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Abstract

In this report, results are presented from an international study of the in vitro micronucleus assay using Chinese hamster ovary cells.
This study was coordinated by an organizing committee supported by the SFTG (the French branch of the European Environmental
Mutagen Society). Test chemicals included mannitol, bleomycin, cytosine arabinoside, urethane and diethylstilboestrol. Mitomycin
C was used as a positive control. Each chemical was evaluated in at least two laboratories following a variety of different protocols
(short and long exposures, varying recovery times, with and without cytochalasin B) in order to help determine a standard protocol
for routine testing in Chinese hamster ovary cells. Mannitol and urethane were negative, while bleomycin, cytosine arabinoside
and diethylstilboestrol induced a dose dependent increase in micronucleated cells. In the presence of cytochalasin B, increases in
micronuclei were observed in binucleated as well as mononucleated cells in cultures treated with bleomycin, cytosine arabinoside
or diethylstilboestrol. Importantly, all three of these chemicals were detected in each of the different treatment/recovery regimens.
No differences were seen in the sensitivity or accuracy of the responses in the presence of absence of cytochalasin B. Overall, these
results demonstrate the suitability of Chinese hamster ovary cells for the in vitro micronucleus assay.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Established cell lines, especially those developed
from Chinese hamsters (CHO-WBL, CHO-K1, V79,
CHL) are commonly used in the standard metaphase
chromosome aberration assay (e.g. Ishidate et al. [1]).
Chinese hamster cell lines have the advantage of hav-
ing a relatively small number of chromosomes (20–22
chromosomes), they are readily available, they do not
have donor variability like human lymphocytes, and
they do not require mitogenic stimulation for growth
since most of the cells are dividing. Based on their
extensive use in chromosome aberration assays, Chinese
hamster cell lines have increasingly been used for the
assessment of micronuclei in vitro [2–15]. Not unex-
pectedly, various protocols have emerged for the in vitro
micronucleus assay in Chinese hamster cells and there
are few studies that have carefully examined the criti-
cal parameters of the protocol. Before an internationally
harmonized protocol can be developed for the in vitro
micronucleus assay using Chinese hamster cell lines,
agreement on the key aspects of the protocol is needed
[16,17].

To address this, an international study starting in 1997
was coordinated by an organizing committee supported
by the SFTG (the French branch of the European Envi-
ronmental Mutagen Society) and included laboratories
from Europe, America and Japan. As part of this, stud-
ies in Chinese hamster ovary cells were conducted with
a common protocol. Since the initiation of these stud-

2.2. Culture media

Mc Coy’s 5A (with bicarbonate buffer and Hepes) sup-
plemented with penicillin–streptomycin (50 UI/ml–50 �g/ml),
glutamine (2 mM) and 10% heat-inactivated fetal calf
serum.

2.3. Chemicals

The test chemicals were purchased from Sigma Chemicals,
coded and dispatched to the participants of the study by the
organizing committee (see the general publication in this issue
for details [19]).

They were: mannitol (CAS No. 69-65-8), bleomycin (CAS
No. 9041-93-4), cytosine arabinoside (CAS No. 147-94-4),
urethane (CAS No. 51-79-6) and diethylstilboestrol (CAS No.
56-53-1). Mitomycin C (CAS No. 50-07-7) was used as the
positive control.

2.4. Culture conditions

A survey was performed before the study to define the pro-
cedures in use in the different participating laboratories and
to elaborate a common protocol based on these current prac-
tices. Cultures were performed in duplicate. In some studies
with cytochalasin B, a separate third culture flask was used for
cell counts to provide a complementary evaluation of cytotox-
icity to compare to the ratio of binucleated cells. Following
the current use validated in each laboratory, different condi-
tions were applied for seeding cells. The day before treatment,
the cells were seeded in either 4-well chambers, 8-well cham-
bers, Petriperm chambers, 6-well plates or 35-mm dishes. Cells
ies, Garriott et al. [2] and Phelps et al. [18] reported the
results of studies in Chinese hamster ovary cells with a
total of 26 chemicals for both, complementary to this
present study and that have also a variety of mecha-
nisms of genotoxicity including aneugens, crosslinking
agents, and strand breaking agents. They investigated
important parameters such as the use of cytochalasin B,
length of exposure, number of cells to analyse. The out-
come of the present international study, together with
these previous papers will contribute to a defined stan-
dard protocol for the use of in vitro micronucleus test
for routine genotoxicity testing in Chinese hamster ovary
cells.

2. Materials and methods

2.1. Cells

CHO-WBL cells were originally obtained from Covance
Laboratories (Vienna, VA, USA), Abbott Laboratories (Abbott
Park, IL, USA) or BioReliance (Rockville, MD, USA).
were cultured at densities of 10,000–14,000 cells/cm2 in the
‘3 + 20 h’ schedule with cytochalasin B; 2400–5000 cells/cm2

in the ‘3 + 45 h’ or ‘24 + 24 h’ schedules without cytocha-
lasin B; 2400–7000 cells/cm2 in the ‘24 + 20 h’ schedule with
cytochalasin B or ‘24 + 0 h’ and ‘3 + 21 h’ schedules without
cytochalasin B. In these conditions, cells were actively grow-
ing upon treatment.

All cultures were incubated at 37 ◦C in a humidified atmo-
sphere of approximately 5% CO2 and filtered air.

2.5. Treatment and recovery times

The different treatment and recovery schedules are sum-
marised in Fig. 1.

Cells were treated with the test compound by replacing the
culture medium with fresh treatment medium containing var-
ious concentrations of the test compound. The cultures were
incubated for the required treatment period (3 or 24 h) after
which the treatment medium was removed and the cells were
rinsed with buffer or culture medium. One set of cultures
was harvested immediately after the 24 h treatment with no
recovery period (‘24 + 0 h’). The cultures that were not har-
vested immediately after rinsing were then re-fed with either
fresh culture medium without cytochalasin B or with culture
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Fig. 1. Treatment and recovery schedules: (�) treatment with a chemical; (—) recovery in the fresh medium.

medium containing cytochalasin B. For recovery in the absence
of cytochalasin B, cells were incubated either 21 or 45 h fol-
lowing the 3 h treatment period (‘3 + 21’ or ‘3 + 45’) or for 24 h
following the 24 h treatment (‘24 + 24 h’) and harvested. For
recovery in the presence of cytochalasin B, cells were incu-
bated either 20 h or 45 h following the 3-h treatment period
(‘3 + 20 h or ‘3 + 45 h’) or incubated for 20 h following the 24 h
treatment (‘24 + 20 h’).

Cytochalasin B, when used, was added to the cultures at
a final concentration of 3 �g/ml in the medium, after the test
compound had been removed. Cells were allowed to recover
from cytochalasin B for an additional 1–1.5 h prior to harvest
to improve cellular morphology and micronucleus scoring. For
instance, cells treated with the test chemical for 3 h followed
by a 20-h recovery in the presence of cytochalasin B were
harvested around 21 h after completion of treatment (24 h from
the start of chemical exposure). From the experience of the
participants collected during the survey, this step was known
to be necessary to obtain nice preparations for these cells.

Mitomycin C was used as the positive control at concen-
trations of 0.1 �g/ml for all of the 24-h treatments and at
0.2 or 0.5 �g/ml for the 3-h treatments. The concentrations
were determined following a preliminary positive control dose

range-finding study in all the participating laboratories (see the
main publication in this issue [19]).

2.6. Cell sampling and staining

At the appropriate harvest time (see Fig. 1), the cells
were rinsed and exposed to a hypotonic shock in situ using
either 75 mM KCl or 1% (w/v) sodium citrate. The cells were
then fixed with methanol:acetic acid (3:1) and/or 100% (v/v)
methanol, and stained with either giemsa or acridine orange.

2.7. Report and evaluation of results

In cultures that were exposed to cytochalasin B, the inci-
dence of micronucleus formation was assessed by counting the
number of micronucleated binucleated cells in 1000 binucle-
ated cells per culture (2000 cells per test compound concentra-
tion). The incidence of micronucleated mononucleated cells
in 1000 mononucleated cells per culture was also analysed,
when possible, in the cultures exposed to cytochalasin B. In
cultures that were not exposed to cytochalasin B the incidence
of micronucleated cells in 1000 cells per culture was analysed
(2000 cells per test compound concentration).



64 M.J. Aardema et al. / Mutation Research 607 (2006) 61–87

Criteria for assay acceptability and interpretation of results
are described in the general publication in this issue [19].
Table 1 summarises the assays that were used for this eval-
uation. The range of tested concentrations is reported for each
assay with the highest negative concentration or the lowest
positive concentration as well as the corresponding survival
percentage and maximal fold increase (MFI), where appli-
cable. The survival percentage was calculated relative to the
solvent control and is based on cell counts after treatment when
cytochalasin B was not used or on the percentage of binucle-
ated cells when cytochalasin B was used. The fold increase
was calculated by dividing the number of micronucleated cells
in the treated cultures by the number of micronucleated cells
in the solvent control cultures. Data for individual cultures are
reported in Appendix A.

The criteria for a positive response were the demonstration
of a significant, reproducible, and concentration-dependent
increase in the number of micronucleated cells, at one or
more test compound concentrations, relative to the number
of micronucleated cells in the solvent control. If all of these
criteria were not achieved the test compound response was
equivocal, and if none of the criteria was achieved the test
compound response was negative.

3. Results

3.1. Spontaneous background and mitomycin
C-induced responses

The spontaneous background of micronucleated cells
among laboratories was around 12 per 1000 cells, what-

cells (146 with versus 102 per 1000 without cytocha-
lasin B for the 3 h treatment and 382 with versus 183
per 1000 without cytochalasin B for the 24-h treatment).
Nevertheless, the ratio for induced levels was below the
theoretical two-fold ratio, and this excess of micronu-
cleated cells in the presence of cytochalasin B was not
seen for spontaneous levels. This may be due to a partial
inefficiency of cytochalasin B and was probably related
to the stage of the cell cycle when the primary lesion
leading to a micronucleus occurred. However, this had
no consequence on the genotoxic evaluation of the com-
pounds.

3.2. Mannitol

There was no reproducible cytotoxicity, where eval-
uated, up to 5000 �g/ml. In one laboratory a precipitate
was found at 1000 or 5000 �g/ml. In one assay in the
presence of cytochalasin B, after the 24 h treatment,
the number of micronucleated cells was statistically
significantly higher in the treated cultures than in the
control. However, this slight increase (1.6 to 2.6-fold
the control values), not reproduced in the second assay
was considered irrelevant. No statistically significant
increases in the number of micronucleated cells were
seen in all other assays. Therefore, the compound was
concluded negative regardless the treatment schedule
used.

3.3. Bleomycin

ever the treatment schedule, and ranged from 6 to 27 per
1000 cells. This variability between laboratories was also
seen in other cell types in this collaborative study (see the
general publication in this issue [19] where the data were
detailed). This was also reported for human lymphocytes
by the HUMN work [20] where the micronucleus identi-
fication was recognised as the main source of variability.
However, in most cases, the highest was the negative con-
trol, the highest was the induced response. Therefore, this
variability was not misleading for the test compounds
evaluation but may account for non-reproducible spo-
radic responses (e.g. for urethane).

The influence of cytochalasin B on spontaneous and
mitomycin C-induced numbers of micronucleated cells
was also considered. Theoretically, for a given treat-
ment schedule, the incidence of micronucleated cells
in binucleates in the presence of cytochalasin B should
be divided by two to be compared to the incidence of
micronucleated cells in mononucleates in the presence of
cytochalasin B. This expected excess of micronucleated
cells in the presence of cytochalasin B was actually seen
for mitomycin C-induced numbers of micronucleated
Bleomycin induced concentration-dependent and
reproducible increases in the number of micronucle-
ated cells. These effects were found at concentrations
inducing little or no cytotoxicity and were distributed
over a wide concentration range (up to a one log dif-
ference between lowest and highest positive concentra-
tions).

Surprisingly, in the presence of cytochalasin B, an
induction of micronucleated cells was also found in
mononucleated cells, in addition to binucleated cells,
although to a lesser extent. The incidence of micronu-
cleated cells was generally higher in binucleated cells
and was more pronounced after the long treatment. This
increase of the number of micronuclei in mononucleated
cells, previously reported for aneugens was not expected
with bleomycin [21]. Since bleomycin is able to induce
DNA damage at every stage of the cell cycle, these
micronucleated mononucleated cells may represent the
cells that had completed the division before the exposure
to cytochalasin B. The difference of micronucleated cell
numbers between mononucleated and binucleated cells
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Table 1
Summary data with CHO cells

Compound CAS No. Schedule Cyt Ba Lab. Assay Range of
concentrations
(�g/ml)b

Highest negative concentration
(�g/ml)c

Lowest positive concentration
(�g/ml)e

Maximal fold
increase of the
rangeg

Conclusion
for the
assayh

Judgement for the
treatment and
recovery
schedulei

Result and
concentration

Survival (%)d Result and
concentration

Survival (%)f

Mannitol 69-65-8 3 + 21 − 1 1 500–5000 p −5000 nt − Negative
1 2 100–1000 p −1000 80 −
2 1 78–5000 −5000 ≥100 −
2 2 1250–5000 −5000 ≥100 −

3 + 45 − 1 1 100–1000 p −1000 48 − Negative
1 2 100–1000 p −1000 98 −
2 1 78–5000 −5000 89 −
2 2 1250–5000 −5000 ≥100 −

24 + 0 − 1 1 100–1000 p −1000 47 − Negative
1 2 100–1000 p −1000 ≥100 −
2 1 78–5000 −5000 ≥100 −
2 2 1250–5000 −5000 87 −

24 + 24 − 1 1 500–5000 p −5000 nt − Negative
1 2 100–1000 p −1000 ≥ 100 −
2 1 78–5000 −5000 76 −
2 2 1250–5000 −5000 92 −

3 + 20 + 1 1 500–5000 p −5000 83 − Negative
1 2 100–1000 p −1000 ≥100 −
2 1 78–5000 −5000 ≥100 −
2 2 1250–5000 −5000 99 −

24 + 20 + 1 1 500–5000 p +500 b ≥100 b 2.6 b + Negative
1 2 100–1000 p −1000 87 −
2 1 78–5000 −5000 ≥100 −
2 2 1250–5000 −5000 ≥100 −

Bleomycin 9041-93-4 3 + 21 − 1 2 62.5–500 +62.5 69 10.4 + Positive
2 1 0.11–500 +0.45 77 15.1 +
2 2 15.6–250 +15.6 75 17.7 +

3 + 45 − 1 1 0.88–250 +0.88 91 8.0 + Positive
1 2 0.88–250 +0.88 93 9.5 +
2 1 0.11–500 +0.45 ≥100 10.8 +

24 + 0 − 1 1 3.5–500 +3.5 77 5.7 + Positive
1 2 3.5–500 +3.5 62 6.8 +
2 1 0.11–500 + 0.11 81 26.7 +

24 + 24 − 1 2 3.5–125 +3.5 63 11.5 + Positive
3 + 20 + 1 1 0.17–14 +0.17 m, b 70 m, b 1.9 m, 8.5 b + Positive

1 2 3.5–500 +3.5 m, b 76 m, b 2.0 m, 6.1 b +
2 1 0.11–62.5 +0.11 bj ≥100 b 51.5 b +
2 2 10–100 +10 bj 78 b 13.7 b +

24 + 20 + 1 1 0.17–0.875 +0.17 m, b ≥100 m, b 16.3 m, 22.1 b + Positive
1 2 0.29–3.5 +0.29 m, b 93 m, b 11.1 m, 15.5 b +
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Table 1 (Continued)

Compound CAS No. Schedule Cyt Ba Lab. Assay Range of
concentrations
(�g/ml)b

Highest negative concentration
(�g/ml)c

Lowest positive concentration
(�g/ml)e

Maximal fold
increase of the
rangeg

Conclusion
for the
assayh

Judgement for the
treatment and
recovery
schedulei

Result and
concentration

Survival (%)d Result and
concentration

Survival (%)f

2 1 0.0017–7.8 +0.0068 bj 90 b 50.4 b +
2 2 0.0025–0.1 +0.025 bj ≥100 b 6.1 b +

Cytosine arabinoside 147-94-4 3 + 21 − 1 1 0.03–100 +3 76 7.8 + Positive
1 2 1–30 +3 75 5.2 +
2 1 0.625–20 +1.25 76 30.7 +
2 2 2.5–10 +2.5 ≥100 7.3 +

3 + 45 − 1 1 0.03–100 +3 76 2.1 + Positive
1 2 1–30 +3 67 2.8 +
2 1 0.625–20 +5 64 5.4 +
2 2 5–30 +5 77 31.6 +

24 + 0 − 1 1 0.01–10 +0.1 50 5.2 + Positive
1 2 0.03–1 +0.1 72 8.5 +
2 1 0.0098–0.3125 +0.156 62 11.4 +
2 2 0.078–0.625 +0.078 67 15.3 +

24 + 24 − 1 1 0.01–10 +0.1 66 3.2 + Positive
1 2 0.03–1 +0.1 69 13.6 +
2 1 0.0098–0.3125 +0.0195 ≥100 8.5 +
2 2 0.0098–0.3125 +0.078 80 15.4 +

3 + 20 + 1 1 0.3–100 +3 b ≥100 b 7.8 b + Positive
1 2 1–30 +10 m, + 3 b 67 m, ≥100 b 9.0 m, 8.2 b +
2 1 0.625–20 +20 m, 1.25 b 44 m, ≥100 b 12.0 m, 7.1 b +
2 2 2.5–10 +2.5 m, b ≥100 m, b 7.3 m, 11.8 b +

24 + 20 + 1 1 0.003–1 +0.1 m, b ≥100 m, b 12.5 m, 49.1 b + Positive
1 2 0.03–1 +0.1 b ≥100 b 34.8 b +
2 1 0.0098–0.3125 +0.078 m, b ≥100 m, b 58.3 m, 20.7 b +
2 2 0.039–0.3125 +0.039 m, b ≥100 m, b 422.9 m, 42.7 b +

Urethane 51-79-6 3 + 21 − 1 1 1000–5000 −5000 59 − Negative
1 2 1000–5000 −5000 71 −
2 2 625–5000 −5000 85 −
3 1 1250–5000 −5000 83 −

3 + 45 − 1 1 1000–5000 −5000 ≥100 − Negative
1 2 1000–5000 −5000 60 −
3 1 1250–5000 −5000 95 −

24 + 0 − 1 1 1000-5000 −5000 82 − Negative
2 2 625–5000 −5000 63 −
3 1 1250–5000 −5000 71 −

24 + 24 − 1 1 1000–5000 −5000 53 − Negative
1 2 1000–5000 −5000 24 −
3 1 1250–5000 −5000 75 −
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3 + 20 + 1 1 1000–5000 +1000 b ≥100 b 5.8 b ± Negative
1 2 1000–5000 −5000 98 −
2 2 625–5000 +625 m, b 76 m, b 6.5 m, 1.8 b ±
3 1 1250–5000 −5000 54 −

24 + 20 + 1 1 500–5000 +3500 b 80 b 3.1 b ± Negative
1 2 1000–5000 −5000 62 −
2 2 625–5000 +5000 b 60 b 2.1 b ±
3 1 1250–5000 −5000 93 −

Diethylstilboestrol 56-53-1 3 + 21 − 1 2 7.5–40 +40 51 3.0 + Positive
2 1 0.5–10 +0.5 87 3.0 +

3 + 45 − 2 1 0.5–10 +0.5 ≥100 11.8 + Positive
24 + 0 − 2 1 0.05–5 +0.05 ≥100 11.4 + Positive
24 + 24 − 2 1 0.05–5 +0.05 ≥100 30.3 + Positive

3 + 20 + 2 1 0.5–7 +7 m, + 3 b 49 m, 84 b 5.0 m, 9.0 b + Positive
24 + 20 + 1 2 1.88–5 +5 m, +3.75 b 96 m, 87 b 3.9 m, 4.2 b + Positive

2 1 0.05–1 +0.05 b 73 b 13.0 b +

a (−) No use of cytochalasin B; (+) use of cytochalasin B.
b Range of tested concentrations where genotoxicity was measured; p: precipitate at the highest concentration(s).
c (−) Negative, i.e. no significant increase in the number of micronucleated cells over the solvent control.
d Relative survival against the solvent control seen at the highest concentration based on cell counts in the absence of cytochalasin B or on percentages of binucleated cells when cytochalasin B

was used.
e (+) Positive, i.e. significant increase in the number of micronucleated cells over the solvent control at p < 0.05 at at least one concentration; m: increase in the number of micronucleated

mononucleated cells; b: increase in the number of micronucleated binucleated cells.
f Relative survival against the solvent control seen at the lowest positive concentration; m: in mononucleated cells, b: in binucleated cells where applicable.
g Maximal fold increase in micronucleated cells over the solvent control among the positive concentrations of the tested range, at relevant relative survivals (i.e. >40%); m: in mononucleated

cells, b: in binucleated cells where applicable.
h (+) Positive: concentration-dependent increase in the number of micronucleated cells over the solvent control; (±) equivocal, i.e. significant increase seen at only one concentration or significant

increases not concentration-dependent; (−) negative: no increase in the number of micronucleated cells over the solvent control at any concentration of the range.
i (+) Compound judged as positive in the treatment and recovery schedule (all the accepted assays were positive); (−) compound judged as negative in the treatment and recovery schedule

(all the accepted assays were negative); (±) equivocal (controversial results between assays); if controversial results were obtained when the negative assay included too low concentrations or
a too wide range of concentrations, only the positive assay was taken into account; on the opposite, if an equivocal response was not confirmed in another assay including an adequate range of
concentrations, it was concluded as negative. The magnitude of the response was also considered.

j Only binucleated cells were evaluated.
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seen only after the short treatment is consistent with
this hypothesis. However this explanation alone may not
account for all the micronucleated cells, as their levels
were high in every case. More investigations would be
necessary to determine if a part of these micronucleated
mononucleated cells escaped from cytokinesis inhibition
or passed mitosis without chromosome segregation.

3.4. Cytosine arabinoside

Cytosine arabinoside was found clearly positive in
all treatment schedules, with and without cytocha-
lasin B, with reproducible and concentration-dependent
increases in the number of micronucleated cells, even
at low cytotoxicity. In the presence of cytochalasin B,
as seen with bleomycin, increases in micronuclei were
observed in both binucleated as well as mononucleated
cells.

3.5. Urethane

Urethane, tested up to 5000 �g/ml, produced low
or no cytotoxicity and no increase in the number of
micronucleated cells in the absence of cytochalasin B. It
was clearly negative in all treatment schedules without
cytochalasin B. When cytochalasin B was used, spo-
radic equivocal responses were found; but they were
not concentration-related and not reproducible between
the assays of a same laboratory and, in some instances,
related to especially low spontaneous backgrounds. A

detected in all the treatment schedules. With cytochalasin
B, an unexpected increase in the number of micronuclei
in mononucleated cells would need more investigation to
better understand its mechanism. The base analog cyto-
sine arabinoside was also unambiguously found positive
both in binucleated and mononucleated cells. Urethane
was judged as negative in all the treatment schedules.
These results must be considered in the light of pub-
lished data and of the results obtained in other cell types
in this collaborative study, which showed similar results
[19]. This confirms previous published results reporting
difficulties to detect this compound in vitro without an
adequate specific metabolic activation. Indeed, there is
some evidence that urethane might not be able to induce
clastogenicity in vitro even in the presence of metabolic
activation [22].

The aneugen diethylstilboestrol was found positive in
all the treatment schedules, despite difficulties in finding
a range of concentrations adequate to detect genotoxic-
ity.

Among the different treatment schedules used, the
results were comparable. No schedule appeared to give
better results on this limited list of compounds. How-
ever, on a larger list of compounds, we may assume
that the combination of a short and a long treatment
would have been shown necessary for a full accurate
evaluation of genotoxicity, as it was shown in other cell
types in this collaborative study [19]. With or without
cytochalasin B, for a given treatment schedule, the induc-
tion factors over the controls were of a same magnitude.
third laboratory confirmed the negative results. Thus,
urethane was also judged negative after the 3 and 24 h
treatments in the presence of cytochalasin B.

3.6. Diethylstilboestrol

Only a few data remained available after evaluating
the acceptability of assays, especially as no suitable cyto-
toxicity was achieved. This reflected the difficulty in
finding concentrations sufficiently high to induce geno-
toxicity with an acceptable cytotoxicity. However, where
adequate range of concentrations were obtained, clear
concentration-dependent inductions of micronucleated
cells were found, in all the treatment schedules, using
cytochalasin B or not. In the presence of cytochalasin B,
increases in micronuclei were observed in both binucle-
ated as well as mononucleated cells.

4. Discussion

Mannitol was found negative in all treatment sched-
ules, as expected with no cytotoxicity. Bleomycin was
Lastly, the evaluation of genotoxicity of the tested com-
pounds in this study was concordant with published data
[2,9,12,13,18].

In conclusion, the results of the present study show
that CHO cells are suitable for detecting accurately geno-
toxic compounds of various types in the in vitro micronu-
cleus test. All treatment-recovery schedules are suitable
to detect genotoxic compounds. In any case, no geno-
toxic compound would have been missed with schedules
including a short and a long treatment time, whatever the
treatment was followed by a recovery period or not and
whatever cytochalasin B was used or not. No differences
were seen in the sensitivity or accuracy of the responses
whether cytochalasin B was used or not.
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Appendix A. Individual data

Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

Mannitol
Lab 1 Assay 1 − 3 + 21 Medium 0 22.0 1.0 na na nt 2 g Y NEG

500 24.0 1.1 na na nt 2 g
1000 14.5 0.7 na na nt 2 g
1500 15.5 0.7 na na nt 2 g
2000 9.0 0.4 na na nt 2 g
2500 9.0 0.4 na na nt 2 g
3000 8.5 0.4 na na nt 2 g
3500 15.0 0.7 na na nt 2 g
4000 17.5 0.8 na na nt 2 g
4500 14.0 0.6 na na nt 2 g
5000 11.5 0.5 na na nt 2 g, p
MMC 0.2 188.0** 8.5 na na nt 2 g

− 3 + 45 Medium 0 23.5 1.0 na na 100 2 Y NEG
100 13.0 0.6 na na 70 2
200 14.0 0.6 na na 67 2
700 nt nd na na 49 2
800 nt nd na na 50 2
900 17.0 0.7 na na 50 2
1000 20.0 0.9 na na 48 2 p
MMC 0.2 151.5** 6.4 na na 90 2

− 24 + 0 Medium 0 20.5 1.0 na na 100 2 Y NEG
100 25.0 1.2 na na 47 2
200 18.5 0.9 na na 48 2
700 nt nt na na 48 2
800 nt nt na na 51 2
900 21.0 1.0 na na 48 2
1000 18.5 0.9 na na 47 2 p
MMC 0.1 187.5** 9.1 na na 51 2

− 24 + 24 Medium 0 32.5 1.0 na na nt 2 g Y NEG
500 24.0 0.7 na na nt 2 g
1000 20.5 0.6 na na nt 2 g
3500 26.5 0.8 na na nt 2 g
4000 22.5 0.7 na na nt 2 g
4500 26.0 0.8 na na nt 2 g
5000 20.5 0.6 na na nt 2 g, p
MMC 0.1 111.0** 3.4 na na nt 2 g
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

+ 3 + 20 Medium 0 16.5 1.0 18.5 1.0 100 2 Y NEG
500 14.0 0.8 18.5 1.0 100 2
1000 nd nd 11.5 0.6 94 2
3500 9.5 0.6 19.5 1.1 93 2
4000 10.5 0.6 25.5 1.4 88 2
4500 10.0 0.6 22.5 1.2 85 2
5000 11.5 0.7 22.5 1.2 83 2 p
MMC 0.2 23.0 1.4 120.0** 6.5 80 2

+ 24 + 20 Medium 0 5.0 1.0 21.0 1.0 100 2 Y POS
500 9.0 1.8 40.0** 1.9 117 2
4000 8.0 1.6 48.0** 2.3 97 2
4500 9.5 1.9 54.5** 2.6 102 2
5000 8.0 1.6 34.5* 1.6 88 2 p
MMC 0.1 26.5** 5.3 224.5** 10.7 82 2

Lab 1 Assay 2 − 3 + 21 Medium 0 21.0 1.0 na na 100 2 Y NEG
100 14.5 0.7 na na 95 2
200 16.0 0.8 na na 86 2
700 17.5 0.8 na na 88 2
800 13.5 0.6 na na 84 2
900 22.0 1.0 na na 77 2
1000 9.0 0.4 na na 80 2 p
MMC 0.2 155.5** 7.4 na na 71 2

− 3 + 45 Medium 0 26.5 1.0 na na 100 2 Y NEG
100 16.5 0.6 na na 153 2
200 18.5 0.7 na na 125 2
700 17.0 0.6 na na 7 2 T
800 19.5 0.7 na na 123 2
900 17.5 0.7 na na 123 2
1000 15.5 0.6 na na 98 2 p
MMC 0.2 132.5** 5.0 na na 97 2

− 24 + 0 Medium 0 17.0 1.0 na na 100 2 Y NEG
100 19.0 1.1 na na 91 2
200 18.5 1.1 na na 97 2
700 14.0 0.8 na na 97 2
800 14.5 0.9 na na 104 2
900 16.0 0.9 na na 101 2
1000 15.5 0.9 na na 101 2 p
MMC 0.1 122.5** 7.2 na na 39 2
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− 24 + 24 Medium 0 18.0 1.0 na na 100 2 Y NEG
100 14.5 0.8 na na 105 2
200 16.0 0.9 na na 73 2
700 16.5 0.9 na na 118 2
800 15.0 0.8 na na 108 2
900 16.5 0.9 na na 116 2
1000 17.0 0.9 na na 104 2 p
MMC 0.2 169.5** 9.4 na na 28 2

+ 3 + 20 Medium 0 14.0 1.0 19.0 1.0 100 2 Y NEG
100 14.0 1.0 22.0 1.2 92 2
200 20.0 1.4 20.0 1.1 94 2
700 16.0 1.1 17.5 0.9 98 2
800 19.0 1.4 25.5 1.3 98 2
900 15.0 1.1 16.5 0.9 101 2
1000 17.0 1.2 25.5 1.3 104 2 p
MMC 0.2 40.0** 2.9 114.5** 6.0 89 2

+ 24 + 20 Medium 0 22.0 1.0 24.5 1.0 100 2 Y NEG
100 18.0 0.8 21.0 0.9 100 2
200 11.0 0.5 22.0 0.9 100 2
700 13.0 0.6 14.5 0.6 95 2
800 15.0 0.7 15.5 0.6 96 2
900 19.0 0.9 13.5 0.6 90 2
1000 13.0 0.6 14.5 0.6 87 2 p
MMC 0.1 55.0** 2.5 169.0** 6.9 98 2

Lab 2 Assay 1 − 3 + 21 Medium 0 12.0 1.0 na na 100 1 Y NEG
78 8.0 0.7 na na 105 1
156 15.0 1.3 na na 107 1
312 8.0 0.7 na na 123 1
625 14.0 1.2 na na 123 1
1250 9.0 0.8 na na 124 1
5000 14.0 1.2 na na 121 1
MMC 0.2 60.0** 5.0 na na 110 1

− 3 + 45 Medium 0 24.0 1.0 na na 100 1 Y NEG
78 21.0 0.9 na na 111 1
156 12.0 0.5 na na 91 1
312 13.0 0.5 na na 113 1
625 19.0 0.8 na na 78 1
1250 14.0 0.6 na na 82 1
5000 13.0 0.5 na na 89 1
MMC 0.2 72.0** 3.0 na na 117 1
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

− 24 + 0 Medium 0 9.0 1.0 na na 100 1 Y NEG
78 14.0 1.6 na na 95 1
156 16.0 1.8 na na 113 1
312 6.0 0.7 na na 105 1
625 8.0 0.9 na na 116 1
1250 7.0 0.8 na na 117 1
5000 16.0 1.8 na na 111 1
MMC 0.1 51.0** 5.7 na na 74 1

− 24 + 24 Medium 0 21.0 1.0 na na 100 1 Y NEG
78 20.0 1.0 na na 92 1
156 11.0 0.5 na na 109 1
312 16.0 0.8 na na nt 1
625 17.0 0.8 na na 103 1
1250 14.0 0.7 na na 94 1
5000 8.0 0.4 na na 76 1
MMC 0.1 192.0** 9.1 na na nt 1

+ 3 + 20 Medium 0 3.0 1.0 9.0 1.0 100 1 Y NEG
78 4.0 1.3 9.0 1.0 96 1
156 6.0 2.0 19.0 2.1 96 1
312 6.0 2.0 7.0 0.8 105 1
625 4.0 1.3 11.0 1.2 104 1
1250 3.0 1.0 7.0 0.8 102 1
5000 3.0 1.0 6.0 0.7 105 1
MMC 0.2 26.0** 8.7 49.0** 5.4 95 1

+ 24 + 20 Medium 0 7.0 1.0 16.0 1.0 100 1 Y NEG
78 6.0 0.9 17.0 1.1 100 1
156 5.0 0.7 9.0 0.6 105 1
312 7.0 1.0 29.0 1.8 112 1
625 9.0 1.3 18.0 1.1 103 1
1250 8.0 1.1 24.0 1.5 104 1
5000 4.0 0.6 10.0 0.6 101 1
MMC 0.1 156.0** 22.3 299.0** 18.7 107 1

Lab 2 Assay 2 − 3 + 21 Medium 0 9.5 1.0 na na 100 2 Y NEG
1250 12.5 1.3 na na 98 2
2500 8.0 0.8 na na 108 2
5000 11.5 1.2 na na 100 2
MMC 0.2 52.5** 5.5 na na 94 2
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− 3 + 45 Medium 0 11.5 1.0 na na 100 2 Y NEG
1250 11.0 1.0 na na 121 2
2500 8.0 0.7 na na 119 2
5000 10.0 0.9 na na 122 2
MMC 0.2 48.5** 4.2 na na 126 2

− 24 + 0 Medium 0 15.5 1.0 na na 100 2 Y NEG
1250 11.0 0.7 na na 111 2
2500 9.0 0.6 na na 96 2
5000 10.5 0.7 na na 87 2
MMC 0.1 100.0** 6.5 na na 86 2

− 24 + 24 Medium 0 17.0 1.0 na na 100 2 Y NEG
1250 15.5 0.9 na na 101 2
2500 8.5 0.5 na na 93 2
5000 12.5 0.7 na na 92 2
MMC 0.1 198.5** 11.7 na na 72 2

+ 3 + 20 Medium 0 4.5 1.0 13.0 1.0 100 2 Y NEG
1250 1.5 0.3 9.0 0.7 97 2
2500 5.5 1.2 17.0 1.3 97 2
5000 2.5 0.6 14.0 1.1 99 2
MMC 0.2 5.5 1.2 55.5** 4.3 93 2

+ 24 + 20 Medium 0 3.0 1.0 10.5 1.0 100 2 Y NEG
1250 2.5 0.8 18.5* 1.8 95 2
2500 3.0 1.0 12.5 1.2 102 2
5000 3.0 1.0 15.0 1.4 100 2
MMC 0.1 119.0** 39.7 276.0** 26.3 105 2

Bleomycin
Lab 1 Assay 1 − 3 + 45 Medium 0 23.5 1.0 na na 100 2 Y POS

0.88 185.0** 7.9 na na 91 2
62.5 187.5** 8.0 na na 49 2
125 174.0** 7.4 na na 43 2
250 144.0** 6.1 na na 14 2 T
MMC 0.2 160.0** 6.8 na na 79 2

− 24 + 0 Medium 0 25.0 1.0 na na 100 2 Y POS
3.5 143.0** 5.7 na na 77 2
15 123.0** 4.9 na na 62 2
62.5 101.0** 4.0 na na 46 2
250 44.0** 1.8 na na 30 2 T
500 29.5 1.2 na na 21 2 T
MMC 0.1 119.0** 4.8 na na 72 2

+ 3 + 20 Medium 0 9.5 1.0 20.0 1.0 100 2 Y POS
0.17 18.0* 1.9 150.5** 7.5 70 2
0.39 18.5* 1.9 133.0** 6.7 86 2
0.875 13.5 1.4 113.5** 5.7 82 2
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

1.75 15.0 1.6 169.5** 8.5 67 2
14 13.5 1.4 tox tox 39 2 T
MMC 0.2 19.0* 2.0 199.0** 10.0 83 2

+ 24 + 20 Medium 0 7.5 1.0 15.5 1.0 100 2 Y POS
0.17 43.0** 5.7 155.0** 10.0 104 2
0.26 56.5** 7.5 211.5** 13.6 101 2
0.39 74.0** 9.9 231.0** 14.9 73 2
0.587 102.5** 13.7 342.5** 22.1 66 2
0.875 122.5** 16.3 319.0** 20.6 54 2
MMC 0.1 22.0** 2.9 275.5** 17.8 92 2

Lab 1 Assay 2 − 3 + 21 Medium 0 17.0 1.0 na na 100 2 Y POS
62.5 176.0** 10.4 na na 69 2
125 138.0** 8.1 na na 53 2
250 123.5** 7.3 na na 46 2
500 74.0** 4.4 na na 37 2 T
MMC 0.2 171.0** 10.1 na na 79 2

− 3 + 45 Medium 0 19.5 1.0 na na 100 2 Y POS
0.88 184.5** 9.5 na na 93 2
62.5 241.5** 12.4 na na 18 2 T
125 189.0** 9.7 na na 20 2 T
250 150.5** 7.7 na na 13 2 T
MMC 0.2 190.0** 9.7 na na 91 2

− 24 + 0 Medium 0 18.0 1.0 na na 100 2 Y POS
3.5 121.5** 6.8 na na 62 2
15 113.5** 6.3 na na 38 2 T
62.5 90.5** 5.0 na na 40 2
250 29.5* 1.6 na na 25 2 T
500 24.5 1.4 na na 27 2 T
MMC 0.1 87.0** 4.8 na na 49 2

− 24 + 24 Medium 0 25.0 1.0 na na 100 2 Y POS
3.5 282.0** 11.3 na na 63 2
15 288.0** 11.5 na na 43 2
62.5 290.5** 11.6 na na 32 2 T
125 278.0** 11.1 na na 31 2 T
MMC 0.1 173.5** 6.9 na na 59 2

+ 3 + 20 Medium 0 13.0 1.0 24.0 1.0 100 2 Y POS
3.5 26.0** 2.0 147.5** 6.1 76 2
30 30.0** 2.3 233.5** 9.7 38 2 T
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62.5 38.5** 3.0 208.0** 8.7 23 2 T
250 34.0** 2.6 tox tox 74 1
500 21.0 1.6 tox tox 20 1 T
MMC 0.2 32.0** 2.5 119.0** 5.0 88 2

+ 24 + 20 Medium 0 11.0 1.0 19.5 1.0 100 2 Y POS
0.29 65.0** 5.9 208.5** 10.7 93 2
0.88 87.0** 7.9 272.5** 14.0 95 2
3.5 122.0** 11.1 302.5** 15.5 92 2
MMC 0.1 23.5** 2.1 165.5** 8.5 94 2

Lab 2 Assay 1 − 3 + 21 Medium 0 12.0 1.0 na na 100 2 Y POS
0.11 20.0 1.7 na na 84 2
0.45 29.0** 2.4 na na 77 2
0.9 41.0** 3.4 na na 80 2
1.8 41.5** 3.5 na na 86 2
3.6 54.5** 4.6 na na 93 2
15.6 86.0** 7.2 na na 79 2
31.2 104.0** 8.7 na na 86 2
62.5 148.0** 12.3 na na 94 2
250 181.0** 15.1 na na 46 2
500 249.0** 20.8 na na 17 2 T
MMC 0.2 43.0* 3.6 na na nt 2

− 3 + 45 Medium 0 13.0 1.0 na na 100 2 Y POS
0.11 15.0 1.2 na na 69 2
0.23 19.0 1.5 na na 100 2
0.45 22.5* 1.8 na na 100 2
0.9 17.0 1.3 na na 94 2
1.8 41.5** 3.2 na na 66 2
3.6 51.0** 3.9 na na 93 2
7.8 47.5** 3.7 na na 60 2
15.6 86.5** 6.7 na na 55 2
31.2 97.5** 7.5 na na 46 2
62.5 139.5** 10.8 na na 46 2
250 214.5** 16.5 na na 12 2 T
500 203.0** 15.6 na na 7 2 T
MMC 0.2 43.0** 3.3 na na nt 1

− 24 + 0 Medium 0 7.5 1.0 na na 100 2 Y POS
0.11 114.5** 15.3 na na 81 2
0.23 154.0** 20.5 na na 80 2
0.45 158.0** 21.1 na na 63 2
0.9 148.5** 19.8 na na 73 2
1.8 200.5** 26.7 na na 79 2
3.9 128.5** 17.1 na na 33 2 T
7.8 115.5** 15.4 na na 36 2 T
15.6 84.5** 11.3 na na 35 2 T
31.2 90.5** 12.1 na na 31 2 T
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

62.5 35.0** 4.7 na na 17 2 T
125 18.0** 2.4 na na 15 2 T
250 7.0 0.9 na na 18 1 T
500 7.0 0.9 na na 10 1 T
MMC 0.1 190.0** 25.3 na na 58 1

+ 3 + 20 Medium 0 nt nt 6.0 1.0 100 1 Y POS
0.11 nt nt 54.0** 9.0 103 1
0.23 nt nt 54.0** 9.0 105 1
0.45 nt nt 62.0** 10.3 101 1
0.9 nt nt 53.0** 8.8 99 1
1.8 nt nt 83.0** 13.8 101 1
3.9 nt nt 124.0** 20.7 93 1
7.8 nt nt 175.0** 29.2 91 1
15.6 nt nt 185.0** 30.8 80 1
31.2 nt nt 227.0** 37.8 63 1
62.5 nt nt 309.0** 51.5 65 1
MMC 0.2 nt nt 105.0** 17.5 95 1

+ 24 + 20 Medium 0 nt nt 10.0 1.0 100 2 Y POS
0.0017 nt nt 15.0 1.5 93 1
0.0034 nt nt 16.0 1.6 92 1
0.0068 nt nt 25.0** 2.5 90 1
0.0137 nt nt 27.0** 2.7 95 1
0.0275 nt nt 47.0** 4.7 86 1
0.055 nt nt 80.0** 8.0 90 1
0.11 nt nt 163.5** 16.4 98 2
0.23 nt nt 215.0** 21.5 92 2
0.45 nt nt 236.5** 23.7 94 2
0.9 nt nt 301.5** 30.2 82 2
1.8 nt nt 309.5** 31.0 78 2
3.9 nt nt 428.0** 42.8 65 1
7.8 nt nt 504.0 50.4 57 1
MMC 0.1 nt nt 321.0** 32.1 99 1

Lab 2 Assay 2 − 3 + 21 Medium 0 9.8 1.0 na na 100 2 Y POS
15.6 120.0** 12.3 na na 75 2
31.2 172.5** 17.7 na na 54 2
62.5 162.0** 16.6 na na 51 2
125 157.5** 16.2 na na 50 2
250 136.0** 13.9 na na 30 2 T
MMC 0.2 109.5** 11.2 na na 59 2
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+ 3 + 20 Medium 0 nt nt 16.5 1.0 100 2 Y POS
10 nt nt 132.0** 8.0 78 2
15 nt nt 114.5** 6.9 72 2
20 nt nt 148.5** 9.0 70 2
25 nt nt 207.0** 12.5 64 2
30 nt nt 175.5** 10.6 59 2
35 nt nt 190.0** 11.5 60 2
40 nt nt 211.5** 12.8 56 2
50 nt nt 226.5** 13.7 51 2
100 nt nt 240.5** 14.6 39 2 T
MMC 0.2 nt nt 97.5** 5.9 95 2

+ 24 + 20 Medium 0 nt nt 10.5 1.0 100 2 Y POS
0.0025 nt nt 14.0 1.3 97 2
0.005 nt nt 12.0 1.1 106 2
0.0075 nt nt 11.5 1.1 101 2
0.01 nt nt 12.0 1.1 105 2
0.025 nt nt 24.5** 2.3 105 2
0.05 nt nt 26.0** 2.5 106 2
0.075 nt nt 55.5** 5.3 108 2
0.1 nt nt 64.5** 6.1 99 2
MMC 0.1 nt nt 448.5** 42.7 109 2

Cytosine arabinoside
Lab 1 Assay 1 − 3 + 21 Medium 0 5.0 1.0 na na 100 1 Y POS

0.03 nt nt na na 132 1
0.1 nt nt na na 111 1
0.3 4.0 0.8 na na 120 1
1 13.0 2.6 na na 105 1
3 39.0** 7.8 na na 76 1
10 41.0** 8.2 na na 31 1 T
30 30.0** 6.0 na na 32 1 T
100 38.0** 7.6 na na 29 1 T
MMC 0.2 91.0** 18.2 na na 57 1

− 3 + 45 Medium 0 14.0 1.0 na na 100 1 Y POS
0.03 17.0 1.2 na na 94 1
0.1 9.0 0.6 na na 103 1
0.3 8.0 0.6 na na 104 1
1 12.0 0.9 na na 91 1
3 29.0* 2.1 na na 76 1
10 17.0 1.2 na na 43 1
30 46.0** 3.3 na na 39 1 T
100 185.0** 13.2 na na 27 1 T
MMC 0.2 100.0** 7.1 na na 78 1
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

− 24 + 0 Medium 0 11.0 1.0 na na 100 1 Y POS
0.01 6.0 0.5 na na 78 1
0.03 8.0 0.7 na na 60 1
0.1 24.0* 2.2 na na 50 1
0.3 57.0** 5.2 na na 43 1
1 17.0 1.5 na na 36 1 T
3 10.0 0.9 na na 33 1 T
10 15.0 1.4 na na 24 1 T
MMC 0.1 106.0** 9.6 na na 40 1

− 24 + 24 Medium 0 11.0 1.0 na na 100 1 Y POS
0.01 8.0 0.7 na na 79 1
0.03 13.0 1.2 na na 73 1
0.1 35.0** 3.2 na na 66 1
0.3 55.0** 5.0 na na 33 1 T
1 156.0** 14.2 na na 18 1 T
3 12.0 1.1 na na 12 1 T
10 17.0 1.5 na na 6 1 T
MMC 0.1 213.0** 19.4 na na 40 1

+ 3 + 20 Medium 0 12.0 1.0 13.0 1.0 100 1 Y POS
0.3 12.0 1.0 12.0 0.9 120 1
1 24.0 2.0 18.0 1.4 118 1
3 4.0 0.3 34.0** 2.6 112 1
10 8.0 0.7 72.0** 5.5 79 1
30 20.0 1.7 102.0** 7.8 55 1
100 24.0 2.0 252.0** 19.4 26 1 T
MMC 0.2 24.0 2.0 321.0** 24.7 107 1

+ 24 + 20 Medium 0 4.0 1.0 11.0 1.0 100 1 Y POS
0.003 12.0 3.0 10.0 0.9 104 1
0.01 12.0 3.0 14.0 1.3 101 1
0.03 8.0 2.0 14.0 1.3 106 1
0.1 50.0* 12.5 54.0** 4.9 115 1
0.3 tox tox 213.0** 19.4 116 1
1 tox tox 540.0** 49.1 116 1
MMC 0.1 256.0** 64.0 800.0** 72.7 91 1

Lab 1 Assay 2 − 3 + 21 Medium 0 7.5 1.0 na na 100 2 Y POS
1 10.5 1.4 na na 97 2
3 26.0** 3.5 na na 75 2
10 39.0** 5.2 na na 47 2
30 31.5** 4.2 na na 29 2 T
MMC 0.2 142.0** 18.9 na na 30 2 T
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− 3 + 45 Medium 0 8.0 1.0 na na 100 2 Y POS
1 9.5 1.2 na na 80 2
3 22.0** 2.8 na na 67 2
10 22.0** 2.8 na na 49 2
30 27.0** 3.4 na na 27 2 T
MMC 0.2 73.5** 9.2 na na 47 2

− 24 + 0 Medium 0 11.0 1.0 na na 100 2 Y POS
0.03 8.0 0.7 na na 81 2
0.1 40.0** 3.6 na na 72 2
0.3 94.0** 8.5 na na 49 2
1 28.5** 2.6 na na 51 2
MMC 0.1 166.5** 15.1 na na 87 2

− 24 + 24 Medium 0 7.0 1.0 na na 100 2 Y POS
0.03 9.5 1.4 na na 83 2
0.1 23.0** 3.3 na na 69 2
0.3 95.5** 13.6 na na 48 2
1 187.5** 26.8 na na 23 2 T
MMC 0.1 450.5** 64.4 na na 36 2 T

+ 3 + 20 Medium 0 2.0 1.0 11.0 1.0 100 2 Y POS
1 14.0 7.0 12.0 1.1 105 2
3 10.0 5.0 41.0** 3.7 101 2
10 18.0 9.0 90.0** 8.2 67 2
30 16.0* 8.0 84.5** 7.7 55 2
MMC 0.2 4.0* 2.0 328.5** 29.9 97 2

+ 24 + 20 Medium 0 8.0 1.0 15.5 1.0 100 2 Y POS
0.03 2.0 0.3 8.5 0.5 108 2
0.1 4.0 0.5 26.0* 1.7 115 2
0.3 6.0 0.8 193.5** 12.5 119 2
1 0.0 0.0 540.0** 34.8 122 2
MMC 0.1 190.0** 23.8 832.0** 53.7 109 2

Lab 2 Assay 1 − 3 + 21 Medium 0 3.0 1.0 na na 100 1 Y POS
0.625 5.0 1.7 na na 109 1
1.25 13.0* 4.3 na na 76 1
2.5 54.0** 18.0 na na 84 1
5 74.0** 24.7 na na 50 1
10 92.0** 30.7 na na 43 1
20 115.0** 38.3 na na 37 1 T
MMC 0.2 70.0** 23.3 na na 69 1

− 3 + 45 Medium 0 8.0 1.0 na na 100 1 Y POS
0.625 11.0 1.4 na na 89 1
1.25 5.0 0.6 na na 109 1
2.5 19.0 2.4 na na 106 1
5 23.0* 2.9 na na 64 1
10 43.0** 5.4 na na 59 1
20 38.0** 4.8 na na 55 1
MMC 0.1 32.0** 4.0 na na 112 1
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

− 24 + 0 Medium 0 9.0 1.0 na na 100 1 Y POS
0.00975 11.0 1.2 na na 89 1
0.0195 13.0 1.4 na na 100 1
0.039 16.0 1.8 na na 114 1
0.078 14.0 1.6 na na 65 1
0.156 27.0** 3.0 na na 62 1
0.3125 103.0** 11.4 na na 69 1
MMC 0.1 107.0** 11.9 na na 64 1

− 24 + 24 Medium 0 13.0 1.0 na na 100 1 Y POS
0.00975 6.0 0.5 na na 111 1
0.0195 36.0** 2.8 na na 102 1
0.039 20.0 1.5 na na 111 1
0.078 35.0** 2.7 na na 57 1
0.156 110.0** 8.5 na na 45 1
0.3125 143.0** 11.0 na na 35 1 T
MMC 0.05 137.0** 10.5 na na 99 1

+ 3 + 20 Medium 0 0.0 0.0 15.0 1.0 100 1 Y POS
0.625 0.0 0.0 18.0 1.2 105 1
1.25 8.0 8.0 35.0** 2.3 104 1
2.5 4.0 4.0 58.0** 3.9 106 1
5 2.0 2.0 106.0** 7.1 83 1
10 4.0 4.0 92.0** 6.1 58 1
20 12.0* 12.0 67.0** 4.5 44 1
MMC 0.2 20.0** 20.0 156.0** 10.4 103 1

+ 24 + 20 Medium 0 4.0 1.0 22.0 1.0 100 1 Y POS
0.00975 6.0 1.5 5.0 0.2 108 1
0.0195 2.0 0.5 21.0 1.0 105 1
0.039 14.0 3.5 32.0 1.5 111 1
0.078 26.0** 6.5 50.0** 2.3 109 1
0.156 161.3** 58.3 184.0** 8.4 115 1
0.3125 233.3** 50.0 456.0** 20.7 124 1
MMC 0.05 40.0** 10.0 123.0** 5.6 106 1

Lab 2 Assay 2 − 3 + 21 Medium 0 7.5 1.0 na na 100 2 Y POS
2.5 33.5** 4.5 na na 101 2
5 54.5** 7.3 na na 68 2
10 52.5** 7.0 na na 53 2
MMC 0.2 75.0** 10.0 na na 60 2
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− 3 + 45 Medium 0 7.5 1.0 na na 100 2 Y POS
5 57.5** 7.7 na na 77 2
10 91.5** 12.2 na na 93 2
20 91.0** 12.1 na na 65 2
30 237.0** 31.6 na na 52 2
MMC 0.2 102.5** 13.7 na na 105 2

− 24 + 0 Medium 0 9.5 1.0 na na 100 2 Y POS
0.078 51.0** 5.4 na na 67 2
0.156 145.5** 15.3 na na 84 2
0.3125 92.0** 9.7 na na 90 2
0.625 68.0** 7.2 na na 60 2
MMC 0.1 149.0** 15.7 na na 40 2

− 24 + 24 Medium 0 10.0 1.0 na na 100 2 Y POS
0.00975 13.5 1.4 na na 108 2
0.0195 14.5 1.5 na na 99 2
0.039 10.0 1.0 na na 106 2
0.078 23.0** 2.3 na na 80 2
0.156 67.0** 6.7 na na 97 2
0.3125 153.5** 15.4 na na 45 2
MMC 0.1 176.5** 17.7 na na 92 2

+ 3 + 20 Medium 0 3.0 1.0 12.0 1.0 100 2 Y POS
2.5 12.0* 4.0 54.5** 4.5 102 2
5 13.0* 4.3 107.0** 8.9 85 2
10 22.0** 7.3 141.5** 11.8 53 2
MMC 0.2 25.4** 8.5 230.0** 19.2 96 2

+ 24 + 20 Medium 0 1.0 1.0 14.5 1.0 100 2 Y POS
0.039 14.0** 14.0 32.5** 2.2 105 2
0.078 16.0** 16.0 120.5** 8.3 105 2
0.156 422.9** 422.9 338.5** 23.3 104 2
0.3125 nt nt 619.5** 42.7 105 2
MMC 0.1 157.0** 157.0 643.0** 44.3 97 2

Urethane
Lab 1 Assay 1 − 3 + 21 Medium 0 0.5 1.0 na na 100 2 Y NEG

1000 0.0 0.0 na na 104 2
2000 1.0 2.0 na na 111 2
3500 0.0 0.0 na na 72 2
5000 1.5 3.0 na na 59 2
MMC 0.2 12.0** 24.0 na na nt 2

− 3 + 45 Medium 0 1.0 1.0 na na 100 2 Y NEG
1000 2.0 2.0 na na 119 2
2000 2.0 2.0 na na 130 2
3500 1.0 1.0 na na 116 2
5000 1.5 1.5 na na 123 2
MMC 0.2 9.5** 9.5 na na nt 2
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

− 24 + 0 Medium 0 1.5 1.0 na na 100 2 Y NEG
1000 1.5 1.0 na na 120 2
2000 0.5 0.3 na na 125 2
3500 2.0 1.3 na na 71 2
5000 2.5 1.7 na na 82 2
MMC 0.1 7.5** 5.0 na na nt 2

− 24 + 24 Medium 0 0.0 0.0 na na 100 2 Y NEG
1000 1.5 1.5 na na 63 2
2000 0.5 0.5 na na 73 2
3500 2.0 2.0 na na 48 2
5000 2.5 2.5 na na 53 2
MMC 0.1 32.0** 32.0 na na nt 2

+ 3 + 20 Medium 0 5.5 1.0 2.5 1.0 100 2 Y EQ
1000 2.4 0.4 14.5** 5.8 101 2
2000 10.6 1.9 8.5* 3.4 98 2
3500 6.0 1.1 9.0* 3.6 97 2
5000 4.0 0.7 9.5** 3.8 100 2
MMC 0.2 5.0 0.9 60.0** 24.0 nt 2

+ 24 + 20 Medium 0 6.5 1.0 3.5 1.0 100 2 Y POS
1000 3.0 0.5 7.5 2.1 93 2
2000 7.0 1.1 8.5 2.4 93 2
3500 5.0 0.8 11.0** 3.1 80 2
5000 3.5 0.5 7.5 2.1 75 2
MMC 0.1 23.0** 6.5 285.5** 161.0 nt 2

Lab 1 Assay 2 − 3 + 21 Medium 0 1.5 1.0 na na 100 2 Y NEG
1000 0.5 0.3 na na 125 2
2000 0.5 0.3 na na 108 2
3500 0.5 0.3 na na 183 2
5000 1.5 1.0 na na 71 2
MMC 0.2 12.5** 8.3 na na nt 2

− 3 + 45 Medium 0 1.5 1.0 na na 100 2 Y NEG
1000 0.0 0.0 na na 97 2
2000 2.0 1.3 na na 69 2
3500 0.5 0.3 na na 101 2
5000 2.0 1.3 na na 60 2
MMC 0.2 11.5** 7.7 na na nt 2
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− 24 + 24 Medium 0 1.0 1.0 na na 100 2 Y NEG
1000 0.5 0.5 na na 69 2
2000 0.5 0.5 na na 66 2
3500 1.5 1.5 na na 43 2
5000 2.0 2.0 na na 24 2 T
MMC 0.1 88.5** 88.5 na na nt 2

+ 3 + 20 Medium 0 4.5 1.0 4.5 1.0 100 2 Y NEG
1000 0.5 0.1 4.5 1.0 94 2
2000 3.5 0.8 4.5 1.0 97 2
3500 2.5 0.6 5.0 1.1 99 2
5000 4.5 1.0 3.0 0.7 98 2
MMC 0.2 8.5 1.9 65.0** 14.4 nt 2

+ 24 + 20 Medium 0 6.0 1.0 7.0 1.0 100 2 Y NEG
1000 0.0 0.0 0.5 0.1 83 2
2000 0.5 0.1 1.0 0.1 85 2
3500 2.0 0.3 5.0 0.7 73 2
5000 1.0 0.2 9.5 1.4 62 2
MMC 0.1 72.5** 12.1 403.5** 57.6 nt 2

Lab 2 Assay 2 − 3 + 21 Medium 0 19.5 1.0 na na 100 2 Y NEG
625 22.5 1.2 na na 101 2
1250 13.0 0.7 na na 130 2
2500 18.0 0.9 na na 93 2
5000 16.5 0.8 na na 85 2
MMC 0.2 167.5** 8.6 na na 52 2

− 24 + 0 Medium 0 17.5 1.0 na na 100 2 Y NEG
625 23.5 1.3 na na 123 2
1250 19.0 1.1 na na 134 2
2500 14.0 0.8 na na 79 2
5000 12.0 0.7 na na 63 2
MMC 0.1 88.0** 5.0 na na 40 2

− 24 + 24 Medium 0 29.0 1.0 na na 100 2 N na
625 19.5 0.7 na na 95 2
1250 17.0 0.6 na na 86 2
2500 24.5 0.8 na na 66 2
5000 64.5** 2.2 na na 38 2 T
MMC 0.1 81.0** 2.8 na na 17 2 T

+ 3 + 20 Medium 0 9.0 1.0 22.0 1.0 100 2 Y EQ
625 58.5** 6.5 38.5** 1.8 76 2
1250 37.0** 4.1 29.5 1.3 102 2
2500 41.5** 4.6 34.5* 1.6 101 2
5000 32.5** 3.6 33.5* 1.5 101 2
MMC 0.2 28.5** 3.2 252.0** 11.5 25 2 T

+ 24 + 20 Medium 0 6.0 1.0 9.5 1.0 100 2 Y EQ
625 5.5 0.9 16.5 1.7 91 2
1250 8.5 1.4 14.0 1.5 87 2
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

2500 7.0 1.2 17.0 1.8 73 2
5000 5.0 0.8 19.5* 2.1 60 2
MMC 0.1 55.5** 9.3 209.0** 22.0 29 2 T

Lab 3 Assay 1 − 3 + 21 Medium 0 8.0 1.0 na na 100 2 Y NEG
1250 4.5 0.6 na na 102 2
2500 9.0 1.1 na na 94 2
5000 9.5 1.2 na na 83 2
MMC 0.05 138.0** 17.3 na na 94 2

− 3 + 45 Medium 0 10.5 1.0 na na 100 2 Y NEG
1250 7.0 0.7 na na 93 2
2500 17.5 1.7 na na 95 2
5000 13.0 1.2 na na 95 2
MMC 0.05 161.0** 15.3 na na 85 2

− 24 + 0 Medium 0 10.0 1.0 na na 100 2 Y NEG
1250 11.0 1.1 na na 98 2
2500 10.0 1.0 na na 94 2
5000 7.5 0.8 na na 71 2
MMC 0.05 136.5** 13.7 na na 82 2

− 24 + 24 Medium 0 13.0 1.0 na na 100 2 Y NEG
1250 15.0 1.2 na na 106 2
2500 16.0 1.2 na na 97 2
5000 8.0 0.6 na na 75 2
MMC 0.05 166.5** 12.8 na na 89 2

+ 3 + 20 Medium 0 3.0 1.0 10.0 1.0 100 2 Y NEG
1250 4.5 1.5 7.0 0.7 98 2
2500 1.0 0.3 10.0 1.0 89 2
5000 3.5 1.2 13.5 1.4 54 2
MMC 0.25 70.5** 23.5 287.5** 28.8 73 2

+ 24 + 20 Medium 0 1.5 1.0 9.0 1.0 100 2 Y NEG
1250 2.5 1.7 8.5 0.9 99 2
2500 3.5 2.3 7.0 0.8 95 2
5000 1.0 0.7 14.0 1.6 93 2
MMC 0.05 23.5** 15.7 137.5** 15.3 93 2

Diethylstilboestrol
Lab 1 Assay 2 − 3 + 21 Ethanol 0 16.5 1.0 na na 100 2 Y POS

7.5 12.0 0.7 na na 96 2
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15 8.0 0.5 na na 104 2
30 8.0 0.5 na na 91 2
40 49.5** 3.0 na na 51 2
MMC 0.2 168.5** 10.2 na na 51 2

− 3 + 45 Ethanol 0 5.5 1.0 na na 100 2 N na
15 7.5 1.4 na na 98 2
30 12.0* 2.2 na na 93 2
40 20.5** 3.7 na na 48 2
MMC 0.2 nt nt na na 10 2 T

− 24 + 0 Ethanol 0 19.0 1.0 na na 100 2 N na
7.5 242.0** 12.7 na na 18 2 T
15 166.5** 8.8 na na 13 2 T
30 18.0 0.9 na na 18 2 T
40 17.5 0.9 na na 25 2 T
MMC 0.1 184.0** 9.7 na na 44 2

− 24 + 24 Ethanol 0 9.5 1.0 na na 100 2 N na
1.88 13.0 1.4 na na 82 2
3.75 21.5** 2.3 na na 31 2 T
5 28.5** 3.0 na na 37 2 T
MMC 0.1 164.0** 17.3 na na 15 2 T

+ 3 + 20 Ethanol 0 43.5 1.0 34.0 1.0 100 2 N na
7.5 21.0 0.5 21.5 0.6 96 2
15 29.5 0.7 26.0 0.8 97 2
22.5 22.0 0.5 19.0 0.6 97 2
30 16.0 0.4 15.0 0.4 86 2
40 18.0 0.4 nt nt 10 2 T
MMC 0.2 31.5 0.7 241.5** 7.1 28 2 T

+ 24 + 20 Ethanol 0 12.0 1.0 10.5 1.0 100 2 Y POS
1.88 18.0 1.5 15.5 1.5 103 2
3.75 20.0 1.7 28.0** 2.7 87 2
5 46.5** 3.9 44.0** 4.2 96 2
MMC 0.1 156.0** 13.0 nt nt nt 2

Lab 2 Assay 1 − 3 + 21 Ethanol 0 1.0 1.0 na na 100 2 Y POS
0.5 25.5** 25.5 na na 87 2
1 19.5** 19.5 na na 89 2
5 23.0** 23.0 na na 82 2
10 17.5** 17.5 na na 53 2
MMC 0.2 115.5** 115.5 na na 61 2

− 3 + 45 Ethanol 0 2.0 1.0 na na 100 2 Y POS
0.5 18.0** 9.0 na na 101 2
1 23.5** 11.8 na na 81 2
5 22.5** 11.3 na na 79 2
10 17.0** 8.5 na na 53 2
MMC 0.2 220.0** 110.0 na na 43 2
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Lab number Assay
number

CytBa Schedule:
treatment +
recovery (h)

Solvent Concentration
(�g/ml)b

Micronucleated
mononucleated cellsc

Micronucleated
binucleated cellsc

Survival
(%)

Number of
cultures
analysed

Othersd Acc.e Pos. f

Number per
1000 cells

Induction
factor

Number per
1000 cells

Induction
factor

− 24 + 0 Ethanol 0 3.5 1.0 na na 100 2 Y POS
0.05 32.5** 9.3 na na 107 2
0.25 30.5** 8.7 na na 91 2
0.5 40.0** 11.4 na na 85 2
5 33.0** 9.4 na na 28 2 T
MMC 0.1 165.5** 47.3 na na 50 2

− 24 + 24 Ethanol 0 3.0 1.0 na na 100 2 Y POS
0.05 91.0** 30.3 na na 104 2
0.125 91.0** 30.3 na na 110 2
1 64.0** 21.3 na na 72 2
5 75.0** 25.0 na na 40 2
MMC 0.1 198.0** 66.0 na na 60 2

+ 3 + 20 Ethanol 0 0.0 0.0 0.0 0.0 100 2 Y POS
0.5 0.5 0.5 0.0 0.0 91 2
1 1.0 1.0 0.5 0.5 91 2
3 2.0 2.0 4.0* 4.0 84 2
5 0.5 0.5 4.5** 4.5 90 2
7 5.0** 5.0 9.0** 9.0 49 2
MMC 0.2 6.0** 6.0 60.0** 60.0 89 2

+ 24 + 20 Ethanol 0 3.0 1.0 1.5 1.0 100 2 Y POS
0.05 5.0 1.7 11.0** 7.3 73 2
0.125 1.0 0.3 3.0 2.0 80 2
0.25 0.5 0.2 19.5** 13.0 80 2
0.5 4.0 1.3 13.5** 9.0 69 2
0.75 3.5 1.2 18.5** 12.3 61 2
1 0.0 0.0 17.0** 11.3 59 2
MMC 0.2 1.5 0.5 106.0** 70.7 73 2

a (+) With cytochalasin B; (−) without cytochalasin B.
b MMC: positive control, mitomycin C.
c Number of micronucleated cells given for 1000 cells; induction factor: when the number of micronucleated cells was 0 in the control, it was set to 1 to calculate the induction factor for treated cultures (see text for

the formula). NS: not statistically higher than controls (Yates Chi-square test); nt: not tested; nd: not determined; na: not applicable; tox: not evaluated due to cytotoxicity. *Statistically higher than controls at p < 0.05.
**Statistically higher than controls at p < 0.01; (–) lower than the control: statistical analysis not done.

d p: precipitate; low cells: low number of cells; mmn: multi-micronucleated cells; T: genotoxicity data obtained at survivals clearly below 40% were taken into account for genotoxicity evaluation positive results obtained
only at such concentrations were discarded; negative results obtained at such concentrations when lower concentrations gave positive results were not considered; g: no evaluation of survival but as the highest concentration
was 5000 �g/ml and as mannitol showed no cytotoxicity, the assay was used for genotoxicity evaluation.

e Y: assay accepted; N: assay not accepted (see text).
f POS: assay concluded as positive; NEG: assay concluded as negative; EQ: only one positive concentration in the range or no concentration–effect relationship; na: not appropriate.
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