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Annex — Part 1/2

EN

ANNEX

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

(1) In part B, Chapter B.4 is replaced by the following:

"B.4 ACUTE DERMAL IRRITATION/CORROSION

INTRODUCTION

l.

This test method is equivalent to OECD test guideline (TG) 404 (2015). OECD guidelines
for testing of Chemicals are periodically reviewed to ensure that they reflect the best
available science. In the review of OECD TG 404, special attention was given to possible
improvements in relation to animal welfare concerns and to the evaluation of all existing
information on the test chemical in order to avoid unnecessary testing in laboratory
animals. The updated version of OECD TG 404 (originally adopted in 1981, revised in
1992, 2002 and 2015) includes reference to the Guidance Document on Integrated
Approaches to Testing and Assessment (IATA) for Skin Irritation/Corrosion (1), proposing
a modular approach for skin irritation and skin corrosion testing. The IATA describes
several modules which group information sources and analysis tools, and (i) provides
guidance on how to integrate and use existing testing and non-testing data for the
assessment of the skin irritation and skin corrosion potentials of chemicals and (i)
proposes an approach when further testing is needed (1). In addition, where needed, the
successive, instead of simultaneous, application of the three test patches to the animal in
the initial in vivo test is recommended in that Guideline.

2. Definitions of dermal irritation and corrosion are set out in the Appendix to this test
method.
INITIAL CONSIDERATIONS
3. In the interest of both sound science and animal welfare, in vivo testing should not be

undertaken until all available data relevant to the potential dermal corrosivity/irritation of
the test chemical have been evaluated in a weight-of-the-evidence (WoE) analysis as
presented in the Guidance Document on Integrated Approaches to Testing and Assessment
for Skin Corrosion and Irritation, i.e. over the three Parts of this guidance and their
corresponding modules (1). Briefly, under Part 1 existing data is addressed over seven
modules covering human data, in vivo data, in vitro data, physico-chemical properties data
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(e.g. pH, in particular strong acidity or alkalinity) and non-testing methods. Under Part 2,
WoE analysis is performed. If this WoE is still inconclusive, Part 3 should be conducted
with additional testing, starting with in vitro methods, and in vivo testing is used as last
resort. This analysis should therefore decrease the need for in vivo testing for dermal
corrosivity/irritation of test chemicals for which sufficient evidence already exists from
other studies as to those two endpoints.

PRINCIPLE OF THE IN VIVO TEST

4.

The test chemical to be tested is applied in a single dose to the skin of an experimental
animal; untreated skin areas of the test animal serve as the control. The degree of
irritation/corrosion is read and scored at specified intervals and is further described in
order to provide a complete evaluation of the effects. The duration of the study should be
sufficient to evaluate the reversibility or irreversibility of the effects observed.

. Animals showing continuing signs of severe distress and/or pain at any stage of the test

should be humanely killed, and the test chemical assessed accordingly. Criteria for making
the decision to humanely kill moribund and severely suffering animals are the subject of a
separate Guidance Document (2).

PREPARATIONS FOR THE IN VIVO TEST

Selection of animal species

6.

The albino rabbit is the preferable laboratory animal, and healthy young adult rabbits are
used. A rationale for using other species should be provided.

Preparation of the animals

7.

Approximately 24 hours before the test, fur should be removed by closely clipping the
dorsal area of the trunk of the animals. Care should be taken to avoid abrading the skin,
and only animals with healthy, intact skin should be used.

Some strains of rabbit have dense patches of hair that are more prominent at certain times
of the year. Such areas of dense hair growth should not be used as test sites.

Housing and feeding conditions

9.

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 should be 50-
60%. Lighting should be artificial, the sequence being 12 hours light, 12 hours dark. For
feeding, conventional laboratory diets may be used with an unrestricted supply of drinking
water
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TEST PROCEDURE

Application of the test chemical

10.

11.

12.

The test chemical should be applied to a small area (approximately 6 cm?) of skin and
covered with a gauze patch, which is held in place with non-irritating tape. In cases in
which direct application is not possible (e.g. liquids or some pastes), the test chemical
should first be applied to the gauze patch, which is then applied to the skin. The patch
should be loosely held in contact with the skin by means of a suitable semi-occlusive
dressing for the duration of the exposure period. If the test chemical is applied to the patch,
it should be attached to the skin in such a manner that there is good contact and uniform
distribution of the test chemical on the skin. Access by the animal to the patch and
ingestion or inhalation of the test chemical should be prevented.

Liquid test chemicals are generally used undiluted. When testing solids (which may be
pulverised, if considered necessary), the test chemical should be moistened with the
smallest amount of water (or, where necessary, of another suitable vehicle) sufficient to
ensure good skin contact. When vehicles other than water are used, the potential influence
of the vehicle on irritation of the skin by the test chemical should be minimal, if any.

At the end of the exposure period, which is normally 4 hours, residual test chemical should
be removed, where practicable, using water or an appropriate solvent without altering the
existing response or the integrity of the epidermis.

Dose level

13.

A dose of 0.5 ml of liquid or 0.5 g of solid or paste is applied to the test site.

Initial test (/n vivo dermal irritation/corrosion test using one animal)

14.

15.

When a test chemical has been judged to be corrosive, irritant or non-classified on the
basis of a weight of evidence analyses or of previous in vitro testing, further in vivo testing
is normally not necessary. However, in the cases where additional data are felt warranted,
the in vivo test is performed initially using one animal and applying the following
approach. Up to three test patches are applied sequentially to the animal. The first patch is
removed after three minutes. If no serious skin reaction is observed, a second patch is
applied at a different site and removed after one hour. If the observations at this stage
indicate that exposure can humanely be allowed to extend to four hours, a third patch is
applied and removed after four hours, and the response is graded.

If a corrosive effect is observed after any of the three sequential exposures, the test is
immediately terminated. If a corrosive effect is not observed after the last patch is
removed, the animal is observed for 14 days, unless corrosion develops at an earlier time
point.
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16. In those cases in which the test chemical is not expected to produce corrosion but may be
irritating, a single patch should be applied to one animal for four hours.

Confirmatory test (In vivo dermal irritation test with additional animals)

17.If a corrosive effect is not observed in the initial test, the irritant or negative response
should be confirmed using up to two additional animals, each with one patch, for an
exposure period of four hours. If an irritant effect is observed in the initial test, the
confirmatory test may be conducted in a sequential manner, or by exposing two additional
animals simultaneously. In the exceptional case, in which the initial test is not conducted,
two or three animals may be treated with a single patch, which is removed after four hours.
When two animals are used, if both exhibit the same response, no further testing is needed.
Otherwise, the third animal is also tested. Equivocal responses may need to be evaluated
using additional animals.

Observation period

18. The duration of the observation period should be sufficient to evaluate fully the
reversibility of the effects observed. However, the experiment should be terminated at any
time that the animal shows continuing signs of severe pain or distress. To determine the
reversibility of effects, the animals should be observed up to 14 days after removal of the
patches. If reversibility is seen before 14 days, the experiment should be terminated at that
time.

Clinical observations and grading of skin reactions

19. All animals should be examined for signs of erythema and oedema, and the responses
scored at 60 minutes, and then at 24, 48 and 72 hours after patch removal. For the initial
test in one animal, the test site is also examined immediately after the patch has been
removed. Dermal reactions are graded and recorded according to the grades in the Table
below. If there is damage to skin which cannot be identified as irritation or corrosion at 72
hours, observations may be needed until day 14 to determine the reversibility of the
effects. In addition to the observation of irritation, all local toxic effects, such as defatting
of the skin, and any systemic adverse effects (e.g. effects on clinical signs of toxicity and
body weight), should be fully described and recorded. Histopathological examination
should be considered to clarify equivocal responses.

20. The grading of skin responses is necessarily subjective. To promote harmonisation in
grading of skin response and to assist testing laboratories and those involved in making
and interpreting the observations, the personnel performing the observations need to be
adequately trained in the scoring system used (see Table below). An illustrated guide for
grading skin irritation and other lesions could be helpful (3).

DATA AND REPORTING
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21. Study results should be summarised in tabular form in the final test report and should cover

all items listed in paragraph 24.

Evaluation of results

22. The dermal irritation scores should be evaluated in conjunction with the nature and

23.

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 material, as other effects
of the test material are also evaluated. Instead, individual scores should be viewed as
reference values, which need to be evaluated in combination with all other observations
from the study.

Reversibility of dermal lesions should be considered in evaluating irritant responses. When
responses such as alopecia (limited area), hyperkeratosis, hyperplasia and scaling, persist
to the end of the 14-day observation period, the test chemical should be considered an
irritant.

Test report

24. The test report must include the following information:

Rationale for in vivo testing:

Weight-of-evidence analysis of pre-existing test data, including results from sequential
testing strategy;

Description of relevant data available from prior testing;
Data derived at each stage of testing strategy;

Description of in vitro tests performed, including details of procedures, results obtained
with test/reference substances;

Weight-of-the-evidence analysis for performing in vivo study.

Test chemical:

Mono-constituent substance: 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, mixture and substances of unknown or variable composition,
complex reaction products or biological materials (UVCB): characterised as far as possible
by chemical identity (see above), quantitative occurrence and relevant physico-chemical
properties of the constituents;

Physical appearance, water solubility, and additional relevant physico-chemical properties;

Source, lot number if available;
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Treatment of the test chemical/control substance prior to testing, if applicable (e.g.
warming, grinding);

Stability of the test chemical, limit date for use, or date for re-analysis if known;

Storage conditions.

Vehicle:

Identification, concentration (where appropriate), volume used;

Justification for choice of vehicle.

Test animal(s):

Species/strain used, rationale for using animal(s) other than albino rabbit;
Number of animal(s) of each sex;

Individual animal weight(s) at start and conclusion of test;

Age at start of study;

Source of animal(s), housing conditions, diet, etc.

Test conditions:

Technique of patch site preparation;
Details of patch materials used and patching technique;

Details of test chemical preparation, application, and removal.

Results:

Tabulation of irritation/corrosion response scores for each animal at all time points
measured;

Descriptions of all lesions observed;

Narrative description of nature and degree of irritation or corrosion observed, and any
histopathological findings;

Description of other adverse local (e.g. defatting of skin) and systemic effects in addition
to dermal irritation or corrosion.

Discussion of results

Conclusions
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TABLE: GRADING OF SKIN REACTIONS

Ervthema and Eschar Formation

NO CIythema.. ... e 0
Very slight erythema (barely perceptible).........cccovviiiiiiiiiiiiii 1
Well defined erythema.......... ... 2

Moderate to severe erythema

Severe erythema (beef redness) to eschar formation preventing grading of erythema... 4

Maximum possible: 4

Oedema Formation

NO OCAEMA. ... 0
Very slight oedema (barely perceptible)..........cooviiiiiiiiiiiiiiieee, 1
Slight oedema (edges of area well defined by definite raising)............................ 2
Moderate oedema (raised approximately 1 mm)................cooiiiiiiiiiiiiiiin..n. 3

Severe oedema (raised more than 1 mm and extending beyond area of exposure)....4

Maximum possible: 4

Histopathological examination may be carried out to clarify equivocal responses.
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Appendix

DEFINITIONS
Chemical is a substance or a mixture.

Dermal irritation is the production of reversible damage of the skin following the
application of a test chemical for up to 4 hours.

Dermal corrosion is the production of irreversible damage of the skin; namely, visible
necrosis through the epidermis and into the dermis, following the application of a test
chemical for up to four hours. Corrosive reactions are typified by ulcers, bleeding, bloody
scabs, and, by the end of observation at 14 days, by discolouration due to blanching of the
skin, complete areas of alopecia, and scars. Histopathology should be considered to evaluate
questionable lesions.

Test chemical is any substance or mixture tested using this test method"
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(2) In Part B, Chapter B.17 is replaced by the following:

"B.17 IN VITRO MAMMALIAN CELL GENE MUTATION TESTS USING THE HPRT
AND XPRT GENES

INTRODUCTION

1. This test method (TM) is equivalent to the OECD test guideline 476 (2016). Test methods
are periodically reviewed in the light of scientific progress, changing regulatory needs and
animal welfare. This current revised version of TM B.17 reflects nearly thirty years of
experience with this test and also results from the development of a separate new method
dedicated to in vitro mammalian cell gene mutation tests using the thymidine kinase gene.
TM B.17 is part of a series of test methods on genetic toxicology. A document that
provides succinct information on genetic toxicology testing and an overview of the recent
changes that were made to genetic toxicity OECD test guidelines has been developed by
OECD (1).

2. The purpose of the in vitro mammalian cell gene mutation test is to detect gene mutations
induced by chemicals. The cell lines used in these tests measure forward mutations in
reporter genes, specifically the endogeneous hypoxanthine-guanine phosphoribosyl
transferase gene (Hprt in rodent cells, HPRT in human cells; collectively referred to as the
Hprt gene and HPRT test in this test method), and the xanthine-guanine phosphoribosyl
transferase transgene (gpt) (referred to as the XPRT test). The HPRT and XPRT mutation
tests detect different spectra of genetic events. In addition to the mutational events detected
by the HPRT test (e.g. base pair substitutions, frameshifts, small deletions and insertions)
the autosomal location of the gpt transgene may allow the detection of mutations resulting
from large deletions and possibly mitotic recombination not detected by the HPRT test
because the Hprt gene is located on the X-chromosome (2) (3) (4) (5) (6) (7). The XPRT is
currently less widely used than the HPRT test for regulatory purposes.

3. Definitions used are provided in Appendix 1.

INITIAL CONSIDERATIONS AND LIMITATIONS

4. Tests conducted in vitro generally require the use of an exogenous source of metabolic
activation. The exogenous metabolic activation system does not entirely mimic in vivo
conditions.

5. Care should be taken to avoid conditions that would lead to artefactual positive results,
(i.e. possible interaction with the test system), not caused by direct interaction between the
test chemicals and the genetic material of the cell; such conditions include changes in pH
or osmolality (8) (9) (10), interaction with the medium components (11) (12), or excessive

10
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levels of cytotoxicity (13). Cytotoxicity exceeding the recommended top cytotoxicity
levels as defined in paragraph 19 is considered excessive for the HPRT test.

6. Before use of the 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 the mixture.

PRINCIPLE OF THE TEST

7. Mutant cells deficient in Hprt enzyme activity in the HPRT test or xprt enzyme activity in
the XPRT test are resistant to the cytostatic effects of the purine analogue 6-thioguanine
(TG). The Hprt (in the HPRT test) or gpt (in XPRT test) proficient cells are sensitive to
TG, which causes the inhibition of cellular metabolism and halts further cell division.
Thus, mutant cells are able to proliferate in the presence of TG, whereas normal cells,
which contain the Hprt (in the HPRT test) or gpt (in XPRT test) enzyme, are not.

8. Cells in suspension or monolayer cultures are exposed to the test chemical, both with and
without an exogenous source of metabolic activation (see paragraph 14), for a suitable
period of time (3-6 hours), and then sub-cultured to determine cytotoxicity and to allow
phenotypic expression prior to mutant selection (14) (15) (16) (17). Cytotoxicity is
determined by relative survival (RS), i.e. cloning efficiency measured immediately after
treatment and adjusted for any cell loss during treatment as compared to the negative
control (paragraph 18 and Appendix 2). The treated cultures are maintained in growth
medium for a sufficient period of time, characteristic of each cell type, to allow near-
optimal phenotypic expression of induced mutations (typically a minimum of 7-9 days).
Following phenotypic expression, mutant frequency is determined by seeding known
numbers of cells in medium containing the selective agent to detect mutant colonies, and in
medium without selective agent to determine the cloning efficiency (viability). After a
suitable incubation time, colonies are counted. Mutant frequency is calculated based on the
number of mutant colonies corrected by the cloning efficiency at the time of mutant
selection.

DESCRIPTION OF THE METHOD
Preparations

Cells
9. The cell types used for the HPRT and XPRT tests should have a demonstrated sensitivity
to chemical mutagens, a high cloning efficiency, a stable karyotype, and a stable

spontaneous mutant frequency. The most commonly used cells for the HPRT test include
the CHO, CHL and V79 lines of Chinese hamster cells, L5178Y mouse lymphoma cells,

11
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and TK6 human lymphoblastoid cells (18) (19). CHO-derived AS52 cells containing the
gpt transgene (and having the Hprt gene deleted) are used for the XPRT test (20) (21); the
HPRT test cannot be performed in AS52 cells because the hprt gene has been deleted. The
use of other cell lines should be justified and validated.

10. Cell lines should be checked routinely for the stability of the modal chromosome number
and the absence of Mycoplasma contamination (22) (23), and cells should not be used if
contaminated or if the modal chromosome number has changed. The normal cell cycle
time used in the testing laboratory should be established and should be consistent with the
published cell characteristics. The spontaneous mutant frequency in the master cell stock
should also be checked, and the stock should not be used if the mutant frequency is not
acceptable.

11. Prior to use in this test, the cultures may need to be cleansed of pre-existing mutant cells,
e.g.by culturing in HAT medium for HPRT test and MPA for XPRT test (5) (24) (See
Appendix 1). The cleansed cells can be cryopreserved and then thawed to use as working
stocks. The newly thawed working stock can be used for the test after normal doubling
times are attained. When conducting the XPRT test, routine culture of AS52 cells should
use conditions that assure the maintenance of the gpt transgene (20).

Media and culture conditions

12. Appropriate culture medium and incubation conditions (culture vessels, humidified
atmosphere of 5% CO2, and incubation temperature of 37°C) should be used for
maintaining cultures. Cell cultures should always be maintained under conditions that
ensure that they are growing in log phase. It is particularly important that media and
culture conditions be chosen to ensure optimal growth of cells during the expression period
and optimal cloning efficiency for both mutant and non-mutant cells.

Preparation of cultures

13. Cell lines 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 through
the treatment and expression periods (e.g. confluence should be avoided for cells growing
in monolayers).

Metabolic activation

14. Exogenous metabolising systems should be used when employing cells which have
inadequate endogenous metabolic capacity. The most commonly used system, that is
recommended by default, unless otherwise justified, is a co-factor-supplemented post-
mitochondrial fraction (S9) prepared from the livers of rodents (generally rats) treated with
enzyme-inducing agents such as Aroclor 1254 (25) (26) (27) (28) or a combination of
phenobarbital and B-naphthoflavone (29) (30) (31) (32). The latter combination does not

12
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conflict with the Stockholm Convention on Persistent Organic Pollutants (33) and has been
shown to be as effective as Aroclor 1254 for inducing mixed-function oxidases (29) (31).
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 medium. The choice of the type and concentration
of exogenous metabolic activation system or metabolic inducer employed may be
influenced by the class of substances being tested (34) (35) (36).

Test chemical preparation

15. Solid test chemicals should be prepared in appropriate solvents and diluted, if appropriate,
prior to treatment of the cells (see paragraph 16). Liquid test chemicals may be added
directly to the test system and/or diluted prior to treatment of the test system. Gaseous or
volatile test chemicals should be tested by appropriate modifications to the standard
protocols, such as treatment in sealed culture vessels (37) (38). Preparations of the test
chemical should be made just prior to treatment unless stability data demonstrate the
acceptability of storage.

TEST CONDITIONS

Solvents

16. The solvent should be chosen to optimise the solubility of the test chemicals without
adversely impacting the conduct of the test e.g. changing cell growth, affecting the
integrity of the test chemical, 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 solvents are for
example, water and 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 the solvents used are not well-established (e.g. ethanol or acetone),
their use should be supported by data indicating their compatibility with the test chemicals
and the test system, and their lack of genetic toxicity at the concentration used. In the
absence of that supporting data, it is important to add untreated controls (see Appendix 1)
to demonstrate that no deleterious or mutagenic effects are induced by the chosen solvent.

Measuring cytotoxicity and choosing exposure concentrations

17. When determining the highest test chemical concentration, concentrations that have the
capability of producing artefactual positive responses, such as those producing excessive
cytotoxicity (see paragraph 20), precipitation in the culture medium (see paragraph 21), or
marked changes in pH or osmolality (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 artefactual
positive results and to maintain appropriate culture conditions.

13
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Concentration selection is based on cytotoxicity and other considerations (see paragraphs
20-22). While the evaluation of cytotoxicity in an initial test may be useful to better define
the concentrations to be used in the main experiment, an initial test is not required. Even if
an initial cytotoxicity evaluation is performed, the measurement of cytotoxicity for each
culture is still required in the main experiment. Cytotoxicity should be evaluated using RS,
i.e. cloning efficiency (CE) of cells plated immediately after treatment, adjusted by any
loss of cells during treatment, based on cell count, as compared with adjusted cloning
efficiency in negative controls (assigned a survival of 100%) (see Appendix 2 for the
formula).

At least four test concentrations (not including the solvent and positive controls) that meet
the acceptability criteria (appropriate cytotoxicity, number of cells, etc.) should be
evaluated. While the use of duplicate cultures is advisable, either replicate or single treated
cultures may be used at each concentration tested. The results obtained in the independent
replicate cultures at a given concentration should be reported separately but can be pooled
for the data analysis (17). For test chemicals 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 to concentrations at which there is moderate and little or no
cytotoxicity. Many test chemicals exhibit steep concentration response curves and in order
to cover the whole range of cytotoxicity or to study the concentration response relationship
in detail, it may be necessary to use more closely spaced concentrations and more than four
concentrations, in particular in situations where a repeat experiment is required (see
paragraph 43). The use of more than 4 concentrations may be particularly important when
using single cultures.

If the maximum concentration is based on cytotoxicity, the highest concentration should
aim to achieve between 20 and 10% RS. Care should be taken when interpreting positive
results only found at 10% RS or below (paragraph 43).

For poorly soluble test chemicals that are not cytotoxic at concentrations below 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 at the end of the
treatment with the test chemical. Even if cytotoxicity occurs above the lowest insoluble
concentration, it is advisable to test at only one concentration producing turbidity or with a
visible precipitate because artefactual effects may result from the precipitate. At the
concentration producing a precipitate, care should be taken to assure that the precipitate
does not interfere with the conduct of the test. The determination of solubility in the
culture medium prior to the experiment may be useful.

If no precipitate or limiting cytotoxicity is observed, the highest test concentration should
correspond to 10 mM, 2 mg/ml or 2 ul/ml, whichever is the lowest (39) (40). When the test
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chemical is not of defined composition, e.g. substance of unknown or variable
composition, complex reaction products or biological materials (i.e. Chemical Substances
of Unknown or Variable Composition (UVCBs)) (41), environmental extracts, etc., the top
concentration may need to be higher (e.g. 5 mg/mL), in the absence of sufficient
cytotoxicity, to increase the concentration of each of the components. It should be noted
however that these requirements may differ for human pharmaceuticals (42).

Controls

23.

24.

Concurrent negative controls (see paragraph 16), consisting of solvent alone in the
treatment medium and handled in the same way as the treatment cultures, should be
included for every experimental condition.

Concurrent positive controls are needed to demonstrate the ability of the laboratory to
identify mutagens under the conditions of the test protocol used and the effectiveness of
the exogenous metabolic activation system, when applicable. Examples of positive controls
are given in Table 1 below. Alternative positive control substances can be used, if justified.
Because in vitro mammalian cell tests for genetic toxicity are sufficiently standardised,
tests using treatments with and without exogenous metabolic activation may be conducted
using only a positive control requiring metabolic activation. In this case, this single
positive control response will demonstrate both the activity of the metabolic activation
system and the responsiveness of the test system. 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 system, and the response
should not be compromised by cytotoxicity exceeding the limits specified in this test
method (see paragraph 20).

Table 1: Reference substances recommended for assessing laboratory proficiency and for selection
of positive controls.

Metabolic Activation | Locus Substance and CAS No
condition
Absence of exogenous | Hprt Ethylmethanesulfonate [CAS no. 62-50-0]
metabolic activation Ethylnitrosourea [CAS no. 759-73-9]
4-Nitroquinoline 1-oxide [CAS no. 56-57-5]
xprt Streptonigrin [CAS no. 3930-19-6]
Mitomycin C [CAS no. 50-07-7]
Presence of exogenous | Hprt 3-Methylcholanthrene [CAS no. 56-49-5]
metabolic activation 7,12-Dimethylbenzanthracene [CAS no. 57-97-6]
Benzo[a]pyrene [CAS no. 50-32-8]
xprt Benzo[a]pyrene [CAS no. 50-32-8]
15
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PROCEDURE

Treatment with test chemical

25.

26.

Proliferating cells are treated with the test chemical in the presence and absence of a
metabolic activation system. Exposure should be for a suitable period of time (usually 3 to
6 hours is adequate).

The minimum number of cells used for each test (control and treated) culture at each stage
in the test should be based on the spontaneous mutant frequency. A general guide is to treat
and passage sufficient cells as to maintain 10 spontaneous mutants in every culture in all
phases of the test (17). The spontaneous mutant frequency is generally between 5 and 20 x
10-6. For a spontaneous mutant frequency of 5 x 10-6 and to maintain a sufficient number
of spontaneous mutants (10 or more) even for the cultures treated at concentrations that
cause 90% cytotoxicity during treatment (10% RS), it would be necessary to treat at least
20 x 106 cells. In addition a sufficient number of cells (but never less than 2 million) must
be cultured during the expression period and plated for mutant selection (17).

Phenotypic expression time and measuring mutant frequency

217.

After the treatment period, cells are cultured to allow expression of the mutant phenotype.
A minimum of 7 to 9 days generally is sufficient to allow near optimal phenotypic
expression of newly induced Hprt and xprt mutants (43) (44). During this period, cells are
regularly sub-cultured to maintain them in exponential growth. After phenotypic
expression, cells are re-plated in medium with and without selective agent (6-thioguanine)
for the determination of the number of mutants and cloning efficiency at the time of
selection, respectively. This plating can be accomplished using dishes for monolayer
cultures or microwell plates for cells in suspension. For mutant selection, cells should be
plated at a density to assure optimum mutant recovery (i.e. avoid metabolic cooperation)
(17). Plates are incubated for an appropriate length of time for optimum colony growth
(e.g. 7-12 days) and colonies counted. Mutant frequency is calculated based on the number
of mutant colonies corrected by the cloning efficiency at the time of mutant selection (see
Appendix 2 for formulas).

Proficiency of the laboratory

28.

In order to establish sufficient experience with the test prior to using it for routine testing,
the laboratory should have performed a series of experiments with reference positive
substances acting via different mechanisms (at least one active with and one active without
metabolic activation selected from the substances listed in Table 1) and various negative
controls (using various solvents/vehicles). These positive and negative control responses
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 30 to
33.
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A selection of positive control substances (see Table 1 in paragraph 25) should be
investigated in the absence and in the presence of metabolic activation, in order to
demonstrate proficiency to detect mutagenic chemicals, to determine the effectiveness of
the metabolic activation system and to demonstrate the appropriateness of the cell growth
conditions during treatment, phenotypic expression and mutant selection and of the scoring
procedures. A range of concentrations of the selected substances should be chosen so as to
give reproducible and concentration-related increases above the background in order to
demonstrate the sensitivity and dynamic range of the test system.

Historical control data

30.

31.

32.

33.

34.

The laboratory should establish:

A historical positive control range and distribution,
A historical negative (untreated, solvent) control range and distribution.

When first acquiring data for an historical negative control distribution, concurrent
negative controls should be consistent with published control data (22). As more
experimental data are added to the control distribution, concurrent negative controls should
ideally be within the 95% control limits of that distribution (17) (45) (46).

The laboratory’s historical negative control database should initially be built with a
minimum 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 charts (e.g. C-charts or X-bar charts (47)), to identify how
variable their positive and negative control data are, and to show that the methodology is
'under control' in their laboratory (46). 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
acceptability criteria for a given experiment) can be found in the literature (45).

Negative control data should consist of mutant frequencies from single or preferably
replicate cultures as described in paragraph 23. Concurrent negative controls should ideally
be within the 95% control limits of the distribution of the laboratory’s historical negative
control database (17) (45) (46). Where concurrent negative control data fall outside the
95% control limit they 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 system is
‘under control’ (see above) and there is evidence of no technical or human failure.

Any changes to the experimental protocol should be considered in terms of their
consistency with the laboratory’s existing historical control databases. Any major
inconsistencies should result in the establishment of a new historical control database.

DATA AND REPORTING
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Presentation of the results

35.

36.

37.

The presentation of results should include all of the data needed to calculate cytotoxicity
(expressed as RS). The data, for both treated and control cultures, should include the
number of cells at the end of treatment, the number of cells plated immediately following
treatment, and the colony counts (or number of wells without colonies for the microwell
method). RS for each culture should be expressed as a percentage relative to the concurrent
solvent control (refer to Appendix 1 for definitions).

The presentation of results should also include all of the data needed to calculate the
mutant frequency. Data for both treated and control cultures, should include: (1) the
number of cells plated with and without selective agent (at the time the cells are plated for
mutant selection), and (2) the number of colonies counted (or the number of wells without
colonies for the microwell method) from the plates with and without selective agent.
Mutant frequency is calculated based on the number of mutant colonies (in the plates with
selective agent) corrected by the cloning efficiency (from the plates without selective
agent). The mutant frequency should be expressed as the number of mutant cells per
million viable cells (refer to Appendix 1 for definitions).

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

Acceptability Criteria

38.

Acceptance of a test is based on the following criteria:

The concurrent negative control is considered acceptable for addition to the laboratory
historical negative control database as described in paragraph 33.

Concurrent positive controls (see paragraph 24) should induce 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.

Two experimental conditions (i.e. with and without metabolic activation) were tested
unless one resulted in positive results (see paragraph 25).

Adequate number of cells and concentrations are analysable (paragraphs 25, 26 and 19).

The criteria for the selection of top concentration are consistent with those described in
paragraphs 20, 21 and 22.

Evaluation and interpretation of results

39.

Providing that all acceptability criteria are fulfilled, a test chemical is considered to be
clearly positive if, in any of the experimental conditions examined:
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- at least one of the test concentrations exhibits a statistically significant increase compared
with the concurrent negative control,

- the increase is concentration-related when evaluated with an appropriate trend test,

- any of the results are outside the distribution of the historical negative control data (e.g.
Poisson-based 95% control limit; see paragraph 33).

When all of these criteria are met, the test chemical is then considered able to induce gene
mutations in cultured mammalian cells in this test system. Recommendations for the most
appropriate statistical methods can be found in the literature (46) (48).

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

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

- there is no concentration-related increase when evaluated with an appropriate trend test,
- all results are inside the distribution of the historical negative control data (e.g. Poisson-

based 95% control limit; see paragraph 33).

The test chemical is then considered unable to induce gene mutations in cultured
mammalian cells in this test system.

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

42.In cases when the response is neither clearly negative nor clearly positive as 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 investigations. Performing a repeat
experiment possibly using modified experimental conditions (e.g. concentration spacing,
other metabolic activation conditions [i.e. S9 concentration or S9 origin]) could be useful.

43.In rare cases, even after further investigations, the data set will preclude making a
conclusion of positive or negative results. Therefore the test chemical response should be
concluded to be equivocal (interpreted as equally likely to be positive or negative).

Test report

44. 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 known;

- solubility and stability of the test chemical in solvent, if known,;
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- measurement of pH, osmolality and precipitate in the culture medium to which the test
chemical was added, as appropriate.

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:

- characterised as 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:

For Laboratory master cultures:

- type, source of cell lines;

- number of passages, if available, and history in the laboratory;
- karyotype features and/or modal number of chromosomes;

- methods for maintenance of cell cultures;

- absence of mycoplasma;

- cell doubling times.

Test conditions:

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

- composition of media, CO; concentration, humidity level;

- concentration of test chemical expressed as final concentration in the culture medium (e.g.
pg or mg/ml or mM of culture medium);

- concentration (and/or volume) of solvent and test chemical added in the culture medium;
- incubation temperature;

- incubation time;
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duration of treatment;
cell density during treatment;

type and composition of metabolic 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 control substances, final concentrations for each condition of
treatment;

length of expression period (including number of cells seeded, and subcultures and feeding
schedules, if appropriate);

identity of the selective agent and its concentration;

criteria for acceptability of tests;

methods used to enumerate numbers of viable and mutant cells;

methods used for the measurements of cytotoxicity;

any supplementary information relevant to cytotoxicity and method used;
duration of incubation times after plating;

criteria for considering studies as positive, negative or equivocal;

methods used to determine pH, osmolality and precipitation.

Results:

number of cells treated and number of cells sub-cultured for each culture;
cytotoxicity measurements and other observations if any;

signs of precipitation and time of the determination;

number of cells plated in selective and non-selective medium;

number of colonies in non-selective medium and number of resistant colonies in selective
medium, and related mutant frequencies;

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

historical negative (solvent) and positive control data, with ranges, means and standard
deviations and confidence interval (e.g. 95%) as well as the number of data;

statistical analyses (for individual cultures and pooled replicates if appropriate), and p-
values if any.

Discussion of the results.
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Conclusion
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Appendix 1

DEFINITIONS

Base pair substitution mutagens: chemicals that cause substitution of base pairs in the DNA.

Chemical: A substance or a mixture.

Cloning efficiency: The percentage of cells plated at a low density that are able to grow into
a colony that can be counted.

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

Cytotoxicity: For the assays covered in this test method, cytotoxicity is identified as a
reduction in relative survival of the treated cells as compared to the negative control (see
specific paragraph).

Forward mutation: a gene mutation from the parental type to the mutant form which gives
rise to an alteration or a loss of the enzymatic activity or the function of the encoded protein.

Frameshift mutagens: chemicals which cause the addition or deletion of single or multiple
base pairs in the DNA molecule.

Genotoxic: a general term encompassing all types of DNA or chromosomal damage,
including DNA breaks, adducts, rearrangements, mutations, chromosome aberrations, and
aneuploidy. Not all types of genotoxic effects result in mutations or stable chromosomal
damage

HAT medium: medium containing Hypoxanthine, Aminopterin and Thymidine, used for
cleansing of Hprt mutants.

Mitotic recombination: during mitosis, recombination between homologous chromatids
possibly resulting in the induction of DNA double strand breaks or in a loss of
heterozygosity.

MPA medium: medium containing Xanthine, Adenine, Thymidine, Aminopterin and
Mycophenolic acid, used for cleansing of Xprt mutants.

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

Mutant frequency (MF): the number of mutant colonies observed divided by the number of
cells plated in selective medium, corrected for cloning efficiency (or viability) at the time of
selection.

Phenotypic expression time: The time after treatment during which the genetic alteration is
fixed within the genome and any preexisting gene products are depleted to the point that the
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phenotypic trait is altered.

Relative survival (RS): RS is used as the measure of treatment-related cytotoxicity. RS is
cloning efficiency (CE) of cells plated immediately after treatment adjusted by any loss of
cells during treatment as compared with cloning efficiency in negative controls (assigned a
survival of 100%).

S9 liver fractions: supernatant of liver homogenate after 9000g centrifugation, i.e. raw liver
extract

S9 mix: mix of the liver S9 fraction 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 substance or mixture tested using this test method.

Untreated control: cultures that receive no treatment (i.e. neither test chemical nor solvent)
but are processed concurrently and in the same way as the cultures receiving the test
chemical

UVCB: Chemical Substances of Unknown or Variable Composition, Complex Reaction
Products and Biological Materials
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Appendix 2

FORMULAS FOR ASSESSMENT OF CYTOTOXICITY AND MUTANT FREQUENCY

Cytotoxicity is evaluated by relative survival, i. e., cloning efficiency (CE) of cells plated
immediately after treatment adjusted by any loss of cells during treatment as compared with
adjusted cloning efficiency in negative controls (assigned a survival of 100%) (see RS
formula below).

Adjusted CE for a culture treated by a test chemical is calculated as:

Number of cells at the end of treatment

Adjusted CE =
Juste Number of cells at the beginning of treatment

RS for a culture treated by a test chemical is calculated as:

Adjusted CE in treated culture

— %X 100
Adjusted CE in the solvent control

Mutant frequency is the cloning efficiency of mutant colonies in selective medium divided
by the cloning efficiency in non-selective medium measured for the same culture at the time
of selection.

Cloning efficiency of mutant colonies in selective medium

Mutant frequency = Cloning efficiency in non — selective medium
When plates are used for cloning efficiency:

CE = Number of colonies / Number of cells plated.

When micro-well plates are used for cloning efficiency:

The number of colonies per well on micro-wells plates follows a Poisson distribution.
Cloning Efficiency = -LnP(0) / Number of cells plated per well

Where -LnP(0) is the probable number of empty wells out of the seeded wells and is
described by the following formula

LnP(0)= -Ln (number of empty wells / number of plated wells)"
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(3) In Part B, Chapter B.22 is replaced by the following:

"B.22 RODENT DOMINANT LETHAL TEST

INTRODUCTION

1.

This test method (TM) is equivalent to the OECD test guideline (TG) 478 (2016). Test
methods are periodically reviewed in the light of scientific progress, changing regulatory
needs, and animal welfare considerations. This modified version of the test method reflects
more than thirty years of experience with this test and the potential for integrating or
combining this test with other toxicity tests such as developmental, reproductive toxicity,
or genotoxicity studies; however due to its limitations and the use of a large number of
animals this assay is not intended for use as a primary method, but rather as a supplemental
test method which can only be used when there is no alternative for regulatory
requirements. Combining toxicity testing has the potential to spare large numbers of
animals from use in toxicity tests. A document that provides succinct information on
genetic toxicology testing and an overview of the recent changes that were made to genetic
toxicity OECD test guidelines has been developed by OECD (1).

The purpose of the Dominant lethal (DL) test is to investigate whether chemicals produce
mutations resulting from chromosomal aberrations in germ cells. In addition, the dominant
lethal test is relevant to assessing genotoxicity because, although they may vary among
species, factors of in vivo metabolism, pharmacokinetics and DNA-repair processes are
active and contribute to the response. Induction of a DL mutation after exposure to a test
chemical indicates that the chemical has affected germinal tissue of the test animal.

DL mutations cause embryonic or foetal death. Induction of DL mutation after exposure to
a test chemical indicates that the chemical has affected the germ cells of the test animal.

A DL assay is useful for confirmation of positive results of tests using somatic in vivo
endpoints, and is a relevant endpoint for the prediction of human hazard and risk of genetic
diseases transmitted through the germline. However, this assay requires a large number of
animals and is labour-intensive; as a result, it is very expensive and time-consuming to
conduct. Because the spontaneous frequency of dominant lethal mutations is quite high, the
sensitivity of the assay for detection of small increases in the frequency of mutations is
generally limited.

Definitions of key terms are set out in Appendix 1.

INITIAL CONSIDERATIONS
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6. The test is most often conducted in mice (2) (3) (4) but other species, such as rats (5) (6)
(7) (8), may in some cases be appropriate if scientifically justified. DLs generally are the
result of gross chromosomal aberrations (structural and numerical abnormalities) (9) (10)
(11), but gene mutations cannot be excluded. A DL mutation is a mutation occurring in a
germ cell per se, or is fixed post fertilisation in the early embryo, that does not cause
dysfunction of the gamete, but is lethal to the fertilised egg or developing embryo.

7. Individual males are mated sequentially to virgin females at appropriate intervals. The
number of matings following treatment is dependent on the ultimate purpose of the DL
study (Paragraph 23) and should ensure that all phases of male germ cell maturation are
evaluated for DLs (12).

8. If there is evidence that the test chemical, or its metabolite(s), will not reach the testis, it is
not appropriate to use this test.

PRINCIPLE OF THE TEST

9. Generally, male animals are exposed to a test chemical by an appropriate route of exposure
and mated to untreated virgin females. Different germ cell types can be tested by the use of
sequential mating intervals. Following mating, the females are euthanised after an
appropriate period of time, and their uteri are examined to determine the numbers of
implants and live and dead embryos. The dominant lethality of a test chemical is
determined by comparing the live implants per female in the treated group with the live
implants per female in the vehicle/solvent control group. The increase of dead implants per
female in the treated group over the dead implants per female in the control group reflects
the test-chemical-induced post-implantation loss. The post-implantation loss is calculated
by determining the ratio of dead to total implants in the treated group compared to the ratio
of dead to total implants in the control group. Pre-implantation loss can be estimated by
comparing corpora lutea counts minus total implants or the total implants per female in
treated and control groups.

VERIFICATION OF LABORATORY PROFICIENCY

10. Competence in this assay should be established by demonstrating the ability to reproduce
dominant lethal frequencies from published data (e.g. (13) (14) (15) (16) (17) (18)) with
positive control substances (including weak responses) such as those listed in Table 1, and
vehicle controls and obtaining negative control frequencies that are consistent acceptable
range of data (see references above) or with the laboratory’s historical control distribution,
if available.

DESCRIPTION OF THE METHOD
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Preparations

Selection of animal species
11. Commonly used laboratory strains of healthy sexually mature animals should be employed.
Mice are commonly used but rats 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

12. For rodents, the temperature in the animal room should be 22°C (£3°C). Although the
relative humidity ideally should be 50-60%, it should be at least 40% and preferably not
exceed 70%, other than during room cleaning. Lighting should be artificial, the sequence
being 12 hours light, followed by 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 admixture of a test chemical when administered
by this route. Prior to treatment or mating, rodents should be housed in small groups (no
more than five) of the same sex if no aggressive behaviour is expected or observed,
preferably in solid cages with appropriate environmental enrichment. Animals may be
housed individually if scientifically justified.

Preparation of the animals

13. Healthy and sexually mature male and female adult animals 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-chipping, or biometric
identification, but not toe and ear 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 minimised. Cross contamination by 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.

Preparation of doses

14. Solid test chemicals should be dissolved or suspended in appropriate solvents or vehicles
or admixed in diet or drinking water prior to dosing of the animals. Liquid test chemicals
may be dosed directly or diluted prior to dosing. For inhalation exposures, test chemicals
can be administered as 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 conditions.

Test Conditions

Solvent/vehicle
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The solvent/vehicle should not produce toxic effects at the dose volumes used, and should
not be suspected of chemical reaction with the test chemical. If other than well-known
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 sodium salt solution, olive oil and corn oil.

Positive controls

16.

17.

Concurrent positive control animals should always be used unless the laboratory has
demonstrated proficiency in the conduct of the test and has used the test routinely in the
recent past (e.g. within the last 5 years). However, it is not necessary to treat positive
control animals by the same route as animals receiving the test chemical, or sample all the
mating intervals. The positive control substances should be known to produce DLs under
the conditions used for the test. Except for the treatment, animals in the control groups
should be handled in an identical manner to animals in the treated groups.

The doses of the positive control substances should be selected so as to produce weak or
moderate effects that critically assess the performance and sensitivity of the assay, but
which consistently produce positive dominant lethal effects. Examples of positive control
substances, and appropriate doses, are included in Table 1.

Table 1: Examples of Positive Control Substances.

Substance [CAS no.] Effective Dose range | Administration
(reference no.) (mg/kg) Time (days)
(rodent species)

Triethylenemelamine [51-18-3] (15) 0.25 (mice) 1
Cyclophosphamide [50-18-0] (19) 50-150 (mice) 5
Cyclophosphamide [50-18-0] (5) 25-100 (rats) 1

Ethyl methanesulphonate [62-50-0] (13) | 100-300 (mice) 5

Monomeric Acrylamide [79-06-1] (17) 50 (mice) 5
Chlorambucil [305-03-3] (14) 25 (mice) 1

Negative controls

18.

Negative control animals, treated with solvent or vehicle alone, and otherwise treated in
the same way as the treatment groups, should be included for every sampling time (20). In
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the absence of historical or published control data showing that no DLs or other deleterious
effects are induced by the chosen solvent/vehicle, untreated control animals should also be
included for every sampling time in order to establish acceptability of the vehicle control.

PROCEDURE

Number of Animals

19.

20.

Individual males are mated sequentially at appropriate predetermined intervals (e.g. weekly
intervals, Paragraphs 21 & 23) preferably to one virgin female. The number of males per
group should be predetermined to be sufficient (in combination with the number of mated
females at each mating interval) to provide the statistical power necessary to detect at least
a doubling in DL frequency (Paragraph 44).

The number of females per mating interval should also be predetermined by statistical
power calculations to permit the detection of at least a doubling in the DL frequency (i.e.
sufficient pregnant females to provide at least 400 total implants) (20) (21) (22) (23) and
that at least one dead implant per analysis unit (i.e. mating group per dose) is expected
(24).

Administration Period and Mating Intervals

21.

22.

23.

The number of mating intervals following treatment is governed by the treatment schedule
and should ensure that all phases of male germ cell maturation are evaluated for DL
induction (12) (25). For a single treatment up to five daily dose administrations, there
should be 8 (mouse) or 10 (rat) matings conducted at weekly intervals following the last
treatment. For multiple dose administrations, the number of mating intervals may be
reduced in proportion to the increased time of the administration period, but maintaining
the goal of evaluating all phases of spermatogenesis (e.g. after a 28-day exposure, only 4
weekly matings are sufficient to evaluate all phased of spermatogenesis in the mouse). All
treatment and mating schedules should be scientifically justified.

Females should remain with the males for at least the duration of one oestrus cycle (e.g.
one week covers one oestrus cycle in both mice and rats). Females that did not mate during
a one-week interval can be used for a subsequent mating interval. Alternatively, until
mating has occurred, as determined by the presence of sperm in the vagina or by the
presence of a vaginal plug.

The exposure and mating regimen used is dependent on the ultimate purpose of the DL
study. If the goal is to determine whether a given chemical induces DL mutations per se,
then the accepted method would be to expose an entire round of spermatogenesis (e.g. 7
weeks in the mouse, 5-7 treatments per week) and mate once at the end. However, if the
goal is to identify the sensitive germ cell type for DL induction, then a single or 5 day
exposure followed by weekly mating is preferred.
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Dose Levels

24.

25.

26.

27.

If a preliminary range-finding 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 (26). The
study should aim to identify the maximum tolerated dose (MTD), defined as the highest
dose that will be tolerated without evidence of study-limiting toxicity, relative to the
duration of the study period (for example, abnormal behaviour or reactions, minor body
weight depression or hematopoietic system cytotoxicity), but not death or evidence of pain,
suffering or distress necessitating humane euthanasia (27).

The MTD must also not adversely affect mating success (21).

Test chemicals with specific biological activities at low non-toxic doses (such as hormones
and mitogens), and chemicals which exhibit saturation of toxicokinetic properties may be
exceptions to the dose-setting criteria and should be evaluated on a case-by-case basis.

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 by a factor of 2, but
not greater than 4. If the test chemical does not produce toxicity in a range-finding 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, the MTD should be
the highest dose administered and the dose levels used should preferable cover a range
from the maximum to a dose producing little or no toxicity. For not-toxic chemicals, the
limit dose for an administration period of 14 days or more is 1000 mg/kg body weight/day,
and for administration periods of less than 14 days the limit dose is 2000 mg/kg body
weight/day.

Administration of Doses

28.

The anticipated route of human exposure should be considered when designing an assay.
Therefore, routes of exposures such as dietary, drinking water, subcutaneous, intravenous,
topical, inhalation, oral (by gavage), 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 injection is not normally 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 mating should be
sufficient to allow detection of the effects (paragraph 31). The 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 exceed 1 ml/100g body weight except in the case
of aqueous solutions where a maximum of 2 ml/100g may be used. The use of volumes
greater than this (if permitted by animal welfare legislation) should be justified. Variability
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in test volume should be minimised by adjusting the concentration to ensure a constant
volume in relation to body weight at all dose levels.

Observations

29. General clinical observations of the test animals should be made and clinical signs
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 mortality. All animals should be
weighed at the beginning of the study and at least once a week during repeated dose
studies, and at the time of euthanasia. Measurements of food consumption should be made
at least weekly. If the test chemical is administered via the drinking water, water
consumption should be measured at each change of water and at least weekly. Animals
exhibiting non-lethal indicators of excess toxicity should be euthanised prior to completion
of the test period (27).

Tissue Collection and Processing

30. Females are euthanised in the second half of pregnancy at gestation day (GD) 13 for mice
and GD 14-15 for rats. Uteri are examined for dominant lethal effects to determine the
number of implants, live and dead embryos, and corpora lutea.

31. The uterine horns and ovaries are exposed for counting of corpora lutea, and fetuses are
removed, counted, and weighted. Care should be taken to examine the uteri for resorptions
obscured by live fetuses and to ensure that all resorptions are enumerated. Fetal mortality is
recorded. The number of successfully impregnated females and the number of total
implantations, pre-implantation losses, and post-implantation mortality (included early and
late resorptions) also are recorded. In addition, the visible fetuses may be preserved in
Bouin’s fixative for at least 2 weeks followed by examination for major external
malformations (28) to provide additional information on the reproductive and
developmental effects of the test agent.

DATA AND REPORTING

Treatment of Results

32. Data should be tabulated to show the number of males mated, the number of pregnant
females, and the number of non-pregnant females. Results of each mating, including the
identity of each male and female, should be reported individually. The mating interval,
dose level for treated males, and the numbers of live implants and dead implants should be
enumerated for each female.
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33. The post-implantation loss is calculated by determining the ratio of dead to total implants
from the treated group compared to the ratio of dead to total implants from the
vehicle/solvent control group.

34. Pre-implantation loss is calculated as the difference between the number of corpora lutea
and the number of implants, or as a reduction in the average number of implants per female
in comparison with control matings. Where pre-implantation loss is estimated, it should be
reported.

35. The Dominant Lethal factor is estimated as: (post-implantation deaths/total implantations
per female) x 100.

36. Data on toxicity and clinical signs (as per Paragraph 29) should be reported.

Acceptability Criteria
37. The following criteria determine the acceptability of a test.
- Concurrent negative control is consistent with published norms for historical negative

control data, and the laboratory's historical control data if available (see Paragraphs 10 and
18).

- Concurrent positive controls induce responses that are consistent with published norms for
historic positive control data, or the laboratory’s historical positive control database, if
available, and produce a statistically significant increase compared with the negative
control (see Paragraphs 17 and 18).

- Adequate number total implants and doses have been analysed (Paragraph 20).

- The criteria for the selection of top dose are consistent with those described in Paragraphs
24 and 27.

Evaluation and Interpretation of Results

38. At least three treated dose groups should be analysed in order to provide sufficient data for
dose-response analysis.

39. Providing that all acceptability criteria are fulfilled, a test chemical is considered a clear
positive if:

- at least one of the test doses exhibits a statistically significant increase compared with the
concurrent negative control;

- the increase is dose-related in at least one experimental condition (e.g. a weekly mating
interval) when evaluated with an appropriate test; and,
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any of the results are outside of the acceptable range of negative control data, or the
distribution of the laboratory’s historical negative control data (e.g. Poisson-based 95%
control limit) if available.

The test chemical is then considered able to induce dominant lethal mutations in germ cells
of the test animals. Recommendations for the most appropriate statistical methods are
described in Paragraph 44; other recommend statistical approaches can also be found in the
literature (20) (21) (22) (24) (29). Statistical tests used should consider the animal as the
experimental unit.

Providing that all acceptability criteria are fulfilled, a test chemical is considered a clear
negative if:

none of the test doses exhibits a statistically significant increase compared with the
concurrent negative control;

there is no dose-related increase in any experimental condition; and

all results are within acceptable range of negative control data, or the laboratory’s
historical negative control data (e.g. Poisson-based 95% control limit), if available.

The test chemical is then considered unable to induce dominant lethal mutations in germ
cells of the test animals.

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

If the response is not clearly negative or positive, and in order to assist in establishing the
biological relevance of a result (e.g. a weak or borderline increase), the data should be
evaluated by expert judgment and/or further investigations using the existing experimental
data, such as consideration whether the positive result is outside the acceptable range of
negative control data, or the laboratory's historical, negative control data (30).

In rare cases, even after further investigations, the data set will preclude making a
conclusion of positive or negative results, and will therefore be concluded as equivocal.

Statistical tests used should consider the male animal as the experimental unit. While it is
possible that count data (e.g. number of implants per female) may be Poisson distributed
and/or proportions (e.g. proportion of dead implants) may be binomially distributed, it is
often the case that such data are overdispersed (31). Accordingly, statistical analysis
should first employ a test for over- underdispersion using variance tests such as Cochran’s
binomial variance test (32) or Tarone’s C(a) test for binomial overdispersion (31) (33). If
no departure from binomial dispersion is detected, trends in proportions across dose levels
may be tested using the Cochran-Armitage trend test (34) and pairwise comparisons with
the control group may be tested using Fisher’s exact test (35). Likewise, if no departure
from Poisson dispersion is detected, trends in counts may be tested using Poisson
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regression (36) and pairwise comparisons with the control group may be tested within the
context of the Poisson model, using pairwise contrasts (36). If significant overdispersion or
underdispersion is detected, nonparametric methods are recommended (23) (31). These
include rank-based tests, such as the Jonckheere-Terpstra test for trend (37) and Mann-
Whitney tests (38) for pairwise comparisons with the vehicle/solvent control group, as well
as permutation, resampling, or bootstrap tests for trend and pairwise comparisons with the
control group (31) (39).

A positive DL assay provides evidence for the genotoxicity of the test chemical in the
germ cells of the treated male of the test species.

Consideration of whether the observed values are within or outside of the historical control

range can provide guidance when evaluating the biological significance of the response
(40).

Test Report

47.

The test report should include the following information.

Summary.

Test chemical:
source, lot number, limit date for use, if available;
stability of the test chemical itself, if known;
solubility and stability of the test chemical in solvent, if known,;

measurement of pH, osmolality, and precipitate in the culture medium to which the test
chemical was added, as appropriate.

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:

characterised as far as possible by chemical identity (see 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 the solvent/vehicle, if known;
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preparation of dietary, drinking water or inhalation formulations;

analytical determinations on formulations (e.g. stability, homogeneity, nominal
concentrations) when conducted.

Test animals:

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

source, housing conditions, diet, etc.;

method of uniquely identifying the animals;

for short-term studies: individual body weight of the male 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 the range-finding study;

rationale for dose level selection;

details of test chemical preparation;

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

methods for measurement of animal toxicity, including, where available, histopathological
or hematological analyses and the frequency with which animal observations and body
weights were taken;

methods for verifying that the test chemical reached the target tissue, or general
circulation, if negative results are obtained;

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

details of food and water quality;

details on cage environment enrichment;

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

method of euthanasia;

procedures for isolating and preserving tissues;
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source and lot numbers of all kits and reagents (where applicable);
methods for enumeration of DLs;

mating schedule;

methods used to determine that mating has occurred;

time of euthanasia;

criteria for scoring DL effects, including, corpora lutea, implantations, resorptions and pre-
implantation losses, live implants, dead implants.

Results:

animal condition prior to and throughout the test period, including signs of toxicity;
male body weight during the treatment and mating periods;

number of mated females;

dose-response relationship, where possible;

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

concurrent positive control data;

tabulated data for each dam including: number of corpora lutea per dam; number of
implantations per dam; number of resorptions and pre-implantation losses per dam;
number of live implants per dam; number of dead implants per dam; fetus weights;

the above data summarised for each mating period and dose, with Dominant Lethal
frequencies;

statistical analyses and methods applied.

Discussion of the results.

Conclusion.
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Appendix 1
DEFINITIONS

Chemical: A substance or a mixture

Corpora luteum (lutea): the hormonal secreting structure formed on the overy at the site of a
follicle that has released the egg. The number of corpora lutea in the ovaries corresponds to
the number of eggs that were ovulated.

Dominant Lethal Mutation: a mutation occurring in a germ cell, or is fixed after fertilisation,
that causes embryonic or foetal death.

Fertility rate: the number of mated pregnant female over the number of mated females.

Mating interval: the time between the end of exposure and mating of treated males. By
controlling this interval, chemical effects on different germ cell types can be assessed. In the
mouse mating during the 1, 2, 3, 4, 5, 6, 7 and 8 week after the end of exposure measures
effects in sperm, condensed spermatids, round spermatids, pachytene spermatocytes, early
spermatocytes, differentiated spermatogonia, differentiating spermatogonia and stem cell
spermatogonia.

Preimplantation loss: the difference between the number of implants and the number of
corpora lutea. It can also be estimated by comparing the total implants per female in treated
and control groups.

Postimplantation loss: the ratio of dead implant in the treated group compared to the ratio of
dead to total implants in the control group.

Test chemical: Any substance or mixture tested using this test method.

UVCB: Chemical Substance of Unknown or Variable Composition, Complex Reaction
Products and Biological Materials
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Appendix 2

TIMING OF SPERMATOGENESIS IN MAMMALS

Mouse

Rat

Human

Stem
cells

6 14
10.5
19
Differentiating Spermatocytes (meiotic) Spermatids testicular epididimal
Spermatogonia (postmeiotic) Spermatozoa
(premeiotic)

Fig.1: Comparison of the duration (days) of male germ cell development in mice, rats and
humans. DNA repair does not occur during the periods indicated by shading.

A schematic of spermatogenesis in the mouse, rat and human is shown above (taken from
Adler, 1996). Undifferentiated spermatogonia include: A-single; A-paired; and A-aligned
spermatogonia (Hess and de Franca, 2008). A-single is considered the true stem cells;
therefore, to assess effects on stem cells at least 49 days (in the mouse) must pass between
the last injection of the test chemical and mating.
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(4) In Part B, Chapter B.23 is replaced by the following:

"B.23 MAMMALIAN SPERMATOGONIAL CHROMOSOMAL ABERRATION TEST

INTRODUCTION

1.

This test method (TM) is equivalent to the OECD test guideline 483 (2016). Test methods are
periodically reviewed in the light of scientific progress, changing regulatory needs, and animal
welfare considerations. This modified version of the test method reflects many years of
experience with this assay and the potential for integrating or combining this test with other
toxicity or genotoxicity studies. Combining toxicity studies has the potential to reduce the
numbers of animals used in toxicity testing. This test method is part of a series of test methods
on genetic toxicology. A document that provides succinct information on genetic toxicology
testing and an overview of the recent changes that were made to genetic toxicity OECD test
guidelines has been developed by OECD (1).

The purpose of the in vivo mammalian spermatogonial chromosomal aberration test is to
identify those chemicals that cause structural chromosomal aberrations in mammalian
spermatogonial cells (2) (3) (4). In addition, this test is relevant to assessing genetoxicity
because, although they may vary among species, factors of in vivo metabolism,
pharmacokinetics and DNA-repair processes are active and contribute to the response. This test
method is not designed to measure numerical abnormalities; the assay is not routinely used for
this purpose.

This test measures structural chromosomal aberrations (both chromosome- and chromatid-type)
in dividing spermatogonial germ cells and is, therefore, expected to be predictive of induction
of heritable mutations in these germ cells.

4. Definitions of key terms are set out in the Appendix.

INITIAL CONSIDERATIONS

5. Rodents are routinely used in this test but other species may in some cases be appropriate if

scientifically justified. Standard cytogenetic preparations of rodent testes generate mitotic
(spermatogonia) and meiotic (spermatocyte) metaphases. Mitotic and meiotic metaphases are
identified based on the morphology of the chromosomes (4). This in vivo cytogenetic test
detects structural chromosomal aberrations in spermatogonial mitoses. Other target cells are not
the subject of this test method.

To detect chromatid-type aberrations in spermatogonial cells, the first mitotic cell division
following treatment should be examined before these aberrations are converted into
chromosome-type-aberrations in subsequent cell divisions. Additional information from treated
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spermatocytes can be obtained by meiotic chromosome analysis for chromosomal structural
aberrations at diakinesis-metaphase I and metaphase II.

A number of generations of spermatogonia are present in the testis (5), and these different germ
cell types may have a spectrum of sensitivity to chemical treatment. Thus, the aberrations
detected represent an aggregate response of treated spermatogonial cell populations. The
majority of mitotic cells in testis preparations are B spermatogonia, which have a cell cycle of
approximately 26 hr (3).

If there is evidence that the test chemical, or its metabolite(s), will not reach the testis it is not
appropriate to use this test.

PRINCIPLE OF THE TEST METHOD

9.

Generally, animals are exposed to the test chemical by an appropriate route of exposure and are
euthanised at appropriate times after treatment. Prior to euthanasia, animals are treated with a
metaphase-arresting agent (e.g. colchicine or Colcemid®). Chromosome preparations are then
made from germ cells and stained, and metaphase cells are analysed for chromosome
aberrations.

VERIFICATION OF LABORATORY PROFICIENCY

10. Competency in this assay should be established by demonstrating the ability to reproduce

expected results for structural chromosomal aberration frequencies in spermatogonia with
positive control substances (including weak responses) such as those listed in Table 1 and
obtaining negative control frequencies that are consistent with acceptable range of control data
in the published literature (e.g. (2)(3)(6)(7)(8)(9)(10)) or with the laboratory’s historical control
distribution, if available.

DESCRIPTION OF THE METHOD

Preparations

Selection of animal species

11. Commonly used laboratory strains of healthy young adult animals should be employed. Male

mice are commonly used; however, males of other appropriate mammalian species may be used
when scientifically justified and to allow this test to be run in conjunction with another test
method. The scientific justification for using species other than rodents should be provided in
the report.

Animal Housing and feeding conditions
12. For rodents, the temperature in the animal room should be 22°C (£3°C). Although the relative

humidity ideally should be 50-60%, it should be at least 40% and preferably not exceed 70%
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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 diet may 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) if no aggressive behaviour is expected, preferably in
solid floor cages with appropriate environmental enrichment. Animals may be housed
individually if scientifically justified.

Preparation of the animals

13. Healthy young adult male animals (8-12 weeks old at start of treatment) are normally 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-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 minimised. Cross contamination by the positive
control and test chemical should be avoided. At the commencement of the study, the variation
between individual animal weights should be minimal and not exceed + 20%.

Preparation of doses
14. Solid test chemicals should be dissolved or suspended in appropriate solvents or vehicles or
admixed in diet or drinking water prior to dosing of the animals. Liquid test chemicals may be
dosed directly or diluted prior to dosing. For inhalation exposures, test chemicals can be
administered as 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 conditions.

Test conditions - Solvent/vehicle

15. The solvent/vehicle should not produce toxic effects at the dose levels used, and should not be
capable of chemical reaction with the test chemicals. If other than well-known 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 sodium salt solution,
olive oil and corn oil. In the absence of historical or published control data showing that no
structural chromosomal aberrations and other deleterious effects are induced by a chosen
atypical solvent/vehicle, an initial study should be conducted in order to establish the
acceptability of the solvent/vehicle control.

Positive controls
16. Concurrent positive control animals should always be used unless the laboratory has
demonstrated proficiency in the conduct of the test and has used the test routinely in the recent
past (e.g. within the last 5 years). When a concurrent positive control group is not included,
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scoring controls (fixed and unstained slides) should be included in each experiment. These can
be obtained by 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 6-18 months) in the laboratory where the test is performed; for example,
during proficiency testing and on a regular basis thereafter, where necessary.

17. Positive control substances should reliably produce a detectable increase in the frequencies of
cells with structural chromosomal aberrations over the spontaneous levels. 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. Examples of positive control substances are included in Table
1.

Table 1: Examples of positive control substances.

Substances [CAS No] (reference no)

Cyclophosphamide (monohydrate) [CAS no. 50-18-0 (CAS no. 6055-19-2)] (9)
Cyclohexylamine [CAS no. 108-91-8] (7)

Mitomycin C [CAS no. 50-07-7] (6)

Monomeric acrylamide [CAS 79-06-1] (10)

Triethylenemelamine [CAS 51-18-3] (8)

Negative controls
18. Negative control animals, treated with solvent or vehicle alone, and otherwise treated in the
same way as the treatment groups, should be included for every sampling time. In the absence
of historical or published control data showing that no chromosomal aberrations or other
deleterious effects are induced by the chosen solvent/vehicle, untreated control animals also
should be included for every sampling time in order to establish acceptability of the vehicle
control.

PROCEDURE

Number of animals

19. Group sizes at study initiation should be established with the aim of providing a minimum of 5
male animals per group. This number of animals per group is considered to be sufficient to
provide adequate statistical power (i.e. generally able to detect at least a doubling in
chromosomal aberration frequency when the negative control level is 1.0% or greater with 80%
probability at a significance level of 0.05) (3) (11). As a guide to typical maximum animal
requirements, a study at two sampling times with three dose groups and a concurrent negative
control group, plus a positive control group (each composed of five animals per group), would
require 45 animals.
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Treatment schedule

20.

21.

22.

23.

24.

Test chemicals are usually administered once (i.e. as a single treatment); other dose regimens
may be used, provided they are scientifically justified.

In the highest dose group two sampling times after treatment are used. Since the time required
for uptake and metabolism of the test chemical(s), as well as its effect on cell cycle kinetics,
can affect the optimum time for chromosomal aberration detection, one early and one late
sampling time approximately 24 and 48 hours after treatment are used. For doses other than the
highest dose, an early sampling time of 24 hours (less than or equal to the cell cycle time of B
spermatogonia and thus optimising the probability of scoring first post-treatment metaphases)
after treatment should be taken, unless another sampling time is known to be more appropriate
and justified.

Other sampling times may be used. For example in the case of chemicals that exert S-
independent effects, earlier sampling times (i.e. less than 24 hr) may be appropriate.

A repeat dose treatment regimen can be used, such as in conjunction with a test on another
endpoint that uses a 28 day administration period (e.g., TM B.58); however, additional animal
groups would be required to accommodate different sampling times. Accordingly, the
appropriateness of such a schedule needs to be justified scientifically on a case-by-case basis.

Prior to euthanasia, animals are injected intraperitoneally with an appropriate dose of a
metaphase arresting chemical (e.g. Colcemid® or colchicine). Animals are sampled at an
appropriate interval thereafter. For mice and rats, this interval is approximately 3 - 5 hours.

Dose levels

25.

26.

27.

If a preliminary range-finding 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, and treatment regimen to be used in the main study, according to
recommendations for conducting dose range-finding studies (12). This study should aim to
identify the maximum tolerated dose (MTD), defined as the dose inducing slight toxic effects
relative to the duration of the study period (for example, abnormal behaviour or reactions,
minor body weight depression or hematopoietic system cytotoxicity) but not death or evidence
of pain, suffering or distress necessitating euthanasia of the animals (13).

The highest dose may also be defined as a dose that produces some indication of toxicity in the
spermatogonial cells (e.g. a reduction in the ratio of spermatogonial mitoses to first and second
meiotic metaphases). This reduction should not exceed 50%.

Test chemicals with specific biological activities at low non-toxic doses (such as hormones and
mitogens), and chemicals which exhibit saturation of toxicokinetic properties may be
exceptions to the dose-setting criteria and should be evaluated on a case-by-case basis.
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28.In order to obtain dose response information, a complete study should include a negative
control group (paragraph 18) and a minimum of three dose levels generally separated by a
factor of 2, but by no greater than 4. If the test chemical does not produce toxicity in a range-
finding 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, the MTD should 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 (i.e. testis) toxicity is
observed at all dose levels tested, further study at non-toxic doses is advisable. Studies
intending to more fully characterise the quantitative dose-response information may require
additional dose groups. For certain types of test chemicals (e.g. human pharmaceuticals)
covered by specific requirements, these limits may vary. If the test chemical does produce
toxicity, the limit dose plus two lower doses (as described above) should be selected. The limit
dose for an administration period of 14 days or more is 1000 mg/kg body weight/day, and for
administration periods of less than 14 days, the limit dose is 2000 mg/kg/body weight/day.

Administration of doses

29. The anticipated route of human exposure should be considered when designing an assay.
Therefore, routes of exposure such as dietary, drinking water, topical subcutaneous,
intravenous, oral (by gavage), inhalation, or implantation may be chosen as justified. In any
case, the route should be chosen to ensure adequate exposure of the target tissue. Intraperitoneal
injection is not normally recommended unless scientifically justified since it is not usually a
physiologically relevant route of human exposure. 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 paragraph 33). The 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
exceed 1 ml/100g body weight except in the case of aqueous solutions where a maximum of 2
ml/100g body weight may be used. The use of volumes greater than this (if permitted by animal
welfare legislation) should be justified. Variability in test volume should be minimised by
adjusting the concentration to ensure a constant volume in relation to body weight at all dose
levels.

Observations

30. General clinical observations of the test animals should be made and clinical signs 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, all animals should be observed for
morbidity and mortality. All animals should be weighed at study initiation, at least once a week
during repeated-dose studies, and at euthanasia. In studies of at least one-week duration,
measurements of food consumption should be made at least weekly. If the test chemical is
administered via the drinking water, water consumption should be measured at each change of
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water and at least weekly. Animals exhibiting non-lethal indicators of excess toxicity should be
euthanised prior to completion of the test period (13).

Chromosome preparation

31.

Immediately after euthanasia, germ cell suspensions are obtained from one, or both, testes,
exposed to hypotonic solution and fixed following established protocols (e.g. (2) (14) (15). The
cells are then spread on slides and stained (16) (17). All slides should be coded so that their
identity is not available to the scorer.

Analysis

32.

33.

34.

At least 200 well spread metaphases should be scored for each animal (3) (11). If the historical
negative control frequency is < 1%, more than 200 cells/animal should be scored to increase the
statistical power (3). Staining methods that permit the identification of the centromere should
be used.

Chromosome and chromatid-type aberrations should be recorded separately and classified by
sub-types (breaks, exchanges). Gaps should be recorded, but not considered, when determining
whether a chemical induces significant increases in the incidence of cells with chromosomal
aberrations. Procedures in use in the laboratory should ensure that analysis of chromosomal
aberrations is performed by well-trained scorers. Recognising that slide preparation procedures
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 less than 2n+2, where n
is the haploid number of chromosomes for that species.

Although the purpose of the test is to detect structural chromosomal aberrations, it is important
to record the frequencies of polyploid cells and cells with endoreduplicated chromosomes when
these events are seen (see Paragraph 44).

DATA AND REPORTING

Treatment of results

35.

36.

Individual animal data should be presented in tabular form. For each animal the number of cells
with structural chromosomal aberration(s) and the number of chromosome aberrations per cell
should be evaluated. Chromatid- and chromosome-type aberrations classified by sub-types
(breaks, exchanges) should be listed separately with their numbers and frequencies for
experimental and control groups. Gaps are recorded separately. The frequency of gaps is
reported but generally not included in the analysis of the total structural chromosomal
aberration frequency. Percentage of polyploidy and cells with endoreduplicated chromosomes
are reported when seen.

Data on toxicity and clinical signs (as per Paragraph 30) should be reported.

Acceptability Criteria
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37. The following criteria determine the acceptability of a test.

- Concurrent negative control is consistent with published norms for historical negative control
data, which are generally expected to be > 0% and < 1.5% cells with chromosomal aberrations,
and the laboratory's historical control data if available (see Paragraphs 10 and 18).

- Concurrent positive controls induce responses that are consistent with published norms for
historical positive control data, or the laboratory’s historical positive control database, if
available, and produce a statistically significant increase compared with the negative control
(see Paragraphs 17, 18).

- Adequate numbers of cells and doses have been analysed (see Paragraphs 28 and 32).

- The criteria for the selection of top dose are consistent with those described in Paragraphs 25,
and 26.

38. If both mitosis and meiosis are observed, the ratio of spermatogonial mitoses to first and second
meiotic metaphases should be determined as a measure of cytotoxicity for all treated and
negative control animals in a total sample of 100 dividing cells per animal. If only mitosis is
observed, the mitotic index should be determined in at least 1000 cells for each animal.

Evaluation and interpretation of results

39. At least three treated dose groups should be analysed in order to provide sufficient data for
dose-response analysis.

40. Providing that all acceptability criteria are fulfilled, a test chemical is considered a clear
positive if:

- at least one of the test doses exhibits a statistically significant increase compared with the
concurrent negative control;

- the increase is dose-related at least at one sampling time; and,

- any of the results are outside acceptable range of negative control data, or the distribution of the
laboratory’s historical negative control data (e.g. Poisson-based 95% control limit) if available.

The test chemical is then considered able to induce chromosomal aberrations in spermatogonial
cells of the test animals. Recommendations for the most appropriate statistical methods can also
be found in the literature (11) (18). Statistical tests used should consider the animal as the
experimental unit.

41. Providing that all acceptability criteria are fulfilled, a test chemical is considered a clear
negative if:

- none of the test doses exhibits a statistically significant increase compared with the concurrent
negative control;
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there is no dose-related increase in any experimental condition; and,

all results are within acceptable range of negative control data, or the laboratory’s historical
negative control data (e.g. Poisson-based 95% control limit), if available.

The test chemical is then considered unable to induce chromosomal aberrations in the
spermatogonial cells of the test animals. Recommendations for the most appropriate statistical
methods can also be found in the literature (11) (18). A negative result does not exclude the
possibility that the chemical may induce chromosomal aberrations at later developmental
phases not studied, or gene mutations.

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

If the response is not clearly negative or positive, and in order to assist in establishing the
biological relevance of a result (e.g. a weak or borderline increase), the data should be
evaluated by expert judgment and/or further investigations using the existing experimental data,
such as consideration whether the positive result is outside the acceptable range of negative
control data, or the laboratory's historical negative control data (19).

In rare cases, even after further investigations, the data set will preclude making a conclusion of
positive or negative results, and will therefore be concluded as equivocal.

An increase in the number of polyploid cells may indicate that the test chemical has the
potential to inhibit mitotic processes and to induce numerical chromosomal aberrations (20). An
increase in the number of cells with endoreduplicated chromosomes may indicate that the test
chemical has the potential to inhibit cell cycle progress (21) (22), which is a different
mechanism of inducing numerical chromosome changes than inhibition of mitotic processes
(see Paragraph 2). Therefore incidence of polyploid cells and cells with endoreduplicated
chromosomes should be recorded separately.

report

The test report should include the following information:

Summary.

Test chemical:

source, lot number, limit date for use, if available;
stability of the test chemical itself, if known;
solubility and stability of the test chemical in solvent, if known;

measurement of pH, osmolality, and precipitate in the culture medium to which the test
chemical was added, as appropriate.

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

chemical identification, such as JUPAC 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:

characterised as far as possible by chemical identity (see 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 solvent/vehicle.
preparation of dietary, drinking water or inhalation formulations;

analytical determinations on formulations (e.g. stability, homogeneity, nominal concentrations
when conducted.

Test animals:

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

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

for short-term 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 range, mean and standard deviation for each group should be
included.

Test conditions:

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

rationale for route of administration;

details of test chemical preparation;

details of the administration of the test chemical;

rationale for sacrifice times;
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methods for measurement of animal toxicity, including, where available, histopathological or
hematological analyses and the frequency with which animal observations and body weights
were taken;

methods for verifying that the test chemical reached the target tissue, or general circulation, if
negative results are obtained;

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

details of food and water quality;

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

method of analgesia (where used)

procedures for isolating tissues;

identity of metaphase arresting chemical, its concentration and duration of treatment;
methods of slide preparation;

criteria for scoring aberrations;

number of cells analysed per animal;

criteria for considering studies as positive, negative or equivocal.

Results:

animal condition prior to and throughout the test period, including signs of toxicity;

body and organ weights at sacrifice (if multiple treatments are employed, body weights taken
during the treatment regimen);

signs of toxicity;
mitotic index;

ratio of spermatogonial mitoses cells to first and second meiotic metaphases, or other evidence
of exposure to the target tissue;

type and number of aberrations, given separately for each animal;

total number of aberrations per group with means and standard deviations;
number of cells with aberrations per group with means and standard deviations;
dose-response relationship, where possible;

statistical analyses and methods applied;

concurrent negative control data;
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- historical negative control data with ranges, means, standard deviations, and 95% confidence
interval (where available), or published historical negative control data used for acceptability of
the test results;

- concurrent positive control data;

- changes in ploidy, if seen, including frequencies of polyploidy and/or endoreduplicated
cells.

Discussion of the results

Conclusion
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Appendix

DEFINITIONS

Aneuploidy: any deviation from the normal diploid (or haploid) number of chromosomes by a
single chromosome or more than one, but not by 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

Chromosome diversity: diversity of chromosome shapes (e.g. metacentrique, acrocentriques, etc)
and sizes.

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

Chromosome-type 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 organisms.

Gap: an achromatic lesion smaller than the width of one chromatid, and with minimum
misalignment of the chromatids.

Genotoxic: a general term encompassing all types of DNA or chromosome damage, including
breaks, deletions, adducts, nucleotides modifications and linkages, rearrangements, mutations,
chromosome aberrations, and 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 degree of proliferation 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 base-pair sequence(s) in genes or of the
structure of chromosomes (chromosome aberrations).

Numerical abnormality: a change in the number of chromosomes from the normal number
characteristic of the animals utilised.

Polyploidy: a multiple of the haploid chromosome number (n) other than the diploid number
(i.e., 3n, 4n and so on).

Structural aberration: a change in chromosome structure detectable by microscopic examination
of the metaphase stage of cell division, observed as deletions and fragments, exchanges.
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Test chemical: Any substance or mixture tested using this test method.

UVCB: Chemical Substances of Unknown or Variable Composition, Complex Reaction
Products and Biological Materials"
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(5) In Part B, Chapter B.40 is replaced by the following:

"B.40 IN VITRO SKIN CORROSION: TRANSCUTANEOUS ELECTRICAL RESISTANCE
TEST METHOD (TER)

INTRODUCTION

1.

This test method (TM) is equivalent to OECD test guideline (TG) 430 (2015). Skin corrosion
refers to the production of irreversible damage to the skin manifested as visible necrosis
through the epidermis and into the dermis, following the application of a test chemical [as
defined by the United Nations (UN) Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) (1) and the European Union (EU) Regulation 1272/2008 on
Classification, Labelling and Packaging of Substances and Mixtures (CLP)1]. This updated test
method B.40 provides an in vitro procedure allowing the identification of non-corrosive and
corrosive substances and mixtures in accordance with UN GHS (1) and CLP

The assessment of skin corrosivity has typically involved the use of laboratory animals (TM
B.4, equivalent to OECD TG 404 originally adopted in 1981, and revised in 1992, 2002 and
2015) (2). In addition to the present TM B.40, other in vitro test methods for testing of skin
corrosion potential of chemicals have been validated and adopted as TM B.40bis (equivalent to
OECD TG 431) (3) and TM B.65 (equivalent to OECD TG 435) (4), that are also able to
identify sub-categories of corrosive chemicals when required. Several validated in vitro test
methods have been adopted as TM B.46 (equivalent to OECD TG 439 (5), to be used for the
testing of skin irritation. An OECD guidance document on Integrated Approaches to Testing
and Assessment (IATA) for Skin Corrosion and Irritation describes several modules which
group various information sources and analysis tools and provides guidance on (i) how to
integrate and use existing testing and non-testing data for the assessment of skin irritation and
skin corrosion potentials of chemicals and (i) proposes an approach when further testing is
needed (6).

This test method addresses the human health endpoint skin corrosion. It is based on the rat skin
transcutaneous electrical resistance (TER) test method, which utilises skin discs to identify
corrosives by their ability to produce a loss of normal stratum corneum integrity and barrier
function. The corresponding OECD test guideline was originally adopted in 2004 and updated
in 2015 to refer to the IATA guidance document.

' 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 (EC) No 1907/2006, OJ L 353/1, 31.12.2008
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4. In order to evaluate in vitro skin corrosion testing for regulatory purposes, pre-validation
studies (7) followed by a formal validation study of the rat skin TER test method for assessing
skin corrosion were conducted (8) (9) (10) (11). The outcome of these studies led to the
recommendation that the TER test method (designated the Validated Reference Method —
VRM) could be used for regulatory purposes for the assessment of in vivo skin corrosivity (12)

(13) (14).

5. Before a proposed similar or modified in vitro TER test method for skin corrosion other than
the VRM can be used for regulatory purposes, its reliability, relevance (accuracy), and
limitations for its proposed use should be determined to ensure its similarity to the VRM, in
accordance with the requirements of the Performance Standards (PS) (15). OECD Mutual
Acceptance of Data will only be guaranteed after any proposed new or updated test method
following the PS have been reviewed and included in the corresponding OECD test guideline.

DEFINITIONS

6. Definitions used are provided in the Appendix.

INITIAL CONSIDERATIONS

7. A validation study (10) and other published studies (16) (17) have reported that the rat skin
TER test method is able to discriminate between known skin corrosives and non-corrosives
with an overall sensitivity of 94% (51/54) and specificity of 71% (48/68) for a database of 122
substances.

8. This test method addresses in vitro skin corrosion. It allows the identification of non-corrosive
and corrosive test chemicals in accordance with the UN GHS/CLP. A limitation of this test
method, as demonstrated by the validation studies (8) (9) (10) (11), is that it does not allow the
sub-categorisation of corrosive substances and mixtures in accordance with the UN GHS/ CLP.
The applicable regulatory framework will determine how this test method will be used. While
this test method does not provide adequate information on skin irritation, it should be noted that
TM B.46 specifically addresses the health effect skin irritation in vitro (5). For a full evaluation
of local skin effects after a single dermal exposure, the OECD Guidance Document on IATA
should be consulted (6).

9. A wide range of chemicals representing mainly substances has been tested in the validation
underlying this test method and the empirical database of the validation study amounted to
60 substances covering a wide range of chemical classes (8) (9). On the basis of the overall data
available, the test method is applicable to a wide range of chemical classes and physical states
including liquids, semi-solids, solids and waxes. However, since for specific physical states test
items with suitable reference data are not readily available, it should be noted that a comparably
small number of waxes and corrosive solids were assessed during validation. The liquids may
be aqueous or non-aqueous; solids may be soluble or insoluble in water. In cases where
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evidence can be demonstrated on the non-applicability of the test method to a specific category
of substances, the test method should not be used for that specific category of substances. In
addition, this test method is assumed to be applicable to mixtures as an extension of its
applicability to substances. However, due to the fact that mixtures cover a wide spectrum of
categories and composition, and that only limited information is currently available on the
testing of mixtures, in cases where evidence can be demonstrated on the non-applicability of the
test method to a specific category of mixtures (e.g. following a strategy as proposed by Eskes et
al.,2012) (18), the test method should not be used for that specific category of mixtures. Before
use of the 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 the
mixture. Gases and aerosols have not been assessed yet in validation studies (8) (9). While it is
conceivable that these can be tested using the TER test method, the current test method does not
allow testing of gases and aerosols.

PRINCIPLE OF THE TEST

10. The test chemical is applied for up to 24 hours to the epidermal surfaces of skin discs in a two-

11.

compartment test system in which the skin discs function as the separation between the
compartments. The skin discs are taken from humanely killed rats aged 28-30 days. Corrosive
chemicals are identified by their ability to produce a loss of normal stratum corneum integrity
and barrier function, which is measured as a reduction in the TER below a threshold level (16)
(see paragraph 32). For rat skin TER, a cut-off value of 5kQ has been selected based on
extensive data for a wide range of substances where the vast majority of values were either
clearly well above (often > 10 kQ), or well below (often < 3 kQ) this value (16). Generally, test
chemicals that are non-corrosive in animals but are irritant or non-irritant do not reduce the
TER below this cut-off value. Furthermore, use of other skin preparations or other equipment
may alter the cut-off value, necessitating further validation.

A dye-binding step is incorporated into the test procedure for confirmation testing of positive
results in the TER including values around 5 kQ. The dye-binding step determines if the
increase in ionic permeability is due to physical destruction of the stratum corneum. The TER

method utilising rat skin has shown to be predictive of in vivo corrosivity in the rabbit assessed
under TM B.4 (2).

DEMONSTRATION OF PROFICIENCY

12. Prior to routine use of the rat skin TER test method that adheres to this test method, laboratories

should demonstrate technical proficiency by correctly classifying the twelve Proficiency
Substances recommended in Table 1. In situations where a listed substance is unavailable or
where justifiable, another substance for which adequate in vivo and in vitro reference data are
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available may be used (e.g. from the list of reference chemicals (16)) provided that the same
selection criteria as described in Table 1 is applied.

Table 1: List of Proficiency Substances!

UN Physical
RM
Chemical ELeRyElbE Cat \l;ased on State
Substance CASRN 9 Cat. Based S pH*
Class . In Vitro
on In Vivo Results
Results®
In Vivo Corrosives
N,N'-Dimethyl 10563-29-8 | organic basc 1A 6xC L 8.3
dipropylenetriamine
1,2-Diaminopropane 78-90-0 organic base 1A 6xC L 8.3
Sulfuric acid (10%) 7664-93-9 inorganic acid | (1A/)1B/1C 15x);\ICC L 1.2
Potassium  hydroxide . .
(10% aq.) 1310-58-3 inorganic base | (1A/)1B/1C 6xC L 13.2
Octanoic  (Caprylic) e L 4xC
acid 124-07-2 organic acid 1B/1C 2 x NC L 3.6
4xC
“tert- -18- L .
2-tert-Butylphenol 88-18-6 phenol 1B/1C 5 % NC 3.9
In Vivo Non-corrosives
Isostearic acid 2724-58-5 organic acid NC 6 x NC L 3.6
4-Amino-1,2,4-triazole 584-13-4 organic base NC 6 x NC S 5.5
Phenethyl bromide 103-63-9 electrophile NC 6 x NC L 3.6
4-(Methylthio)- 0. .
benzaldehyde 3446-89-7 electrophile NC 6 x NC L 6.8
1,9-Decadiene 1647-16-1 neutral organic NC 6 x NC L 3.9
Tetrachloroethylene 127-18-4 neutral organic NC 6 x NC L 4.5

Abbreviations: aq = aqueous; CASRN = Chemical Abstracts Service Registry Number; VRM = Validated Reference
Method; C = corrosive; NC = not corrosive.

The proficiency substances, sorted first by corrosives versus non-corrosives, then by corrosive subcategory and then
by chemical class, were selected from the substances used in the ECVAM validation study of the rat skin TER test
method (8) (9). Unless otherwise indicated, the substances were tested at the purity level obtained when purchased
from a commercial source (8). The selection included, to the extent possible, substances that: (i) are representative of
the range of corrosivity responses (e.g. non-corrosives; weak to strong corrosives) that the VRM is capable of
measuring or predicting; (ii) are representative of the chemical classes used in the validation study; (iii) reflect the
performance characteristics of the VRM; (iv) have chemical structures that are well-defined; (v) induce definitive
results in the in vivo reference test method; (vi) are commercially available; and (vii) are not associated with
prohibitive disposal costs.

2Chemical class assigned by Barratt et al. (8).

3The corresponding UN Packing groups are I, 1T and 111, respectively, for the UN GHS/CLP categories 1A, 1B and 1C.

“The pH values were obtained from Fentem ef al. (9) and Barratt ef al. (8).
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PROCEDURE

13.

Standard Operating Procedures (SOP) for the rat skin TER skin corrosion test method are
available (19). The rat skin TER test methods covered by this test method should comply with
the following conditions:

Animals

14.

15.

Rats should be used because the sensitivity of their skin to substances in this test method has
been previously demonstrated (12) and is the only skin source that has been formally validated
(8) (9). The age (when the skin is collected) and strain of the rat is particularly important to
ensure that the hair follicles are in the dormant phase before adult hair growth begins.

The dorsal and flank hair from young, approximately 22 day-old, male or female rats (Wistar-
derived or a comparable strain), is carefully removed with small clippers. Then, the animals are
washed by careful wiping, whilst submerging the clipped area in antibiotic solution (c