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Table 1
Performance of in silico systems

Ames result + - Total Sensitivity Specificity Concordance Applicability
(%) (%) (%) (%)
CGX database

DEREK + 288 64 352
- 69 267 336 81.8 79.5 80.7 97.9
Total 357 331 688

MCase + 235 32 267
- 6 249 255 88.0 97.6 92.7 74.3
Total 241 281 522

AWorks + 267 89 356
- 149 187 336 75.0 55.7 65.6 98.4
Total 416 276 692

ECJ database

DEREK + 19 ST 26
- 21 159 180 73.1 88.3 86.4 100.0
Total 40 166 206

MCase + 13 7 20
- 13 133 146 65.0 91.1 88.0 ) 80.6
Total 26 140 166

AWorks + 19 7 26
- 54 124 178 73.1 69.7 70.1 99.0
Total 73 131 204

McCase: MultiCASE; AWorks: ADMEWorks.

number of chemicals evaluated; and Ny, is total number of
chemicals subjected.

3. Results

Among the set of 703 CGX chemicals with published
Ames data, 358 were positive and 345 were negative.
The results of the in silico evaluation are summarized in
Table 1. The highest sensitivity, specificity, and concor-
dance with Ames assay results was provided by MCase,
then followed by DEREK. However, the systems that
showed the best applicability were AWorks and (almost
the same) DEREK, then followed by MCase. For the
database of 206 ECJ chemicals, 26 were positive and 180
were negative. The outcomes of the in silico analyses are
summarized in Table 1. The pattern of performance was
very similar to that with the 703 chemicals in the CGX
database.

Fig. 1 shows the cumulative percent of Ames positive
chemicals against molecular weight. It can be seen that
87.1% of those positive chemicals had molecular weights
less than 1000, and 96.4% had molecular weights less
than 3000; in other words, only 3.6% of the chemicals
with a molecular weight >3000 gave a positive response
in the Ames assay. Seven of 194 Ames positive chemicals

had a molecular weight >3000 and four of these seven
polymers had epoxy groups.

When we combined the in silico systems, the
performance was different from that when assessed
individually (Table 2). If we considered the in silico
mutagenicity as positive (or negative) when two or more
systems gave positive (or negative) evaluations, 87.8

Total 194 chemicals
%

100.0

80.0

60.0

Cumulative % of chemicals

0.0

) SIS S
N g S

Molecular weight

Fig. 1. Cumulative percentage of chemicals based on their molecular
weight. 194 Ames positive chemicals were analyzed. 7/194 chemicals
were more than 3000 molecular weight and Ames positive and 4/7
contained epoxy groups.
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Table 2
Performance of in silico systems after combined
CGX database
A ln silico ++gr +++ “eQr - Total Sensitivity (%) Specificity (%) Concordance (%)  Applicability (%)
mes
+ 319
- 291 87.8 85.6 86.7 86.8
Total 321 289 610 )
+ 167
- 130 99.4 97.7 98.7 422
Total 297
ECJ database ;
Ames[n silico ++ o1+ - OF - Total Sensitivity (%)  Specificity (%) Concordance (%)  Applicability (%)
+ 26
- 170 73.1 86.5 84.7 95.1
Total 196 .
+ 4+ -
+ 15
- 99 86.7 94.9 93,9 55.3
Total 114 :
Table 3 v
Performances of DEREK and MCase in several published papers.
Target compounds In silico system Sensitivity Specificity Concordance  Applicability Referen
(%) . (%) (%) (%)
394 Drugs DEREK 52 ’ 75 74 94 (1]
MCase 48 93 90 91
217 Non-drugs DEREK . 86 50 81 100* [10]
MCase 91 62 ) 83 100
520 Drug candidates DEREK 28 ‘ 80 72 100 [13]
MCase 50 86 81 41
DEREK + MCase 29 95 88 29
DEREK + Mcase + TOPKAT 75 96 95 15
123 Drug candidates DEREK gb 31¢ 61 1004 (4]
MCase (A2H) 13 15¢ 72 97¢
Topcat (Ames Mut) 18P 15¢ 67 9gd
DEREK +MCase 6 19¢ 75 97¢
DEREK +Mcase + TOPKAT 5 9¢ 86 46¢
94 Non-drugs DEREK 63 81 76 : 100 [13}
MCase 40 90 76 75
DEREK +MCase 47 100 85 56
DEREK + Mcase + TOPKAT 55 100 86 37
516 Non-drugs DEREK 6° 24¢ 70 100¢ [4]
MCase (A2H) 7 12¢ 81 98¢
Topecat (Ames Mut) 25b 19¢ 56 974
DEREK +MCase 2b 16° 82 98d
DEREK + Mcase + TOPKAT 7° 10¢ 83 43¢

4 Calculated by us
b % False negative.
¢ 9% False positive.
4 (|-Indeterminate).
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and 73.1% sensitivity, 85.6 and 86.5% specificity, 86.7
and 84.7% concordance, and 86.8 and 95.1% applica-
bility were obtained for the CGX and ECJ databases,
respectively. If we considered the in silico mutagenicity
as positive (or negative) only when all three systems
gave positive (or negative) evaluations, all performance
measures (sensitivity, specificity, etc.) increased up to
98.7 and 93.9%. However, applicability decreased to
42.2 and 55.3%, which meant only about half of the
chemicals in the CGX and ECJ databases could be
evaluated. One chemical, o-phenylphenol [90-43-7],
was positive in the Ames test but negative by all three
in silico systems and three chemicals, carboxymethyl-
nitrosourea [60391-92-6], methidathion [950-37-8],
[-nitroso-3,5-dimethyl-4-benzoylpiperazine ~ [61034-
40-0], were negative in the Ames test although all
three in silico system gave positive evaluation for
mutagenicity in the CGX database. When we used
the ECJ database, 2-amino-1-naphthalenesulfonic acid
[81-16-3] and 2-vinylpyridine [100-69-6] were positive
in the Ames test but negative by all three in silico
systems and there was no chemical that was negative
in the Ames assay and all positive in in silico system.
These exceptional chemicals are listed in Table 3
together with such chemicals taken from literatures.

4. Discussion

It is important to construct a strategy for efficient
evaluation of the toxicity of a large number of existing
chemicals. Even so-called short-term assays, €.g., Ames
assay and in vitro chromosomal aberration assay, can
practically assess only 100 chemicals per year according
to our experiences in Japan. In this case, it will take 180
years to assess the outstanding 18,000 existing chemicals
for genotoxicity, and it will take even longer when repeat
dose toxicity tests are also performed, as these are not
short-term assays. We therefore need higher-throughput
systems to assess chemical safety, or at least to set prior-
ities for those chemicals that should be tested in in vitro
and/or in vivo tests. In silico systems have the capability
for high throughput but have not yet been well validated
for assessment of human hazard, although some regula-
tory bodies have started to use these methods.

Correlation between the Ames assay result and
molecular weight could be explained by the lack of
membrane permeability of high molecular weight chem-
icals, making it more difficult for them to reach target
molecules such as DNA and proteins that contribute
to the fidelity of cell division. Therefore, only a few
chemicals with molecular weight >3000 gave positive
responses in the Ames assay. This phenomenon is also

true for induction of chromosomal abertations in vitro
(data not shown). The othet important issue is the
contribution of epoxy group in the polymer. Although
of molecular weight >3000, some polymers with an
epoxy group gave positive results in both the Ames
and chromosomal abetration assays. Epoxy embedding
reagents employed in electron microscopy (e.g., epon
and araldite) have been reported as mutagenic in the
Ames assay [8]. According to these findings, we should
include a step to evaluate molecular weight and existence
of any epoxy groups in the molecule. '

In the present study, we used the CGX database
recently published by Kirkland et al. [1] for micro-
bial mutagenicity data on 358 carcinogehs and 345
non-carcinogens for validation of three commercially
available in silico (Q)SAR systems. When applied indi-
vidually, MCase gave high sensitivity, specificity, and
concordance compared to other two systems. One of the
reasons may be because the CGX database contained
many results from the U.S. National Toxicology Pro-
gram (NTP), and the learning dataset of MCase would
have used many of the same results. Therefore, some
of them were evaluated by direct matching. Moreover,
the.applicability of MCase was relatively low compared
with the other systems in this study (Table 1). MCase
judged 119 chemicals as inconclusive and one chemical
as marginal, and could not evaluate 67 chemicals. Such
selectivity in MCase may contribute to the high concor-
dance. On the othet hand, the other systems were not
influenced directly by the NTP data. We applied the in
silico systems to another dataset, the ECJ database, that
does not contain the NTP data and we obtained similar
patterns of sensitivity, specificity, etc.

Each in silico system showed different outcomes on
some chemicals complimentary by some extent. These
different evaluation patterns were mainly due to the
different evaluation rules. The DEREK is a rule-based
system, AWorks is a discriminant-based system mainly
depending on physicochemical descriptors, and MCase
is a hybrid system based on a database. Therefore, we
concluded that in silico evaluation could be optimized
by combining the evaluations from the three systems.
Sensitivity, specificity and concordance were increased
when we combined the three in silico systems to make a
final conclusion of mutagenicity (Table 1). Cancordance
was much higher after combining but the applicability
became poor (42.2%). When two of the in silico systemnis
gave the same evaluations, the applicability (86.8%) was
good but the concordance was lower (86,7%) than wlhen
all three were combined (98.7).

Recently, several in silico studies for prediction of
mutagenicity have been conducted on drugs or non-



134 M. Hayashi et al. / Mutation Research 588 (2005) 129-135

Table 4

Exceptional chemicals that showed Ames test gave positive but all three in silico systems (DEREK, MCase, TOPKAT/AWorks) gave negative a

Ames test gave negative but all three systems gave positive

Compound CAS Ames test DEREK MCase TOPKAT/Aworks Sour¢
Bupropion 34911-55-2 + - - - 1
Citalopram 59729-33-8 + - - - [
Naloxone 465-65-6 + — - - 1
Oxcarbazepime 28721-07-5 + - - - 1
Quetiapine 111976-69-7 + - - - I
Rabeprazole 117976-89-3 + - - - |
Zolmitriptan 139264-17-8 + - — - {
2-(2-Methylpropy!) thiazole 18640-74-9 + - - - 2
2-Chloropyridine 109-09-1 + — - - 2
Pyrogallol 87-66-1 + - - - 2
o-Phenylphenol 90-43-7 + - - - 3
2-Amino-1-naphthalenesulfonic acid 81-16-3 + - - - 3
2-Vinylpyridine 100-69-6 + - - 3
Fosfomycin 23155-02-4 - + + + 1
Toremifene 89778-26-7 - + + + 1
Poly (2-hydroxypropyl methacrylate) 25703-79-1 - + + + 2
Carboxymethylnitrosourea 60391-92-6 - + + + 3
Methidathion 950-37-8 — + + + 3
1-Nitroso-3,5-dimethyl-4-benzoylpiperazine - + + + 3

2 1: Synder et al. [11] (with TOPKAT), 2: White et al. [13] (with TOPKAT), 3: this study (with AWorks).

drug chemicals with commercially available programs,
e.g., DEREK, MCase or TOPKAT, or newly developed
computational approaches [4,9-12]. The performances
of DEREK and MCase in several of these studies are
summarized in Table 4. Generally, similar performance
in sensitivity, specificity, concordance, and applicabil-
ity were shown between DEREK and MCase but with
some exceptions, e.g., sensitivity in 520 drug candi-
dates [13], specificity in 516 non-drugs [4], and appli-
cability in 520 pharmaceutical drug candidates and 94
non-drugs [13]. These differences might be due to the
chemical class of target compounds in each database.
However, there was no remarkable difference in perfor-
mance whether the chemical was intended for use as
a pharmaceutical, agricultural, or industrial agent. Our
results on performance of in silico systems showed sim-
ilarity with the published analyses. With respect to the
combination of in silico prediction systems, White et
al. [13] reported that combination improved the over-
all accuracy and specificity, but sensitivity was barely
above the 50% level (Table 4). On the other hand, their
analysis showed quite low applicability in the combina-
tion of three prediction systems, DEREK, MCase and
TOPKAT. Our analysis of the combination of DEREK,
MCase and AWorks showed good improvements in
sensitivity, specificity and concordance, but applica-
bility was low, especially in the 3-system combina-
tion.

4

Exceptional chemicals that gave positive An
results but were negative in all three in silico syste
(DEREK, MCase, TOPKAT/AWorks), and those tl
were negative in the Ames test but gave positive eval
tions in all three systems, are summarized in Table 4. T
table, which includes data from Synder et al. [11] ¢
White et al. [13] shows there are 19 exceptional cher
cals from both drug and non-drug families. Althougl
would be unrealistic to expect zero exceptions using t
approach, further improvement of the prediction syste
is needed. We do not have good reasons to explain
discordance, therefore we will verify the results fr
both sides, i.e., in silico system and Ames test.

Considering these outcomes, we propose a decis
tree (Fig. 2), in order to evaluate chemical inductior
gene mutation, We may use the decision tree to pric
tize chemicals to be assayed by in vitro and/or in v
tests. A final goal being that eventually, chemical mt
genicity will be evaluated by in silico systems alone
regulatory use. The decision tree consists of three ste
namely to assess the molecular weight, the existence
epoxy groups, and the in silico evaluation for genot
icity. Based on the purpose of the in silico evaluati
the tree might be altered by the different final call of
in silico evaluation, i.e., regarding as positive (negat:
all three systems show positive (negative). The chc

- of definition for final call applying to the decision

should be based on the balance between accuracy of e
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Fig. 2. Decision tree. In in silico evaluation, when two or more give
positlve then the final call is “positive” and two or mote negative then
call “negative”,

uation and applicability, which are especially important
for regulatory purpose. The decision should be made on
a case-by-case basis depending upon the purpose of the
decisions to be made. '

Acknowledgements

The authors thank Dr, D. Kirkland, Covance, for his
critical review and kind English edition and Mr. T. Ehara,
MHLW, for his invaluable discussion. Authors also want
to thank Ms. H. Akiyama (CTC laboratories, Japan),
Akamatsu and Naitoh (Charles River Japan, Japan), and
Kitajima, Suiroi, and Yuta (Fujitsu Kitakyushu, Japan)
for their technical assistance. This work supported by
the Health and Labour Sciences Research Grants (H15-
Chemistry-003).

References

[1} D. Kirkland, M. Aardema, L. Henderson, L. Miiller, Evaluation
of the ability of a battery of three in vitro genotoxicity tests to
discriminate rodent carcinogens and non-carcinogens. I. Sensi-
tivity, specificity and relative predictivity, Mutat. Res. 584 (2005)
1-256.

k)

{2] Law Concerning thie Evaluation of Chemical Substances and Reg-
ulation of Their Manufacture, etc., Law No. 117, 16 October 1973
as last amended by Law No.49, 28 May 2003,

[3] M.T.D. Cronin, 1.8, Jaworska, J.D. Walker, M.H.1. Comber,
C.D. Watts, AP Worth, Use of QSARs in international
decision-making frameworks to predict health effects of chem-
ical substances, Environ. Health Perspect. 111 (2003) 1391-
1401.

[4] G.M. Pedrl, S. Livingstorie-Carr, S.K. Durham, Integration
of computational analysis as sentinel tool in toxicologi-
cal assessmients, Curr. Topoics Med. Chem. | (2001} 247~ -
255.

[5] A. Hirose, M. Takahashi, M. Kamata, M. Emg, M. Hayashi,
Development of gettotoxicity predicting QSAR system for tegis-
tered and existing industrial chemicals in Japan, Toxicol. Appl.
Pharmacol. 197 (2004) 358.

[6] N. Greene, PN, Judson, IJ, Langowski, C.A. Marchant,
Knowledge-based expert systems for toxicity and metabolism
prediction: DEREK, StAR and METEOR, SAR QSAR Environ.
Res. 10 (1999) 299-314,

[7] H.S. Rosenkranz, A.R. Cunningham, Y.P. Zhang, H.G. Claycamp,
O.T. Macina, N.B. Sussman, S.G. Grant, G. Klopmah, Develop-
ment, characterization and application of predictive-toxicology
miodels, SAR QSAR Enviran. Res. 10 (1999) 277-298.

[8] M.P. Murray, ].E. Cummins, Mutagenic activity of epoxy embed-
ding reagents employed in electron microscopy, Environ. Muta-
gen. | (1979) 307-313.

{91 N.E. Cariello, J.D. Wilsoh, B.H, Britt, D.J, Wedd, B, Butlinson,

' V. Gpmbar, Comparison of the computer progfams DEREK and
TOPKAT to predict bacterlal mutagenicity. Deductive estimate
of risk from existing knowledge. Toxicity prediction by computer
assisted technology, Mutagenesis 17 (4) (2002} 321-329,

{10] J.R. Votano, M. Parham, L.H. Hall, L.B. Kier, S. Oloff, A. Trop-
sha, Q. Xie, W. Tong, Three new consensus QSAR models for
the prediction of Ames genotoxicity, Mutagenesis 19 (5) (2004)

 365-371.

[11} R.D. Snyder, D.E, Ewing, L..B. Hendty, Evaluation of DNA inter-
calation potential of pharmaceuticals and other chemicals by cell-
based and three-dimensional computational approaches, Environ.
Mol. Mutagen, 44 (2) (2004) 163-173.

[12] R.D. Snyder, G.S. Pearl, G. Mandakas, W.N. Choy, F. Goodsaid,
LY. Rosenblum, Assessment of the sensitivity of the computa-
tional progtams DEREK, TOPKAT, and MCASE in the prediction
of the genotoxicity of pharmaceutical molecules, Environ. Mol.
Mutageh. 43 (3) (2004) 143-158.

[13] A.C. White, R.A. Mueller, R.H. Qallavan, S. Aaron, A.G. Wilson,
A multiple in silico program appfoach for the prediction of muta-
genicity from chemical structure, Mutat, Res. 539 (1-2) (2003)
77-89.



Available online at www.sciencedirect.com

LSEVIER Toxicology 190 (2003) 259-266

www.elsevier.com/locate/toxicol

Allergenicity evaluation of p-chloro-m-cresol and
p-chloro-m-xylenol by non-radioactive murine local lymph-
node assay and multiple-dose guinea pig maximization test

Tetsuo Yamano *, Mitsuru Shimizu, Tsutomu Noda
Osaka City Institute of Public Health and Environmental Sciences, 8-34 Tojo-cho, Tennoji-ku, OSaka\543—0026, Japan

Received 25 January 2003; accepted 3 April 2003

Abstract

p-Chloro-m-cresol (PCMC) and p-chloro-m-xylenol (PCMX) are known to cause allergic contact dermatitis. For
risk assessment of skin sensitizers, information on dose—response profiles in the induction and elicitation phases and
cross-reactivity with analogous chemicals are important. In the non-radioactive local lymph-node assay (LLNA) using
5-bromo-2’-deoxyuridine instead of *H-methyl thymidine, significant effect on lymph node cell proliferation was
detected at 10% PCMC and 25% PCMX, while in the multiple-dose guinea pig maximization test (GPMT) at least one
animal tested in the group was sensitized at a 5 ppm induction dose of either chemical. When mean skin reaction score
in an animal group maximally sensitized with each allergen with the GPMT was plotted against log challenge
concentration, linear regression lines with high correlations were obtained in both cases. The calculated elicitation
threshold was lower for PCMC than PCMX. The area under the linear regression line between the threshold point and
1% of the elicitation concentration, another index of relative elicitation potency, was also greater for PCMC.
Bidirectional cross-reactivity between PCMX and PCMC was detected in the GPMT. PCMC was thus identified in
both LLNA and GPMT as a stronger sensitizer than PCMX in both the induction and elicitation phases. These results
suggest that the non-radioactive LLNA is a simple and useful method for evaluating allergenicity in the induction
phase, while the GPMT using a maximally sensitized animal group is more suitable for assessing the dose-response
profile and cross-reactivity in the elicitation phase.
‘© 2003 Elsevier Ireland Ltd. All rights reserved.

Keywords: Contact dermatitis; Murine local lymph-node assay; Guinea pig maximization test; 5-Bromo-2’~-deoxyuridine (BrdU); Risk
assessment :

1. Introduction

p-Chloro-m-cresol (PCMC) and p-chloro-m-
xylenol (PCMX) are substituted phenols with

;1; - M 3 o . O~ - crax: -G . . . . y M
Corresponding author. Tel.: +-81-6-6771-3186; fax: +81-6 antiseptic properties. Both chemicals are widely

6772-0676. L . . .
E-mail — address:  tetsuo.yamno@iphes.city.osaka.jp  (T. used as biocides and preservatives in cosmetics and
Yamano). medical products used in dermatology and general

0300-483X/03/$ - see front matter © 2003 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/S0300-483X(03)00161-6
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skin care, and in electrode paste. One of the
toxicological concerns with the use of these
chemicals is their ability to cause allergic contact
dermatitis. Many cases of skin sensitization by
PCMC and PCMX following prolonged use and
direct contact with not only normal but also
damaged skin have been reported (Adams, 1981,
Andersen and Hamann, 1984; Libow et al., 1989).
In the process of risk assessment of a chemical,
hazard identification should be followed by dose—
response evaluation. However, information on the
evaluation of contact sensitizer potency is in
general lacking.

The guinea pig maximization test (GPMT) is a
standard method for the identification of contact
sensitizers (Magnusson and Kligman, 1969). Its
purpose is to establish whether a chemical is a skin
sensitizer using a single dose equal to the tolerable
maximum dose to perform induction and chal-
lenge. Accordingly, the result is qualitative and not
suitable for quantitative assessment of allergenic
potency. There have been attempts to modify the
standard GPMT for the dose—response evaluation
of allergenicity by using varied induction and
challenge doses. (Nakamura et al., 1994; Andersen
et al., 1995). Our group has also used the multiple-
dose GPMT to quantitatively evaluate the aller-
genicity of several skin sensitizers (Yamano et al.,
2001a,b).

The murine local lymph-node assay (LLNA)
was proposed by Kimber et al. (1989) as an
alternative to the GPMT, which, although sensi-
tive, is time-consuming and includes potentially
harmful elicitation protocols. The LLNA identifies
skin-sensitizing chemicals as a function of events
with the induction phase, reducing stress and harm
to the experimental animals. It has been validated
rigorously and accepted as a stand-alone method
for the detection of contact allergens by the US
Interagency Coordinating Committee on the Vali-
dation of Alternative Methods (ICCVAM) (NIH,
1999). It does, however, have several disadvan-
tages, such as occasional false negative results with
weak sensitizers identified as positive in the
GPMT, and the use of radioisotopes to quantify
lymph-node cell proliferation. Thus, various im-
provements have been proposed.

Regarding the use of radioisotopes, Boussiquet-
Leroux et al. (1995) used 5-bromo-2’-deoxyuridine
(BrdU) instead of *H-thymidine and measured
BrdU incorporation into lymph nodes immuno-
histochemically. Takeyoshi et al. (2001) developed
a method closer to the original, with the injection
of BrdU after topical application of chemical
allergens and the use of ELISA to measure BrdU
concentration in the auricular lymph nodes. In the
present study, we further improved this latter
method by incorporating an evaluation of the
effects of tested chemicals on cell counts in the
lymph nodes.

The GPMT has been adopted by various
countries and organizations as a standard method
and has given rise to a large-scale database on
contact sensitizers. Comparison of dose—response
profiles in the induction phase between the GPMT
and the LLNA would provide valuable additional
information for risk assessment. Moreover, dose— -
response profiles in the elicitation phase and cross-
reactivity with analogous chemicals are essential,
but the LLNA cannot evaluate these profiles. We
therefore undertook a comparison of the aller-

+ genicity of PCMC and PCMX in the induction

phase by the multiple-dose GPMT and the non-
radioactive LLNA. Allergenic potencies for the
elicitation phase and cross-reactivity were evalu-
ated by the GPMT using a maximally sensitized
group of animals.

2. Methods

2.1. Chemicals

PCMC and PCMX were obtained from Tokyo
Kasei Co., Ltd, Tokyo, Japan, BrdU from Nakalai
Tesque Inc., Kyoto, Japan, and 2,4-dinitrochlor-
obenzene (DNCB) from Katayama Chemical Inc.,
Osaka, Japan. All other reagents used were of
superior grade. The Chemical structures of PCMC
and PCMX are shown in Fig. 1.
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OH OH
CH, HC CH,
Cl Cl
PCMC PCMX

Fig. 1. Chemical structures of PCMC and PCMX.

2.2. Non-radioactive murine local lymph-node
assay

Six- to eight-week-old female BALB/c mice
from CLEA Japan (Tokyo, Japan) were used.
The assay was performed according to the method
of Takeyoshi et al. (2001) with some modifica-
tions. Briefly, groups of mice (n =4) were exposed
to 25 ul of various concentrations of the test
chemicals in vehicle (acetone/olive oil, 4:1, AOO)
or vehicle alone through application to the dorsum
of both ears on three consecutive days (days 0-2).
On day 4, BrdU (150 mg/kg/15 ml saline) was

administered intraperitoneally to each mouse. The .~

next day, a pair of auricular lymph nodes from
each mouse was excised and weighed. Single-cell
suspensions were prepared by gentle mechanical
disaggregation in saline. After filtration through
gauze and washing with centrifugation, cells were
resuspended in 4 ml of saline. The total cell count
in each suspension was measured using an auto-
matic cell counter (CDA-500, Sysmex Corp.,
Kobe, Japan) and the suspensions were then
diluted with saline to a concentration of 4 x 10
cells/ml and dispensed (50 pl) into the wells of a
flat-bottom microplate. After drying at 60 °C for 2
h, 200 pl of Fix-Denat solution (Roche Molecular
Biochemicals, Mannheim, Germany) was added to
each well and left for 30 min at room temperature,
After removal of the Fix-Denat solution, 100 pul of
a working solution of peroxidase-conjugated anti-
BrdU antibody (Roche Molecular Biochemicals)
was added and the plate sealed and incubated for
90 min at room temperature. The plate was then
washed with PBS and incubated for 15-30 min in

the dark with 100 ul of o-phenylenediamine
dihydrochloride solution for ELISA (Sigma-Al-
drich Co., St. Louis, MO). The enzymatic reaction
was stopped by addition of 50 pl of 4 N HCl and
the plate read at 492 nm with a reference
wavelength of 540 nm. In each experiment, lymph
node cells from naive mice (not treated with BrdU)
were assayed concomitantly and the absorbance
value obtained for the non-specific binding of
BrdU antibody to lymph cells subtracted from all
other values.

2.3. Guinea pig maximization test

Five- to six-week-old female Hartley guinea pigs
from SLC (Shizuoka, Japan) were used. The
GPMT was performed as described previously
(Nakamura et al., 1994). Five or ten animals
were used for each sensitization group. The
induction profiles for PCMC and PCMX were
evaluated by varying the intradermal induction
concentrations in line with those for topical
induction (Yamano et al.,, 2001b). Two weeks
after topical induction, 0.1 ml aliquots of various
concentrations of test chemicals in acetone were
applied all at once to a shaved area of the flank for
challenge. Forty-eight hours after the challenge,
each site was scored for erythema (0—4) and edema
(0—3) according to the criteria of Sato et al. (1981).
Total group scores (erythema plus edema) with the
same challenge concentration in one group were
summed and divided by the number of animals of
the group to give the mean response (MR) value,
an index of skin reaction to challenge with a given
concentration of the test chemical. For each
challenge concentration group, the percentage of
animals showing a positive reaction was taken as
the sensitization rate (SR). In some cases, MR
values were plotted against log challenge concen-
trations and a linear regression calculated. The
area under the linear regression line between the x-
intercept and 1% challenge concentration was
defined as the relative elicitation potency index
value of the allergen (elicitation AUL) (Yamano et
al., 2001a).
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2.4. Statistical analysis

In the LLNA, index values for each chemical-
treated group and vehicle-treated control group
were compared via Dunnett’s or Steel’s multiple
comparison method using the StatLight computer
package (Yukms Corp., Tokyo, Japan).

3. Results

Dose—response profiles for the allergenicity of
PCMC and PCMX in the induction phase were
evaluated by the non-radioactive LLNA (Table 1).
Stimulation index (SI), which is obtained by
multiplying the cellularity index by the BrdU
index, takes account of the effect of the tested
chemical on the total incorporation of BrdU into
the auricular lymph nodes. DNCB dose-depen-
dently increased both the cellularity of the lymph
nodes and BrdU incorporation per well of cells,
with a statistically significant  increase in SI
observed at doses of 0.1% and more. PCMC and
PCMX were much less potent sensitizers in the

LLNA, with the lowest concentrations inducing a
significant effect on SI values calculated at 10 and
25%, respectively.

GPMT results for PCMC and PCMX are shown
in Table 2. An intradermal induction concentra-
tion of 50000 ppm for both chemicals and a
challenge concentration of 50 000 ppm PCMC and
500000 ppm PCMX were selected as the max-
imum tolerable doses for each step of the GPMT.
For both PCMC and PCMX, the minimum dose
needed to induce sensitization was 5 ppm, and
animals were optimally sensitized at 5000 ppm.
Dose-response profiles of PCMC and PCMX in
the induction phase were compared between the
LLNA and the GPMT (Fig. 2). When GPMT skin
reaction scores (MR) at the maximum non-irritat-
ing challenge concentrations of PCMC (50000
ppm) and PCMX (500000 ppm) were plotted
against log induction concentrations, a bell shape
were observed for both chemicals, although values
for PCMC were consistently higher than for
PCMX. The dose—response curves of PCMC and
PCMX showed a similar bell shape when the SI
values in the LLNA were plotted against induction

Table 1

LLNA results with DNCB, PCMC and PCMX

Chemical %% Cellularity index BrdU incorporation index SI

DNCB 0.000 1.04+0.1 1.0+0.3 1.040.3
0.010 0.940.2 1.3+0.3 1.2+0.2
0.025 0.94+0.4 1.1+0.3 1.0£0.2
0.050 1.0+0.0 1.2+4+0.3 1.240.3
0.100 3.241.2% 1.6+0.2 5242.6%
0.250 3.8+0.6% 1.94+0.5% 7.0+1.5%
1.000 4.4+0.3% 2.840.9%* 12.8+5.0%

PCMC 0 1.040.2 1.040.3 1.04+0.4
5 1.340.2 1.140.3 1.540.6
10 1.64+0.4% 14404 2.140.6*
25 2.440.4%* 2.440.6%% 6.14£2.5%
50 2.840.5%* [.84+0.9 5.142.9%

PCMX 0 1.0+0.2 1.0+£0.3 1.04+04
5 1.240.3 1.04+0.3 1.240.6
10 1.340.5 1.4+0.4 1.740.3
25 1.6+0.5 2.1 +0.8%* 3.642.1%
50 2.1 £0.8%* 1.7+0.4 3.742.1%

Values are given as means +S.D. Cellularity index = Total lymph node cell count in a chemical-treated animal/Mean lymph node cell
count in control group. BrdU incorporation index = BrdU incorporation (OD) per well of cells from a chemical-treated animal/Mean
BrdU incorporation (OD) per well of cells from control group. SI = Cellularity index x BrdU incorporation index. *, **Significantly

different from control, P <0.05 and 0.01, respectively.



Table 2

T. Yamano et al. | Toxicology 190 (2003) 259-266

GPMT results with PCMC and PCMX

263

Challenge dose (ppm)

MR (SR)"

Induction dose®

0 ppm® 0.5 ppm 5 ppm 50 ppm 5000 ppm 50000 ppm

PCMC

160 0.0 0.0 nd 0.0 0.0 0.0
500 0.0 0.0 0.0 0.0 0.3(20) 0.0
1600 0.0 0.0 nd 0.0 1.2(70) 0.1(10)
5000 0.0 0.0 0.0 0.0 2.8(100) 0.3(20)
16 000 0.0 0.0 nd 0.0 3.9(100) 1.3(70)
50 000 0.0 0.0 0.2(20) 0.5(30) 5.4(100) 3.2(80)
PCMX

1600 0.0 0.0 nd 0.0 0.0 0.0
5000 0.0 0.0 0.0 0.0 0.8(60) 0.3(30)
16 000 0.0 0.0 nd 0.0 L7(80) 0.5(30)
50 000 0.0 0.0 0.0 0.0 2.3(80) 1.2(60)
160 000 0.0 0.0 nd 0.0 3.3(90) 1.8(70)
500 000 0.0 0.0 0.4(40) 0.3(30) 3.8(90) 2.8(90)

nd, not determined; MR, mean response; SR, sensitization rate (%).

# Skin reactions were evaluated 48 h after challenge.

® Each group of animals was sensitized using the same dose of PCMC or PCMX for both intradermal and topical induction

procedures,

¢ Animals were treated with vehicle in both intradermal and topical induction procedures.

7 - r9
6 - OO0 PCMC
B B® PCMX =
0 65
g >

3 2
Ez 30
B ®
S 4 R/

0 0

Induction concentration
Log (%)

Fig. 2. Comparison of dose—response profiles for induction
phase of PCMC and PCMX in GPMT and LLNA. For GPMT,
each symbol represents the MR score of a group treated with
the relevant induction concentration and measured 48 h after
challenge with the maximum concentration of each compound
(50000 ppm for PCMC and 500000 ppm for PCMX). For
LLNA, each symbol represents dose-related SI values for
PCMC and PCMX as per Table 1.

concentrations. Again, SI values for PCMC were
consistently higher. The dose ranges required for
inducing positive results in the LLNA appeared to
be much higher than in the GPMT.

The dose-response profiles for the challenge
phase were evaluated by the GPMT using maxi-
mally sensitized groups of animals. As shown in
Fig. 3, when mean skin reaction values (MR) were
plotted against log challenge concentrations, linear
regression showed a good fit for both PCMC and
PCMX. The evaluated elicitation threshold con-
centrations were 440 and 1370 ppm for PCMC and
PCMX, respectively, indicating that PCMC is a
stronger sensitizer than PCMX in eliciting skin
reaction in maximally sensitized animals. The
elicitation AUL, the area under the linear regres-
sion line between the threshold point and 1% of
challenge concentration, is another index of the
relative elicitation potency of an allergen and
reflects the integrated degree of skin reaction that
would emerge among a maximally sensitized
population exposed to the allergen. The elicitation
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Fig. 3. Relationship between challenge concentration and skin-
reaction score for PCMC and PCMX in GPMT. In order to
evaluate the challenge profile, a group of animals maximally
sensitized with each allergen (induction dose of 5000 ppm for
both PCMC and PCMX) was used. Each symbol represents the
MR score of the group (MR) 48 h after challenge with the
relevant compound. Values in parenthesis indicate the AUL
values of PCMC and PCMX, which are calculated as the area
under the linear regression line between the x-intercept and a
vertical dotted line at a concentration of 1%.

AUL of PCMC (2.4) was four times higher than
that of PCMX (0.6).

As shown in Table 3, PCMC-sensitized animals
cross-reacted to PCMX, and vice versa. To obtain
nearly equipotent skin reaction, a concentration of
PCMX two orders higher or a concentration of

Table 3 ‘
Cross-reactivity between PCMC- and PCMX-sensitized ani-
mals in the GPMT

Challenge MR SR
PCMC-sensitized animals

0.5% PCMC 1.6 90

50% PCMX 0.9 90

PCM X-sensitized animals

5% PCMC 1.1 60

50% PCMX 1.8 100

Animals were sensitized with 5000 ppm PCMC or PCMX for
both intradermal and topical induction procedures and were
rechallenged 1 week after the challenge with PCMC or PCMX
described in Table 2. Skin reactions were evaluated 48 h
thereafter. MR, mean response; SR, sensitization rate (%).

PCMC one order lower than for the corresponding
parent chemical was required.

4. Discussion

Although the LLNA is an accepted alternative
method to the traditional guinea pig test, the need
for special facilities to handle radioisotopes hin-
ders its widespread use in routine screening for
skin sensitizers. To circumvent the use of radio-
isotopes, several non-radioactive endpoints in the
LLNA have been developed. Lymph cell IL-2
production corrected for the CD4+ T cell subset
is a good index and can detect strong and
moderate sensitizers (Hariya et al., 1999). BrdU,
a non-radioactive alternative to 3H-thymidine, has
been used in various fields as it can be assayed
using specific antibodies. Its use to replace radio-
isotopes in the LLNA has been approached from
various angles. Flow cytometric analysis and
immunohistochemical staining have been devel-
oped to count BrdU-positive cells in lymph nodes
(Boussiquet-Leroux et al., 1995; Suda et al., 2002).
Compared to the modified LLNA as mentioned

. above, the method of Takeyoshi et al. (2001) using

ELISA to quantify BrdU in lymph nodes is closer
to the original LLNA and easy to perform, but
results for a number of allergens suggest an
insufficient sensitivity, because the increase in
lymph node cell counts is not taken into account
when calculating SI values. The SI value presented
in the present study, incorporating both the
cellularity index and the BrdU index, more pre-
cisely reflects the total incorporation of BrdU into
lymph nodes, i.e. lymph node proliferation by skin
sensitizers. Moreover, using an individual SI value
as a statistical unit gives more objective criteria to
judge positive results than the ECs;, used in the
standard LLNA. In the modified non-radioactive
LLNA, DNCB gave positive results at doses of
0.1% and more, in the same range than previous
reports by several laboratories using the standard
radioactive LLNA method (Loveless et al., 1996).

Using the non-radioactive LLNA and multiple-
dose GPMT, we compared dose—response profiles
of PCMC and PCMX in the induction phases.
Recently, a similar comparison of both methods
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was made by Van Och et al. (2001) using three
rubber accelerators. In their study, the rank order
of allergenicity of benchmark concentrations dif-
fered to some extent in the GPMT and the LLNA.
Such a discrepancy is likely to occur due to
difference in the induction procedure among these
methods. In the GPMT, in addition to the use of
an adjuvant as a vehicle, the intradermal injection
bypasses the skin penetration step of the test
chemical, so that the sensitizing capability of
chemicals with specific physiochemical properties
is augmented. The results of the present study
showed that PCMC is a stronger sensitizer than
PCMX in the induction phase in both the LLNA
and GPMT. In addition, the shapes of the dose—
response curves for PCMC and PCMX were
similar with both methods, except that concentra-
tions two orders higher than in the GPMT were
required to obtain positive results in the LLNA.
Van Och et al. (2001) reported a discrepancy of
similar magnitude in the sensitivity of the GPMT
and LLNA. Since topical application is a more
relevant route of exposure for practical situations,
the LLNA is more suited to risk evaluation in the
induction phase, but the apparent lower sensitivity
of the LLNA compared to the GPMT presumes its
possible inability to identify weak sensitizers.
PCMC and PCMX, the test chemicals used in
the present study, are not necessarily weak sensi-
tizers, at least not as measured by the GPMT.
PCMC and PCMX ranked third and the fourth
among seven known allergens for induction po-
tency evaluated using the same multiple-dose
GPMT as in the present study (Yamano et al.,
2001a). Whether the non-radioactive LLNA is
able to detect weak sensitizers is under investiga-
tion.

From a practical point of view, risk in the
elicitation phase is an important factor in the risk
assessment of skin sensitizers. As risk is typically
evaluated on the basis of the worst-case scenario,
the GPMT using optimally induced animals to
evaluate the elicitation profiles would seem to be
ideal. Although a threshold concentration in the
skin elicitation reaction appears to be the most
useful index to compare the potency of allergens,
the study of the dose—response profile is a better
index. Recently, we proposed an index to compare

the relative elicitation potencies of chemical aller-
gens in the GPMT (Yamano et al,, 2001a). The
proposed index value, the area under the linear
regression line between the threshold point and 1%
of the elicitation concentration in Fig. 3, reflects
the integrated degree of skin reaction that would
occur when a maximally sensitized animal is
exposed to the allergen. The elicitation AUL takes
into account both the threshold and the dose-
response profile from the slope of the regression
line. This means that, in practical terms, when the
slope of the regression line is steep, i.e. when the
severity of the skin reaction increases sharply with
a slight increase in challenge concentration, the
elicitation AUL can reach a higher value than for
an allergen with a lower threshold concentration,
but a gentler slope. In the present study, PCMC
was identified as a stronger sensitizer than PCMX
as judged from both threshold concentrations and
elicitation AUL values.

Cross-reactivity is another important factor in
risk assessment for skin sensitizers. Allergic skin
reattion are often caused by a chemical without a
history of previous exposure. As PCMC and
PCMX are closely related chemicals, cross-reactiv-

ity has been a matter of concern. Lewis and

Emmett (1987) speculated from the results of
patch testing in PCMC- and PCMX-sensitized
patients that cross-reactivity occurs only after the
initial sensitization to PCMX. However, it is
difficult to know the exposure history of patients
to chemical allergens. The use of strictly controlled
experimental animals sensitized to a specific aller-
gen is essential to predict the risk of cross-
reactivity between closely related chemicals. As
shown in Table 3, bidirectional cross-reactivity
between PCMC and PCMX was detected in the
GPMT indicating that T lymphocytes stimulated
with PCMC could recognize PCMX and vice
versa. Our results also suggest that skin reactions
to PCMC in PCMX-sensitized animals are much
more likely to occur than the reverse. This is
consistent with the human care report by Lewis
and Emmett (1987).

Of the various fields of toxicology, risk assess-
ment in the area of contact sensitizers seems to lag
far behind. Various factors, such as allergen
concentration in and leaching from products, the
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duration and frequency of exposure, and skin
condition should be considered case by case in
risk assessment. Above all, dose—response profiles
for the induction and elicitation phases are pre-
requisite. The non-radioactive LLNA is a simple
and useful method for evaluating the allergenicity
of a chemical in the induction phase, while the
GPMT using a maximally sensitized group of
animals is more suitable for assessing the dose—
response profile of an allergen in the elicitation
phase. The GPMT is also effective in detecting
cross-reactivity among related chemicals. Compar-
ison of the two methods using a wide range of
allergens and in light of human data is however
still needed to validate the non-radioactive LLNA
and to extrapolate animal data to humans.
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A.bstract

Three antimicrobial agents, 2-chloroacetamide (CAA), 2—bromo-f—nitropropane-1,3-diol (BNPD) and zinc bis(2-
pyridylthio-1-oxide) (ZPT) were evaluated for their skin sensitization potency in a modified guinea pig maximization
test (GPMT). These chemicals have low estimated octanol-water pértition coefficients and are therefore presumed to
have low skin penetration capability. CAA produced weak skin sensitization, BNPD seemed to cause very weak
sensitization of guinea pig skin as only one of ten animals had a positive skin reaction to it, and ZPT failed to elicit a
positive skin reaction even at maximal concentrations of intradermal injection (5,000 ppm) and elicitation (50,000
ppm). Guinea pigs sensitized with CAA cross-reacted to the structural analogue 2-chloro-N-(hydroxymethyl)
acetamide, which is known as a contact sensitizer, but not to trichloroacetamide. BNPD-sensitized animals did not react
to formaldehyde, which is a degradation product of BNPD. CAA and ZPT are thus defined as positive and negative,
respectively, for their skin sensitization potency in the GPMT. BNPD, however, could not be assessed clearly as having
a weak skin sensitization potency in the GPMT.

Keywords: 2-chloroacetamide, 2-bromo-2-nitropropane-1,3-diol, bronopol, zinc bis(2-pyridylthio-1-oxide),
zinc pyrithione, skin sensitization, guinea pig maximization test
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Fig. 1 Chemical structures of compounds tested
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Fig. 2 Chemical structures of compounds tested for
cross-reactivity to CAA.
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). BHENTHVEULREERED/10000% F 1K
BIUELRBRECHVLE (KAEH). BLRRER
BEx0% (BHES) L L., S2RBERELEHER
TRWAELREFREL T8 (HEBMIHE) . B
UrHRBE e e L7, RS EESH L L,

PR ofER, BEBREESRO o NILFEY
BISoWTIHAZBSHERE Lo CAAIRPZERL
BECRAED AL L 72D T, E2RBERE L RBIRET
BE L. ELRBIEREOA T TR BHHERDHIEE
RO, FIRBLIUF2RREREZF—REL LT
AL &7z, BNPDIX B &R CRAIEATHAL L /- T RETE
DR ENT, T2, MEBAHOIBIC S CEEDL
PEAR N, COBRESLES IS OB TEEDN
BT L7z & T E e do e £2T, SEIZE2K

BAEREZEATRE2ESRETHL1%ICEEL T,
ELRBAERERZ T2 B ST EREE AV 72, ZPT
WREEBESEFROL N o700 T, BADDIC
BHERLALRSETHERREYERL 2

SEORBYE O E BB TR ENEEEE
BS54 HIEBRIERED L UM B AR (5] C#EL
T,

ERRYEORBFE, BEFEB L UERTIER
BiER (5] IKHEL TITo ke 2B, ZPTIS R ERIBIAE
EVDT, B2RIRIEFEIIHEL TI0%SLST £ ) VB
BE*EM L7 CAAB X UBNPDIZ i385 % K 8 H
WD S B D TL0%SLS T ) VEREBLE I ERE L7z,

SEORBYWHEOEFBEERR AW IREE, &
AR B & U A B EUd Table 2, 4, 5ICR L 72, K
FOGC OB L Tl B R FE48 8 L U2 R R AT
(5] iho THIE L7,

% B. BNPDB X UZPTRAEHIZOWTIE, KEE8
BBV EEZ ONLOT, BERELAMZICISCHE
S CHERMCHBOT WEEFIICERT 2 EREIT
0 72e FV 7z EEIIBNPDREERE S L FZPTRAERED WV §
1 5,000 ppmBAERES X UK RREEL L/,

CAARBMEREIC DWW TIE, BRERIAMKICCAALHE
BoBELHFTL{LEWCHMAAB L UTCAATER R
BEL., chonfteWeoRERGEERE L. A
WCBEIRAR KR TR b 5k B & 1725000 ppm CAARL
EREB L UBTHRREE LTz SWME OERIBE I Table 3
{27k L7:o BNPDEEBEIZ DWW TId, BNPDOREY TS
% formaldehyde DIEIEF B I W T 2 B2 R T 5700
2. EBOREE TOERICE L T, 20,000 ppm formalin
DT b B RSB L,

W. EERHER
1. EEBEEOHE RS & UE2RBIELEOHR

CAA. BNPDH & UZPTIZ DWW THE BIEHOF .
JERAEIREE DM B & VB2 RIBRVEALE O 7 8 i 1
BAFTHRISOVTHET L 72,

Table 1WIRT LI I, CAATHERHER (1R
VEIRFES D, B2RIEIEIRBE2S%) B X PBISE A BE 1218
HREDTRE SNTZ0 BNPDTH T — 4 TR S o
75 BRIRELS,000 ppm TR M AT (451K B kR
55,000 ppm. 2RI 1%) L MERHEO S

PSR ORLIEATAD b, ZPT T — | 1R &

—(—
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Table 1 Skin sensitization test of CAA 48 and 72 hrs after challenge dose (dose-finding study)

Induction Challenge 48 hrs 72 hrs
id injection” topical topical ppm SR? MR? SR MR
0 0 0.0 0 0.0
50 0 0.0 0 0.0
0% 0% 5 500 0 0.0 0 0.0
5,000 0 0.0 0 0.0
50,000 0 0.0 0 0.0
0 0 0.0 0 0.0
50 0 0.0 0 0.0
5 ppm 5 ppm 5 500 0 0.0 0 0.0
5,000 0 0.0 0 0.0
50,000 0 © 0.0 0 0.0
0 0 0.0 0 0.0
50 0 0.0 0 0.0
5% 25% 5 500 0 0.0 0 0.0
5,000 40 0.4 40 0.4
50,000 100 1.2 100 1.2
0 0 0.0 0 0.0
50 0 0.0 0 0.0
0% 25% 5 500 0 0.0 0 0.0
5,000 20 0.2 20 0.2
50,000 20 0.2 . 20 0.2

1) Intradermal injection

2) Sensitization rate (%) = number of positive animals / total number of animals X 100
3) Mean response = summation of numerical scoring / total number of animals

ozt BRAEE (88 1LREE/ERELS,000 ppm. 52
RIEVERE25%) ZETOTROBICS BERGIXER
DONeh Tz,

2. CAAREBE OB ISHE

ERAEBEBRORBERSIIBITABERGEL L O
YRR S % Table 21278 L7z EB#ETIIVThOR
ZRHCTOREEIGEALNT, BV REERRE
(50,000 ppm) ThCAAIEBERIEMIZ R o272 50
ppmBAERE CIIBIERIEId & b e 2o 7245, 500 ppm
P EDCAARIER ClHMERICVR O b, REmEL
RT3 550,000 ppm THEE L 72 B D48K; B4 DR 1K
FEER & YRR 4142500, 5,00035 & U50,000 ppmfERE
TENFNGCO%E0.7. 100% L 2.4, T0%E12TH o7,
ZD& Y ITHES < BERIEDTZ L 72 D135,000 ppm B {E
BTHh, ZORTRKDLNICAADREEREREIL
1,600 ppm T o 7=,

LB, CAAZRELZWTNOBWIC b BERTEH
T, —HRBUBRETREEFEEOLN 2207,

3. CAALCHMAASL £ UTCAA L DAFERSHE
B BRI IBEE B & 085,000 ppm CAARVERE %
CAALHRUEE 2 AT 2L AWCHMAAB L UTCAAT

%

i L 2RO S BER SIS A BHRIEERS L UEY
il 2 % Table 31278 L7z, 3P BBEECIZCHMAAB LU
TCAAD 7% b V% B4 LT O AL I BE S 1y,
BARIEMEIIERO SNk o 72, CAARIEEETIX10,000
ppm CHMAAIZH L T48R R O BB 55 T60 %D B IC
Wt SUG SHEER & . CAA & CHMAA 7T 7 RS 4 A5 HE
BINize Lo L, & D{KREDL,000 ppm CHMAAD
BRTRBEIICEBE SN 2d o7z —H. TCAAIL
50,000 ppm CHEHE LT H HHRICISBE Sk 2o 72,

4. BNPDEEBEOEE RIS

BNPDRZ BB O BT O R B LU N g% fit
VR T ORER Y Table 4R L7z, E|IGOEE T,
EFRIRES03B X U500 ppmTIE, W S LA TOR
IR R UG 2 5 L7 0 72 BFRHREES,000 ppm Tt
508 U500 ppmBRIERE ISR B BRGSO b h o7z
A5, 5,000 ppmEERE CHE S48 B LU L1 B O B 1R
BEORBENFED b, ZOERBETIIWTROBE
B C O IBEEICATBEIR RO DN Y, RIS S v
bDEFEz b, BARIBRE25000 ppmTid, #HikE24E:
BILARE (O BREE DB IR BE OALBEASRRD B, B
YD B ZEWPEL PR ol T DERIEEIZBIT
B RS4RI 5 O I EE M 47 143 BRRE0.2. 50 ppmUBfE
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Table 2 Skin sensitization test of CAA 48 and 72 hrs after challenge dose.

Inducti Chall
nauction : al 'Eﬂge 48 hrs 72 hrs
id injection” topical N topical 7
ppm ppm ppm SR? MR SR MR
- 0 0 0 0 0
500 0 0 0 0
0 0 s 1600 0 0 0 0
5,000 0 0 0 0
16,000 0 0 0 0
50,000 0 0 0 0
0 0 0 0 0
500 0 0 0 0
50 50 10 1600 0 0 0 0
5,000 0 0 0 0
16,000 0 0 0 0
50,000 0 0 0 0
0 0 0 0 0
500 0 0 0 0
1600 0 0 0 0
00 0
500 5 ! 5,000 20 0.2 20 02
16,000 60 0.7 60 0.6
50,000 60 0.7 60 0.6
0 0 0 0 0
500 0 0, 0 0
1600 30 03 20 02
3000 3,000 7 10 5,000 90 1.3 70 0.8
16,000 90 L8 90 13
50,000 100 2.4 100 17
0 o Y o 0 0
500 0 0 0 0
50,000 250,000 10 1600 10 0.1 0 0.0
5,000 50 0.5 50 0.5
16,000 T 50 0.7 50 0.6
50,000 70 12 70 0.8

1) Intradermal injection
2) Sensitization rate (%) = number of positive animals / total number of animals X 100
3) Mean response = summation of numerical scoring / total number of animals

Table 3 Cross-reactivity to CHMAA and TCAA 48 and 72 hrs after challenge dose.

Induction Challenge
- 48 hrs 72 hrs
id injection” topical N topical

ppm ppm ppm SR? MRY SR MR
1,000 CHMAA" 0 0 0 0

0 0 5 10,000 CHMAA 0 0 0 0
50,000 TCAA® 0 0 0 0

1,000 CHMAA 0 0 0 0

5000 5000 10 10,000 CHMAA 60 0.8 50 0.7
50,000 TCAA 0 0 0 0

Animals sensitized to 5000 ppm CAA were treated with CHMAA or TCAA 1 week after challenge procedure.
1) Intradermal injection

2) Sensitization rate (%) = number of positive animals / total number of animals X 100

3) Mean response = summation of numerical scoring / total number of animals

4) 2-chloro-N-(hydroxymethyl)acetamide

5) trichloroacetamide

B0.4. 500 ppm{ERE0.3, 5,000 ppmAEIERE0.8 T, 5,000 ERWTETREDHMETH > 720 205,000 ppmigkif
ppmEERE D TIEEAT AL FERE & 0\ ¢ RAR VIR BEOD 1T 348 B A D IREE C S B O ALHE & B 00 i
WH LN, HEIW R EEE 2P o7, T2, 2O BABEENTY BB COTNEY b BERERE
EHLEE T b L ALEOFEELX5,000 ppm B AERE O 141 5,000 ppm CEEDIHAPREE N2 HMTH 5,
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R AR HT BEEE & 5,000 ppmE{EREIC D VTS
2 D45 % € TBNPD (500, 5,0008 & U725,000 ppm)
2 BA L7 (Table 4), ZD#ER. EHOKEE CTHER
BDRD 575,000 ppmEERE O 1H1E, ERIBE
5,000 ppm THLBESFAili3 & {FMERFAl 1 (A5 O K2 i Tl AL
BEETAE ;1. RIESHE  0) MEIES L, ERIEE25,000
ppm T, ALBEET M4 & {2 IEFFE2 (MAF DR TIAALIE
R 3. RMEREME 1) BB SN, THVE /T
BRTHEL L OGREOREN;R Lol BB, T
DG 7z TORERICOFFEICHL T, 3
HROMBISH RS2SR Lz $ e[
R T BAZIEES,000 ppm THAFBETEICALRE IZFRD &
n{, R swborEI LN, DEbS, &
L HIBIDENE v MIIBNPDICERIE & /- HEE
Mo b LfEEINT,

BNPD# ML L 72\ OBIIc b BIER TR T C.
— R T RERFIROL N 2007,

5. BNPDRE(FIEICT T 3 93 formaldehydeDEF 5

BNPDZ iy > — > C & 5 formaldehyde /S BNPDEEE
WKEHESLTWAERNLE) e #et+ 5729100 7,400 ppm
formaldehyde (formalin& L 20,000 ppm) #BNPDDE
FREMBICEA L (BEDORE), L2 L. 5000 ppm
BAEBRO Bz U2 TOEY CHERTIZEZD b
Ho7z (Table 4),

6. ZPTRMEBED KBRS

ZPTO R EEMRBR O BEORF B LUT V%t
7B ToERETable 5ICR L7, ZPTOWT RO
EFRLE (500, 5,000, 50,000 ppm) T b ZPTRAERE S
SURBBICAB AN 2oz, T/, LARMKIC
T O E T - EEICZPT (50008 X U°50,000 ppm) %
BATL720%, BERIB RS bk h o7,

LB, ZPTZUE L7 T ogiic b BEH TR S
T, —MRIRBEIFRT N ERF RO L5 7,

4

Table 4 Skin sensitization test of BNPD 48 and 72 hrs after challenge dose.

Induction Chailenge

intact skin abraded skin"

id injection”  topical N
ppm %

topical
ppm

48 hrs

72 hrs 48 hrs 72 hrs

%21

MR4)

z
=

MR

0 BNPD

50 BNPD

500 BNPD

5,000 BNPD

25,000 BNPD
7,400 formaldehyde™

0 BNPD

50 BNPD

500 BNPD

5,000 BNPD

25,000 BNFD
7,400 formaldehyde

50 1 10

0 BNPD

50 BNPD

500 BNPD

5,000 BNPD

25,000 BNPD
7,400 formaldehyde

500 1 10

0 BNPD

50 BNPD

500 BNPD

5,000 BNPD

25,000 BNPD
7,400 formaldehyde

5,000 1 10

© oo oA,
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0.1 10 0.4 10 .
0.6 20 0.7 10 0.6
0 0 0 — — — —
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=)
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1) BNPD was applied on the abraded skin of animals sensitized to 5000 ppm BNPD 1 week after challenge procedure.

2) Intradermal injection

3) Sensitization rate (%) = number of positive animals / total number of animals X 100
4) Mean response = summation of numerical scoring / total number of animals

5% 20,000 ppm formalin
6) Not examined
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Table 5 Skin sensitization test of ZPT 48 and 72 hrs after challenge dose.

Induction Challenge intact skin abraded skin”
id injectionz’ topical N topical 48 hrs 72 hrs 48 hrs 72 hrs
ppm % ppm srR? MR SR MR SR MR SR MR
0 0 0 0 0 0 0 0 0
0 o 500 0 0 0 0 - — - —
5,000 0 0 0 0 0 0 0 0
50,000 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
5,000 25 15 500 0 0 0 0 - - - -
5,000 0 0 0 0 0 0 0 0
50,000 0 0 0 0 0 0 0 0

1) ZPT was applied on the abraded skin of animals sensitized to 5,000 ppm ZPT 1 week after challenge procedure.

2) Intradermal injection

3) Sensitization rate (%) = number of positive animals / total number of animals X 100
4) Mean response = summation of numerical scoring / total number of animals

5) Not examined

7. DNCBREEEED M B RIS

BNPDB & UZPTREAEMHER & 4T L TEML 72,
F— IR LTV WA, EREEI00 ppm Tid24EF
RILLRE, FHZHEEE1,000 ppm T i35 ML RV M UG A
BEsh/, ER4SERZICBIT5FHFHSEER
2100 ppmT2.0, 1,000 ppmT4ETH o720 BiZIRE
10 ppm TRBERTIEBE S P o7z, £/, CAA
BAEMESER & RS ME L /- DNCBEEMERRER T H 1T1Z
B OBREFEL I

PE. SEBWTy FOENEY NI EYE
xt U BT S RICE TR T LR Sz,
B, DNCBRLE L7V oBigIc bBREHR TR E
T, —BRBIVFRTRERFEROL G012,
V. # %

L ERPOHE LI 257 ) — V- KAEREK
(estimated log Pow) ' A FADELY AT 53IEOMNE
#ICAA, BNPDB L UZPTIZDOWTENEY bR AWV
B R e R e E M L 7o

1. CAADREIE B

CAAR EH/T A BKBORER MO BRAEE
BlERE [13-16] A LHh b, CAAIRL M THRAERE
MDD EHBREND, —F. ERBHYWICBIT S
CAADRBEEEEHI B L T, CPMTIZBWTI%CAAT
BEFEZITV, 3% TERLTORABELIRO L
¥, BuehlerfEIIB VT H02I%BCAATEIEFEL TH
BERBERS VW ERESRTWA [17]0 LA LRE.
GPMTTCAAICR RSB OON- LIRES

M, FOFMITHTHE (18], 2D X ) ICEEREWY
VBT ACAAD BB DA HEIC DV TIXBRETIE
Lol b, SEORBRICE D CAAIEGPMTIZBW T
BEBEE AT S LRSI,
CAADBEVERE TR L Cld R IR BB B 1350 ppm T
B0\ 5,000 ppm TH100 OB HR G4 5 1,
b5 CBIEPEAL LT SEAVERREERE TS
%50,000 ppmBEfERETI35,000 ppmBEEREICLERTH L S
BAERBIMET Lo 202 LIZEREDCAAR MRS IC
LNREZNOBUEAVPEBE LD LELLNR,
CAAD Y 7 %/ — V- IKRGBEFRER (log Pow) 13-0.53&
BAERMEDE < EREHEBEICRIENH 5 LR &N,
L2 Uik d ol < BE S 725,000 ppmlBERE TIIERRIEE
EFHRHEROBICE MR HERRAESRBO 6N Z
EDHCAADGEITIIEMEATE N L3RI RIEICIE R
Lhadrolz, BB, RIGEIRIREIIIL600ppmTH o7,
5,000 ppmBVEREIC BV A UG (MR) & EHCiREE
EOHERIGHES LR S IL-CAAD R B EAR 7 1
(7] 1208 TH o720 TN F TICARRIRIEIC L 0 RS
P FHE L -MEASTEETH Y, 209 H13E (1
BRI © 0.1~21.9) IZHIERICARD b [1-
12]e ZOHFTCAADIEMERIMILEN D Oh55F
B EBEMRW D TH o7z, 2B, FRICEHRLE
PEXTBRODNCB DR By BRI M3 100 HE S h iz,
Nakamura® [34] 13CEZEWE O HEEKOM S %
KT 7201200 RIEBERE, BLUVE: BERE
HFCPHFMaM0e 52 2 BRIBEED2DOMEL A
HBZEERELTVAD, SEOREICBITZCAADE
13500 ppmTH o7z, F 725,000 ppmldkfEEE (2 BT B bl
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