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tions were observed with regard to the body weights. The lack of

~ 000 O 000 four data points at one laboratory (no.6) was due to experimental

© 00 00 O problems. There was no evidence that systemic toxicity occurred
at any of the doses tested by reference to other observation
" o oo O O records.

(ORO)] O O Acceptance Criteria

Laboratory
4

In the standard protocol, the mean absorbance in the negative
control was set at 0.1-0.2 as acceptance criteria. However,
approximately 60% of all data in this study were within this range
and the other data were outside the range (data not shown). All
the mean absorbances before the stock solutions were diluted
were 0.05-0.35. Therefore, we discussed the specified range and
changed the criteria. We accepted all data obtained before dilu-
tion for the following analysis.

Figure 2 shows the Sl values obtained for all the positive
control groups with 95% confidence intervals. Most experiments
in these studies were acceptable because the S| values were
greater than 2, excluding one laboratory (no. 2, test 1). Because all
data at Laboratory no. 2, test 1, were judged to be insufficient for
the positive control criteria, they were not used for the following
analysis.
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The BrdU labeling index and SI values recorded for each of the
test chemicals in the experimental laboratories are summarized
in Table 3, and the dose-response relationships for the S values
are indicated in Fig.3. Dose-response relationships for the S
values of chemicals A (nickel sulfate), C (eugenol), D (trans-
cinnamic aldehyde), E (2,4-dinitrochlorobenzene), F (glutaralde-
hyde) and H (HCA) were clearly evident in each laboratory, and
the Sl values at all their high doses were greater than 2. The
dose-response relationships for chemicals B (isopropanol) and G
(methy!l salicylate) were unclear, and the laboratories that
assessed these chemicals reported them to be negative. For
chemical | (lactic acid), the dose-response relationships of the SI
values were clearly evident at two laboratories (3 and 7), and the
Sl value for the high dose at one laboratory (7) was greater than
2. The dose-response at the other laboratory (4) was unclear.
Further, an inconsistency was observed in the BrdU labeling
index in the vehicle control group for one chemical. In the case
of chemical J (formaldehyde), the dose-response relationship
of the SI values yielded a down-regulation at the high dose in
one laboratory (1), a v-shaped curve in one laboratory (5) and
were unclear in one laboratory (6); therefore, it may be consid-
ered that the observed dose-response relationships based on
the weighted average values for chemical J were inappropriate.

ACE
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DMSO
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Vehicle?
DMSO
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AOO
AOCO

CASRN?
10101-97-0

67-63-0
97-53-0
104-55-2
97-00-7
111-30-8
119-36-8
101-86-0
598-82-3
50-00-0

Chemical

Intra-laboratory Variability

Although limited, the results obtained from the positive control
groups allowed us to evaluate the intra-laboratory variability of
the assay. Figure 2 shows the variability of the Sl values obtained
for the positive control groups from each laboratory. The Sl values
of the positive controf substance were consistent, excluding the
first trials of laboratories 2 and 5.

Hexylcinnamic aldehyde (hekylcinnamal, o-Hexylcinnamaldehyde)

2,4-Dinitrochlorobenzene (1-chloro-2,4-dinitrobenzene)
Lactic acid

Glutaraldehyde solution (ab.25%)

Nickel sulfate [Nickel(ll) sulfate hexahydrate]
Methyl salicylate

Isopropanol (2-propanol)

Eugenol
Formaldehyde solution (36-38%)

trans-Cinnamic aldehyde

Inter-laboratory Variability

bACE, acetone; AOQ, acetone-olive oil; DMSO, dimethylsulfoxide.
<Jjudgment based on the guinea pig maximization test or the Buehler test.

aThe Chemical Abstract Services Registry Number.

Code

The data shown in Fig.3 were used to measure the inter-
laboratory variability of the SI values at all the chemical doses.

A
B
C
D
E
F
G
H
J
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the acceptance criteria as shown in the protocol must be used.

Laboratory Day 1 Day 6
no. n Mean SD Min Max n Mean SD Min Max
1 108 222 1.38 184 25.8 108 226 1.48 18.7 264
2 108 226 1.32 20.1 21.7 108 23.8 1.52 20.6 28.0
3 108 221 1.38 19.3 26.2 108 231 1.48 20.0 27.0
4 108 21.8 1.44 17.6 259 108 224 1.57 18.1 26.1
5 108 226 1.25 19.6 25.2 108 228 1.36 19.7 26.0
6 104 220 1.30 21.0 253 104 220 1.27 19.0 24.8
7 108 221 1.55 18.9 27.8 108 229 1.42 19.7 263
sl shown in Table 7. The sensitivity, specificity, accuracy, positive
35 predictivity and negative predictivity values of LLNA:BrdU-ELISA
against those of GPMT/BT were similar to those of LLNA against
30 those of GPMT/BT.
25
20
DISCUSSION
15
I Through the preliminary and phase | studies, we developed and
10
1 { 1 l l refined the protocol. For acceptable performance of the assay,
5 .
{ I 2| I I 11x3 1 g i {

1 2 3 4 5 6 7
Laboratory

Figure 2. S| values with 95% confidence intervals obtained for the
positive control groups at the all laboratories in phase Il validation study.

Table 4 shows the weighted average of the Si values with 95%
confidence intervals and a summary index of the inter-laboratory
variability, i.e. 7% In the study, no large inter-laboratory variation
was observed in any of the laboratories.

Table 5 shows the results of the judgments based on the posi-
tive criteria obtained for all the chemicals in all the laboratories.
Two chemicals, I (lactic acid) and J (formaldehyde), showed incon-
sistent results among the laboratories. The Sl values for the high
doses were approximately 2 among all three laboratories; thus,
the variation was small.

EC2 and Measures of Relevance

To avoid the problem of multiple counts of the same chemicals
from different laboratories, the calculations of EC2 and sensitivity,
specificity, accuracy, positive predictivity and negative predictiv-
ity of LLNA:BrdU-ELISA were based on the weighted averages of
the Sl values.

Table6 show the EC2 results and its classification for
LLNA:BrdU-ELISA based on the weighted averages for both the
studies and the reported EC2 and its classification based on the
reported values for the original LLNA. The sensitivity, specificity,
accuracy, positive predictivity and negative predictivity of
LLNA:BrdU-ELISA with regard to the chemicals in the study, as
against those of GPMT/BT and LLNA, are shown in Table 7. To
enable comparison of the measurements of LLNA against those
of GPMT/BT when the same chemicals were selected, these
values calculated only on the basis of the referenced data are

That is, the appropriate absorbance for the negative and positive
control must be obtained to achieve an adequate Sl value of the
positive control. To achieve this objective, the LN cell suspension
should be prepared such that the mean absorbance on the nega-
tive and positive control is within the range defined by the pro-
tocol developers. However, even if the optimized condition was
determined by a preliminary study in each laboratory, it was tech-
nically difficult to achieve the required absorbance range for the
negative control in phase | of the study. As the result, absor-
bances on the negative and positive controls were in the ranges
0.002-0.398 and 0.003-1.115, respectively, in the phase | study
(data not shown). Since the width of this range is so large, the
range of average Sl values on the positive control was also large,
such as 1.7-30.2 at all laboratories.

To modify the acceptable range of the absorbance on the
negative control, we discussed the use of data from the diluted
stock of the suspension after the phase | study. It was suspected
that the error was increased by dilution of the stock. We ulti-
mately decided that the stock of LN cell suspension should not be
used. The description of the dilution was eliminated.

Furthermore, we determined that every laboratory should
decide their own optimal target volume of LN cell suspension in
advance such that the absorbance value of the negative control
group would be expected to be within 0.1-0.2.

Using the revised protocol that included these decisions, the
phase 1l study was conducted with the participation of seven
independent experimental laboratories. Unfortunately, absor-
bance data for the negative control did not meet the acceptance
range of 0.1-0.2; the absorbance range was 0.05-0.35.

Because the results for the positive control were stable and the
range of S values was between 2.1 and 12.5 at seven laboratories,
we accepted all the data for analysis in this study. We believe the
results presented here are appropriate to understand the fea-
tures of the assay.

The fact that the inter-laboratory variations were small for
most of the chemicals is considered to be a significant finding of
this study. In particular, chemical B (HCA) and chemical E (2,4-
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Mean absorbance Mean absorbance

Code Chemical name Lab. no. Dose n for chemical for vehicle SI
Positive HCA 1 50 4 0432 0.209 2.07
50 4 0.337 0.055 6.11
50 4 0.282 0.082 343

2 fail
50 4 0.677 0.131 5.15
50 4 0.438 0.174 252
3 50 4 0.804 0.241 3.34
50 4 0.720 0.203 3.54
50 4 0.689 0.316 218
4 50 4 0.756 0.281 2.69
50 4 0.710 0.224 3.17
50 4 1.012 0.154 6.58
5 50 4 1.568 0.126 1246
50 4 0.683 0.161 424
50 4 0.678 0.112 6.07
[¢] 50 4 0.793 0.150 5.30
50 4 0.440 0.183 241
50 4 0.765 0.304 252
7 50 4 0.614 0.089 6.86
50 4 0.372 0.085 4.39
50 4 0.581 0.122 4.78
A Nickel suifate 3 1 4 0.303 0.221 137
3 4 0424 1.92
10 4 0.570 2.58
4 1 4 0431 0.210 2.05
3 4 0.420 2.00
10 4 0.952 4.53
7 1 4 0.273 0.145 1.88
3 4 0.386 2.66
10 4 0.385 2.66
B Isopropanol 1 10 4 0.350 0.158 222
25 4 0.120 0.76
50 4 0.145 0.92
3 10 4 0.261 0.266 Q.98
25 4 0.227 0.85
50 4 0.199 Q.75
4 10 4 0.240 0.241 1.00
25 4 0.292 1.21
50 4 0.380 1.58
5 10 4 0.052 0.055 0.94
25 4 0.038 0.69
50 4 0.040 0.71
6 10 3 0.516 0.253 2.04
25 3 0.283 112
50 3 0.383 1.51
7 10 4 0.058 0.120 0.48
25 4 0.115 0.95
50 4 0.121 1.01
C Eugenol 2 10 4 0.226 0.173 1.31
25 4 0422 245
50 4 0.546 3.7
6 10 4 0.306 0.210 1.46
25 4 0.573 273
50 4 0.667 3.8
7 10 4 0.359 0.123 292
25 4 0.514 4.18
50 4 0.870 7.08
D Cinnamic aldehyde 2 1 4 0.196 0.178 1.10
3 4 0.397 2.23
10 4 0.600 3.37
4 1 4 0.426 0.271 1.57
3 4 0.796 2.94
10 4 0.947 349
5 1 4 0.171 0.150 1.14
3 4 0.315 2.10
10 4 0.617 4.1
E 2,4-Dinitrochlorobenzene 1 0.1 4 0.674 0.302 223
0.3 4 1.110 3.67
1.0 4 1.298 4.30
2 0.1 4 1.137 0.178 6.39
03 4 1.162 6.52
1.0 4 1.490 8.36
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Code Chemical name Lab. no. Dose

F Glutaraldehyde solution 1 0.1

G Methyl salicylate 1 10

H Hexylcinnamic aldehyde 1 10

| Lactic acid 3 10

J Formaldehyde solution 1 1

=3

S N N N N N N S N N N S N N N N N N N S N N N N N N N N N N N N I T T T e e e e i albalnath at olENENE E  EEl o

Mean absorbance
for chemical

0.941
1.378
1.319
1.005
1.434
1.490
2.243
2819
2.540
o711
0.944
1.014
0.705
1.509
1.593
0.188
0.257
0.400
0.395
0.689
1.525
0.162
0.308
0.367
043
0417
0.381
0.192
0.201
0.248
0.242
0.267
0.309
0.248
0412
0.537
0.491
0.625
0.804
0.491
0.625
0.804
0.291
0.474
0.746
0.450
0.727
0.827
0.192
0.366
0.462
0.241
0.365
0.397
0.359
0.397
0.343
0.175
0.313
0.367
0.330
0.471
0.191
0.225
0.088
0.883
0.261
0.293
0.321

Mean absorbance
for vehicle

0.220

0.271

0.150

0.210

0.123

0.107

0.053

0.163

0.302

0.173

0.220

0.158

0.266

0.241

0.055

0.253

0.120

0.221

0.210

0.145

0.107

0.053

0.163

Sl

4.27
6.25
5.99
371
5.29
5.50
14.94
18.78
16.93
3.38
4.50
4.83
573
12.28
12,96
1.76
240
3.73
7.44
12.98
28.73
0.99
1.89
2.25
143
1.38
1.26
1.1
1.16
144
110
1.21
1.40
1.57
261
3.41
1.20
2.06
2.87
2.04
2.59
3.34
5.25
8.57
13.48
1.78
2.87
3.27
1.59
3.04
3.84
1.09
1.66
1.80
1.71
1.89
1.63
1.21
2.16
253
3.08
4.40
1.78
4.25
1.67
16.64
1.60
1.80
1.97
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Figure 3.
validation study.
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WA indicates the weighted average of the SI values obtained by meta-analysis using the random effect model in this study.

Dose-response relationships of the Sl values with 95% confidence intervals for each chemical analyzed at the all laboratories in phase I
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Low-dose Middle-dose High-dose

Code Chemical SI 7 Sl 7 Si 7

A Nickel sulfate 1.79 0.000 217 0.000 296 0.016
B Isopropanol 1.08 0.144 0.89 0.000 0.99 0.044
C Eugenol 1.79 0.169 3.05 0.049 4.20 0.201
D trans-Cinnamic aldehyde 1.24 0.000 2.46 0.017 3.64 0.000
E 2,4-Dinitrochlorobenzene 4.87 0.345 6.98 0.315 7.40 0.255
F Glutaraldehyde solution 2.11 0.787 3.60 0.864 5.99 1.661
G Methyl salicylate 1.27 0.008 1.25 0.000 1.31 0.000
H Hexylcinnamic aldehyde 1.82 0.073 2.83 0.006 4.14 0.231
| Lactic acid 1.25 0.000 1.90 0.000 1.97 0.000
J Formaldehyde solution 2.46 0.154 2.44 0.245 3.56 1.279

The variance component 7 represents the interlaboratory variance for the log-transformed Sl, which is obtained by decomposing
the total variance into the between variance and within variance by performing meta-analysis with a random effect model. Since 7
indicates variance, its value is greater than 0, and a higher value indicates greater inter-laboratory variation.

Laboratory
Code Chemical LLNA GPMT/BT 1 2 3 4 5 6
A Nickel sulfate - + + + +
B Isopropanol - - - - - - + -
C Eugenol + + + + +
D trans-Cinnamic aldehyde + + + + +
E 2,4-Dinitrochlorobenzene + + + + + + + + +
F Glutaraldehyde solution + + + +
G Methyl salicylate - - - -
H Hexylcinnamic aldehyde + + + + + + + +
| Lactic acid - - - - +
J Formaldehyde solution + + + + -

dinitrochlorobenzene) were tested by all seven laboratories; it
was observed that the Sl value of the inter-laboratory variation
was small and that the dose-response relationships were similar.
These results indicate that LLNA:BrdU-ELISA is a robust technique
using the revised protocol.

We did not change the criteria for the positive control in any
phase. Data were accepted only when the Sl value on the positive
control group was equal to or greater than 2. When the Si for the
positive control was less than 2, the sensitivity of the test was
considered to be inadequate.

The cut-off value of the Sl was determined on the basis of the
prior examinations. During our validation studies, the value was
prespecified and was not changed. We did not intend to optimize
the value because the number of chemicals was too limited. The
sensitivity, specificity and accuracy in Table 7 were estimated
using the Sl cut-off value, which showed high relevance. From the
above discussion, we derived the current recommendation about
the acceptance criteria on the assay as follows.

Final Recommended Acceptance and Positive Criteria

The target mean absorbance for negative control (vehicles) is
0.1-0.2. To set achieve these values, every laboratory should

View this article online at wileyonlinelibrary.com
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decide its own optimal target volume of LN cell suspension in
advance. The values for the treatment groups are divided by the
mean absorbance of the control group to determine the Sl
values for each treatment group. When the positive control pro-
duces an Sl = 2, the data derived from the test substances that
are tested concurrently are accepted. If any concentration of the
test substance yields SI = 2, the substance is identified as a
sensitizer.

The phase Il study also presented certain limitations. First, the
results are representative of only 10 chemicals. The variance com-
ponent 72 represents the inter-laboratory variance for the log-
transformed Sl, which is obtained by decomposing the total
variance into the between variance and within variance by per-
forming meta-analysis with a random effect model. Since 7 indi-
cates variance, its value is greater than 0, and a higher value
indicates greater inter-laboratory variation. The chemicals used in
the present studies were selected from a wide range of chemi-
cals, and their skin sensitization potentials were determined by
the application of the LLNA method. Further, the precision of the
measure of relevance was low because only 10 chemicals were
tested by this assay method; therefore, even a differencein only a
single chemical would affect the sensitivity. Since the study dem-
onstrated the strong reliability of the assay, further assessments

J. App. Toxicol. 2011; 31: 63-74
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the EC2 could not be determined.

LLNA:BrdU-ELISA LLNA
Code Chemical EC2 Classification EC3 Classification
A Nickel sulfate 22 Positive - Negative
B Isopropanol - Negative - Negative
C Eugenol 12.0 Positive 12.9 Weak
D Cinnamic aldehyde 22 Positive 3.1 Moderate
E 2,4-Dinitrochlorobenzene <0.1 Positive 0.04 Extreme
F Glutaraldehyde solution <0.1 Positive 0.1 Extreme
G Methyl salicylate - Negative - Negative
H Hexylcinnamic aldehyde 12.0 Positive 8.4 Moderate
| Lactic acid - Negative >25 Negative
J Formaldehyde solution <0.1 Positive 0.7 Strong

The EC2 for LLNA:BrdU-ELISA is based on the weighted average. The Si values obtained for chemical E (2,4-dinitrochlorobenzene)
with LLNA:BrdU-ELISA were greater than 2 for all the doses; however, since the dose~-response relationship yielded a v-shaped curve,

Although the weighted averages of the Sl values were greater than 2 for all the doses, the EC2 and classification were determined
because the dose-response relationship exhibited a v-shaped curve.

Sensitivity Specificity
LLNA:BrdU-ELISA vs GPMT/BT 100.0% 100.0%
(6/6) (3/3)
LLNA:BrdU-ELISA vs. LLNA 100.0% 75.0%
(6/6) (3/4)

based on the referenced data.

For LLNA:BrdU-ELISA, the judgment was based on the weighted average of the Sl values. For LLNA and GPMT/BT, judgments were

Accuracy Positive predictivity Negative predictivity
100.0% 100.0% 100.0%
(9/9) (6/6) (3/3)
90.0% 85.7% 100.0%
(9/10) (6/7) (3/3)

using other known chemicals should be conducted in other
studies.

Another limitation is with regard to the quality of the data. It
was extremely difficult to ensure complete compliance with GLP
in these studies. However, although the experiments involved in
the studies were not conducted in complete accordance with
GLP, the format file for data recording of individual experiments
was devised at the planning stage of the study, and the data files
collected for all the experiments complied with this format. Fur-
thermore, since all the data used for the analyses were based on
the database, if required, we can provide for review the database
regarding the BrdU labeling index obtained for the individual
animals with the standard protocol that was used.

Many researchers have provided considerable evidence for the
reliability of LLNA. Several inter-laboratory studies on LLNA have
been reported, but they did not necessarily employ the same
protocol; additionally, these studies were conducted by approxi-
mately five experimental laboratories (Basketter etal., 1991;
Kimber et al., 1991, 1995, 1998; Loveless et al., 1996; Scholes et al.,
1992). On the other hand, limited evidence is available for the
reliability of LLNA:BrdU-ELISA. Since the methods involved in
LLNA:BrdU-ELISA and the original LLNA are essentially identical,
the results of our study, which tested coded chemicals using a
standardized protocol, provide adequate evidence in support of
LLNA:BrdU-ELISA as an alternative assay method to original
LLNA,

In conclusion, this study provides valuable evidence for the
reliability of LLNA:BrdU-ELISA. Unlike LLNA, LLNA:BrdU-ELISA
measures the BrdU incorporation. It is a simple method for mea-
suring the BrdU using ELISA and it yields quick results. In addition,
this method assesses cell-turnover with the same endpoint, lym-
phocyte proliferation, as in the original LLNA by measuring the
incorporation of the thymidine analog BrdU using ELISA. Thus,
the principle and study design of the LLNA:BrdU-ELISA and the
original LLNA are basically the same. Taken together, these facts
indicate that the LLNA:BrdU-ELISA is a promising new version
LLNA.
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National and International trends of 3Rs in animal experiments
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There is slow, steadily progressing the movement of 3Rs (to
Replace them with non-sentient alternatives, to Reduce to a
minimum the number of animals used, and to Refine
experiments which used animals so that they caused the
minimum pain and distress) of animal experiments in Japan.

The Japan Health Sciences Foundation established the Center
for Accreditation of Laboratory Animal Care and Use in 2007.
With the purpose of assessing and verifying compliance with the
“Basic Guidelines for Proper Conduct of Animal Testing and
Related Activities in the Research Institutions under the
Jurisdiction of the Ministry of Health, Labour and Welfare
(MHLW)", the objective of the center is to promote the optimum

enforcement of scientific animal testing. Other Jurisdiction
systems have been established by successive in Japan.

On the other hand, MHLW created the Japanese Center for
the Validation of Alternative Methods (JaCVAM) at the National
Institute of Health Sciences (NIHS) in 2005. JaCVAM has promoted
the 3Rs in animal experiments for the evaluation of chemical
substance safety and established guidelines for new alternative
experimental methods through international collaboration for 5
years. Many Japanese colleagues have supported JaCVAM
activities by performing validation studies and peer reviews and by
providing regulatory acceptance for new alternative experimental
methods. Furthermore, we must push forward with international
harmonization efforts in accordance with the International
Cooperation on Alternative Test Methods (ICATM) framework,
which was organized in April, 2009. We think that developments
and continued activities of these centers are key contributions in
3Rs.

We expect these Japanese activities may contribute to the
International harmonization in 3Rs.
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No. | = iy Test Method

1 In vitro skin corrosion testing ! Vitrolife-Skin, EpiDerm

2 The Bovine Corneal Opacity and Permeability (BCOP) Test Method for
Identifying Ocular Corrosives and Severe Irritants

3 The Isolated Chicken Eye (ICE) for Identifying Ocular Corrosives and Severe
Irritants

4 Skin sensitization assay, LLNA ! DA

5 Skin sensitization assay, LLNA : BrdU-ELISA

6 In vitro skin irritation testing : EPISKIN
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The comet assay has been widely used as a genotoxicity
test in vitro/vivo for detecting initial DNA damage in in-
dividual cells. One of the difficulties of the assay is slide
preparation, for which agarose top and bottom layers and
a cell-containing middle layer are needed to immobilize the
cells. To establish a practical methodology while maintain-
ing sensitivity and reproducibility, we assessed a simple
comet assay method with a hydrophilic slide glass (MAS-
coat type, Matsunami glass Ind., Ltd.} instead of an
agarose bottom layer. Ethyl methanesulfonate (EMS),
mitomycin C (MMC), and N-nitroso dimethylamine (DVIN)
as genotoxic chemicals and triton X-100 {TRX) as a non-
genotoxic chemical were used for validation of this
method. Chinese hamster lung (CHL) cells were used. The
results showed that EMS and DMN induced a significant
increase in tail intensity. However, MMC, a known inter-
strand cross-linker, did not increase tail intensity, and it
was considered that this was because MMC-induced DNA-
DNA crosslinks prevent separation of the DNA duplex.
TRX did not increase tail intensity. These results are con-
sistent with previous reports and demonstrate that the
simple comet assay can clearly detect genotoxicity of
chemicals other than interstrand cross-linkers.

Key words: in vitro comet assay, CHL cells

Introduction

The single cell gel electrophoresis (SCGE) assay, also
known as the comet assay, was introduced by Ostling
and Johanson (1) and independently modified by Singh
et al. (2) and Olive et al. (3). The comet assay requires
less time than genotoxicity tests with different end
points, such as chromosome structural abnormalities
and base sequence mutation. The assay requires only
small amounts of tissue, not a large number of cells, and
is applicable to a variety of eukaryotic cells and organs.
It is expected to become the most useful method for de-
tecting DNA damage. One of the difficulties of the co-
met assay is, however, slide preparation, for which
agarose top and bottom layers and a cell-containing
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middle layer are needed to immobilize the cells. The co-
met assay results can depend on slide quality, but slide
preparation is technically difficult and time-consuming,
and therefore, establishment of a practical methodology
that maintains sensitivity and reproducibility is desira-
ble. To simplify the methodology, we used a hydrophilic
slide glass instead of an agarose bottom layer, and no
agarose top layer. Unlike conventional slide specimens
which have three agarose layers (4), only one layer was
used. The cells were fluorescently stained with SYBR-
Gold and scored automatically by a Comet Assay [V
(Version 4.11 and 4.2, Perceptive Instruments Ltd.,
Suffolk, UK) image analyzer.

In this study, a simple comet assay method was vali-
dated in vitro with genotoxic and non-genotoxic chemi-
cals using Chinese hamster lung (CHL) cells. Known
genotoxic chemicals, ethyl methanesulfonate (EMS) as
an alkylating agent, mitomycin C (MMC) as a DNA
replication inhibitor (cross-linker), and N-nitroso
dimethylamine (DMN) which requires metabolic activa-
tion to form DNA adducts, were selected. Triton X-100
(TRX), a detergent was selected as the non-genotoxic '
chemical.

Materials and Methods

Cell line and culture conditions: An adherent cell
line, CHL, was used. The cells were maintained in
Eagle’s MEM medium (GIBCO, Invitrogen Corp., CA,
USA) supplemented with 10vol% heat-inactivated
bovine serum (GIBCO), 200 ug/mL sodium pyruvate,
100 U/mL penicillin, and 100 ug/mL streptomycin. The
cultures were incubated at 37°C, with 5% CO,, and
100% humidity.

Test chemicals: EMS (CAS#62-50-0) and TRX

sCorrespondence to: Aoi Kimura, Drug Safety Research Laborato-
ries, Shin Nippon Biomedical Laboratories, Ltd., 2438 Miyanoura,
Kagoshima 891-1394, Japan. Tel: +81-99-294-2600, Fax: +
81-99-294-3619, E-mail: kimura-aoi@@snbl.co.jp
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(CAS#9002-93-1) were purchased from Nacalai
Tesque, Inc. (Kyoto, Japan). MMC (CAS#50-07-7) and
DMN (CAS#62-75-9) were purchased from Kyowa
Hakko Kogyo Co. (Tokyo, Japan) and Wako Pure
Chemical Industries, Ltd. (Osaka, Japan), respectively.
EMS was dissolved in DMSO (guaranteed grade, Wako)
and the others in saline (medical use, Otsuka Phar-
maceutical Factory, Inc., Tokushima, Japan) for use.

Treatment conditions: The cells were treated with
test chemicals for 4 or 6 h at 37°C two days after seed-
ing onto 5 x10*/5 mL/Petri dishes (6 cm diameter). Ex-
ogenous metabolizing systems are required to induce
DMN genotoxicity. Rat liver S9 fraction (Oriental Yeast
Co., Ltd., Tokyo, Japan) prepared from male Sprague-
Dawley rats that had received a combination of in-
traperitoneal injections of phenobarbital and 5,6-ben-
zoflavone to induce drug-metabolizing enzymes was
used at a concentration of 5 vol% for the treatment
medium.

MAS-coat type slide glass: Hydrophilic MAS-
coat type slide glasses (Cat$TF0215M) were provided by
Matsunami Glass Ind., Ltd. (Osaka, Japan, http:/
www. matsunami-glass. co. jp / english / index_e. html).
The slide glass had 2-wells and their surfaces were treat-
ed with hydrophilic silane to promote agarose adher-
ence. Water-repellent barrier was coated outside of the
wells allowing easy application of the samples. It was
originally developed for frozen sections of pathological
tissue specimens.

Alkaline comet assay: Immediately after treatment
of cells in Petri dishes with test chemicals, the medium
was poured out and the cells were washed out once with
phosphate buffered saline. CHL cells were then harvest-

ed by trypsinazation and sampled into a new tube. The
tube was centrifuged and the supernatant was removed.
The cells were washed once with 1 mL of cold HBSS
(Hanks’ Balanced Salt Solutions, GIBCO) containing
20 mM EDTA and 10 vol% DMSO and re-suspended in
0.5mL of the cold HBSS. In accordance with the
method shown in Table 1, specimens were prepared us-
ing a MAS-coat type slide glass instead of the conven-
tional agarose bottom layer (1,3,4). The cells were thor-
oughly mixed with 0.5 w/v% low-melting agarose and
an aliquot of the mixture was spotted onto a slide glass.
After the gel had completely solidified, the slide speci-
mens were immersed in chilled lysing solution overnight
in a refrigerator. The slide specimens were rinsed and
left in the electrophoresis solution for 20 min to allow
the duplex DNA to unwind before electrophoresis. The
cells were stained by SYBR-Gold (Molecular Probes, In-
vitrogen Corp., CA, USA) and at least 100 cells per
dose were examined under a fluorescence microscope
(BX350 and BX351, Olympus Corp., Tokyo, Japan) con-
nected to the comet assay scoring system and equipped
with a U-MNIBA3 filter (excitation: 470-495 nm, ab-
sorbing: 510-550 nm, Olympus Corp., Tokyo, Japan).
DNA damage was quantified automatically as tail inten-
sity (percentage of DNA migrated from the nucleus to
tail, taking DNA in the nucleus as 100%).

Statistical analysis: Significant differences in tail
intensity between the chemical-treated group and the
solvent-treated group were evaluated by Dunnett’s mul-
tiple comparison test (P <0.05).

Results and Discussion
EMS: EMS was examined at 6 dose levels, 62.5,

Table 1. A basic protocol for the simple comet assay method
Item Procedure
Cell Cell (A) Cells in HBSS with 20 mM EDTA and 10 vol% DMSO* (pH 7.5)
Gel Bottom layer (B) MAS-coat type slide glass
Cell-containing middle layer (C) 0.5 w/v% low-melting agarose in PBS
Top layer Nothing
Specimen Mixture of (A):(C)=1:9 on (B}
Lysis Solution 2.5 M NaCl, 100 mM EDTA, 10 mM Tris-base, 10 vol% DMSO?,
and 1 vol% Triton X-100f in ultrapure water (pH 10)
Condition Overnight in refrigerator (4°C)
Rinse Solution Ultrapure water
Condition Flushing
Electrophoresis Solution 0.3 M NaOH and 1 mM EDTA in ultrapure water (pH>13)
Condition Unwinding: 20 min (<10°C)
Electrophoresis: 15 min at 0.3 A (< 10°C)
Neutralization 0.4 M Tris-base in ultrapure water (pH 7.5) at least 5 min
Dehydrization Ethanol at least 5 min
Staining SYBR-Gold for 10 min
Analysis (scoring) Software Comet 1V image analyzer
Number At least 100 cells per dose
Parameter Tail intensity (%)

HBSS: Hanks’ Balanced Salt Solutions, #: Add just before use.
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Fig. 1. Histogram of DNA damage induced in CHL cells after treatment with the test chemicals. CHL cells were treated with EMS (a), MMC (b),
or TRX (d) for 4 h without metabolic activation, and were treated with DMN (c) for 6 h with metabolic activation. The distributions of tail inten-
sity for 100 cells treated with EMS (a), MMC (b), or TRX (d) and for 200 cells treated with DMN (¢) in each dose are shown.

125, 250, 500, 1000, and 2000 pug/mL without metabolic
activation. The results of the comet assay (Fig. la and
2a) show a significant dose-related increase in tail inten-
sity at 250 ug/mL and greater. At 2000 ug/mL, the
highest dose level, the comet image could not be ana-
lyzed because all heavily damaged cells exhibited
microscopic images of small or non-existent heads and
large diffuse tails ("’hedgehogs’’). EMS is reported to be
positive for the Ames assay, in viiro micronucleus test
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using human lymphocytes, and in vivo unscheduled
DNA synthesis (UDS) using mouse germ cells by TOX-
NET (Toxicology Data Network, http:/toxnet.nlm.
nih.gov/cgi-bin/sis/search). It was also demonstrated
that EMS was clearly positive in the comet assay using
CHO cells (5).

MMC: MMC was examined at 6 dose levels, 0.0313,
0.0625, 0.125, 0.25, 1, and 4 yg/mL without metabolic
activation. The results of the comet assay (Fig. 1b and



