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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governfentar, in_faison with 150, also take part In the Wwork. 150 collaborates closely witn| the
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Internationgl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.

The main thsk of technical committees is to prepare International Standards. Draft International Standards
adopted byl the technical committees are circulated to the member bodies for voting."Publication ag an
Internationgl Standard requires approval by at least 75 % of the member bodies casting avote.

Attention is|drawn to the possibility that some of the elements of this document miay be the subject of pgtent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 214272 was prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee S[C 5,
Biological methods.

ISO 21427 ronsists of the following parts, under the general title Water quality — Evaluation of genotoxicity by
measuremgnt of the induction of micronuclei:

— Part 1:|Evaluation of genotoxicity using amphibian larvae

— Part 2:|Mixed population method using the cell line’V79

iv © I1SO 2006 — All rights reserved
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Water quality — Evaluation of genotoxicity by measurement

of the induction of micronuclei —
Part 2:
Mixed population method using the cell line V79
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RNING — Persons using this part of ISO 21427 should be familiar with normal.laborato
5 standard does not purport to address all of the safety problems, if any, associated wit
he responsibility of the user to establish appropriate safety and health \practices and

ORTANT — It is absolutely essential that tests conducted according to this part of IS{
ied out by suitably trained staff.

Scope

part of ISO 21427 specifies a method for the determination of genotoxicity of water and v
g a mammalian in vitro test which detects damage, induced by water-soluble substan
mosomes or the mitotic apparatus of V79 cells frem the Chinese hamster.

micronucleus test allows the identification of‘substances that cause cytogenetic damage whi
formation of micronuclei containing lagging-:chromosome fragments and/or whole chromosome

assay is based on the increase in‘the frequency of micronucleated cells after incubation with
pbolic activation.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only thiéy-edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

5667-16;, Water quality — Sampling — Part 16: Guidance on biotesting of samples
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3.1

cell
disti

3.2

+ Fdefimiti

the purposes of this document, the following terms and definitions apply:

lines
nct families of cells grown in culture originated from a single clone

cofactor solution
aqueous solution of chemicals (e.g. NADP, Glucose-6-phosphate and inorganic salts) needed for the activity
of the enzymes in the S9 fraction
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3.3

dilution level D

denominator of the dilution coefficient (using the numerator 1) of a mixture of water or waste water with
dilution water as integral number

NOTE For undiluted water or waste water, this coefficient is per definition 1:1. The corresponding smallest possible D
value is 1.

3.4
D value
smallest value of D at which, under the conditions of this part of ISO 21427, no increase in the number of

micronuclei et etltureis-detected

NOTE In the case of more than one D value (at maximum two are possible, see 9.2), the highest D value is~decisjve.

3.5
karyotype
characterisfic of the nucleus of a cell, including its size, form and chromosome number

3.6
micronuclei
small particles consisting of acentric fragments of chromosomes and/or entire chromosomes which lag behind
at anaphaseg stage of cell division and form, after telophase, single or multiple micronuclei in the cytoplasm

3.7
mitotic indpx
percentage|of cells of a cell population under division at a particulartime of observation

3.8
plating efficiency
measure of|the number of colonies originated from single célls

3.9
proliferatign index
rate at which cells are dividing within the culture

3.10
proliferatign rate
rate with which cells replicate, calculated by a formula which takes into account 1, 2, 4 and 8 cell staggs of
clones

3.1

S9 fraction
9000g surrnatant of;artissue homogenate in 0,15 mol/l KCI, obtained from livers of male rats (200 g to
300 g) pretiieated with an appropriate substance or substance combination for enzyme induction

3.12
S9 mix
mixture of the S9 fraction and the cofactor solution

3.13
stock culture
frozen culture for the preservation of the characteristics of V79 cells

3.14
survival index
percentage of surviving cells compared to all cells, used as index of toxicity

3.15
test culture
culture of cells used for the study

2 © I1SO 2006 — All rights reserved
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Principle

The possible clastogenic and/or aneugenic activity of the test sample is detected by comparing, for the
respective activation condition, the number of micronucleated cells in cultures treated with the negative control

and

the number in cultures treated with undiluted and diluted test samples, respectively.

During cell division, chromatid fragments without centromers will not move to the nuclei of the daughter cells
and will stay within the cytoplasm. Part of the chromosome aberrations induced by the test item will be
chromatid fragments without centromers and will, therefore, not be incorporated in the nuclei of the daughter
cells. In addition, spindle disorders may lead to chromosomes which are not incorporated into the nucleus.
These particles will form micronuclei in the plasma.

V79

slidgs are prepared, and cells are stained and evaluated for the presence of micronucleate]
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6.1

Pre

cells are exposed for 24 h (4 h with the S9 mix) to a range of concentrations of a test sample.

based incidence of these micronucleated cells in comparison to the negative controlindicates
may cause chromosome breaks or spindle disorders in V79 cells in vitro.

Interferences

pbgically relevant alterations of the culture conditions may induce chromosome aberration due t
hanisms resulting in artificial positive and, therefore, irrelevant rgsults [16]. Those factors are, €
hges in osmolality or pH, precipitation of test sample and Phagocytosis thereof, and stron
cts of the test sample. Therefore, test samples should be monitored at least for changg
olality of the cultures using the same proportion of test item per culture as will be used late
ditions. If there is a shift in pH in the culture, the test item should be adjusted to pH 7,0 + 0,2.
hge in osmolality, the highest concentration usedcin’the test has to be reduced so that

ration of osmolality occurs in the cultures. To avaid artifacts based on phagocytosis or severe

Reagents and media
ar as possible use “reagent grade” chemicals.

hemicals with different amounts of water of crystallization are used, calculate the needg
brdingly.

ays perform autoclaving for 20 min at 121 °C + 2 °C. Cover vessels loosely (e.g. with alun
er seal air-tight,

Water.

pare, all.aqueous solutions with water of a conductivity of < 5 uS/cm.

Thereafter,
d cells. An
hat the test

secondary
.g. stronger
g cytotoxic
s in pH or
r under test
If there is a
no relevant
cytotoxicity,
D).

d amounts

hinium foil).

6.2

6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

L_Reagents-

Glucose-6-phosphate dihydrate, CgH,,OgPNa, - 2 H,0.

Magnesium chloride hexahydrate, MgCl, - 6 H,0.
Potassium dihydrogenphosphate, KH,PO,.
di-Sodium hydrogenphosphate dihydrate, Na,HPO, - 2 H,0.

Ethanol (absolute), Co,H;0H.

© I1SO 2006 — All rights reserved

Nicotinamide adenine dinucleotide phosphate disodium salt, NADP, C,,H,6N;Na,0,/P5.


https://standardsiso.com/api/?name=60aab4760ca8be62ee78b9c3180dc7b4

ISO 21427-2:2006(E)

6.2.7 Glacial acetic acid, CH;COOH.

6.2.8 Formaldehyde, HCHO, 37 % volume fraction.

6.2.9 tri-Sodium citrate dihydrate, HOC(COONa)(CH,COONa),-2 H,0.
6.2.10 di-Sodium hydrogenphosphate, Na,HPO,.

6.2.11 Sodium dihydrogenphosphate, NaH,PO,.

6.2.12 May-Griinwald-solution, modified 1.

6.2.13 HyLrochIoric acid, ¢(HCI) = 1 mol/l.

6.2.14 Sodium hydroxide solution, ¢((NaOH) = 1 mol/l.

6.2.15 Dimethyl sulfoxide (DMSO), C,HgSO,.

6.2.16 Positive controls.

6.2.16.1 Cyclophosphamide, monohydrate, C;H;5CI,N,O,P-H,0.
CAS Regisfration No: 6055-19-2.

6.2.16.2 | Ethyl-methane sulfonate (EMS), CH;SO;CH,CHs.

CAS Regisfration No: 62-50-0.

6.2.17 Sodium citrate solution for hypotonic treatment:

Prepare a 1,5 % solution of tri-sodium citrate in water.

6.2.18 Fixption solution.

Mix 50 ml of glacial acetic acid with 150 ml.of .ethanol, add 2,5 ml of a 37 % formaldehyde solution.
6.2.19 Buffer solution according to WEISE (pH 7,2) ).

This solution is commercially available in ampoules. Dilute the contents of one ampoule in water and, using a
1 000 ml measuring flask, bringto volume with water.

6.2.20 Giedmsa solution/».

Prepare a 4,6 % Giemsa solution in buffer according to WEISE (pH 7,2) (6.2.19). Filter prior to use.

6.2.21 PhTsphate buffer.

Dissolve 2,13 g of Na,HPO, in 1| water. Dissolve 1,8 g of NaH,PO, in 1| water. Mix both solutions at the
ratio of 4:1 and adjust to a final pH of 7,4.

6.2.22 MEM-medium (= Minimal Essential Medium) with stabilized glutamine ).

6.2.23 Fetal bovine serum (= FCS) 7).

1) This reagent is commercially available. This information is given for the convenience of users of this part of ISO 21427
and does not constitute an endorsement by ISO of these products.

4 © I1SO 2006 — All rights reserved
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6.2.

6.2.

6.2.

6.2.

6.2.

6.2.

Disgolve 4 g of potassium chloride, in 1 | water.

6.3

6.3.

Thig medium is used as general culture medium and for treatment of cells withqut'the S9 mix.

Mix
Am

Thelmedium is stable for up to 4 weeks if stored in a refrigerator@at4 °C + 2 °C.

6.3.

Thig medium is used only for the treatment period of cells under activation condition (S9 mix).

Mix

Thel medium is stable for up to 4 weeks if stored in a refrigerator at 4 °C + 2 °C.

6.4

6.4.

The| V79 cell line is a permanent cell line of Chinese hamster lung cells with

Sto

fe“permanent cultures (1 ml samples including 7 % DMSO) in liquid nitrogen at about —196

ISO 21427

24 Penicillin/Streptomycin solution, 10 000 E/10 000 ug/ml 1.

25 Amphotericin-B solution, 250 ug/ml 7).

26 Trypsin/EDTA solution, 0,25 % 1.

27 Hanks' Balanced Salt Solution (= HBSS) V).

28 Hanks' Balanced Salt Solution (= HBSS) without Ca2* and Mg2* ).

29 Potassium chloride solution.

-2:2006(E)

Preparation of culture media

1  Culture medium with FCS.

bhotericin-B solution.

P Culture medium without FCS.

500 ml of MEM-medium, 5 ml of Penicillin/Streptomycin solution and 5 ml of Amphotericin-B sq

Cell system.

1 Cell line, storage

a high proliferatianyrate (cell cycle length about 12 h to 16 h);
a high platingefficiency (= 90 %);

a stablekaryotype (modal number of chromosomes = 22).

500 ml of MEM-medium, 50 ml of FCS, 5ml of Penicillin/Streptomycin solution apd 5 ml of

lution.

°C. Prior to

freezing, check each batch for mycoplasma contamination. Karyotype and plating efficiency (colony-forming
ability) should be determined at least prior to the first use of a thawed culture.

6.4.

2 Cultivation

To start a culture, thaw a permanent culture in a water bath at 37 °C and add 0,5 ml of this sample to a
25 cm? culture flask filled already with approximately 5 ml of MEM (minimal essential medium; composed of
medium, glutamine and antibiotics) including 10 % FCS (fetal calf serum). Cultivate the cells at 37 °C, using

5%

carbon dioxide and a humidity of at least 90 %. Subcultivate the cells twice a week.

© I1SO 2006 — All rights reserved
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Withdraw the flasks (25 cm?) from the incubator and place them on a clean bench. Open the flasks singly and
remove the medium by suction. Wash the cells once with 5 ml Hanks Balanced Salt Solution (HBBS, without
Ca2* and Mg2*) for about 5 min. Thereafter, remove the medium again.

Trypsinize the cells for about 5 min using about 1,0 ml of trypsine (0,25 %) and approximately 1,0 ml HBBS
(without CaZ* and Mg?2*) to separate the cells from the bottom of the culture flask.

Stop this reaction by adding approximately 3 ml of MEM including 10 % FCS.

Pipette this mixture several times to separate the cells from the flask and to obtain homogenous single cell

suspension

Count the n

Dilute the s
FCS.
6.4.3 Du

The cell cy
using the B

6.5
6.5.1 S9

For the treq
commercial

6.52 S9

Prepare thg

temperaturg¢. Immediately thereafter, prepare the’S9 mix by mixing the following compounds under st

Metabpolic activation

umber of cells in a 10 pl sample in a hemocytometer 2).

Lspension to the required cell density (30 000 to 80 000 per culture) using MEM including 10

ation of cell cycle

cle length of the V79 cells is normally about 12 h to 16 h. Determine.itsylaboratory specific le
rdU3) method (see Annex A).

fraction

tment of enzyme induction and preparation of the.S9fraction, see Annex C. If the S9 fractig
y purchased, it shall have been prepared (including*enzyme induction) according to Annex C.

mix

needed amount of the S9 fraction freshly on the day of test or, if stored frozen, thaw at r

o of

ngth

n is

bom
brile

rin
mix.

conditions:

a) 1 aliquqt of S9 fraction;

b) 9 aliqugts of S9 supplement (ecofactor solution).

Keep the $9 mix permanently~on ice (e.g. in a double-walled separator funnel containing iced wate
between thgse walls) and Usg’it only on the same day. At the end of this day, discard the remaining S9
The concerftrations of cofactors in the S9 mix are as follows:

MgCl, 8 mmol/|

KCI 33 mmol/l

Glucose-6-phosphate 5 mmol/l

NADP 4 mmol/l

Phosphate buffer (pH 7,4) 15 mmol/l

2) Alternatively, an automatic cell or particle counter device may be used.

3) BrdU stands for bromodeoxyuridine.
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7 Apparatus

7.1 Cryo-vials, 1 ml, 2 ml, 5 ml.

7.2 Cell culture flasks, 25 cm?2, 75 cm2.

7.3 Culture chambers, appropriate for 4 microscope slides, approx. 9 cm x 13 cm.

7.4 Microscope slides with frosted part.

7.5 —COyincubator-

7.6| Laminar-airflow work bench.

7.7| Water bath.

7.8 Vacuum pump.

7.9 | Inverse microscope.

7.1Q Light microscope.

7.11 Bunsen burner.

7.12 Centrifuge.

713 Freezer (—80 °C).

7.14 Analytical balance.

7.18 Glass pipettes, 1 ml, 5 ml, 10 ml.

7.16 Adjustable volume pipettes.

7.17 Neubauer counting chamber.

7.18 Photographic clips.

7.19 Dewar tank for storage of the cells in liquid nitrogen.
7.20 Tweezers.

7.21 Cuvettes including holders for staining.

7.22 Sterile filters, 0,22 ym.

8 Test facility criteria

The test facility is qualified for the execution of this part of ISO 21427 if the in vitro micronucleus test is
established in this facility according to the following criteria:

— a couple of independent experiments shall already have been performed;
— a couple of known mutagenic and non-mutagenic chemicals shall already have been tested.

It should be decided case by case whether and to what extent additional instructions may be necessary for the
application of this part of ISO 21427.

© I1SO 2006 — All rights reserved 7
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9 Procedure

9.1 Sampling and samples

Test samples as soon as possible after sampling, i.e. on the day of collection. Divide large samples into
appropriate portions in advance, since thawed samples may only be used on the same day as they were

thawed.

High or low pH-values of the test sample may trigger cell toxic effects lowering the possible maximum testable
concentration. Therefore pH of the test sample should be momtored and adjusted |f necessary, to pH
7,0 + 0,2 usine ] - v :

such that t
the resulting

Shake test

e added volumes are as small as p033|ble Avord over—trtratlon The change of the sample pH
j effects shall be taken into consideration (see ISO 5667-16).

samples thoroughly before use.

Centrifuge the samples containing solids and use only the liquid supernatant for further procéssing.

Sterilize all

NOTE 1 I
respectively.

NOTE 2 g
If dilutions 3
9.2 EXxps

Use two cu

the samples by filtration through sterile filters (7.22). Do not extract or concentrate the samples

[ necessary, keep the samples at 0 °C to 5°C for up to 48 h and below., -18 °C for up to two mo

bee SO 5667-16.

re necessary, perform these with sterilized water (6.1).

rimental size

tures per experimental group. Evaluate 1 000-cells per culture for micronuclei. See Table 1.

alkali
and

hths,

© I1SO 2006 — All rights reserved
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Table 1 — Experimental size

Treatment group S9 mix Treatment time Time of harvest

h h
negative control

dilution water - 24 24
undiluted test item @ - 24 24
1:2 - 24 24
1:4 - 24 24
1:8 - 24 24
1:16 - 24 24
1:32 - 24 24

positive control EMS (6.2.16.2)
350 pg/ml - 24 24

negative control

dilution water + 4 24
undiluted test item @ + 4 24
1:2 + 4 24
1:4 + 4 24
1:8 + 4 24
1:16 & 4 24
1:32 + 4 24
positive control cyclophosphamide
(6.2.16.1)
2,5 ug/ml + 4 24

a If osmolality is relevantly altered, the highest dilution which does not alter osmolality of the culture.

9.3| Negative controls

Trett the cultures 6f\the negative controls with the dilution water in the same volume as other ¢ultures are
treated with test item.

9.4| Positive controls

Disgalve the positive controls in MEM to result in a concentration of EMS of 1,75 mg/ml and in a cancentration
of Lybiupiluapi ramideof12;5 pg/llli. /-\ppiy avotumeof-+mt peT cutture:

Store the stock solutions of the positive controls at —80 °C. In this case, they should be thawed shortly prior to
treatment.

9.5 Time schedule

-6h Seeding of cells

Oh Treatment

+4h Washing of cultures (only those with S9 mix)
+24h Harvest and slide preparation

© I1SO 2006 — All rights reserved 9
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9.6 Preparatory steps

Thaw permanent cultures in a water bath at 37 °C. Add 0,5 ml of a thawed culture to a 25 cm? flask which
already contains 5 ml of MEM (including 10 % FCS). Incubate cultures at 37 °C, using an atmosphere
containing a volume fraction of 5 % CO, and at least 90 % humidity, to reach a confluency (contact inhibition)
of 50 % to maximally 100 % (about 2 d to 4 d). To remove dead cells, replace the medium about 30 h after
culture initiation. Use the remaining cells for experiments. (They may also be used for further subculturing.)
Discard cells which have undergone more than 15 passages because they cannot be used for further
experiments.

9.7 Preparation-oftestcultures

9.7.1 General

Wash the dells once with 5 ml HBBS (without Ca2* and Mg2*) for about 5 min and then remove/the medium
by suction.

Trypsinize fhe cells for about 5 min using about 1,0 ml of trypsin (0,25 %) and approximately 1,0 ml of HBBS
(without Caf* and Mg2*) to separate the cells from the bottom of the culture flask.

Stop this repction by adding approximately 3 ml of MEM including 10 % FCS.

Pipette thig mixture several times to separate cells from the flask and{te*obtain homogenous, single|cell
suspensiong.

Count the number of cells in a 10 pl sample in a hemocytometer 4).

Dilute the quspension to the required cell density (30 000 to 80 000 per 5 ml culture) using MEM inclufling
10 % FCS.

9.7.2 Seeding

Add 5 ml of cell suspension to each chamber of;a-culture dish (7.3), of which each chamber contains a s|ide.
Each champer represents one culture.

Incubate the dishes for 6 h at 37 °C, in—an“atmosphere containing a volume fraction of 5 % CO, and at Igast
90 % humidity.

Prior to tregtment, check the dishes visually for cell attachment. (See Annex B.)

9.7.3 Preparation of S9,mix

Prepare thg S9 mix.according to 6.5.2.

9.8 Treatment of test cultures

9.8.1 Treatment without S9 mix

Remove the medium from the culture chambers approximately 6 h after seeding. Add 4 ml of fresh medium
(with FCS). Thereafter, add the test sample, then either the positive control or the dilution water for the
negative control in a volume of 1 ml (final volume of 5 ml). Incubate the cultures for 24 h at 37 °C, in an
atmosphere containing a volume fraction of 5 % CO, volume fraction and at least 90 % humidity. Higher
concentrations of test sample can be applied as long as the validity and cytotoxicity criteria (3.14, 9.8.5, 10.2)
are met. If higher amounts of sample are used, the concentration of the medium has to be adjusted.

4) Alternatively, an automatic cell or particle counter device may be used.

10 © IS0 2006 — All rights reserved
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9.8.2 Treatment with S9 mix

Remove the medium from the chambers approximately 6 h after seeding. Add to each chamber 1 ml of the S9
mix and 3 ml of fresh medium (without FCS). Thereafter, add the test sample, then either the positive control
or the dilution water for the negative control in a volume of 1 ml per culture, resulting in a final volume of 5 ml.
Incubate cultures for 4 h at 37 °C, in an atmosphere containing a volume fraction of 5 % CO, and at least
90 % humidity. Higher concentrations of test sample can be applied as long as the validity and cytotoxicity
criteria (3.14, 9.8.5, 10.2) are met. If higher amounts of sample are used, the concentration of the medium has
to be adjusted.

After 4 h, remove the medium and wash the cultures twice with 5 ml HBSS. Add 5 ml of MEM (incl. 10 % FCS)

and
90 9

9.8.

Pre

9.8.4 Staining

9.8.p Treatment'for determination of the survival index

Seead approximately 250 000 cells into 25 cm? flasks already containing 5 ml of MEM (including

per
con

dilutionawater or test Qnmplp concentrations (Q R)

incubate for further 20 h at 37 °C, in an atmosphere containing a volume fraction of 5 % CO,
o humidity.

B Processing of cell cultures
pare cells as follows [131:
remove the culture medium completely;

treat each culture for 3 min with 5 ml of sodium citrate-solution(6.2.17) at a temperatu
(hypotonic treatment);

remove the sodium citrate-solution and replace it by approximately 5 ml of fixation solution (
temperature of about 4 °C for about 5 min; remove and replace the fixation solution by the sz
of fresh fixation solution (4 °C) for about 5 min;

remove the slides from the culture chambers. Allow the fixation solution to drip off and dry f{
ambient temperature.

After the slides have dried, stain fer'3*min in May-Griinwald-solution, modified (6.2.12);

rinse the slides with WEISE=buffer (6.2.19) and place the slides for approximately 20 min in
solution (6.2.20);

rinse twice with WEISE-buffer and remove surplus of staining material in xylene. Thereafte
slides with coverslips-and examine the slides as in 10.3.

negative control or test sample concentration. Cultivate the cells for 30 h at 37 °C in an
aining a volume fraction of 5 % CO, and at least 90 % humidity (9.6). Thereafter, treat th

and at least

e of 37 °C

£.2.18) at a
me amount

he slides at

a Giemsa-

r, cover the

10 % FCS)

htmosphere
e cells with

At the end of the respective treatment period, harvest the cells of all cultures as follows:

remove the medium and wash once with 5 ml of HBBS (without Ca2* and Mg2™*);

trypsinize with about 1,0 ml of trypsin (0,25 %) and about 1,0 ml of HBBS (without Ca2* and Mg2*) to

remove cells from bottom of flasks;

stop the process by adding 3 ml of MEM (including 10 % FCS);

pipette this mixture several times to separate cells from the flask and to obtain homogeneous single cell

suspensions;

© I1SO 2006 — All rights reserved
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dilute the cells to an appropriate amount in negative controls. Dilute all other cultures as cell suspensions

of the negative controls were diluted. The same amount is taken from each culture and counted using a

haemo

cytometer ®) to determine cell survival.

10 Evaluation and assessment

10.1 Cell

morphology

At the end of the treatment, check all the cultures by an inverse microscope for changes in cell morphology

and attachinent of cells at a magnification of about 200-fold with the exception of positive confrols.

Annex B.)

10.2 Sele

For non-tox]
which indud
reading of
attachment
reduced to
For toxic sq

ction of concentrations to be analysed

slides. Independently, no relevant changes should be induced in cell morphology (10.1
of cells. If those effects are observed for this concentration, the concentration for reading sha

micronuclegted cells is observed, lower concentrations are read until{the first concentration wit

clastogenic

Prior to req
interferencs

10.3 Read
Read 1 000
Take into a
the ma
concer
micron
only ce

In addition

effect is reached.

of slide quality with the assessment.

ing of slides
cells per culture and note the number of micronucleated cells amongst them.

ccount the following criteria:

Kkimum size of a micronucleus is.about 30 % of the size of a normal nucleus;

ning their staining micronucléus and nucleus shall have the same appearance;
iclei shall be clearly-separated from the nucleus;

lls with good eytoplasmic outlines are used for reading.

nuclei of the same Size, and cells with more than six micronuclei) amongst the evaluated 1 000 cells.

10.4 Mito

i<index

¢ samples, read only the highest tested concentration. For toxic samples, the Iowest concentrs
es more than 50 % cytotoxicity in at least one of the indices (10.4, 10.5, 10:6)'shall be chosen for

the highest concentration which does not induce changes in cell morphology or cell attachm

mples, the next two lower dilutions of the test sample shall also, bé read. If a relevant increas

ding slides, check them for their quality. Use only slides of good quality for reading to a

to micrenucleated cells, record fragmentations (cells with fragmented nuclei, cells with sey

See

tion

or
| be
ent.
ein
hout

void

eral

Determine the mitotic index (3.7) for all cultures microscopically on the slides. The number of mitotic cells
among a total of 1 000 cells per culture is determined. All cells which were not in interphase are defined as

mitotic.

5) Alternatively, an automatic cell or particle counter device may be used.

12
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10.5 Survival index

Determine the survival index (3.14 and 9.8.5) for all cultures except for positive controls. The number of cells
observed for negative controls is set to 100 %. On this basis, the number of living cells in the test
sample-treated cultures is converted to a percentage.

10.6 Proliferation index

Determine the proliferation index (3.9) for all cultures except for positive controls.

E nata 1. 000 calla (copiatina Sl Aalle ~f Ao Alana) nar Al e oot ad 1t Dffarant Al o 1 2 4
Vargate—rooo-€ens (courtmg—arnr Ce TS~ O Catr CromC P oo G ST paratC U to—UiTereT T CroTTe Sizes

or 8l cells). Calculate the proliferation index following Equation (1):

_ (norxN)+(ngra x2)+(ngra x3) + (ncrg x 4)

Ip (1)
ncL
whdre
Ip is the proliferation index;

ncL  is the number of clones counted;

ncLq is the number of clones with 1 cell;

ncLo is the number of clones with 2 cells;

ncLs is the number of clones with 3 or 4 cells;
ncLg is the number of clones with 5, 6, 7-er 8 cells.

Dugq to clone disintegration in experiments-with the S9 mix, this index is most frequently smaller if gompared to
expgeriments without the S9 mix.

10.Y Validity criteria
Thel mean of the ratio of micronucleated cells in negative control cultures shall not exceed 3 %.

Posjtive controls shall-have induced statistically significant increases in the ratio of micronucleated [cells.

10.8 Assessment criteria

Thetfollowing criteria shall be met for a positive result:

— La Qlﬁhlflr‘ﬂhf increase nPPnrdlnn toan nnnrnnrlnfn statistical test ({"hl lenrnd test corrected for Cont|nu|ty

accordlng to Yates) [19] in micronucleated cells in treated cultures as compared to the respective negative
controls;

— the number of micronucleated cells exceed the range of the historical negative control data.

If neither criteria is met, the test sample shall be evaluated as non-genotoxic according to this part of
ISO 21427. If only one criterion is met, the test shall be repeated as the result is ambiguous.

10.9 Determination of the decisive D value

The “decisive D value” means the lowest D value (3.4) at which no detectable genotoxic effects are found for
cultures treated with the test sample or dilutions thereof according to the criteria given in 10.8.
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11 Precision

Results of an interlaboratory trial are given in Annex D.

12 Test report

This clause specifies which information is to be included in the test report. The clause shall require information
to be given on at least the following aspects of the test:

a refergmocetothispartoftSO2H427(1SO 24272y

identity| of the test sample (origin and date of sampling, pH value);

result,

hccording to Clause 10;

if appr@priate, any deviation from this procedure or circumstances that may have affecteéd the result.

The documegntation will include the following information:

a)

b)

c)

d)

e)

f)

14

positivg controls (chemical name, source, batch number or comparable data(if available);

storage of sample and preparation of test sample (storage conditions\(if not tested directly), adjustme
pH val
and other manipulations);

e, centrifugation (including g and time), filtration (including filter material and diameter of pg

cell line (cell line, source, date of arrival, storage conditions, check for karyotype stability, pla
efficiency and mycoplasma contamination);

metabalizing system (preparation and origin of the S9 fraction, protein content, date of prepara
storage conditions);

test enyironment (address of performing laberatory, date of test);

results

1)

sufvival index, mitotic index, Jproliferation index, number of cells analysed, micronculei per cu
ingluding means, criteria for considering results positive, negative or equivocal, signs of toxi
dose-response relationship, and

where possibles statistical analysis and method applied, concurrent and historical negative-co

pr

da£a, concurréntand historical positive-control data, conclusions, D values, other observations

cipitatiof).

ht of
res)

ting

on,

ture
city,

htrol
e.g.
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Incy
incg
chrg
hav

A.2

Peri
cult
ligh
stor

24 |
meq
and

The
(inc
COf
add

A3

Ren

Treat each culture for approximately 20 min with approximately 5 ml of a potassium chloride solut

ata

Add
soly

fixation solution by the same amount of fresh fixation solution (4 °C) for about 5 min.

Ren

ISO 21427-2:2006(E)

Annex A
(informative)

Bromodeoxyuridine (BrdU) method

General

ate cells In_a surplus ol _bromodeoxyuridine (Br or abou . Bromodeoxyuridin
rporated into DNA as replacement for thymidine and results in an altered chromosome staining
matid parts. Using a special staining procedure, it is possible to differentiate between metaph
e undergone 18t, 2nd or 3rd mitosis since co-culturing with BrdU.

BrdU treatment

orm subculturing in culture dishes by seeding approximately 80 000 cells”of a single cell sus
ire. Use four harvest times and four cultures per harvest time. Dissolve.the BrdU freshly prior t
protection at a concentration of 5 ug of BrdU per millilitre in cultdre medium (including 10 ¢
e it under light protection at 4 °C until use.

after passaging, remove the medium from the cultures and replace it under light protection by
ium”. Incubate the cultures for 14 h at 37 °C, in an atmoesphere containing a volume fraction
at least 90 % humidity.

reafter, remove the medium under light protection and rinse twice with 5 ml HBSS. Add 5
uding 10 % FCS) per culture and incubate at.37’°C, in an atmosphere containing a volume fra

and a humidity of at least 90 % until harvest. Harvest the cultures 16 h, 18 h, 20 h and 23
tion of BrdU.

Preparation of slides
nove the culture medium completely.
temperature of approximately 37 °C (hypotonic treatment).
approximatéely™5 ml fixation solution (4 °C) (6.2.18) for about 15 min. Remove and replace

tion by the{same amount of fresh fixation solution (4 °C) for about 10 min. Remove and

hove the slides from the culture chambers. Allow the fixation solution to drip off and move th¢

(BrdU) is
of affected
ases, which

bension per
b use under
b FCS) and

the “BrdU-
bf 5 % CO,

ml of MEM
ction of 5 %
h after the

ion (6.2.29)

the fixation
replace the

b slide for a

bl aart-aof tha flaona

sho

bt S ooty : £ [ FET-Y n-biraar
CPCTTOU T TTOOyTT e oot pparc ur e arn e uTra DurtSTTT OurTIeTs

A.4 Staining of slides

A4

.1 Preparation of Soerensen-buffer

Dissolve 45,36 g KH,PO, in 1 000 ml water (solution A) and dissolve 64,33 g Na,HPO, in 1 000 ml water
(solution B). Mix one part A, one part B and 8 parts of deionized water. This results in a solution with a pH of

6.8.

© I1SO 2006 — All rights reserved
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A.4.2 Staining

After storage for 2 d to 4 d in the dark, transfer the slides with the coated side up into dishes and cover with
1 cm of Soerensen-buffer. Thereafter, irradiate with UV-light (wavelength 254 nm) for 10 min from a distance

of about 15

cm.

Transfer the slides into holders and immerse them in cuvettes which have previously been filled with “SSC
twice” (a solution containing 0,3 mol/l NaCl and 0,03 mol/l of sodium citrate in deionized water). Incubate the
slides in “SSC twice” for about 30 min at about 60 °C.

Thereafter, remove the slides and allow them to cool. Afterwards, place them for 10 min in their holders into

cuvettes wh
Soerensen-

Remove fro
Protect slid

A.5 Eval
Evaluate 2(
The followir
in the 1

in the
corres

in the 3

A.6 Calc

Calculate tH

buffer (pH 6.8).

m staining and allow to dry. Remove the surplus of staining material in xylene and céver the s
bs against light.

hation

0 metaphases per harvest time and note the numbers of the 18t, 2nd‘and 3rd metaphases.

g criteria shall be met:

st metaphases, both chromatids of all chromosomes are stained blue-violet;

2d metaphases, one chromatid of all chromosores is stained blue-violet, whereas
onding part of its sister chromatid is stained light-violet;

rd metaphases, chromatids are stained predominantly light-violet.

ulation of cell cycle length

e cell cycle length, /-, of therespective cell line according to Equation (A.1):

h 100

lcc:(

where
th, Is

n1 is

X 11) + (2 X 19) + (3X ). s

he harvest time in hours, h;

he number of 15t mitosis in percent, %;

n2 iS

he-humber of 2Nd mitosis in percent, %:

ich had already been filled with a Giemsa solution, prepared by adding 15 ml of Giemsa to 48

b ml

ljdes.

the

A1)

ng

is the number of 3™ mitosis in percent, %.

The mean of all four harvest times is used as mean cell cycle length for the respective cell line.
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