenesisyol. 8/4, pp. 329834.

(12)Migliore, L. et al (1993). Cytogenetic damage induced in human
lymphocytes by four vanadium compowsndnd micronucleus analysis by
fluorescencein situ hybridization with a centromeric probeMutation
Researchyol. 319/3, pp. 20213.

(13)Norppa, H, L. Renzi, C. Lindholm (1993Petection of whole chromosomes
in micronuclei of cytokinesiblocked human lymphocytes by antikinetochore
staining andn situ hybridization Mutagenesisyol. 8/6, pp. 519625.

(14)Eastmond, D.A, D.S. Rupa, L.S. Hasegawa (1994petection of
hyperdiploidy and chromosome breakage in interphase human lymphocytes
following exposure to thbenzene metabolite hydroquinone using multicolor
fluorescencen situ hybridization withDNA probes.Mutation Researchyol.

322/1, pp. X0.

(15)Marshall, R.R.et al (1996).Fluorescencén situ hybridisation (FISH) with
chromosomespecific centromeric probes: a seivat method to detect
aneuploidyMutation Researchyol. 372/2, pp. 23245.

(16) Zijno, P. et al (1996).Analysis of chromosome segregation by means of
fluorescencean situ hybridizaton: application to cytokiesisblocked human
lymphocytesMutation Researchyol. 372/2, 211219.

(17)Kirsch-Volders et al (2003).Report from then vitro micronucleus assay
working group Mutation Researchvol. 540/2, pp. 153.63.

(18) Chapter B.10 of this Anmxe In Vitro Mammalian Chromosome Aberration
Test.

(19)Lorge, E.et al (2006).SFTG International collaborative Study onvitro
micronucleus test. General conditions andverall conclusions of the study.
Mutation Researchyol. 607/1, pp. 1336.

189



(20)Clare, Get al (2006).SFTG International collaborative study on thevitro
micronucleus tst. 1l. Using human lymphocytes4utation Researchyol.
607/1, pp. 3760.

(21) Aardema, M.Jet al (2006).SFTG International collaborative study on the
in vitro micronudeus test, Ill. Using CHO cellaviutation Researchyol.
607/1, pp. 6487.

(22) Wakata, A.et al (2006).SFTG International collaborative study on tne
vitro micronucleus test, IV. Using CHO/IU cellsMutation Researchyol.
607/1, pp. 88L24.

(23)Oliver, J. et al (2006) SFTG International collaborative study on thevitro
micronucleus test, V. Using L5178Y cellglutation Researchyol. 607/1,
pp. 125152.

(24) Albertini, S.et al (1997) Detailed data omn vitro MNT andin vitro CA:
industrial experiere Mutation Researchvol. 392/1-2, pp. 187208.

(25)Miller, B. et al (1997) Comparative evaluation of the vitro micronucleus
test and thein vitro chromosome aberration test: industrial experience
Mutation Researchol. 392/1-2, pp. 4559.

(26) Miller, B. et al (1998) Evaluation of then vitro micronucleus test as an
alternative to thén vitro chromosomal aberration assay: position of the GUM
Working Group on then vitro micronucleus test. Gesellschaft fur Umwelt
MutationsforschungMutation Researchyol. 410, pp. 81116.

(27)Kalweit, S.et al (1999) Chemically induced micronucleus formation in
V79 cellsi comparison of three different test approachMistation Research,
Vol. 439/2, pp. 183.90.

(28)Kersten, Bet al (1999) The application of the microwcieus test in Chinese
hamster V79 cells to detect drmgduced photogenotoxicityMutation
ResearchYyol. 445/1, pp. 5571.

(29)von der Hude, Wet al (2000) In vitro micronucleus assay with Chinese

hamster V79 cellsresults of a collaborative study with situexposure to 26
chemical substanceislutation Resarch, Vol. 468/2, pp. 13¥63.

190



(30) Garriott, M.L., J.B. Phelps, W.P. Hoffman (2002)protocol for thein vitro
micronucleus test, I. Contributions to the development of a protocol suitable
for regulatoy submissions from an examination of 16 chemicals with
different mechanisms of action and different levels of activiljutation
Researchyol. 517/12 , pp. 123134.

(31) Matsushima, Tet al (1999) Validation study of then vitro micronucleus
test in a Chmese hamster lung cell line (CHL/IWWlutagenesisyol. 14/6, pp.
569-580.

(32)Elhajouji, A., E. Lorge (2006) Special Issue: SFTG International
collaborative study orn vitro micronucleus testMutation Researchyol.
607/1, pp. 1152.

(33)Kirkland, D. (2010) Evaluation of different cytotoxic and cytostatic
measures for then vitromicronucleus test (MNVit): Introduction to the
collaborative trialMutation Resarch, Vol. 702/2, pp. 13947.

(34)Hashimoto K. et al (2011) Comparison of four different treatment
conditions of extended exposure in ihevitro micronucleus assay using TK6
lymphoblastoid cellsRegulatory Toxicology and Pharmaogl, Vol. 59/1,
pp. 2836.

(35)Honma, M., M. Hayashi (2011 omparison ofin vitro micronucleus and
gene mutation assay resufts p53competent versus p&feficient human
lymphoblastoid cellsEnvironmental and Molecular Mutagenesifol. 52/5,
pp. 373384.

(36)Zhang, L.S. et al (1995 A comparative study of TK6 human
lymphoblastoid and L5178Y mouse lymphoma cell lines in ithevitro
micronucleus tesMutation Research Letterspl. 347/34, pp. 105115.

(37)ECVAM (2006) Statement by the European Centre for the Validation of
Alternative Methods (ECVAM) Scientific Advisory Committee (ESAC) on
the scientific validity of then vitro micronucleus test as an alternative to the
in vitro chromosome aberration assay for genotoxicity testit§AC 2%
meeting, 1617 November 2006, Available dtttp://ecvam.jrc.it/index.htm

(38)ESAC (2006) ECVAM Scientific Advisory Committee (ESAC) Peer
Review, Retrospective Validation of ther Vitro Micronucleus Test,

191


http://ecvam.jrc.it/index.htm

Summary and Conclusions of the Peer Review PaAeghilable at:
http://ecvam.jrc.it/index.htm

(39)Corvi, R. et al. (2008) ECVAM Retrospective Validation ofn vitro
Micronucleus Test (MNT)Mutagenesisyol 23/4, pp. 271283.

(40)ILSI paper (draf)L or g e, E. , M. M. Moor e, J. Clem
Honma, A. Kohara, J. van Benthem, S. Galloway, M.J. Armstrong, A. Sutter,
V. Thybaud, B. Gollapudi, M. Aardema, YoungTannir. Standardized Cell
Sources and Recommendations for Good Cell Culture Pesctin
Genotoxicity TestingMutation Research.

(41)Scott, D.et al (1991) International Commission for Protection Against
Environmental Mutagens and Carcinogens, Genotoxicity under extreme
culture conditions. A report from ICPEMC Task Group Mutation
Resarch, Vol. 257/2, pp. 147205.

(42)Morita, T. et al (1992) Clastogenicity of low pH to various cultured
mammalian cellsMutation Researchol. 268/2, pp. 29805.

(43)Brusick, D. (1986)Genotoxic effects in cultured mammalian cells produced
by low pH treatmet conditions and increased ion concentrations
Environmental Mutagenesi¥ol. 8/6, pp. 789886.

(44)Long, L.H. et al (2007) Different cytotoxic and clastogenic effects of
epigallocatechin gallate in various eelllture media due to variable rates of
its axidation in the culture mediunMutation ResearchYol. 634/12, pp.
177-183.

(45)Nesslany, F.et al (2008) Characterization of the Genotoxicity of
Nitrilotriacetic Acid. Environmental and Molecular MutatignVol. 49, pp.
439-452.

(46)Fenech, M., A.A. Morley (285) Measurement of micronuclei in
lymphocytesMutation Researchyol. 147/1-2, pp. 2936.

(47)Fenech, M. (1997)The advantages and disadvantages of cytokiidsod
micronucleus methodvutation Researchyol. 392, pp. 1118.

192


http://ecvam.jrc.it/index.htm

(48)Payne, C.M.et al (2010) Hydrophobic bile acidnduced micronuclei
formation, mitotic perturbations, and decreases in spindle checkpoint
proteins: relevance to genomic instability in colon carcinogenisigition
and CancerVol. 62/6, pp. 828840.

(49)Bazin, E. et al (2010) Gendoxicity of a Freshwater
Cyanotoxin,Cylindrospermopsin, in Two Human Cell Lines: Cacand
HepaRG Environmental and Molecular Mutagenesi®l. 51/3, pp. 25259.

(50)Le Hegarat, L.et al (2010) Assessment of the genotoxic potential of
indirect chemical miagens in HepaRG cellsby the comet and the cytokinesis
block micronucleus assaydutagenesisVol. 25/6, pp. 55%60.

(51)Josse, Ret al (2012) An adaptation of the human HepaRG cells toithe
vitro micronucleus assaijutagenesisVol. 27/3, pp. 295804.

(52)Ehrlich, V. et al (2002) Fumonisin B is genotoxic in human derived
hepatoma (HepG2) cellsutagenesisyol. 17/3, pp. 257260.

(53)Knasmiller, Set al (2004) Use of humarderived liver cell lines for the
detection of environmental and dietary genotoxicants; current state of
knowledge Toxicology,Vol. 198/1-3, pp. 315328.

(54)Gibson, D.P.et al (1997) Induction of micronuclei in Syrian hamster
embryo cells: comarison to results in the SHE cell transformation assay for
National Toxicology Program test chemicalfutation Researchyol. 392/1-

2, pp. 6170.

(55)Bonassi, S.et al (2001) HUman MicroNucleus Project: international
database comparison for results with the cytokiAelsisk micronucleus
assay in human lymphocytes, |. Effect of laboratory protocol, scoring criteria
and host factors on the frequency of micronucEnvironmenth and
Molecular Mutagenesid/ol. 37/1, pp. 3145.

(56)Maron, D.M., B.N. Ames (1983)Revised methods for the Salmonella
mutagenicity testMutation Researchyol. 113/34, pp. 173215.

(57)Ong, T-m. et al (1980) Differential effects of cytochrome P450duces
on promutagen activation capabilities and enzymatic activitiesQofr&m rat

193



liver. Journal of Environmental Pathology and Toxicoloyy|. 4/1, pp. 55
65.

(58) Elliott, B.M. et al (1992) Alternatives to Aroclor 1254nhduced S9 inn-
vitro genotoxicity asays Mutagenesisyol. 7, pp. 175177.

(59)Matsushima, T.et al (1976) A A s af e substitute for
Bi phenyl s as an l nducer o fin InVMittoa b o | i ¢
Metabolic Activation in Mutagenesis Testinge Serres, F.Jet al. (eds),

Elsevier, NorthHolland, pp. 8588.

(60)Johnson, T.E., D. R. Umbenhauer, S.M. Galloway (1996nan liver S9
metabolic activation: proficiency in cytogenetic assays and comparison with
phenobarbital/betaaphthoflavone or Aroclor 1254 induced rat-9.S
Environmental and Molecular Mutagenesi&l. 28, pp. 5159.

(61)UNEP (2001) Stockholm Convention on Persistent Organic Pollutants,
United Nations Environment Programme (UNEP). Available at:
http://www.pops.int/

(62) Tucker, J.D., M.. Christensen (1987Effects of anticoagulants upon sister
chromatid exchanges, ce&ljcle kinetics, and mitotic index in human
peripheral lymphocyteMutation Researchvol.190/3, pp. 2248.

(63)Krahn, D.F., F.C. Barsky, K.T. McCooey (1983 CHO/ HGP Rtibn Mu t
Assay: Evaluation of Gases and Vol atil
Airborne AgentsTice, R.R., D.L. Costa, K.MSchaich (eds.), Plenum, New
York, pp. 91103.

(64) Zamora, P.Oet al (1983) Evaluation of an exposure system using cells
grown on cdlagen gels for detecting highly volatile mutagens in the
CHO/HGPRT mutation assanvironmental Mutagenesi¥ol. 5/6, pp. 795
801.

(65) Asakura, M.et al (2008) An improved system for exposure of cultured

mammalian cells to gaseous compounds in the chromalsaberration assay
Mutation Researchvol. 652/2, pp. 122.30.

194


http://www.pops.int/

(66) Fenech, M. (1993) The cytokinesislock micronucleus technique: a
detailed description of the method and its application to genotoxicity studies
in human populationdutation Researchyol. 285/1, pp. 3544.

(67)Phelps, J.B., M.L. Garriott, W.P. Hoffman (2002)protocol for thein vitro
micronucleus test. Il. Contributions to the validation of a protocol suitable for
regulatory submissions from an examination of 10 chemicals with different
mechanisms of action and different levels of activiijutation Research,
Vol. 521/1-2, pp. 103112.

(68)Kirsch-Volders, M.et al (2004) Corrigendum to "Report from thia vitro
micronucleus assay working grouplutation Researctg64, 97100.

(69)Lorge, E.et al. (2008) Comparison of different methods for an accurate
assessment of cytotoxicity in the vitro micronucleus test. I. Theoretical
aspectsMutation Researchyol. 655/1-2, pp. 3.

(70)Surralles, J.et al (1995) Induction of micronuclei by five pyretbid
insecticides in wholdlood and isolated human Ilymphocyte cultures
Mutation Researchyol. 341/3, pp. 169.84.

(71)Honma, M. (2011).Cytotoxicity measurement inn vitro chromosome
aberration tesand micronucleus teskutation ResearchVol. 724, pp. 8-
87.

(72) Pfuhler, S.et al (2011).In vitro genotoxicity test approaches with better
predictivity: Summary of an IWGT workshopMutation ResearchVol.
723/2, pp. 104107.

(73)OECD (2014) Document supporting the WNT decision to implement
revised criteria for the selection of the top concentration inirhgitro
mammalian cell assays on genotoxicity (Test Guidelines 473, 476 and 487)
ENV/IM/TG(2014)17 Available upon request.

(74)Morita T., M. Honma, K. Morikawa (2012)Effect of reducing the top
concentration used in the vitro chromosomal aberration test in CHL cells
on the evaluation of industriadhemical genotadgity. Mutation Research
Vol. 741, pp. 3256.

195


http://www2.oecd.org/oecdinfo/info.aspx?app=OLIScoteEN&Ref=ENV/JM/TG(2014)17

(75)Brookmire L., J.J. Chen, D.D. Levy (2013Evaluation of the Highest
Concentrations Used in then vitro Chromosome Aberrations Assay.
Environmental and Molecular Mutagengsi®l. 54/1, pp. 3643.

(76) EPA, Office of Chemical Safetgnd Pollution Prevention (2011¢hemical
Substances of Unknown or Variable Composition, Complex Reaction
Products and Biolagal Materials: UVvCB Substances.
http://www.epa.gov/opptintr/newchems/pubs/uvch.txt

(77)Sobol, Z et al (2012). Development and validation of am vitro
micronucleus assay platform in TK@lls. Mutation Researchvol.746/1, pp.
29-34.

(78)Hayashi, M., T. Sofuni, M. Jishidate (1983)An Application of Acridine
Orange Fluorscent Staining to the Micronucleugst. Mutation Research,
Vol. 120/4, pp. 241247.

(79)MacGregor, J. T.C.M. Wehr, R.G. Langlois (19837 Simple Fluorescent
Staining Procedure for Micronuclei and RNA in ErythrocytesndHoechst
33258 and Pyronin YMutation Researchyol. 120/4, pp. 26275.

(80)Bryce, S.M. et al (2011). Miniaturized flow cytometrybased CHEK1
micronucleus assay discriminates aneuganit clastogenic modes of action.
Environmental and Molecular Mutagenesil. 52/4, pp280 286.

(81) Nicolette, Jet al (2011).in vitro micronucleus screening of pharmaceutical
candidates by flow cytometry in Chinese hamté® cells. Environmental
and Molecular Mutagenesi¥ol. 52/5, pp.355 362.

(82)Shi, J., R. Bezabhie, ASzkudlinska (2010)Furtherevaluation of a flow
cytometricin vitro micronucleus assay in CHRL cells: a reliable platform
that detects micronuclei andiscriminates apoptotic bodiedlutagenesis
Vol. 25/1, pp.33-40.

(83) OECD (2014) Statistical analysis supporting the revisionte genotoxicity

Test GuidelinesOECD Environment, Health and Safety Publications (EHS),
Series on testing and assessment, N0.198, OECD Publishing, Paris.

196


http://www.epa.gov/opptintr/newchems/pubs/uvcb.txt
http://www.ncbi.nlm.nih.gov/pubmed?term=Sobol%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22445949
http://www.ncbi.nlm.nih.gov/pubmed/22445949

(84) Fenech, Met al (2003).HUMN project: detailed description of the scoring
criteria for the cytokinesiblock micronucleus assay using isolatesiman
lymphocyte culturedMutation Researchyol. 534/1-2, pp.65-75.

(85) Elhajouji, A, M. Cunha,M. Kirsch-Volders (1998). Spindle poisons can
induce polyploidy by mitotic slippage and micronucleate mononucleates
the cytokinesisblock assayMutagenesisVol. 13/2, pp.193-8.

(86) Kirsch-Volders,M. et al. (2011).Thein vitro MN assay in 2011: origin and
fate, biological significance, protocols, high throughput methodolognes
toxicological relevanceéArchives of Toxicologyol. 85/8, pp.873-99.

(87)Hayashi, M.et al (2010).Compilation and use of genetic toxicity historical
control Data Mutation Research/Genetic Toxicology afghvironmental
MutagenesisVol.723/2, pp. 870.

(88)Ryan, T. P. (2000)Statistical Methods for Quality Improvemerznd ed.,
JohnWiley and Sons, New York

(89)Hoffman, W.P.M.L. Garriott, C. Leg2003).finvitromi cr onucl eus
Encyclopedia of Biopharmaceutical Statistizad edChow, S.(ed.), Marcel
Dekker, Inc. New Yorkpp. 463-467.

(90)Fleiss, J. L.B. Levin, M.C. Paik(2003). Statistical Methodgor Rates and
Proportions, 3rd edlohn Wiley & SonsNew York

(91) Galloway, S.M.et al (1987).Chromosome aberration and sister chromatid
exchanges in Chinese hamster ovaryscdtvaluation of 108 chemicals.
Environmental and Molecular Mutagenesil. 10/suppl. 10, pp.-175.

(92)Richardson, Cet al (1989). Analysis of Data fromin vitro Cytogenetic
Assays.in Statistical Evaluation of Mutagenicity Test Datéirkland, D.J.
(ed), Gambridge University Press, Cambridge, pp.-184.

(93) International Conference on Harmonisation (ICH) Guidance S2 (R1) on
Genotoxicity Testing and Data Interpretatibtor Pharmaceuticals Intended
For Human Use.

197

t

€es


http://www.ncbi.nlm.nih.gov/pubmed?term=Elhajouji%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9568594
http://www.ncbi.nlm.nih.gov/pubmed?term=Cunha%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9568594
http://www.ncbi.nlm.nih.gov/pubmed?term=Kirsch-Volders%20M%5BAuthor%5D&cauthor=true&cauthor_uid=9568594
http://www.ncbi.nlm.nih.gov/pubmed/9568594
http://www.ncbi.nlm.nih.gov/pubmed?term=Kirsch-Volders%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21537955
http://www.ncbi.nlm.nih.gov/pubmed/21537955

Appendix 1

DEFINITIONS

Aneugen: any chemical oprocess that, by interacting with the components of the mitotic
and meiotic cell division cycle apparatus, leads to aneuploidy in cells or organisms.

Aneuploidy: any deviation from the normal diploid (or haploid) number of chromosomes by
a single chromasme or more than one, but not by entire set(s) of chromosomes (polyploidy).

Apoptosis: programmed cell death characsed by a series of steps leading to the
disintegration of cells into membrateund particles that are then eliminated by
phagocytosis or by shedding.

Cell proliferation: the increase in cell number as a result of mitotic cell division.

Centromere: the DNA region of a chromosome where both chromatids are held together and
on which both kinetochores are attached-$tdgide.

Chemical: a substance or a mixture.
Concentrations: refers to final concentrations of the test chemical in the culture medium.

Clastgen: any chemical oevent which causes structural chromosomal aberrations in
populations of cells or eukaryotic organisms.

Cytokinesis: the process of cell division immediately following mitosis to form two daughter
cells, each containing a single nucleus

Cytokinesis-Block Proliferation index (CBPI): the proportion of seconrdivision cells in
the treated population relative to the untreated control (see Appendix 2 for formula).

Cytostasis:inhibition of cell growth (see Appendix 2 for formula).

Cytotoxicity: For the assays covered in this test method performed in the presence of
cytochalasin B, cytotoxicity is identified as a reduction in cytokinBkisk proliferation

index (CBPI) or Replication Index (RI) of theeatedcells as compared to the negativ
control (see paragraph 26 and Appendix 2)

For the assays covered in this test method performed in the absence of cytochalasin B,
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cytotoxicity is identified as a reduction in relative population doubling (RPD) or relative
increase in cell count (RICC) of theeatedcells as compared to the negatigontrol (see
paragraph 27 and Appendix 2).

Genotoxic: a general term encompassing all types of DNA or chromosome damage,
including breaksgeletions adductsnucleotides modifications and linkagesarrangements,
gene mutations, chromosome aberratiamsl aneuploidy. Not all types of genotoxic effects
result in mutations or stable chromosome damage.

Interphase cells:cells not in the mitotic stage.

Kinetochore: a proteincontaining structure that assembles at the centromere of a
chromosome to which spindle fibres associate during cell division, allowing orderly
movement of daughter chromosomes to the poles of the daughter cells.

Micronuclei: small nuclei, sepata from and additional to the main nuclei of cells, produced
during telophase of mitosis or meiosis by lagging chromosome fragments or whole
chromosomes.

Mitosis: division of the cell nucleus usually divided into prophase, prometaphase, metaphase,
anaphasand telophase.

Mitotic index: the ratio of cells in metaphase divided by the total number of cells observed
in a population of cells; an indication of the degree of cell proliferation of that population.

Mutagenic: produces a heritable change of DNA bas& sequences(s) in genes or of the
structure of chromosomes (chromosome aberrations).

Non-disjunction: failure of paired chromatids to disjoin and properly segregate to the
developing daughter cells, resulting in daughter cells with abnormal numbers of
chromosomes.

p53 status:p53 protein is involved in cell cycle regulation, apoptosis and DNA repair. Cells
deficient in functional p53 protein, unable to arrest cell cycle or to eliminate damaged cells
via apoptosis or other mechanisms (e.g. inductionADepair) related to p53 functions in
response to DNA damage, should be theoretically more prone to gene mutations or
chromosomal aberrations.

Polyploidy: numerical chromosome aberrations in cells or organisms involving entire set(s)
of chromosomes, as ppsed to an individual chromosome or chromosomes (aneuploidy).
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Proliferation Index (PI): method for cytotoxicity measurement when cytoB is not used (see
Appendix 2 for formula).

Relative Increase in Cell Count (RICC):method for cytotoxicity measurement &rhcytoB
is not used (see Appendix 2 for formula).

Relative Population Doubling (RPD):method for cytotoxicity measurement when cytoB is
not used (see Appendix 2 for formula).

Replication Index (RI): the proportion of cell division cycles completed ineated culture,
relative to the untreated control, during the exposure period and recovery (see Appendix 2 for
formula).

S9 liver fraction: supernatant of liver homogenate after 9000g centrifugatiermaw liver
extract.

S9 mix: mix of the S9 liver fratton and cofactors necessary for metabolic enzyme activity.

Solvent control: General term to define the control cultures receiving the solvent alone used
to dissolve the test chemical.

Test chemical:Any substane or mixture tested using this tesgtimod.

Untreated control: cultures that receive no treatmené.(no test chemical nor solvent) but
are processed concurrently in the same way as the autegeiving the test chemical.
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Appendix 2

FORMULAS FOR CYTOTOX ICITY ASSESSMENT

1.When cytoB is usedevaluation of cytotoxicity should be based on @okinesis-Block
Proliferation Index (CBPI) or Replication Index (RI) (17) (69). The CBPI indicates the
average number of nuclei per cell, and may be used to calculate cell proliferation. The RI
indicates the relative number of cell cycles per cell during the period of exposure to cytoB
in treated cultures compared to control cultures and can be used to calculate the %
cytostasis:

% Cytostasis = 10000{(CBPk - 1) + (CBPL-1)}
And:
T = testchemical treatment culture
C = control culture
Where:

L@ TTT 1T ORNAAA®A. TAET OAARIAIOA . 1d O OET @Al ARADOA

#10) 27 GAAT AABAT T O

Thus, a CBPI of 1 (all cells are mononucleate) is equivalent to 100% cytostasis.

Cytostasis = 10-RI

L\ _ BAEIO
) TTTRET B

ARIAIGAD id 61 OET @Al ARRAGAIADT AIADAT 1 O
. I8 J5)

AA
AA RIAIOB. . 1d O1 OET BAI ADOAAT AIADAT 1 BT
T= treated cultures

C= control cultures

2.Thus, an Rl of 53% means that, compared to the nundferslls that have divided to form
binucleate and multinucleate cells in the control culture, only 53% of this number divided
in the treated culture,e. 47% cytostasis.
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3. When cytoB is _not usedevaluation of cytotoxicity based dRelative Increase in Cd
Counts (RICC) or on Relative Population Doubling (RPD)is recommended6g), as
both take into account the proportion of the cell population which has divided.

) T ACRRORAADAEDOA MDA O EERBDOAOOET ¢

NEMA ST RCBRORAREBERG T GO I0EEABDACOLC
nETe - pn
where:

Population Doubling = [log (Posttreatment cell number + Initiaiell number)] + log 2

4.Thus, a RICCor a RPD of 53% indicates 47% cytotoxicity/cytostasis.

5.By using aProliferation Index (Pl), cytotoxicity may be assessed via counting the number

of clones consisting of 1 cell (cl1), 2 cells (cl2), 3 to 4 cells (al] 5 to 8 cells (cl8)

p Alpc¢ Al¢gco Altt Alvy

0) AT AT AT AT U

6.The Pl has been used as a valuable and reliable cytotoxicity parameter also for cell lines

culturedin vitro in the absence of cytoB3%) (36) (37) (38) and can be seen as a useful
addiional parameter.

In any case, the number of cells before treatment should be the same for treated and negative

control cultures.

While RCC {.e. Number of cells in treated cultures/ Number of cells in control cultinas)
beenused as cytotoxicity paranegtin the past, is ntbongerrecommended becausec#n
underestimate cytotoxicity.

When using automated scoring systems, for instance, flow cytometry, laser scanning
cytometry or image analysis, the number of cells in the formula can be substituted by the
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number of nuclei
In the negative control cultures, population doubliog replication indexshould be

compatible with theequirement to sample cells after treatment at a time equivalent to about
15 | 2.0 normal cell cyclé.
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(15) In Part B, the followingChapters are added:
"B.591n ChemicoSkin Sensitisation: Direct Peptide Reactivity Assay (DPRA)

INTRODUCTION

1.This test method (TM) is equivalent to the OECD test guideline (TG) 442C (2015). A skin
sensitier refers to a subgtae that will lead to an allergic response following skin contact
as déined by the United Nationslobally Harmonized Systerof Classification and
Labelling of Chemicals YN GHS) (1) and the European Union (EU) Regulation
1272/2008 on Classification, Lalting and Packaging of Substances and Mixtures (ELP)
This test method provides anin chemicoprocedure (Direct Peptide Reactivity Assay
DPRA) to be used forsupporting the discrimination between skin sensitisers and non
sensitisersn accordance with the UN GHshd CLP

2.There is general agreement regarding the key biological events underlying skin
sensitisation. The existing knowledge of the chemical and biological mechanisms
associated with skin sensitisation has been summarisethe form of an Adverse
Outcome Pathway (AOP) (2), from the molecular initiating event through the intermediate
events to the adverse effect namely allergic contact dermatitis in huaranentact
hypersensitivity in rodentsWithin the skin sensitisatio®MOP, the molecular initiating
event is the covalent binding of electrophilic substances to nucleophilic centres in skin
proteins

3.The assessment of skisensitisatiorhas typically involvedhe use of laboratory animals.
The classial methods based on igeapigs, the Magnusson KligmanGuinea Pig
Maximisation Test (GMPJand the Buehler Test (TM B.6 (3)), study both the induction
and elicitation phases of skin sensitisationmArine test, the Local Lymph Node Assay
(LLNA, TM B.42 (4)) andits two nonradoactive modifications, LLNA: DA(TM B.50
(5)) and LLNA: BrdU-ELISA (TM B.51 (6)), which all assess the induction response

! Regulatim (EC) No 1272/2008 of the European Parliament and of the Council of 16 December 2008 on
classification, labelling and packaging of substances and mixtures, amending and repealing Directives
67/548/EEC and 1999/45/EC, and amending Regulation (EC) No T@®&//@JL 353/1, 31.12.2008
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exclusively, havalsogained acceptancgnce theyprovide an advantage over the guinea
pig tests in term®f animal welfare anén objective measuremenf the induction phase
of skin sensitisation

4.More recently, mechanistically based chemicoand in vitro test methods have been
considered scientifically valid for the evaluation of the skin sensitisation hazard of
chemicals. Howeer, combinations of neanimal methodsii§ silico, in chemicg in vitro)
within Integrated Approaches to Testing and Assessment (IATA) will be needed to be able
to fully substitute for the animal tests currently in ugien the restricted AOP
mechanisticoverage of each of the currently available 4ammmal test method@) (7).

5.The DPRA is proposed to address the molecular initiating event of the skin sensitisation
AOP, namely protein reactivity, by quantifying the reactivity of test chemicals towards
model synthetic peptides containing either lysine or cysteine (8). Cysteine and lysine
percent peptide depletion values are then used to categorise a substance in one of four
classesof reactivity for supporting the discrimination between skin sensitiagets non
sensitisers (9).

6.The DPRA has been evaluated ifcaropean Union Reference Laboratory for Alternatives
to Animal Testing (EURL ECVAM)ead validation study and subsequent independent
peer review by theeURL ECVAM Scientific Advisory Committee (EAC) and was
considered scientifally valid (10) to be usedas part of an IATA to support the
discrimination between skin sensitisers and -sensitisers for the purpose bfzard
classification and labellingexamples on the use of DPRA data in combinatidgth other
information are reported in the literature (11) (12) (13) (14).

7.Definitions are provided il\ppendixl.

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMI TATIONS

8.The correlation of protein reactivity with skin sensitisation potential is well establ{d/%d
(16) (17). Neverthelesssince protein binding represents only okey event, albeit the
molecular initiating evenbf the skinsensitisationAOP, protein reactivityinformation
generated with testing and noesting methods may not bsufficient on its ownto
conclude on theabsence ofskin sensitisationpotential of chemicals.Therefore data
generated withthis test methodshould be considered ithe context ofintegrated
approaches such as IATAombining them withother complementaryinformation e.g.

205



derived fromin vitro assays addressing other key eventghefskin sensitisation AORs
well as nortesting methods including reatross from chaical analogues.

9.This test methodcan be usedin combimation with other complementaryinformation to
support thediscrimination betweerskin sensitisrs (i.e. UN GHS/CLP Category 1and
nonsensitiers in the context of IATAThis test methodannot be sed on its ownneither
to subcategorie skin sensitisers into subcategories 1A and 1B as defined by UN
GHS/CLP, nor to predict potency for safety assessment decisiboever, depending on
the regulatory framework, a positive result with the DPRA may be used on itsamwn
classify a chemical into UN GHSLP category 1.

10.The DPRA test method proved to be transferable to laboratories experienbeghin
performance liquidchromatography HPLC) analysis.The level of reproducibility in
predictions that can be expected from the test method is in the order of 85% within
laboratories and 80% between laborato(iE3). Resultsgenerated in the validation study
(18) and publishedstudies 19) overall indicate that theaccuracy of the DPRA in
discriminating sensitisers (i.e. UN GHS/CLP Cat. 1) from-sensitisers is 80% (N=157)
with a sensitivity of 80% (88/109and specificity of 77% (37/48)vhen compared to
LLNA results The DPRA is more likely to under predict chemicals showing a low to
moderate skin sensitisation potency (i.e. UN GHS/CLP subcategory 1B) than chemicals
showing a high skin sensitisation potency (i.e. UN GHS/CLP subcategory 1A) (18) (19).
However, the accuracy uas given here for the DPRA as a stahohe test method are
only indicative since the test method should be considered in combination with other
sources of information in the context of an IATA and in accordance with the provisions of
paragraph 9 above. uRhermore when evaluating na@mimal methods for skin
sensitisation, it should be kept in mind that the LLNA test as well as other animal tests
may not fully reflect the situation in the species of interest, i.e. humans. On the basis of the
overall data aailable, the DPRA was shown to be applicable to test chemicals covering a
variety of organic functional groupseaction mechanisms, sksensitisatiorpotency (as
determined inin vivo studies) and physiechemical propertie$8) (9) (10) (19) Taken
together, this information indicates the usefulness of the DPRA to contribute to the
identification of skin sensitisation hazard.

11.The term "test chemical" is used in this test method to refer to what is being tested and is
not related to the applicability dhe DPRA to the testing of substances and/or mixtures.
This test method is not applicable for tiesting of metal compounds since they arevkmo
to react with proteins withmechanisms other than covalent binding. A test chemical
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should be soluble in anppropriate solvent at a final concentration 0 mM (see
paragraph 18). However, tesdtemicals thaare not soluble at this concentration may still

be tested at lower soluble concentrations. In such a case, a positive result could still be
used to suppd the identification of the test chemical as a skin sensitiser but no firm
conclusion on the lack of reactivity should be drawn from a negative rdsolited
information is currentlyavailable on the applicability of the DPRA to mixtures of known
compod#tion (18) (19). The DPRA is nevertheless considered to be technically applicable
to the testing of muklitonstituent substances and mixtures of known composition (see
paragraph 18). Before use of this test method on a mixture for generating data for an
intended regulatory purpose, it should be considered whether, and if so why, it may
provide adequate results for that purpose. Such considerations are not needed when there
is a regulatory requirement for testing of tihexture. The current prediction modehnnot

be used for complex mixturedf unknown composition or fosubstances of mknown or
variable compositioncomplex reaction pragcts or biological materials (i.e.UVCB
substances) due to tldefined molar ratiof test chemical and peptideor thispurpose a

new prediction model based on a gravimetric approach will need to be devdlopades

where evidence can be demonstrated on theapmticability of thetest methodo other
specific categaes of chemicals the test method should not be uded those specific
categoresof chemicals

12.This test method is aim chemicomethod that does not encompass a metabolic system.
Chemicalsthat require enzymatic bioactivation to exert their skin sensitisation potential
(i.e. prohaptens) cannot be detettey the test metho@hemicalsghat become sensitisers
after abiotic transformation (i.e. preptens) are reported to be in some cases correctly
detected by the test method (18). In the light of the aboegative results obtained with
the test methodhould be interpreted in the context of the stated limitations and in the
connection with otherinformation sources within the framework of an IATAest
chemicals that do not covalently bind to the peptide but promote its oxidation (i.e. cysteine
dimerisaion) could lead to a potential over estimation of peptide depletion, resulting in
possible false positive predictions and/or assignement to a higher reactivity class (see
paragraphs 29 and 30).

13.As described, the DPRAuppots the discrimination between sk sensitisers and nen
sensitisersHowever, it may also potentiallgontribute to the assessment of sensitising
potency (11)when used inntegrated approaches suchlA3A. However further work,
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preferablybased on human data, is required to deterhowe DPRA resultsmay possibly
inform potency assessment

PRINCIPLE OF THE TES T

14.The DPRA is anin chemicomethod which quantifies the remaining concentration of
cysteine or lysine-containing peptide following 24 hours incubation with the td&mical
at 25° 2.5°C The synthetic peptides contain phenylalanine to aid in the detection. Relative
peptide concentration is measured by kpgrformance liquid chromatography (HPLC)
with gradient elution and UV detection 220 nm. Cysteine and lysinepeptidepercen
depletionvalues are thewalculatedand used in a prediction model (see paragra@h
which allows assigning theest chemicato one of four reactivity classes ustedsupport
the discrimination between sensitisers and-sensitisers.

15.Prior to routineuse of themethod described inthis test method laboratories should

demonstrate technical proficiency, using the poficiency substancelisted in Appendix
2.

PROCEDURE

16.This testmethodis based on the DPRA DBBLM protocol r° 154 @0) which represents
the protocol used fathe EURL ECVAM-coordinated validation studjt is recommended
that this protocol is used when implementing and using the method in the laboratory. The
following is a description of the main components and procedioethe DPRA. If an
alternative HPLC setip is used, its equivalence to the validatedugetiescribed in the
DB-ALM protocol should be demonstrated (e.g. by testing the proficiency substances in
Appendix2).

Preparation of the cysteine or lysinecontaining peptides

17.Stock solutions otysteine (AeRFAACAA-COOH) and lysind Ac-RFAAKAA-COOH)
containing synthetipeptidesof purity higherthan85% andpreferably in the range of 90
95%, should be freshly prepared just before their incubation with the testazieThe
final concentration of the cysteine peptide should be 0.667 mM in pH 7.5 phosphate buffer
whereas the final concentration of the lysine peptide should be 0.667 mM in pH 10.2
ammonium acetate buffer. The HPLC run sequence should be set up rinok#ep the
HPLC analysis time less than 30 hours. For the HPLC set up used in the validation study
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and described in this test method, up2® analysis samplegwhich include the test
chemical, the positive control and the appropriate numbsoleEntcontrols based on the
number of individual solvents usedin the test each tested in triplicate can be
accommodated in a single HPLC run. All of the replicates analysed in the same run should
use the identical cysteine and lysine peptide stock solutlbims.recommended to prove
individual peptide batches for proper solubility prior to their use.

Preparation of thetestchemical

18.Solubility of the test chemical innaappropriatesolvent should be assessed before
performing the assafpllowing the solubilisation procedure described in the DPRA DB
ALM protocol (20) An appropriate solvent will dissolve the test chemical completely.
Since in the DPRA the test chemical is incubated in large excess with either the cysteine or
the lysine pptides, visual inspection of the forming of a clear solution is considered
sufficient to ascertain that the test chemical (and all of its components in the case of testing
a multiconstituent substance or a mixture) is dissoNgdtable solvents are aomitrile,
water, 1.1 mixture water:acetonitrile, isopropanol, acetone or 1:1 mixture
acetone:acetonitrileOther solvents can be used as long as they do not impact on the
stability of the peptide as monitored with referecoatrok C (i.e. samples constited by
the peptide alone dissolved in the appropriate solventAppendix3). As a last option if
the test chemical is not soluble in any of these solvents attempts should be made to

solubilise it in 300 L of DMSO 2arm0d  ceilLl u
acetonitrile and if the test chemical is not soluble in this mixture attempts should be made
to solubilise the same amount of t est ch

resulting solution whhe tbstcHemifakhowdlbepoefveighed et o n |
into glass vials andlissolved immediately before testing an appropriate solvent to
preparea 100 mM solution For mixturesand multiconstituent substancesf known
composition,a single purityshould bedetermined by the sum of th@oportion of its
constituents (excluding water) and a single apparent molecular weightshould be
determined by considering the individual molecular weights of each component in the
mixture (excluding water) and their individual proportionghe resultiig purity and
apparent molecular weight should then be used to calculate the weight of test chemical
necessary to prepare a 100 mM solution. For polymers for which a predominant molecular
weight cannot be determined, the molecular weight of the monometh¢oapparent
molecular weight of the various monomers constituting the polymer) may be considered to
prepare a 100 mM solution. However, when testing mixtures, 1oaifistituent substances
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or polymers of known composition, it should be considered to alahe neat chemical.

For liquids, the neat chemical should be tested as such without any prior dilution by
incubating it at 1:10 and 1:50 molar ratio with the cysteine and lysine peptides,
respectively. For solids, the test chemical should be dissolvats tmaximum soluble
concentration in the same solvent used to prepare the apparent 100 mM solution. It should
then be tested as such without any further dilution by incubating it at 1:10 and 1:50 ratio
with the cysteine and lysine peptides, respectivElgncordant results (reactive or ron
reactive) between the apparent 100 mM solution and the neat chemical should allow for a
firm conclusion on the result.

Preparation of the positive control, reference controls and coelution controls

19.Cinnamic aldehydeGAS 10455-2; 295% foodgradepurity) should be used as positive
control (PC) at a concentration of 200 mM in acetonitrile. Other suitable positive controls
preferentially providing migange depletion values may be used if historical data are
available toderive comparable run acceptance criteria. In addition reference controls (i.e.
samples containing only the peptide dissolved in the appropriate solvent) should also be
included in the HPLC run sequence and these are used to verify the HPLC system
suitablity prior to the analysis (reference controls A), the stability of the reference controls
over time (reference contB) and to verify that the solvent used to dissolve the test
chemical does not impact the percent peptide depletion (reference so@ralsee
Appendix3). The appropriate reference control for each chemical is used to calculate the
percent peptide depletion for that chemical (see paragraph 26). In additicelation
control constituted by the test chemical alone for each of the keshicals analysed
should be included in the run sequence to detect possibddution of the test chemical
with either the lysine or the cysteine peptide.

Incubation of the testchemical with the cysteine and lysine peptide solutions

20.Cysteine andysine peptide solutions should be incubatedlass autosampler vialgith
the test chemical at 1:10 and 1:50 ratio respectively.alfprecipitate is observed
immediately upon addition dhetest chemical solution to the peptide solutidaoe to low
aqueus solubility of the test chemigah this case one cannot Is&ire how much test
chemicalremained inthe solution to react withthe peptide.Therefore, in such a case, a
positive result could still be used, but a negative remiluncertain andshould be
interpreted withdue care(see also provisions in paragraph 11 for the testing of chemicals
not soluble up to a concentration of 100 mNlhe reaction solutiorshould be left in the
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dark at25°2.5°Cfor 24° 2 hours beforerunningthe HPLC analysis. Eactestchemical
should be analysed in triplicate for both peptideamples have to be visually inspected
prior to HPLC analysis. If a precipitate phase separation is obseryvedmples may be
centrifuged at low speed (18M0xg) to force precipitate to ehbottom of the vial as a
precaution since large amounts of precipitate may clog the HPLC tubing or colifirans.
precipitation or phase separation is observed after the incubation geepudie depletion
may be underestimated and a conclusion on the daaeactivity cannot be drawn with
sufficient confidence in case of a negative result.

Preparation of the HPLC standard calibration curve

21.A standard calibration curve should be generated for bothcybieine and thdysine
peptides. Peptide standards should be prepared an solution of 20% or 25%
acetonitrile:luffer usingphosphateuffer (pH 7.5) for thecysteine peptide anammonium
acetatebuffer (pH 10.2) for thelysine peptide Using serial dilution standards of the
peptide stocksolution (0.667 mM), 6 calibration solutions should be prepared to cover the
range from 0.534 to 0.0167 mM blank of the dilution buffer should also be included in
the standard calibration curve. Suitable calibration curves should hafe0a9or

HPLC preparation and analysis

22.The suitability of the HPLC system should be verified before conducting the analysis.
Peptide depletion is monitored by HPLC coupled with an UV detdptoostodiode array
detector or fixed wavelength absorbance detector with 22Gigmal). The appropriate
column is installed in the HPLC systerihe HPLC setip described in the validated
protocol usesa Zorbax SBC-18 2.1 mm x 100 mm x 3.5 micraas preferred column
With this reverse¢gphase HPLC columnhe entire systershould beequilibrated at 30°C
with 50% phase A (0.1% (v/v) trifluoroacetic acid in water) and 50% phase B (0.085%
(v/v) trifluoroaceticacid in acetonitrile) for at least 2 hours before runnifipe HPLC
analysisshould beperformed using a flowate of 0.35 m/min and a linear gradient from
10% to 25%acetonitrile over 10 minutes, followed by a rapid increase to @0eétonitrile
to remove other material&qual volumes of each standasgmple and contrahould be
injected The column should be +equilibrated unde initial conditions for 7 minutes
between injections. If a different reverspdase HPLC column is used, the -gpt
parameters described above may need to be adjusted to guarantee an appropriate elution
and integration of the cysteine and lysine peptideduding he injection volumgwhich
may vary according to the system used (typically in the range frdn®3). Importantly,
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