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FOREWORD

This document is the report of the Amino acid Derivative Reactivity Assay (ADRA)
validation study, a JaCVAM co-ordinated study programme addressing the validation
status of the ADRA for the prospective identification of skin sensitising substances. It
supports the development of this new test method for inclusion in the draft updated Test
Guideline 442C for in chemico skin sensitisation assays addressing the Adverse Outcome
Pathway Key Event on covalent binding to proteins.

The validation report was peer reviewed by an independent peer review panel in 2018. The
validation report and the peer review report were made available as supporting documents
during the two WNT commenting rounds of the draft updated TG 442C in September and
December 2018 respectively.

The Working Group of the National Coordinators of the Test Guidelines Programme
endorsed the ADRA Validation report at its 31st meeting in April 2019. The Joint Meeting
of the Chemicals Committee and the Working Party on Chemicals, Pesticides and
Biotechnology agreed to the declassification of the Validation report on 20 June 2019. This
document is published under the responsibility of the Joint Meeting of the Chemicals
Committee and the Working Party on Chemicals, Pesticides and Biotechnology.
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Summary

This report presents the results of a study of the Amino acid Derivative Reactivity Assay (ADRA) test
method that was carried out at four participating laboratories to validate within- and between-laboratory
reproducibility, to evaluate ADRA’s predictive capacity relative to the Local lymph node assay (LLNA),
and to compare and contrast ADRA’s performance to that of the DPRA test method.

The assessment of skin sensitization potential is an important part of the overall safety assessment of
both existing and newly developed test chemicals. Historically, animal tests such as the Guinea Pig
Maximization Test (GPMT) or the murine Local Lymph Node Assay (LLNA) have been the most
common methods of testing for skin sensitization potential. But the limitations of these animal-based
methods as well as increased awareness of animal welfare issues has in recent years prompted
development, validation, use, and regulatory acceptance of non-animal test methods based upon a
knowledge of adverse outcome pathways. Validated non-animal methods for the assessment of skin
sensitization potential include the Direct Peptide Reactivity Assay (DPRA, issued as OECD TG 442C in
2015), the ARE-Nrf2 Luciferase Test Method (KeratinoSens, issued as OECD TG 442D in 2015), and the
human Cell Line Activation Test (h-CLAT, issued as OECD TG 442E in 2016).

One of these scientifically validated non-animal methods, the DPRA, is an in chemico test that predicts
skin sensitization potential based on protein reactivity following exposure to a test chemical, an event
which is recognized as a key molecular initiating event leading to skin sensitization (OECD Series on
Adverse Outcome Pathways No.1, 2016). Compared with cell-based in vitro test methods, DPRA is an
easy-to-use test method and exhibits excellent predictive capacity. Nevertheless, the DPRA test method
has significant limitations:

+ One of the nucleophilic reagents, cysteine peptide, is easily oxidized rendering some test results
invalid, unreliable or difficult to interpret.

- It requires relatively high concentrations of the test chemical, making it unsuitable for evaluating
poorly soluble chemicals.

- It requires a relatively large quantity of both test chemicals and nucleophilic reagents to perform.

- Hydrophobic test chemicals tend to precipitate easily in the reaction solution.

ADRA, an in chemico test which is also based on protein reactivity, does not have these limitations
thanks to the use of highly sensitive nucleophilic reagents, which allows reagent solutions to be prepared

at test chemical concentrations just 1% of those required in DPRA.

Following a modular approach applying the ECVAM principles on test validity (OECD Series on
Testing and Assessment, Number 34, 2005, Hartung et al. 2004), the Validation Management Team
(VMT) empirically evaluated modules one through four (test definition, within-laboratory reproducibility,
transferability, and between-laboratory reproducibility), and used these results also to evaluate modules

five and six (predictive capacity and applicability domain).
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During a preliminary training phase of the ADRA validation study using ten test chemicals, the results
obtained by the four participating laboratories were 100% concordant with the lead laboratory. During the
subsequent transferability phase of the study, three of the four participating laboratories were 100%
(10/10) concordant and the fourth laboratory was 90% (9/10) concordant with the lead laboratory. The
ADRA VMT considers these results to have confirmed that the ADRA test method is easily transferred to

naive laboratories.

During Phase I of the Study Plan, each of the four participating laboratories performed three test runs
of identical sets of 10 coded test chemicals to evaluate within-laboratory reproducibility. The results,
based on concordance, were 100% (10/10), 100% (10/10), 100% (7/7), and 90% (9/10). When the results
from the 10 test chemicals of Phase I were combined with those of Phase II, in which each participating
laboratory performed one test run of identical sets of an additional 30 test chemicals, between-laboratory
reproducibility for 40 test chemicals was 92%. The VMT considers this to satisfy standards for both

within- and between-laboratory reproducibility for this class of test method.

Moreover, a review of predictive capacity relative to LLNA based on the results of Phases I and II
yielded a sensitivity of 81%, specificity of 98%, and accuracy of 86%. The VMT therefore considers
ADRA to be an in chemico method with sufficient specificity, sensitivity, and predictive capacity for

regulatory acceptance.
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Background

The formation of covalent adducts between skin sensitizers and endogenous proteins or peptides in the
skin is recognized as a key initiating event of the skin sensitization process (Smith and Hotchkiss 2001).
This interaction of skin sensitizers with proteins, peptides, and model nucleophiles representing proteins
or peptides is predominantly by covalent bonding between electrophiles and nucleophiles (Aleksic et al.
2008). It should therefore be possible to predict the skin sensitization of chemicals based on in vitro test
methods which evaluate the reactivity of test chemicals with peptides and proteins (Gerberick et al. 2008,
Divkovic et al. 2005): it is on that premise that the DPRA and ADRA test methods were developed.
Numerous studies have looked at methods for directly detecting and characterizing the adducts formed by
peptides and test chemicals as a means of evaluating the reactivity of peptide and proteins and skin
sensitization potential. For example, an analysis of adducts of peptides and test chemicals using nuclear
magnetic resonance was reported by Ahlfors et al. (2003) and Alvarez-Sanchez et al. (2004). Ahlfors et al.
(2003) and Nilsson et al. (2005) developed a means for analysis using liquid chromatography-mass
spectrometry (LC-MS).

In addition to these tests, there is the quantitative peptide depletion assay developed by Gerberick et al.
(2004, 2007). This assay characterizes the skin sensitization potential of chemicals based on their ability
to deplete two nucleophilic synthetic heptapeptides as measured using high-performance liquid
chromatography (HPLC). In another publication, Natsh e a/. (2008) made use of a quantitative method
for LC-MS. These analytical methods measure the oxidation of the heptapeptide Corl-C420 and
characterize the formation of adducts. In addition, a kinetic spectrophotometric assay for evaluating
chemical reactivity with 4-nitrobenzenethiol (NBT) using stopped-flow techniques and UV

spectrophotometric measurements was developed by Chinpinda et al. (2010).

The direct peptide reactivity assay (DPRA), first reported by Gerberick et al. (2007), is a simple and
versatile scientifically validated in chemico method of assessing the skin-sensitization potential of
chemicals and will be adopted as a Test Guideline (TG) by the Organization for Economic Co-operation
and Development (OECD) ( Test No. 442C: In Chemico Skin Sensitisation). However, Natsch et al.
(2008) and others have reported some limitations of DRPA, such as the need for test chemical solutions of
relatively high concentrations, particularly in the lysine-peptide-based component of the assay (25 mM),
meaning that DPRA is not suitable for testing highly hydrophobic test chemicals. These high
concentrations of test chemicals are required because DPRA uses peptides with a low UV absorption in
the HPLC-UV analysis which forms part of the test method. In contrast to this, the concentration of test
chemicals needed in the method developed by Natsch et al. (2008) is a mere 1/25th of that required for
DPRA. However, their test method is expensive, and because the peptides are analyzed using LC-MS/MS,
it lacks versatility. The stopped-flow analysis developed by Chinpinda et al. (2010) makes it possible to
reduce test chemical concentrations to between 1/10th and 1/10,000th of the concentrations required for
the standard DPRA test method. With this method, however, the reaction solution is quantified by
stopped-flow analysis without separating test chemicals from peptides and reactive products, which may

as a result reduce the test method’s precision because of the potential for the peptides of interest to be
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analyzed together with other test chemicals at the quantitative wavelength.

Seeking to ameliorate these limitations of DPRA, Fujifilm Corporation synthesized two amino acid
derivatives—N-(2-(1-naphthyl)acetyl)-L-cysteine  (NAC) and  o-N-(2-(1-naphthyl)acetyl)-L-lysine
(NAL)—for use as nucleophilic reagents in the Amino acid Derivative Reactivity Assay (ADRA) (Fujita
et al. 2014, Yamamoto et al. 2015). In these two amino acid derivatives, naphthalene rings have been
introduced to the N-termini of cysteine and lysine, making them sensitive enough to use at just 1% of the
concentrations needed for the peptide reagent solutions used in DPRA. There are many other resulting
advantages, including the fact that assay measurements are made at relatively long wavelengths, which
virtually eliminates the problem of co-elution. NAC is a cysteine derivative, like the cysteine peptide used
in DPRA, contains thiol group that is susceptible to oxidation (resulting in dimer formation). This
susceptibility to oxidation has been shown to be exacerbated by the presence of minute quantities of
metallic ions in the solutions, which lead Fujifilm Corporation to develop a modification that involves the
addition of EDTA—a recognized metal chelating agent—to the NAC stock solution to eliminate this
problem, resulting in a Standard Operating Procedure (SOP) that provides even greater accuracy and test
method versatility.

Integrated Approaches to Testing and Assessment (IATA) are essential to the application of Adverse
Outcome Pathways as a conceptual framework for the assessment of skin sensitization potential in that
they enable in vitro testing, structure-activity relationships, in silico models, and other methodological
approaches to be used in combination with physiochemical properties to evaluate bonding with proteins,
activation of keratinocytes, activation of dendritic cells, and other typical phenomenon that occur in the
skin sensitization process. Like DPRA, ADRA is an alternative test method that measures bonding with
proteins as an index for predicting skin sensitization potential. DPRA involves the use of peptides as
reagents to simulate proteins in living organisms. Cysteine and lysine are amino acids known to be
involved in the bonding of test chemicals with proteins in living organisms, which is why heptapeptides
like these two amino acids are used. In contrast to DPRA, ADRA involves the use of NAC and NAL,
which are derived from amino acids by introducing naphthalene rings to cysteine and lysine and which,

like DPRA, are intended to simulate reactions in living organisms.
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Management of the Study

1. Study objectives
The ADRA validation study was initiated in 2016. The primary study objective was to evaluate the
technical transferability and reliability (based on within- and between-laboratory reproducibility) of
ADRA with the intention of evaluating ADRA’s potential suitability for future use in combination with

other alternative test methods in place of the animal, and in vitro, tests that are currently in use.

A secondary objective was to evaluate ADRA’s potential for use in distinguishing skin sensitizers
(Category 1) from non-sensitizers (No Category) under the UN Globally Harmonised System (GHS) for

the classification and labelling of substances for skin sensitization.

This report presents the results of testing performed at four independent laboratories primarily in order
to validate the transferability and reliability of ADRA.

2. Study Plan
The Study Plan was drafted, approved and issued by the Validation Management Team (VMT) prior to
the start of testing. It is included here Appendix A.

2-1. Structure of the study

The ADRA validation study was designed in accordance with the modular approach described in
Guidance Document on the Validation and International Acceptance of New or Updated Test Methods for
Hazard Assessment (OECD Series on Testing and Assessment, Number 34, 2005) and “A Modular
Approach to the ECVAM Principles on Test Validity” (Hartung et al. 2004) in order to obtain data related
to modules 1 through 4 (test definition, within-laboratory reproducibility, transferability, and

between-laboratory reproducibility, respectively).

Additionally, the data obtained during the validation study was to be used to evaluate module 5

(predictive capacity) and module 6 (applicability domain).

The Study Plan, selection of the test chemicals, and the SOP used in the testing were correlated by
JaCVAM in consultation with the VMT. Figure 1 shows the framework through which the administration
and management, test methods, participating laboratories, selection of test chemicals, coding and
distribution of test chemicals, collection of data, and statistical analysis for this validation were planned,

managed, conducted and coordinated.
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Figurel. ADRA Validation Study Structure and Organization

2-2. Validation Management Team
It was the responsibility of the VMT to specify the study objectives, design, and minimum required
performance criteria of the validation study, and to administer and to oversee the testing and the

evaluation and presentation of the test results.

Professor Atsushi Ono, who has experience as a trial coordinator for the preparation of OECD test

guidelines, served as chair of the VMT. Other members of the VMT are shown below.

Validation Management Team

Chair (Trial coordinator) Atsushi Ono (Okavama University)
Chair of the Chemical Selection Group Hajime Kojitma (JTaCVAM)
Statistician Takashi Sozu (Tokvo University of Science)

Taluto Nakayama (Tokyo University of Science)
Takeru Kusao (Tokvo University of Science)

JaCWAM representative Hajime Kojima
Internal expert Tsuyoshi Kawakami (National Institute of Health Sciences)
Kohichi Kojima (Food and Drug Safety Center)
External expert Jon Richmond (dr jonrichmond: Advice & Consultancy)
Nicole Klemnstreuer (NICEATM)
Bae-Hwa Kim (College of Natural Sciences Keimvung University)
Lead laboratory Toshihiko Kasahara (FUJIFILM Corporation)

Masaharu Fujita (FUJIFILM Corporation)
Yusuke Yamamoto (FUJIFILM Corporation)

*NICEATM: NTP Interagency Center for the Evaluation of Alternative Toxicological Methods
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2-3. Laboratories

The following four laboratories participated in the chemical testing for the ADRA Validation Study.
2-3-1. Why the Study was conducted at four participating laboratories

Validation study testing is normally performed at a minimum of three participating laboratories. There
are circumstances, however, in which not all of the participating laboratories that successfully completed
the technology transfer phase are able to continue participating to the end of the validation study. To
guard against such an eventuality, we allowed all of the four participating laboratories that volunteered to
participate in the technology transfer to do so. And since all four participating laboratories not only
successfully completed the technology transfer phase (See Module 3: Transferability) but also wished to
continue to participate to the end of the validation study, validation study testing was conducted at four
participating laboratories.

The more laboratories that participate in a validation study, the easier it becomes to identify issues that
arise from differences in ambient conditions at each laboratory, which we feel is an effective means for
establishing as quickly as possible a test method suitable for universal use. In fact, as will be discussed in
detail later, major issues that had not been experienced at the lead laboratory, Fujifilm, were identified
during the transferability stage, when ADRA was performed for the first time at the four participating
laboratories. Thanks to having identified these issues and implementing countermeasures at an early stage,
we were able to proceed to the reliability stage in a timely manner. It is true that considerations of time
and cost often result in validation study testing being performed at just three participating laboratories,
which is the minimum number necessary to ensure a valid statistical analysis. For example, according to
the DPRA Validation Study Report, testing was conducted at just three participating laboratories, one of
which was the lead laboratory, Proctor & Gamble. Although ADRA validation study testing was
conducted at four participating laboratories, calculations of within-laboratory reproducibility,
between-laboratory reproducibility, and predictive capacity were based on results from sets of three
participating laboratories (See 7. Statistical Analysis of Test Data, 7-1. Data Analysis.) to enable these
results to be compared directly to those of DPRA and other test methods.

2-3-2. Explanation of why testing was performed at the lead laboratory under the same conditions
The objective of the testing performed during this validation study is to demonstrate that the
participating laboratories are able to replicate to a high degree of certainty the same accurate test results
obtained and published by the lead laboratory. Given this objective and the fact that the lead laboratory is
experienced in this technology, out of fairness alone, the lead laboratory itself would ordinarily not
participate in validation testing. In the event, however, that the lead laboratory were to participate in
validation testing under the same conditions as the participating laboratories, test results and comments
from the lead laboratory would be useful in reviewing the results of the participating laboratories, and in
cases where problems were encountered during the validation, could be considered helpful in finding
solutions. Thus, Fujifilm, the lead laboratory, mirrored the ADRA validation, testing the encoded
chemicals and undergoing QC checks under the same conditions as the other participating laboratories.

Furthermore, test results obtained by the lead laboratory were handled as reference data and used in the
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evaluation of the validation testing. The results of this testing are shown in Appendix 6. Results of
Phase-1 and Phase-2 Performed by Fujifilm.

Laboratory 1

Lion Corporation

Human & Environmental Safety Evaluation Center
Kanagawa, Japan

Shinichi Watanabe, study director

Laboratory 2

Mitsui Chemicals, Inc.

Chemical Safety Department

Responsible Care & Quality Assurance Division
Chiba, Japan

Koji Wakabayashi, study director

Laboratory 3

Sumitomo Chemical Co., Ltd.
Environmental Health Science Laboratory
Osaka, Japan

Keiichi Fujimoto, study director

Laboratory 4

Nissan Chemical Industries, Ltd.

Toxicology & Environmental Science Department
Biological Research Laboratories

Saitama, Japan

Kei Kusakari, study director
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3. Test Design
Reference document: Study plan (Appendix 1)

Study stages
The validation study comprised and was implemented in two distinct stages:

Transferability: ~ Pre-training to provide the participating laboratories with the technology and the
expertise required to perform the test method, and to confirm the transferability of
the test method.

Reliability: Evaluation of test performance based on the results of testing performed with coded
chemicals at the participating laboratories. There were two phases to this stage of
the study (see below).

The physical properties and quantities of the test chemicals used during the Transferability Stage were
determined by the lead laboratory. Initial pre-training was conducted with five uncoded test chemicals
that are considered to be relatively easy to identify as either sensitizers or non-sensitizers. Four sensitizers
and one non-sensitizer were used. A review of the results of the pre-training having confirmed that the
participating laboratories were proficient with the method, transferability was then evaluated using an
additional ten uncoded test chemicals that included some which are known to be difficult by conventional
test methods to characterize as either sensitizers or non-sensitizers. The results were evaluated by the lead
laboratory and VMT before the participating laboratories were deemed to be ready to proceed to the
Reliability Stage of the study.

The number and nature of the test chemicals used during the Reliability Stage was determined by the
VMT, taking into account testing performed during the DPRA validation study and the minimum criteria
established for evaluating within- and between-laboratory reproducibility. As a result, Phase I Reliability
testing to evaluate within-laboratory reproducibility was conducted using three replicate sets of coded ten
test chemicals, and Phase II Reliability testing to evaluate within- and between laboratory reproducibility

was conducted using one set of thirty coded test chemicals.

A breakdown of the test chemicals used in Phases I and II is as follows:

Phase I (within- and between-laboratory reproducibility): seven sensitizers, three non-sensitizers

Phase II (between-laboratory reproducibility): twenty sensitizers, ten non-sensitizers

4. Selection of Test Chemicals

Reference document: Chemical selection (Appendix 4)

The selection of test chemicals by the VMT Chemical Selection Committee (CSC) took account of
published papers on in vivo skin sensitization tests and previous validation studies for in vitro alternative
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methods for predicting skin sensitization potential.

Specific consideration was given to the following aspects.
Information on mode or site of action
Coverage of a range of relevant chemical and product classes
Quality and quantity of reference data from in vivo and in vitro testing
The availability of high-quality data derived from animal and human studies,
Information on interspecies variations (e.g., variability in uptake of chemicals, metabolism, etc.)
Coverage of a range of toxic effects or potencies
Chemicals that do not require metabolic activation
Appropriate negative and positive controls
Physical and chemical properties (feasibility as implied by the CAS No.)
Single chemical entities or formulations known to be of high purity
Availability
Cost

At the start of the chemical selection process, members of the CSC prepared a primary database by
consolidating several authoritative lists of potential skin sensitizers. This consolidated list included
chemicals that had been used in other validation studies, referenced in other test methods, recommended
for use in testing by EURL ECVAM, and the reference chemicals from OECD TG 429. An extensive
search of the literature was performed by the CSC to ensure that all chemicals were selected for use in

accordance with the above criteria.

Emphasis was placed achieving a diverse selection of different potencies (Category 1A, Category 1B
and non-sensitizer). Additionally, in order to increase the statistical power of the data analysis, the VMT

determined that at least 20% of the test chemicals selected should be non-sensitizers.

5. Acquisition, coding, and distribution
5-1. Chemical Acquisition, Coding, and Distribution
The evaluation of transferability, within- and between-laboratory reproducibility, and predictive
capacity was made using the results of tests conducted at the participating laboratories using coded
chemicals. The coding was supervised by JaCVAM, in collaboration with the CSC. The CSC was
responsible for coding and distributing all test chemicals, reference chemicals, and control chemicals used

in testing for the validation study.

5-2. Handling
JaCVAM provided the chemical master (defined as “the person responsible for the handling of the
chemicals”) at each participating laboratory with essential information about the test chemicals, including

physical state, weight or volume of sample, specific density for liquid test chemicals, and storage
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instructions. This person was responsible for storing each chemical in accordance with the storage
instructions and separately received sealed safety information, including Material Safety Data Sheets
(MSDS), which specified hazard identification, exposure control, and personal protection for each
chemical. The test chemicals were delivered directly to these persons. The MSDS were to be accessed
only in the event of a laboratory accident, and the information disclosed only to those who needed to
know: unopened MSDSs were to be returned to the VMT at the end of the study.

No such accidents occurred during the course of the validation study, and upon completion of the study,
all residual test chemicals were disposed of in compliance with the rules and regulations of the
participating laboratories, and all MSDS were returned to JaCVAM still in their sealed envelopes.

6. Data management

Data collection and analysis for the validation study were performed by biostatisticians and the quality
assurance group. These independent biostatisticians collected and organized data using custom data
collection software, and all records were checked by the quality assurance group. Assays and quality
assurance were carried out in the spirit of GLP (Balls et al., 1995), although not all the participating
laboratories routinely worked under GLP certification. The participating laboratories were deemed to
have conducted the experiments in accordance with the Study Plan and SOP provided by the VM, other
than in the one instance discussed elsewhere in this report. All raw data and data analysis sheets were
pre-checked for quality by each laboratory and then were reviewed by the VMT quality assurance team.

The raw and collated data were found to reflect the test results accurately.

7. Statistical Analysis of Test Data
7-1. Data Analysis
Only test results that satisfied the prescribed test acceptance criteria were included in the statistical
analysis, although records were provided of all test results, including those that were affected by human

error or were otherwise problematic.

Reproducibility of the test method was evaluated by calculating within- and between-laboratory
reproducibility. Testing for the validation study was conducted at four participating laboratories.
Between-laboratory reproducibility is normally calculated using results from three participating
laboratories, so, on the advice of biostatisticians, the VMT evaluated the results from four laboratories

using the following method.

Calculation of between-laboratory reproducibility
Step 1. Reproducibility was calculated for each facility using test results from just three of the four
participating laboratories, and between-laboratory reproducibility is calculated in this manner for all four
participating laboratories.
Step 2. An average value was calculated using the between-laboratory reproducibility of each of the four

participating laboratories as determined in Step 1 (immediately above).
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Tablel. Example of predictions made at four participating laboratories

Chemical 1
Chemical 2

Chemical 3

Chemical 4

Chemical 5

Please note: Table 1 is an example demonstrating how data was set out for evaluation. It does not

represent data collected during the ADRA validation study.

The pink cells indicate that the test chemical was predicted to be a sensitizer, the blue cells indicate the

test chemical was predicted to be a non-sensitizer.

Shown in Table 1 above are illustrative examples of predictions for five test chemicals obtained from

testing at four participating laboratories.

Reproducibility (concordance) using results from just three of the four participating laboratories is

calculated by the following method.

First, Lab A is left out and concordance for Labs B, C, and D is calculated. Since all three labs made
concordance predictions for three (Chemicals 1, 2, and 5) of the five test chemicals, the reproducibility is
3/5 x 100% or 60%. In this same manner, when Lab B is left out, reproducibility is 1/5 < 100% or 20%.
Reproducibility when Lab C is left out is 1/5 x 100% or 20%, and when Lab D is left out is 2/5 x 100%
or 40%. Using these four figures, the average reproducibility across all four participating laboratories is
(60 +20+ 20 +40)/4 x 100% or 35%. Thus, the between-laboratory reproducibility based on the results

from three participating laboratories is 35%.

Calculations of reproducibility in this report are calculated based on the results from sets of three

participating laboratories as described above.

7-2. Evaluation Criteria
In order to evaluate the whether the objectives of this validation study had been met, it was necessary
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to define in advance the minimum performance criteria to be used to evaluate test method performance.

In doing this the VMT considered:

1. The background and objectives of the validation of the test method

2. The expected performance of a test method proposed for regulatory acceptance as a scientifically
validated alternative to animal testing in this context.

3. The utility of the test method (i.e. to be used in combination with other alternative test methods.)

Based on the above, the VMT set target minimum performance standards for both within- and

between-laboratory reproducibility at 80%.
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Test Definition

See also ADRA SOP (Appendix 2), Articles on ADRA (Appendix 8)

1. Intended purpose of the test method

ADRA was originally conceived as a replacement for DPRA, and lacking some of the DPRA
limitations, in a non-animal battery or integrated testing strategy for assessing the skin-sensitization
potential of chemicals.

DPRA is currently used as an alternative to animal testing (OECD TGs 4006, 429, 442A, and 442B) in
place of in vivo tests for regulatory classification and labelling as well as to reduce the number of animals
used in skin sensitization testing. ADRA will be suitable for the same purposes, but for a larger range of
test chemicals. Both ADRA and DPRA operate on the same scientific principles, but rather than using
cysteine peptide and lysine peptide as nucleophilic reagents as DPRA does, ADRA uses NAC and NAL,
which both have high light absorption at long wavelengths and high molar extinction coefficients. Thus,
the concentrations of test chemical solutions for ADRA need be only 1% of those used for DPRA. The
benefits of this include elimination of virtually all precipitation of the test chemical in the reaction
solution as well as eliminating potential co-elution of the test chemical and the nucleophilic reagent
during HPLC analysis. These advantages mean that ADRA is significantly more versatile than DPRA,

and capable of testing chemicals that are either unsuitable for or too difficult to test with DPRA.

2. Need for the test method
DPRA is currently considered a scientifically validated and accepted alternative to animal testing for
the skin sensitization potential of ingredients used in cosmetics and toiletries as well as numerous
chemicals that require assessment under Registration, Evaluation, and Authorisation of Chemicals
(REACH).

ADRA is expected not only to be a useful means of assessing not just the same range of chemicals and
yielding similar results to DPRA, but because it is conducted with much lower concentrations of test
chemical, it is also designed to accommodate a much wider range of chemicals. For these reasons ADRA,
if validated and deemed suitable for regulatory use, will have the potential to extend the use of this class

of in chemico test method.

3. Development of the test method
ADRA was developed by Fujifilm Corporation.

DPRA is a scientifically validated in chemico test method that models the covalent bonding of
chemicals to cysteine or lysine residues of in vivo proteins during the initial stages of the skin
sensitization mechanism to predict the skin sensitization potential by quantifying the bonding of a test

chemical to either of cysteine or lysine residues found in two peptides. Using DPRA the covalent bonding
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to peptides is quantified by finding the mean % depletion of the two defined synthetic test peptides, which
is then expressed as a percentage and the value obtained is then used to predict skin sensitization potential
by classifying the test chemical as either a sensitizer or a non-sensitizer based on statistically prescribed

prediction criteria.

It has been established that the great majority of test chemicals that exhibit skin sensitization potential
preferentially bond with the cysteine and lysine residues of the in vivo proteins. Fujifilm Corporation has
therefore developed an in chemico test method linking naphthalene rings to the N-termini of these amino
acids, named NAC and NAL, which are easily detectable and quantifiable by HPLC-UV. ADRA evaluates
skin sensitisation potential based on the ability of test chemicals to bond with NAC and NAL. As with
DPRA, the ADRA criteria for identifying test chemicals as either sensitizers or non-sensitizers is based on
mean % depletion was calculated empirically by a statistical analysis of a dataset of test results with 56

well characterized chemicals including sensitizers and non-sensitizers.

To initially evaluate ADRA, 82 chemicals previously assessed for skin sensitization potential using
DPRA were retested by the test developer at the same concentrations for test chemical solutions
(100 mM) and nucleophilic reagents (NAC and NAL) as those used in DPRA (Fujita ef al. 2014). The
results showed an accuracy of 88% for ADRA, which compared favorably with DPRA’s accuracy of 89%.

As a next step, an ADRA derivative method was developed to take advantage of the fact that NAC and
NAL are easily detected in HPLC-UV analysis. This ADRA dilutional method (ADRA-DM), uses test
chemical solutions just 1% of those used in the original test method (Yamamoto et al. 2015). The 82 test
chemicals previously assessed using DPRA and the original ADRA were retested using the ADRA-DM,
with results showing an accuracy of 90%, which was in accordance with the original ADRA results.
Again, as with DPRA and the original ADRA, ADRA-DM criteria for identifying test chemicals as either
sensitizers or non-sensitizers based on mean % depletion of NAC/NAL was calculated empirically by a
statistical analysis of a dataset of the 56 reference chemicals divided into two classifications. This

validation study was based on the ADRA-DM test method referred to immediately above.

4. Scientific basis: biological and mechanistic relevance
Allergic contact dermatitis is the clinical manifestation of human skin sensitization and is caused by a
wide range of chemicals after prolonged or repeated contact with the skin in susceptible subjects. Skin
sensitization/allergic contact dermatitis occurs in 6 steps: (1) skin bioavailability, (2) haptenation, (3)
epidermal inflammation, (4) dendritic cell (DC) activation, (5) DC migration, and (6) T-cell proliferation,
and various methods for predicting or evaluating skin sensitization corresponding to each step have been
developed (Adler et al. 2011, Basketter & Kimber. 2010).

In the initial step of skin sensitization, the sensitizers are generally electrophilic and reactive toward

nucleophilic sites on proteins, and it is these characteristics have been used to develop in chemico
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approaches for evaluating the skin sensitization potential of a number of chemicals (Ahlfors et al. 2003,
Alvarez-Sanchez et al. 2003, Meschkat et al. 2001). DPRA is currently the most widely used
scientifically validated in chemico method (Gerberick et al. 2004, Gerberick et al. 2007). However, the
peptides used in DPRA must be detected at 220 nm because of their minimal absorption at longer
wavelengths, and various test chemicals with skin sensitization potential also have UV absorption at short
wavelengths such as 220 nm. Therefore, these peptides cannot be measured precisely when they co-elute
with test chemicals or reaction products in HPLC, as shown by Natsch A. & Gfeller H. (2008).

Another limitation of DPRA is that test chemical solutions must be prepared the high concentration of
100 mM, and many test chemicals—even if they can be dissolved at such concentrations—have been
found to precipitate when mixed with the reaction solution. In order to solve these problems, Fujifilm
Corporation chemically synthesized two amino acid derivatives by introducing a naphthalene ring to the
N-termini of cysteine and lysine, thereby creating amino acid derivatives with maximum absorption at
281 nm. These derivatives, named NAC and NAL respectively, are used in a novel Amino acids
Derivatives Reactivity Assay (ADRA) (Fujita ef al. 2014). In addition, Fujifilm Corporation developed an
HPLC-UV method suitable for detecting and quantifying the low-concentration test chemical solutions
used in a modified form of the amino acid derivative reactivity assay (ADRA) (Yamamoto et al. 2015).
Known as the ADRA dilutional method (ADRA-DM), this derivative method features optimized reaction
conditions that require test chemical solutions of just 1% of the concentrations used in the original
ADRA.

Given the superiority of ADRA-DM due to its use of test chemical solutions at concentrations just 1% of
those necessary for DRPA or the original ADRA, for the purposes of this validation report, the acronym
ADRA should be understood to mean ADRA-DM

5. SOP (Standard Operating Procedure)
The most recent version of the ADRA SOP is version 1.1 (Appendix 2).

ADRA is an in chemico assay, based on the same scientific principles as DPRA. ADRA can be used to
predict the skin-sensitization potential of test chemicals by introducing naphthalene rings to the N-termini
of cysteine and lysine to create two types of nucleophilic reagents, known as NAC and NAL, mixing
them with a test chemical solution, incubating this mixture for 24 hours at 25°C, and then calculating
NAC and NAL depletion by HPLC.

In ADRA, the reaction of a test chemical with NAC and NAL as well as the subsequent HPLC analysis
1s performed using a 96-well microplate. Whilst it is possible to transfer the reaction solution from each
well to an HPLC vial, this adds complexity and potential measurement errors, and the VMT therefore

strongly recommends the use of 96-well microplates compatible with HPLC analysis.

The NAC and NAL reagents are mixed with the test chemical at a chemical ratio of 1:50. The mixture
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of test chemical with either NAC or NAL is then incubated for 24 hours (plus or minus 1 hour) at 25°C
(plus or minus 1°C), after which trifluoroacetic acid (TFA) is added to stop the reaction. The levels of
unreacted NAC and NAL in the reaction solution are then measured by HPLC analysis at 281 nm. The
mean % depletion of NAC and NAL is then compared with the criteria specified in the prediction model

to determine whether the test chemical is to be classified as a sensitizer or a non-sensitizer.

Given that the concentration of the test chemical solution used in ADRA is just 1% of that used in
DPRA and the fact that the detection wavelength of 281 nm is relatively long, there is virtually no
co-elution of the test chemical with NAC or NAL. Even in those rare instances where co-elution of NAL
and the test chemical has been observed to date, it has been possible to accurately predict sensitization
potential based on NAC value alone, just as it is possible to do so base on cysteine peptide alone in
DPRA. As with DPRA, in cases where co-elution of NAC and the test chemical is observed, it is not

possible to accurately predict sensitization potential based on NAL alone.

6. Modifications made to original SOP prior to the validation study
The original test method SOP for use in this validation study was prepared by the lead laboratory,
Fujifilm Corporation. To address issues to do with clarity and test performance arising during the
pre-training and training testing conducted in the transferability stage the SOP was revised to remove
ambiguities and resolve minor technical issues. The most significant revisions were as follows.
1. In order to prevent the potential oxidation of NAC, the use of unopened, disposable labware was
specified.
2. The quantities of NaxHPO4 aqueous solution, NaH,POs aqueous solution, and 0.1-N NaOH
aqueous solution to be used in preparation of the phosphate buffer solution were clearly specified.
3. The mixer capacity as well as the length and diameter of tubing for the HPLC equipment were
specified.

4. The calculation method for peak area when peaks overlap during HPLC analysis was clarified.

The following modifications were proposed, discussed and approved at a joint meeting of the VMT (on
the 4" of September, 2016) and the participating laboratories prior to the start of the reliability phase of
the validation study. These modifications were thus included in version 1.0 of the SOP .

1. In order to prevent oxidation of NAC, the addition of EDTA to the NAC stock solution was

specified.”
2. Preparation methods for each reference control and elution control were specified in the procedure
for preparing reaction solutions.

3. The acceptable range of concentration for reference control A and reference control C specified in

the test acceptance criteria was revised from 3.2—4.8 uM to 3.2-4.4 uM.
4.  Also, the acceptable range of concentration for reference control C when using 5% DMSO or
acetonitrile in the test acceptance criteria was specified as 2.8—4.0 uM.

5. Based on background data from the lead laboratory, the acceptable range for the positive control
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in the test acceptance criteria was revised from 8% <NAC depletion <100% to
86% < NAL depletion < 100%.

“This revision required revision of the criteria for sensitizer/non-sensitizer predictions, but since the
data necessary to empirically define the new criteria were not yet available at the time of the
meeting, it was agreed by the VMT that the criteria would be reviewed and revised as necessary

once study data was available.

The following modifications were subsequently proposed and approved at a joint meeting of the VMT

(the 20" of January, 2017) and the participating laboratories held upon completion of Phase I testing.

These modifications were thus included in version 1.1 of the SOP, which was used to conduct Phase 11

testing.

1.
2.

NAL lot number was revised.

A precautionary comment about pipette technique was added to section 4-2. “Preparation and
Reaction of Reaction Solutions”.

The control criteria for the positive control reagent were revised.

The range of mean % depletion and NAC depletion for additional test to get an accurate predictive
result was added to section 8-3. Data Acceptance for Amino Acid Derivative Reactivity Assay.
Instructions on how to handle instances in which there appears to be no co-elution but depletion is
less than -10% was added to section 8-4. “Handling of Co-elution”.

7. Known limitations and drawbacks

One limitation of ADRA, and all other skin sensitization potential test methods, is the need to create a

test chemical solution with a suitable solvent. The ADRA SOP contains provisions for the use of four

different solvents, which are to be selected by the testing laboratory by testing for suitability with each

test chemical, using the prescribed solvents in the following order:

1.

2.
3.
4

Water
Acetonitrile

Acetone
5% DMSO/acetonitrile

ADRA differs from DPRA in that the concentration of the test chemical solution is much lower (1 mM

or 20 mM), and all test chemicals evaluated thus far have been soluble in at least one of the four solvents

named above. The solvent does, however, have the potential to affect the reactivity of the test chemical

with NAC and NAL, and there have been test chemicals for which depletion has varied significantly

depending on the solvent used.

Another limitation that was seen in DPRA is the simultaneous elution, or co-elution, of peptides and

test chemicals. Since HPLC separation occurs by gradient elution (i.e., the mobile phase composition
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changes during the separation process), retention time of the test chemical can be influenced by the

instruments with which the solvent is mixed (see below).

In DPRA, peptides are quantified through HPLC analysis of nucleophilic reagents at a wavelength of
220 nm. In ADRA, however, NAC and NAL are quantified at a wavelength of 281 nm, making it highly
unlikely that co-elution of NAC and NAL with the test chemical would occur. Also, since the
concentrations of nucleophilic reagents and test chemical solutions used in ADRA are a mere 1% of those
used in DPRA, the peaks are commensurately smaller, and the potential for co-elution is lower. Although
the VMT could not find any clear examples of test chemicals that exhibit co-elution in ADRA, additional

gradient parameters have been proposed in order to avoid co-elution (Fujita ez al. 2014).

As a case in point, salicylic acid was not tested successfully in DPRA due to co-elution with lysine
peptide, and for this reason, Gerberick et al. (2007) lists salicylic acid as unsuitable for assessment with
the cysteine peptide/lysine peptide prediction model. In ADRA, however, NAC and NAL were measured
correctly with no co-elution, and for this reason Fujita et al. (2014) and Yamamoto et al. (2015) listed

salicylic acid as suitable for assessment with the NAC/NAL prediction model.

8. Applicability domain
The DPRA Validation Report submitted to ECVAM by the test method developer outlined DPRA’s
broad applicability to a wide range of chemicals in relevant chemical classes, reaction mechanisms, skin

sensitization potencies (as determined with in vivo studies), and physicochemical properties.

The 82 chemicals tested in house by Procter & Gamble as well as the 24 test chemicals used in the
DPRA validation study have also been tested using ADRA. The results showed a predictive capacity
similar to DPRA, which the VMT feels indicates and tends to confirm that ADRA is suitable for use with

the same, or even a wider, range of chemicals as DPRA.

Nevertheless, just like DPRA, ADRA contains no metabolic/bioactivation system and was not designed
for detecting pre-haptens (i.e., chemicals requiring biochemical activation) or pro haptens (i.e., chemicals
requiring enzymatic activation). Moreover, like DPRA, metals that are sensitive to non-covalent bonding
mechanisms or that interact with amino acids other than cysteine and lysine (e.g., nickel) fall outside the

applicability domain of the test method.

9. Test Definition: Conclusions of the Validation Management Team
* In accordance with the objective of the ADRA validation study, these pre-study results tend to confirm
that the ADRA SOP has been thoroughly optimized and performs as designed.
* ADRA is based on the same scientific principles as DPRA and has been shown to be just as accurate but
requires test chemical solutions to be of a concentration that is just 1% of those needed for DPRA. The

VMT is not aware of chemicals that could not be tested by ADRA due to poor solubility or
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co-elution; both of which are recognized limitations of the DRPA test method.

= Just like DPRA, is not considered suitable for the detection of pro haptens, pre-haptens, or metals.

* To date there has been virtually no co-elution of NAC or NAL with the test chemicals or reaction
products used in ADRA, nevertheless there are provisions included in the SOP for cases where

co-elution does occur.
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Transferability

1. General aspects
The VMT believes that this study confirms that ADRA can be transferred to and performed at any
laboratory where standard HPLC equipment and technicians with the expertise to operate such equipment
are available. The equipment, labware, and reagents other than NAC and NAL needed to perform ADRA
are readily available. Additionally, NAC and NAL are expected be available commercially from a
chemical manufacturer by the time ADRA is adopted as an OECD test guideline.

Fujifilm, as the lead laboratory in the development of ADRA, was responsible for ensuring that the test
method described in the SOP was correctly understood and properly carried out by the participating
laboratories, and did so by providing guidance, training and assistance to the laboratories participating in
this validation study. The laboratory technicians at each participating laboratory who received guidance

from Fujifilm also undertook training in their own laboratories.

The lead laboratory was also responsible for providing detailed plans for technology transfer and
training based on its experience with the test method. The lead laboratory worked with the participating
laboratories to implement pre-training and training testing to ensure a common understanding of and

compliance with the test acceptance criteria specified in the technology transfer plan.

The test chemicals for training phase were selected and supplied by the lead laboratory. The test
chemicals were uncoded. The participating laboratories submitted their results promptly and accurately to

the lead laboratory.

2. Transfer of the test method to naive laboratories
Laboratory technicians and study directors from the four participating laboratories were provided with
technology transfer training per the schedule show below, at which time information and guidance were
also provided on the scientific rationale and principles of the test method, the ADRA SOP, how to
quantify NAC and NAL per HPLC analysis, how to analyze results, and how to apply the prediction

model.

2-1. Dates of training sessions during the Transferability Stage
* Transferability Stage, Session I
Venue: Fujifilm Corporation Safety Evaluation Center
Time & Date: 1:00 p.m. on Thursday, February 25, 2016
* Transferability Stage, Session II
Venue: Fujifilm Corporation Safety Evaluation Center
Time & Date: 1:00 p.m. on Tuesday, April 19, 2016
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2-2. Training Modules

How to confirm solubility of test chemicals and select a solvent

How to prepare and handle Reference Controls A, B, and C

How to use the NAC/NAL prediction model and the NAC-only prediction model

Test acceptance criteria and retesting

How to use of the photodiode array detector and co-elution control to verify co-elution of NAC or NAL

with the test chemical

3. Pre-training testing (Transferability Stage, Session I)
3-1. Goal
The lead laboratory selected and distributed to each participating laboratory five uncoded test
chemicals known to be relatively easy to identify as either a sensitizer or a non-sensitizer. The
participating laboratories each tested these five test chemicals in accordance with the ADRA SOP.
Proficiency was reviewed by analyzing the data from each laboratory before the VMT authorized
proceeding to training testing.

3-2. Test chemicals

The five test chemicals chosen by the lead laboratory are shown below in Table 1.

Table 1: Test chemicals used for pre-training

No. Chemicals CAS No. LLNA category
PT-001 p-Benzoquinone 106-51-4 Extreme
PT-002 Cinnamaldehyde 14371-10-9 Moderate
PT-003 Diethyl maleate 141-05-9 Moderate
PT-004 4-Allylanisole 140-67-0 Weak
PT-005 Vanillin 121-33-5 Non-sensitizer

3-3. Pre-training results
Lion
Pre-training results obtained at Lion are shown in Table 2.
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Table 2: Pre-training results at Lion

Lion
d hemical LLNA Lst test 2nd test Meai \:Imla u_f e
Code Chemic potency NAC NAL : NAC NAL ) : mean % depletion Predicted class
’ : 9 Mean % depletion " 9 : Mean % depletion " (%)
Depletion D Depletion D %) Predicted class | Depletion <D Depletion D %) Predicted class
8 %) N 6 8 -
PT-001 | p-Benzoqunone | Strong 1000 (00 783 13 89.1 S 1000 |00 779 11 890 S 89.1 S
PT-002 | Cinnamaldehyde | Moderate 50.1 13 4.5 0.8 273 s 92.9 24 5.5 0.2 49.2 s 382 s
PT-003 | Diethyl maleate | Moderate 294 16 4.4 12 16.9 s 321 16 36 03 178 5 174 s
PT-004 4-Allylanisole Weak 256 07 00 00 128 S 316 07 24 22 17.0 S 149 S
- _— Non- < < <
PT-005 Vanillin oo 13 Lo 15 0.5 14 NS 6.1 33 0.8 0.7 34 NS 24 NS
sensitizer

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Comments

A significant discrepancy was seen in depletion of NAC between the first and the second test for
cinnamaldehyde. In general, test chemicals that exhibit either strong or weak reactivity have relatively
stable reproducibility, and it is moderately reactive test chemicals like cinnamaldehyde that are

particularly sensitive to changes in reaction conditions.

The VMT considers this to be the most likely reason for the significant discrepancy in depletion of
NAC for cinnamaldehyde. Also, because aldehyde compounds are likely to be oxidized into carboxylic

acid, this may have been the factor that resulted in the change in reactivity.
The remainder of the training-set test chemicals all exhibited good reproducibility for NAC and NAL
depletion between the first and second tests, and all five test chemicals were accurately predicted to be

either sensitizers or non-sensitizers in concordance with in vivo test results.

Mitsui
Pre-training results obtained at Mitsui are shown in Table 3.

Table 3: Pre-training results at Mitsui

Mitsui
1st test 2nd test .
) LLNA Mean value o.f )
Code Chemical ) NAC NAL NAC NAL mean % depletion Predicted class
potency Mean % depletion " Mean % depletion " (%)
N N n Predicted class N N . Predicted class
Depletion D Depletion <D (%) Depletion D Depletion D (%)
) %) ) )
PT-001 | p-Benzoqunone | Strong 1000 (00 68.6 0.7 843 S 1000 |00 684 04 842 S 842 S
PT-002 | Cinnamaldehyde | Moderate | 425 4.5 107 13 26.6 s 343 0.6 8.6 0.3 215 s 240 s
PT-003 | Diethyl maleate | Moderate 29 27 05 0s 117 s 256 46 0.0 0.0 128 5 122 s
PT-004 4-Allylanisole Weak 13.1 0.1 00 00 6.6 S 162 32 0.0 00 81 S 73 S
< P— Non-

PT-005 Vanillin oo 0.0 0.0 0.0 0.0 0.0 NS 0.0 0.0 0.0 0.0 0.0 NS 0.0 NS

sensitizer

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).
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Comments
All five test chemicals exhibited good reproducibility for NAC and NAL depletion between the first
and second tests and were accurately predicted to be either sensitizers or non-sensitizers in concordance

with in vivo test results.

Sumitomo
Pre-training results obtained at Sumitomo are shown in Table 4.

Table 4: Pre-training results at Sumitomo

Sumitomo
1st test 2nd test .
) LLNA Mean value o.f )
Code Chemical ) NAC NAL NAC NAL mean % depletion Predicted class
potency Mean % depletion " Mean % depletion " (%)
N N n Predicted class N N . Predicted class
Depletion D Depletion <D (%) Depletion D Depletion D (%)
) %) ) )
PT-001 | p-Benzoquinene | Strong 1000 |00 718 1.0 859 S 1000 |00 726 0.1 86.3 S 86.1 s
PT-002 | Cinnamaldehyde | Moderate 94.0 1.5 5.0 03 495 S 91.8 0.1 6.7 0.5 492 8 494 s
PT-003 | Diethyl maleate | Moderate 336 51 33 03 184 s 244 04 43 01 144 5 164 s
PT-004 4-Allylanisole Weak 17.8 0.5 22 03 10.0 S 154 03 32 0.6 93 S 96 s
< P— Non- B

PT-005 Vanillin oo 87 0.9 1.0 0.7 4.8 NS 36 0.6 24 0.6 4.0 NS 44 NS

sensitizer

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Comments
All five test chemicals exhibited good reproducibility for NAC and NAL depletion between the first
and second tests and were accurately predicted to be either sensitizers or non-sensitizers in concordance

with in vivo test results.

Nissan
Pre-training results obtained at Nissan are shown in Table 5.

Table 5: Pre-training results at Nissan

Nissan
1st test 2nd test .
) LLNA Mean value o.f )
Code Chemical ) NAC NAL NAC NAL mean % depletion Predicted class
potency Mean % depletion " Mean % depletion " (%)
N N n Predicted class N N . Predicted class
Depletion D Depletion <D (%) Depletion D Depletion D (%)
(%%) (%) (%) (%)
PT-001 | p-Benzoquinene | Strong 1000 |00 73.0 15 86.5 S 1000 |00 793 03 89.7 S 88.1 s
PT-002 | Cinnamaldehyde | Moderate 36.6 14 0.2 02 284 S 1000 |00 49 0.7 52.5 8 404 s
PT-003 | Diethyl maleate | Moderate 324 11 09 0s 16.7 s 286 11 28 04 157 5 162 s
PT-004 4-Allylanisole Weak 14.7 0.6 0.0 0.0 73 S 139 03 02 02 7.0 S 72 s
- _— Non- < <
PT-005 Vanillin oo 8.8 0.6 0.0 0.0 4.4 NS 4.5 0.1 0.4 04 25 NS 34 NS
sensitizer

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).
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Comments
A significant discrepancy was seen in depletion of NAC between the first and the second test run for

cinnamaldehyde, the causes of which the VMT believes to be the same as those at Lion.

The other test chemicals all exhibited good reproducibility for NAC and NAL depletion between the
first and second tests, and all five test chemicals were accurately predicted to be either sensitizers or

non-sensitizers in concordance with in vivo test results.

3-4. Issues and Solutions

The participating laboratories encountered a problem when quantifying NAC by HPLC analysis after
preparation of NAC stock solution, as a result of dimer formation when a proportion of the NAC is
oxidized. The lead laboratory critically evaluated the preparation method, storage, labware, and reagents
used at each laboratory and after repeated testing established that NAC exhibited a tendency to be
oxidized when glass labware was used. The lead laboratory then proposed, and the VMT accepted, that
disposable plastic labware be used in place of glass labware. The Apparatus and Reagents section of the
test method Study Plan was revised to reflect this change. The problem did not recur once disposable
plastic labware was used.

Changing the capacity of the mixer used to create a uniform mixture of the two eluents used during
HPLC analysis affects other conditions, such as the eluent gradient start time and slope, thus affecting
peak configuration. Although the capacity of the mixers varies with the HPLC equipment manufacturer
and are not standardized, in page 19 in section 5-1 of the Study Plan, to ensure uniformity the HPLC
Conditions Note 1 of the SOP was revised to indicate 0.5 ml as a suitable mixer capacity, based on HLPC

equipment manufactured by Shimadzu Corporation.

One of the participating laboratories experienced a very slight overlap of NAC and NAL peaks with the
peak of the test chemicals. This was determined to be due to the use of very large-diameter tubing as well
as relatively long tubing from the column to the detector rather than being true co-elution. Page 19 in
section 5-1. HPLC Conditions Note 2 of the Study Plan was revised to indicate that 0.18-mm diameter

tubing is to be used and that the length from the column to the detector is to be no more than 50 cm.

4. Training (Transferability Stage, Session II)
4-1. Goal

The lead laboratory selected and distributed to each participating laboratory ten uncoded test chemicals
that are known to be relatively difficult to identify as either a sensitizer or a non-sensitizer. The
participating laboratories tested these ten test chemicals in accordance with the ADRA SOP. Proficiency
was evaluated, determined and confirmed by analyzing the data from each laboratory before the VMT

agreed to proceed to the Reliability Stage of the validation study.
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4-2. Test chemicals
The ten test chemicals chosen by the lead laboratory are shown below in Table 6.

Table 6: Test chemicals used for training

No. Chemical CAS No. LLNA potency
T-001 Oxazolone 15646-46-5 Strong
T-002 Phthalic anhydride 85-44-9 Strong
T-003 Formaldehyde 50-00-0 Strong
T-004 Glyoxal 107-22-2 Moderate
T-005 Benzylideneacetone 122-57-6 Moderate
T-006 Cyclamen aldehyde 103-95-7 Weak
T-007 1-Butanol 71-36-3 Non-sensitizer
T-008 6-Methylcoumarin 92-48-8 Non-sensitizer
T-009 Lactic acid 50-21-5 Non-sensitizer
T-010 4'-Methoxyacetophenone 100-06-1 Non-sensitizer

4-3. Training results
Lion

Training results obtained at Lion for the ten test chemicals are shown in Table 7.

Table 7: Training results at Lion

Lion
LLNA Ist test 2nd test Mean value of
Code Chemical - NAC NAL NAC NAL mean % depletion | Predicted class
potency 8 N Mean % depletion . B ; Mean % depletion . (%)
Depletion D Depletion D %) Predicted class | Depletion D Depletion sD (%) Predicted class
%, %)
) ) D) D)
T-001 Oxazolone Strong 78.8 0.4 69.8 28 743 S 79.5 13 66.8 12 732 S 3.7 8
T-002 Phthalic anhydride Strong 00 0.0 884 08 442 s 04 07 8§13 62 408 s 425 5
T-003 Formaldehyde Strong 203 45 31 53 1.7 s 16.1 27 24 39 92 ] 103 8
T-004 Glyoxal Moderate 13.6 1.0 0.1 0.2 6.8 S 202 12 0.3 04 103 S 8.3 s
T-005 Benzylideneacetone Moderate 144 1.6 10 18 77 S 16.5 37 02 03 83 s 80 5
T-006 Cyclamen aldehyde Weak 6.0 43 1.0 1.7 35 NS 4.6 26 0.4 0.7 25 NS 30 NS
T-007 1-Butanol Non-sensitizer 22 32 43 6.1 32 NS L3 22 26 35 19 NS 26 NS
T-008 6-Methylcoumarin Non-sensitizer 00 0.0 05 0.9 03 NS 0.0 00 04 04 02 NS 02 NS
T-00% Lactic acid Non-sensitizer 21 36 3l 5.1 26 NS 13 32 03 04 11 NS 18 NS
Non- <
T-010 4'-Methoxyacetophenone o 71 0.1 01 0.1 36 NS 4.6 05 0.1 02 23 NS 30 NS
sensitizer

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Comments

Because the mean % depletion of NAC/NAL for cyclamen aldehyde was less than 5%, which is very
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low, it was predicted to be a non-sensitizer, which does not agree with in vivo test results. LLNA predicts
cyclamen aldehyde to be a weak sensitizer, and when selecting chemicals, the lead laboratory had
expected that it would be difficult to identify correctly. In addition to Lion, results at the other three
participating laboratories were between 5.7 and 12.3%, which are also low values, very near the threshold
specified in the prediction criteria. Also, the depletion of aldehyde compounds is known to be generally is
variable, which could be the reason that depletion was slightly lower at Lion than at the other
participating laboratories.

The other nine test chemicals all exhibited good reproducibility for NAC and NAL depletion between
the first and second tests and were accurately predicted to be either sensitizers or non-sensitizers in

concordance with in vivo test results.

Mitsui
Training results obtained at Mitsui for the ten test chemicals are shown in Table 8.

Table 8: Training results at Mitsui

Mitsui
LLNA Isttest 2nd test Mean value of
Code Chemical ) NAC NAL NAC NAL mean % depletion | Predicted class
potency 5 N Mean % depletion . N N Mean % depletion . (%)
Depletion D Depletion D 0 Predicted class | Depletion D Depletion <D %) Predicted class
%, 2%,
(%) (%) (%) (%)
T-001 Oxazolone Strong, 835 03 674 10 754 S 87.0 06 63.6 05 753 S 154 s
T-002 Phthalic anhydride Strong 0.1 0.2 513 33 257 5 4.0 0.2 435 4.3 292 s 215 8
T-003 Formaldehyde Strong 310 0.7 0.1 0.1 153 S 15.7 0.2 0.3 0.5 8.0 S 118 s
T-004 Glyoxal Moderate 12.0 03 11 03 6.5 s 155 03 03 04 19 s 72 8
T-005 Benzylideneacetone Moderate 126 22 33 0.6 8.0 s 133 0.3 1.3 0.5 76 8 78 8
T-006 Cyclamen aldehyde Weak 19.8 L4 48 04 123 S 156 07 32 04 94 S 109 8
T-007 1-Butanol Non-sensitizer 00 0.0 06 03 03 NS 19 01 04 02 12 NS 07 NS
T-008 6-Methylcoumarin Non-sensitizer 13 23 36 0.2 24 NS L6 04 13 13 1.6 NS 2.0 NS
T-00% Lactic acid Non-sensitizer 00 0.0 12 07 06 NS 24 11 14 23 19 NS 13 NS
Non- < <
T-010 4'-Methoxyacetophenone e 81 26 38 02 59 s 5.7 09 15 03 38 NS 45 NS
i senstiizer

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Comments

The NAC peak overlapped slightly with the broadening and tailing peak of 4'-methoxyacetophenone
during the first test, and so the peak area was not calculated correctly, which is why the VMT thinks it
was incorrectly predicted to be a sensitizer. Prior to the second test, the length of the HPLC tubing was
shortened from 50 cm to 30 cm, to improve separation performance. This lowered NAC depletion and

4'-methoxyacetophenone was correctly predicted to be a non-sensitizer.
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Sumitomo
Training results obtained at Sumitomo for the ten test chemicals are shown in Table 9.

Table 9: Training results at Sumitomo

Sumitomo

LLNA It test 2nd test Mean value of
Code Chemical otency NAC NAL . NAC NAL . mean % depletion | Predicted class

3 7 N 8 Mean % depletion . N N Mean % depletion . (%)

Depletion D Depletion D 0 Predicted class | Depletion D Depletion <D %) Predicted class
%, 2%,
(%) (%) %) (%)
T-001 Oxazolone Strong 788 09 814 03 80.1 S 80.7 09 734 08 77.0 s 78.6 5
T-002 Phthalic anhydride Strong 0.3 0.5 86.6 78 435 5 6.1 11 746 75 404 s 419 8
T-003 Formaldehyde Strong 40.1 11 0.0 0.1 20.1 S 16.8 0.7 0.0 0.0 84 S 142 s
T-004 Glyoxal Moderate 132 15 02 03 6.7 s 108 38 0.0 00 54 s 6.0 5
T-005 Benzylideneacetone Moderate 16.9 0.6 11 0.2 9.0 s 207 0.7 0.0 0.0 10.3 8 9.7 8
T-006 Cyclamen aldehyde Weak 99 12 15 02 57 s 213 06 0.0 00 106 8 82 5
T-007 1-Butanol Non-sensitizer 02 03 00 0.0 01 NS 0.0 00 32 53 16 NS 08 NS
T-008 6-Methylcoumarin Non-sensitizer 39 11 09 0.2 24 NS 9.8 13 0.0 0.0 4.9 NS 3.7 NS
T-009 Lactic acid Non-sensitizer 54 71 02 04 28 NS 0.0 ) 39 6.7 20 NS 24 NS
Non-
T-010 4'-Methoxyacetophenone 7o 18.1 1.0 14 03 97 S 244 14 0.0 00 122 ] 109 8
i senstiizer

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Comments

NAC depletion for 4'-methoxyacetophenone was quite large in both the first and second tests, and as a
result it was incorrectly predicted both times to be a sensitizer. The reason for this increase in reactivity of
NAC was investigated but remains unclear.

The other nine test chemicals, however, all exhibited good reproducibility for NAC and NAL depletion
between the first and second tests and were accurately predicted to be either sensitizers or non-sensitizers

1n concordance with in vivo test results.

Nissan
Training results obtained at Nissan for the ten test chemicals are shown in Table 10.
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Table 10: Training results at Nissan

Nissan

TINA Lst test 2nd test Mean value of
Code Chemical otency NAC NAL . NAC NAL . mean % depletion | Predicted class

P 7 N 8 Mean % depletion . N B Mean % depletion . (%)

Depletion Depletion o Predicted class | Depletion Depletion o Predicted class
sD sD (%) SD SD (%)
(%) (%) (%) (%)
T-001 Oxazolone Strong 844 04 69.9 02 771 s 842 0.6 65.6 02 749 5 76.0 s
T-002 Phthalic anhydride Strong 0.8 13 89.7 13 452 s 17 0.3 90.1 0.2 459 8 45.5 8
T-003 Formaldehyde Strong 19.6 13 0.5 04 10.0 S 186 14 0.1 0.2 9.3 s 9.7 S
T-004 Glyoxal Moderate 181 0s 0.6 04 94 5 304 51 00 0.0 152 5 123 s
T-003 Benzylideneacetone Moderate 233 4.6 0.0 0.0 11.6 8 148 0.2 0.0 0.0 74 8 9.5 8
T-006 Cyclamen aldehyde Weak 129 24 0.0 00 6.5 s 13.0 0.0 0.1 02 6.6 8 6.5 s
T-007 1-Butanol Non-sensitizer 0.0 00 0.0 00 0.0 NS 13 0.7 00 0.0 0.7 NS 03 N§
T-008 6-Methylcoumarin Non-sensitizer 19 22 0.2 0.2 11 NS 36 4.3 0.0 0.0 28 NS 19 NS
T-009 Lactic acid Non-sensitizer 02 03 0.0 00 01 NS ) 0.0 0.1 02 0.1 NS 01 NS
Non-
T-010 4'Methoxyacetophenone o 22 20 03 03 12 NS 36 04 02 03 19 NS 16 NS
: sensitizer

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Comments
All ten test chemicals exhibited good reproducibility for NAC and NAL depletion between the first and
second tests and were accurately predicted to be either sensitizers or non-sensitizers in concordance with

in vivo test results.

4-4. Issues and Solutions

* Although Sumitomo prepared the NAC stock solution using plastic labware, some oxidation of NAC
was observed. The lead laboratory identified the cause to be the distilled water used, and problem was
resolved by changing the brand of distilled water.

* Some oxidation of NAC was also observed at Nissan, but the lead laboratory was unable to identify the
cause.

* Oxidation of the NAC stock solution was alleviated as described above by specifying the use of plastic
labware, but the lead laboratory also identified other potential causes of oxidation and investigated
and advised on potential countermeasures. In particular, the presence of minute quantities of copper
and other metal ions in the aqueous solutions was identified as a likely cause of catalytic action
leading to the oxidation of NAC. To alleviate this situation, the chelating agent
ethylenediaminetetraacetic acid (EDTA) was added during preparation of the NAC stock solution to
sequester metal ions. The addition of EDTA during preparation of the NAC stock solution at the
participating laboratories where oxidation of NAC had been significant greatly reduced the oxidation.
It was therefore determined that EDTA would be used as an additive for all NAC stock solution during
the rest of the validation study.

* The decision to use EDTA as an additive for all NAC stock solutions meant that a new control range
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for the positive control reagent phenyl acetaldehyde was needed for Reliability Stage Phase I of the
validation study, and this was provisionally determined using background data from the lead
laboratory for testing conducted with NAC stock solution to which EDTA had been added. Due to a
lack of available background data at this time, however, the control range for Phase II was later

determined using Phase I data from the participating laboratories.

5. Transferability: Conclusions of the Validation Management Team
Transfer of ADRA from the lead laboratory to the four participating laboratories was completed
successfully and to the satisfaction of both the lead laboratory and the VMT.

Issues identified during technology transfer were alleviated by changing the labware, reagents and
equipment as well as the settings for HPLC analysis. These changes were incorporated in the SOP and
Study Plan. Of particular note were measures taken to suppress oxidation of the NAC stock solution,
which included the use of plastic disposable labware and the addition of EDTA as a chelating agent to
sequester metal ions in the NAC stock solution. These measures successfully resolved issues related to
oxidation of NAC at the participating laboratories. Additionally, as previously described, due to a lack of
background data for testing with NAC stock solution to which EDTA was added, a control range was
provisionally determined for Reliability Stage Phase I of the validation study using background data from
the lead laboratory, after which the control range for Phase II was determined using Phase I data from the

participating laboratories.
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Within-Laboratory Reproducibility

Reliability Stage Phase I (Within-Laboratory Reproducibility) was performed using SOP ver. 1.0, and as
described above, acceptance criteria for the positive control reagent (phenylacetaldehyde) was
provisionally set to 8-100% for NAC and 86—100% for NAL.

1. Lion
1-1. Reproducibility (concordance in prediction)
Seven sensitizers and three non-sensitizers were tested three times each, yielding results that were

100% concordant in prediction. As shown in Table 11, reproducibility was 100%.

Table 11: Reliability Stage Phase I results at Lion

1st st re-test* 20d 2nd re-test** 3rd

No. Chemicals ;](';i Solvent d;ﬁ;ﬂ d;{:fm Ave score d;i\?m d;;l‘:ifm Mean % depletion | Solvent d;i\?m d;{:ifm Mean % depletion d;:;i: ‘fm ds];:i?m Mean % depletion | Solvent d:p;i::':m d;;‘:fm Mean % depletion
%) ) e ) %) 9 ) ) e ) ) o ) ) o)
1 Lauryl gallate Strong Acetonitrile 100.0 956 9738 Acetonitrile 100.0 934 96.7 100.0 92.7 96.3 Acetonitrile 100.0 926 96.3
2 4'O'Ed“_hm‘“°)s‘;§ml Swong | Water | 995 136 365 995 13.7 56.6 Water | 995 128 56.1 996 121 559 Water | 997 132 565
3 Chiloramine T Strong | Water | 982 914 943 973 9.9 94.1 Water | 987 944 9.6 937 914 95.0 Water | 987 9.9 9.3
4 Cinnamaldehyde Moderate | Acctonitrle| 543 74 308 Acctonitrde | 252 72 162 0.1 64 282 Acctonitrle | 239 64 15.1
5 | 2-Mercaptobenzothiazole | Moderate | Acctonitle| 493 07 250 Acctonitrde | 484 26 255 253 18 21 Acctonitrle | 41.0 23 2.7
6 Ethyl acrylate Weak | Water | 952 40 496 §7.9 34 457 Water | 890 40 465 391 23 457 Water | 877 45 6.1
7 Imidazolidinylurea Weak ‘Water 215 0.0 138 297 0.1 149 ‘Water 271 02 137 202 0.0 10.1 ‘Water 22 08 115
8 Glycerol NC ‘Water 0.0 0.0 0.0 01 05 03 ‘Water 00 0.1 0.1 0.1 0.0 01 ‘Water 07 04 06
9 Salicyiic acid NC | Acewnitde| 06 23 15 Acctenitde| 16 ER! 23 02 26 14 Acctonitle | 14 22 18
10 Isopropancl NC Water 00 12 06 00 00 00 Water 11 02 06 00 00 00 Water 00 00 00

*Cells highlighted in gray indicate chemicals that were not retested, cells highlighted in pink indicate test chemicals
that were predicted to be sensitizers (S), and cells highlighted in blue indicate test chemicals that were predicted to be
non-sensitizers (NS).

*Reason for retesting during the 1st replicate test: Concentration of NAC in aqueous solution of Reference Control C
was 3.14 uM, which falls below the control range of 3.2—4.4 pM.
**Reason for retesting during the 2nd replicate test: NAL depletion of the Positive Control reagent was 83.2%, which

falls below the acceptance criteria of greater than 86%.

1-2. Reproducibility in the test chemicals

The results showed good reproducibility overall, and variability in the NAC depletion across three
replicate tests that met test acceptance criteria being 8% or less for all ten test chemicals except
cinnamaldehyde. As previously explained, cinnamaldehyde exhibits moderate reactivity and is an
aldehyde compound, both of which make it particularly sensitive to variations in the testing conditions,

which could explain the variability in depletion.

Similarly, variability in NAL depletion across three replicate tests that met test acceptance criteria was

3% or less for all ten test chemicals.

1-3. Reproducibility in the control reagents
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Tests that met test acceptance criteria showed good reproducibility, with NAC concentrations in
Reference Controls A, B, and C for the three replicate tests and two retests being 3.40-3.86 uM as well as
NAC depletion in the Positive Control reagent being 11.8—18.2%. Also, NAL concentrations in Reference
Controls A, B, and C for the three replicate tests and two retests were 3.61-4.13 uM and NAC depletion
in the Positive Control reagent was 83.2—100%.

1-4. Retesting

Retesting was performed in two instances. Retesting during the 2nd replicate test was performed

because NAL depletion of the Positive Control reagent was 83.2%, which falls below the acceptance
criteria of greater than 86%.

2. Mitsui
2-1. Reproducibility (concordance in prediction)

Seven sensitizers and three non-sensitizers were tested three times each, yielding results that were

100% concordant in prediction. As shown in Table 12, reproducibility was 100%.

Table 12: Reliability Stage Phase I results at Mitsui

1 Istre-test® 2od 2nd re-test** 2nd re-re-test*® drd 3rd re-test™**
LLNA 7 NAL . i NAL . i ™
No. Chemscals Soiver | | TAC NAL e score | S e score| Saivem | NAC AL ac Az NAL

N . N NAC | NAL . NAC N
potency depletion | depletion | " s depletion | Tﬂ depletion | depletion | M=" - "fp"‘“‘” deplesion, | deplesion | %" - depletion | 4 teson | M % d“TL"’”' Solent | 4 ptetion | depletion | M - Sepletion | erion | Me dl“"‘““’“
(%) (%) - () - ) i) : (38 eo | " 8) - (%) (%) - (%) v
] Swong | Acetme | 858 185 522 100.0 593 | Acetome | 1000 852 926 1000 83 742 170 85 Acetostele | 100 516 968
2 Swong | Water | 1000 160 5.0 Water | 1000 57 544 1000 162 581 waer | %80 135 6.0
3 Swong | Acetomirde|  100.0 50 99.0 Acetoniee | 100.0 978 99 1000 %6 93 Acetonirie | 100.0 5.0 995
4 El

Moderate | Acetongre| 356 65 210 Acetonitre | 609 20 344 89 61 ns

5 | 2-Mercaptobenzothiazole | Moderate | Acetomtrde| 528 12 270 Acetonitrle | 556 26 1 554 0.0 77

Ethyl acrylate Weak Water w2 63 467 Water 9 09 9 o4

Imidazolbidinyhaea Weak Water 186 18 102 Water 180 interf. NC 238

5 Ghycerol NC Water 02 0.0 01 Water 00 interf. NC 00 0.0 00 Water o1 00 o1
s Salicylic acid NC | Accomimde| 3.7 19 28 Acctonirde [ 0.6 37 21 28 L1 20 Acetomimie [ 3.0 67 49
10 Isopropancl NC Water 10 00 05 Water 0o interf. NC 00 0.1 00 Water ol 00 o1

*Cells highlighted in gray indicate chemicals that were not retested, cells highlighted in yellow indicate chemicals that
exhibited interference, cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and
cells highlighted in blue indicate test chemicals that were predicted to be non-sensitizers (NS).

*Reason for retesting during the 1st replicate test: SD of NAC depletion in Test Chemical No. 1 was 12.6%, which falls
outside the acceptance criteria of less than 10%.

**Reason for retesting during the 2nd replicate test: NAC depletion of the Positive Control reagent was 7.7%, which
falls below the acceptance criteria of greater than 8%.
Reason for re-retesting during the 2nd replicate test: SD of NAL depletion in Test Chemical No. 1 was 36.6%, which
falls outside the acceptance criteria of less than 10%.

***Reason for retesting during the 3rd replicate test: SD of NAC depletion in Test Chemical No. 5 was 23.8%, which

falls outside the acceptance criteria of less than 10%.

2-2. Reproducibility in the test chemicals

The results showed good reproducibility overall, and variability in NAC depletion across three
replicate tests that met test acceptance criteria was 7% or less for all ten test chemicals. Similarly,
variability in NAL depletion across three replicate tests that met test acceptance criteria was 7% or less

for all ten test chemicals except lauryl gallate. NAL depletion for the three replicate tests was lauryl
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gallate was 18.5%, 17.0%, and 93.6%, respectively. For each replicate test the preferred solvent was
identified separately by each laboratory in line with the instructions set out in the Study Plan. The solvent
used to test lauryl gallate was acetone for the Ist and 2nd replicate tests, but acetonitrile for the 3rd
replicate test. Also, whereas NAL depletion for the 1st and 2nd replicate tests was 18.5% and 17.0%,
respectively, for the 3rd replicate test, it was 93.6%. Lion and Nissan both used acetonitrile as the solvent
for all three replicate tests, and each time the NAL depletion was consistently 92% or higher. In contrast,
Sumitomo used acetone as the solvent for all three replicate tests and recorded NAL depletion levels
between 20.6% and 65.9%—values that are both low and inconsistent. Lauryl gallate is a pro-hapten, it
can react with NAL by oxidation. Based on the above, the VMT considers that although the use of
acetonitrile as a solvent for lauryl gallate provides good reactivity with NAL by oxidation, the use of
acetone as a solvent for lauryl gallate is problematic due to discrepancies in how well it is oxidized in the

reaction fluid, which has the potential for inconsistent levels of NAL depletion.

2-3. Reproducibility in the control reagents

Tests that met test acceptance criteria showed good reproducibility, with NAC concentrations in
Reference Controls A, B, and C for the three replicate tests and two retests being 3.23-4.19 uM as well as
NAC depletion in the Positive Control reagent being 7.7-10.1%. Also, NAL concentrations in Reference
Controls A, B, and C for the three replicate tests and two retests being 3.36—4.16 uM as well as NAC
depletion in the Positive Control reagent being 87.3—100%.

2-4. Retesting

Retesting was performed on four occasions by this laboratory. Retesting during the 1st replicate test
was performed, because the SD of NAC depletion for lauryl gallate was 12.6%, which falls outside the
acceptance criteria of less than 10%. Retesting during the 2nd replicate test was performed, because NAC
depletion of the Positive Control reagent was 7.7%, which falls below the acceptance criteria of greater
than 8%. Re-testing during the 2nd replicate test was performed, because the SD of NAL depletion for
lauryl gallate was 36.6%, which falls outside the acceptance criteria of less than 10%. Retesting during
the 3rd replicate test was performed, because the SD of NAC depletion for 2-mercaptbenzothiazole was

23.8%, which falls outside the acceptance criteria of less than 10%.

3. Sumitomo
3-1. Reproducibility (concordance in prediction)

The data set was incomplete because, as explained below, tests for three test
chemicals—cinnamaldehyde, 2-mercaptbenzothiazole, and salicylic acid—failed to meet test acceptance
criteria during the 2nd replicate test. As shown in Table 13, the other seven test chemicals were each
tested three times each, yielding results that were 100% concordant in prediction. Thus, reproducibility
was 100%.
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Table 13: Reliability Stage Phase I results at Sumitomo

1st 2nd 2nd re-test* 3rd

N Chemicals ;f;i Solvent d;i;?m da];i:i'-m Mean % degletion | Solvent d;i;‘rfm d;i:i'-m Mean % degletion d;&fm da‘;::m Mean % degletion | Solvent d;i;?m da];i:i'-m Mean % degletion
) | ¢ 2 ) | - ) | s o ) | ¢ o2
1 Lauryt gallate Swong | Acetone | 1000 | 659 30 Acetone | 1000 | 585 793 1000 | 206 603 Acetone | 1000 | 432 716
2 4'(3'3"}“_'1“;“‘7);&}‘“"1 Strong Water 1000 158 579 Water 1000 154 577 100.0 154 577 Water 100.0 124 562
3 Chloramine T Stong | Water | 984 9.9 977 Water | 982 950 9.6 951 93 975 Water | 1000 | 929 965
4 Cinnamaldehyde Moderate | Acetonitrle | 984 96 540 Acetonitrile | 984 74 529 - - - Acetonirile | 67.0 54 362
5 | 2Mercaptobenzothiazole | Moderate | Acetonitile | 484 05 245 Acetoniile | 536 00 268 - - - Acetoniteile | §12 00 406
6 Ethyl acrylate Weak | Water | 924 51 487 Water | 89.8 48 473 408 03 25.1 Water | 924 53 489
7 Imidazolidinylurea Weak | Water | 241 05 123 Water | 225 53 139 293 03 151 Water | 300 02 151
5 Glycerol NC Water 00 03 02 Water | Tmterf | 00 NC 57 00 28 Water 57 00 29
9 Salicylic acid NC | Acetonitile | 00 13 06 Acetonile | 0.0 00 00 - - - Acetonieile | 122 00 61
10 Isopropanol NC Water 00 06 03 Water | Interf. | 03 NC 47 02 25 Water 56 03 30

*Cells highlighted in gray indicate chemicals that were not retested, cells highlighted in yellow indicate chemicals that
exhibited interference, cells containing a dash (—) indicate missing data, cells highlighted in pink indicate test chemicals
that were predicted to be sensitizers (S), and cells highlighted in blue indicate test chemicals that were predicted to be
non-sensitizers (NS).

Reason for retesting during the 2nd replicate test: (1)Concentration of NAC in aqueous solution of
Reference Control C was 3.14 uM, which falls below the control range of 3.2—4.4 uM. (2)The CV of the
peak area for NAL of Reference Control C in acetone solution was 14%, which falls outside the
acceptance criteria of less than 10%. (3) NAL depletion of the Positive Control reagent was 76.3%, which
falls below the acceptance criteria of greater than 86%.

Thus, no test was conducted (a deviation from the SOP).

3-2. Reproducibility in the test chemicals

The study results showed good reproducibility overall, and variability in NAC depletion across three
replicate tests that met test acceptance criteria was 6% or less for six of the ten test chemicals. The four
exceptions were cinnamaldehyde, 2-mercaptbenzothiazole, ethyl acrylate, and salicylic acid. As
previously explained, cinnamaldehyde exhibits moderate reactivity and is an aldehyde compound, which
could explain the variability in depletion. The cause of the variability in NAC depletion for
2-mercaptbenzothiazole and ethyl acrylate is unclear, but both exhibited depletion of roughly 50% or
more, which means that neither chemical exhibited enough reactivity to be predicted to be sensitizers.
Since salicylic acid has no site that reacts with thiol or amino groups, the VMT concludes that the high
depletion value of 12.2% in the 3rd replicate test was likely an outlier resulting from the manner in which
the testing was conducted. Similarly, variability in NAL depletion across three replicate tests that met test
acceptance criteria was 5% or less for all ten test chemicals except lauryl gallate. Lauryl gallate, as
described above, is a pro-hapten and easily exhibits variability in oxidation, especially when in acetone

solution, which is likely the cause of the variability in depletion.

3-3. Reproducibility of the control reagents
Tests that met test acceptance criteria showed good reproducibility, with NAC concentrations in

Reference Controls A, B, and C for the three replicate tests and two retests being 3.39-3.91 uM as well as
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NAC depletion in the Positive Control reagent being 13.2-24.2%. As is explained later, however, NAC
concentration in Reference Control C in aqueous solution during the 2nd replicate test was 3.14 uM,
which did not meet test acceptance criteria. Also, NAL concentrations in Reference Controls A, B, and C
for the three replicate tests and two retests were 3.64—4.05 uM and NAC depletion in the Positive Control
reagent was 76.3-97.4%.

3-4. Retesting

Retesting was performed on one occasion at this laboratory. Retesting was performed for two reasons,
the first being that the NAC concentration of Reference Control C in aqueous solution was 3.14 uM,
which was below the control range of 3.2—4.4 uM, and the second being that the CV of the peak area for
NAL of Reference Control C in acetone solution was 14%, which falls outside the acceptance criteria of
less than 10%.

3-5. Incomplete data

The 2nd replicate test failed to meet test acceptance criteria for the following three parameters: (1)
NAC concentrations of Reference Control C in aqueous solution, (2) CV (%) for NAL of Reference
Control C in acetone solution, and (3) NAL depletion of the Positive Control reagent. And although
retesting was performed with regard to parameters (1) and (2), it was not performed with regard to
parameter (3).

As previously described in section 5, Transferability: Conclusions of the Validation Management Team,
test acceptance criteria for the Positive Control reagent during Phase 1 was temporarily specified as
greater than 15% for NAC depletion and greater than 86% for NAL depletion, after which Phase I results
were used to determine new test acceptance criteria prior to the start of Phase II. This is why Sumitomo
understood that (3) NAL depletion of the Positive Control reagent did not satisfy the test acceptance
criteria, but had the mistaken impression that there was no need for retesting because acceptance criteria
of positive control was provisionally determined for Phase I.

Thus, since cinnamaldehyde, 2-mercaptbenzothiazole, salicylic acid all required retesting with regard
to parameter (3), the data for these three test chemicals was not acceptable and the data set was left
incomplete. At Sumitomo, however, it proved difficult to perform testing repeatedly due to the situation in
house, the statistician determined that retesting would not be necessary for the three reasons show below,
so the VMT decided to proceed with Phase II as scheduled.

1. The missing data was independent of other data, and any resulting bias would be small.
2. The validation study was performed with four participating laboratories, which is more than usual.

3. The number of missing data was small, as was the concurrent loss of precision.

4. Nissan
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4-1. Reproducibility (concordance in prediction)
As shown in Table 14, seven sensitizers and three non-sensitizers were tested three times each, yielding

results that were concordant in prediction except for salicylic acid. Thus, reproducibility was 90%.

Table 14: Reliability Stage Phase I results at Nissan

1st 1st re-test* 2nd 3rd
Yo. Chemicals ,,Lof;i Solvent a;i;fm d;i:;.'m Mean % depletion d;ii.fm d;;:i:m Mean % depletion | Sofvent d:;;izé:m de‘;:i:m Mean % depletion | Sofvent d;i:.?m de‘;:i:m Mean % depletion

) | s o) c) | ¢ 2 ) | ¢ 2 ) | ¢a 2
1 Lauryl gallate Stong | Acetonitrie| 1000 | 925 963 Acetonitrile | 999 Y 9.4 Acetonitrile [ 1000 | 936 9.8
2 4'()'3&}_:13‘“‘.“")5:;3"‘71 Strong Water 994 0.0 197 995 128 562 Water 998 132 6.5 Water 100.0 132 6.6
3 Chloramine T Swong | Water | 1000 28 s14 1000 00 500 Water | 1000 83 541 Water | 1000 112 556
4 Cinnamaldehyde Moderate | Acetonitrie | 402 92 247 Acetonitrile | 277 45 161 Acetonitrile | 489 44 266
5 | 2Mercaptobenzothiazole | Moderate | Acetonitrie| 100.0 01 500 Acetonitrile | 885 00 442 Acetonitrile | 100.0 00 500
6 Ethyl acrylate Weak | Water | 984 | iterf. NC 9.2 41 512 Water | 948 53 503 Water | 99.0 7.1 s31
7 Imidazolidinylurea Weak | Water | 202 intef. NC 259 00 129 Water | 293 00 147 Water | 370 27 193
8 Glycerol NC Water 00 interf. Ne 13 00 06 Water 23 00 11 Water 96 00 48
9 Salicylic acid NC | Acetonirie| 55 00 28 Acetonitrile | 16 11 13 Acetonitrile | 175 0s 90
10 Isopropancl xC Water | interf. | interf. NC 08 0.0 04 Water 38 0.0 19 Water 97 0.0 48

*Cells highlighted in gray indicate chemicals that were not retested, cells highlighted in yellow indicate chemicals that
exhibited interference, cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and
cells highlighted in blue indicate test chemicals that were predicted to be non-sensitizers (NS).

Reason for retesting during the 1st replicate test: of the six test chemicals that were tested in aqueous
solution (Nos. 3, 4, 6, 8, 9, and 10), NAC depletion for No. 4 (N =1) and NAL depletion for Nos. 4
(N=1),No. 6 (N=1),No. 9 (N=2),and No. 10 (N = 3) was less than -10%, indicating interference.

Although the NAC/NAL concentration of Reference Control C in aqueous solution was within the
control range of 3.2—4.4 uM, the actual values were 3.23 uM for NAC and 3.22 uM, which are both very
close to the lower limit. The VMT believes that the fact that these values were so low relative to NAL

depletion of the test chemical was the likely cause.

4-2. Reproducibility of depletion values for NAC and NAL

The results showed good reproducibility overall, and variability in NAC depletion across three
replicate tests that met test acceptance criteria was 9% or less for six of the ten test chemicals. The four
exceptions were cinnamaldehyde 2-mercaptbenzothiazole, imidazolidinylurea, and salicylic acid. As
previously explained, cinnamaldehyde exhibits moderate reactivity and is an aldehyde compound, which
could explain the variability in depletion. The cause of the variability in NAC depletion for
2-mercaptbenzothiazole and imidazolidinylurea is unclear, but they exhibited depletion of roughly 80%
and 20%, respectively, which means that neither chemical exhibited enough reactivity to be predicted to

be sensitizers.
Since salicylic acid has no site that reacts with thiol or amino groups, the VMT thinks that the cause of

the high depletion value of 17.5% for NAC depletion in the 3rd replicate test remains unclear, it was

likely an outlier resulting from the manner in which testing was conducted.
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4-3. Reproducibility in the control reagents

Tests that met test acceptance criteria showed good reproducibility, with NAC concentrations in
Reference Controls A, B, and C for the three replicate tests and two retests being 3.20-3.73 uM as well as
NAC depletion in the Positive Control reagent being 19.1-23.9%. As will be explained later, NAC
concentration of Reference Control C in aqueous solution in the Ist replicate test was 3.23 uM, and
despite the fact that all test acceptance criteria were met and there was no co-elution, NAC depletion for
isopropanol was less than -10%. The VMT considers that this occurred because the NAC concentration of
Reference Control C in aqueous solution was close to the low end of the control range of 3.2—4.4 uM.
Also, NAL concentrations in Reference Controls A, B, and C for the three replicate tests and two retests
were 3.64—4.05 uM and NAC depletion in the Positive Control reagent was 90.2-94.2%. As will be
explained later, however, NAL concentration of Reference Control C in aqueous solution in the Ist
replicate test was 3.22 uM, and despite the fact that all test acceptance criteria were met and there was no
co-elution, NAC depletion for ethyl acetate, imidazolidinylurea, glycerol, and isopropanol were all less
than -10%. The VMT thinks that this occurred because the NAL concentration of Reference Control C in

aqueous solution was quite close to the low end of the control range of 3.2—4.4 uM.

4-4. Retesting

Retesting was performed once at this laboratory. Retesting during the 1st replicate test was performed,
as mentioned above, because NAC depletion of isopropanol as well as NAL depletion of ethyl acetate,
imidazolidinylurea, glycerol, and isopropanol were all less than -10%. Thus, retesting was performed,
despite the fact that all test acceptance criteria were met and there was no co-elution, because either NAC

or NAL depletion of these four test chemicals in aqueous solution was less than -10%.
5. Results and other considerations
Test results from each of the four participating laboratories, including NAC, NAL, and mean %

depletion for ten test chemicals, are shown in Tables 15-1 to 15-2.

Table 15-1: Summary of Reliability Stage Phase I results at Lion
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Lion

- N LLNA Experiment 1 Experiment 2 Experiment 3
e Chemical e NAc NAL NAc NAL NAc NAL
category 7 7 A ) 7 7 . - 7 7 . -
2o y D : SD | Mean % depletion | Predicted 5 D " SD | Mean % depletion | Predicted Ny sD : SD | Mean % depletion | Predicted
depleion | | depleion | O o | depeton | N | depleion | 5 Py e | depeton | | depletin | e
8 (5) (5) %) %) )
a Laursl gallate Strong 100.0 0.0 95.6 38 97.8 s 100.0 00 927 02 963 s 100.0 00 926 01 9.3 s
p | +(Metytamino) phenol | g 995 01 136 03 56.5 s %6 01 121 13 559 s 99.7 03 132 03 56.5 s
hemistifate saft
c Chioramine T Strong 573 L1 %029 08 941 s %7 01 514 07 550 s 587 01 %9 07 9.3 s
D Cinnamaldehyde Moderate | 543 07 74 02 308 s 0.1 03 64 03 282 s 239 06 64 00 15.1 s
E |2Mercaptobenzothiazole | Moderate | 493 12 07 06 250 s 23 13 18 03 21 s 410 04 23 01 217 s
F Ethyl acrylate Weak §7.9 09 34 12 457 s 89.1 33 23 38 457 s 877 75 45 11 46.1 s
G Imidazolidinyhurea Weak 297 29 01 03 149 s 202 35 00 00 10.1 s 22 46 08 11 1s s
H Glscerol NC 0.1 01 05 05 03 Ns 01 02 00 00 0.1 NS 07 12 04 07 06 NS
1 Salicylic acid NC 06 05 23 01 15 Ns 02 02 26 11 14 NS 14 12 22 03 18 NS
3 Isopropanol NC 00 00 00 00 00 Ns 00 00 00 00 00 NS 00 00 0.0 00 0 NS
Mitsui
N LLNA Experiment 1 Experiment 2 Experiment 3
wo. Chenical category | NAC NAL NAC NAL NAC NAL
20 depeion | D | dopetion | S| MemSodepleton | Predieed | Sol o sp | S | SD | Mean % depletion | Predited | 0 | SD | e | SD | Mean % deplton | Predicted
o (%) o (%) (%) class o (%) o (%) (%) class o (%) o (%) (%) class
(%6) (%) (%) (%) (%) (%)
A Laursl gallate Strong 1000 00 185 29 93 s 100.0 00 170 09 585 s 1000 00 96 03 9.8 s
p | +(Melaming phenol | g 1000 00 160 14 8.0 s 100.0 00 162 32 s8.1 s %80 03 13 08 6.0 s
hemisulfate salt
c Chioramine T Strong 1000 00 9%8.0 03 9.0 s 100.0 00 %6 01 993 s 1000 00 9.0 00 95 s
D Cimamaldehyde Moderate | 356 20 65 02 210 s 389 27 6.1 02 » s 331 48 13 16 s
E |2Mercaptobenzothiazole | Moderate | 528 L1 12 20 270 s 02 00 00 27 s 483 07 62 19 373 s
F Ethyl acrylate Weak 872 03 63 51 467 s 914 06 48 02 481 s %09 82 31 02 470 s
G Imidazolidinyurea Weak 186 03 13 31 102 s 238 09 02 03 13 s 205 20 00 00 102 s
H Glycerol NC 02 04 00 00 01 Ns 00 00 00 00 00 NS 01 02 0.0 00 01 NS
1 Salicylic acid NC 37 03 19 16 23 Ns 29 04 11 01 20 NS 30 10 67 04 49 NS
3 Isopropanol NC 10 09 00 00 05 Ns 00 00 01 01 00 NS 01 02 0.0 00 01 NS

Table 15-3: Summary of Reliability Stage Phase I results at Sumitomo
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Sumitomo

- N LLNA Experiment 1 Experiment 2 Experiment 3
o, Chemical it NAC NAL NAC NAL NAC NAL
category 7 7 ) ) 7 7 : - 7 7 : -
2o y D : SD | Mean % depletion | Predicted 5 D " SD | Mean % depletion | Predicted Ny sD : SD | Mean % depletion | Predicted
depleion | | depleion | O i o | depeton | N | depleion | 5 e | depeton | | depletin | i e
(%) (%) (%) (%) (%) (%)
a Laursl gallate Strong 100.0 0.0 659 32 83.0 s 100.0 00 206 03 603 s 100.0 00 432 24 716 s
p | +(Metytamino) phenol | g 100.0 00 158 06 519 s 100.0 0.0 154 07 577 s 100.0 0.0 124 05 562 s
hemistifate saft
c Chioramine T Strong 584 01 %9 02 977 s 9%.1 00 9.3 01 575 s 100.0 00 29 03 %5 s
D Cinnamaldehyde Moderate 98.4 02 9.6 05 54.0 s 98.5 0.1 - 67.0 04 54 0.7 36.2 S
E 2-Mercaptobenzothiazole | Moderate 484 L3 05 06 245 s 56.3 26 - 812 12 0.0 0.0 406 s
F Ethyl acrylate Weak 924 01 51 01 487 s 498 07 03 03 251 s 924 04 53 01 439 s
G | Imidarolidinylurea Weak 241 L7 05 05 123 s 2938 18 03 0s 15.1 s 300 12 02 01 151 s
H Glscerol NC 0.0 00 03 06 02 Ns 57 06 00 00 28 NS 57 07 0.0 00 23 NS
I Salicylic acid NC 0.0 0.0 13 06 0.6 NS 19 09 - 122 0.6 0.0 0.0 6.1 S
J Isopropanol NC 0.0 0.0 0.6 06 03 NS 47 02 02 04 25 NS 56 16 03 02 30 NS
Nisssan
Yo Chemical ]_[L]\A i K-‘J_]ZX'pen.mem 1 _— I(-U_}Expenrnam 2 _— K-‘J_}Ex eriment 3
category 7 7 ) ) 7 7 : - 7 7 : -
T ion | | deproton | D | Mean % depletion | Bredicea | S0 | sp | R0 SD | Mean % depleion | Bredicied | fe | SD | SD | Mean % depletion | Brediced
o (%) o %) (%) class o (%) o (%) (%) class o (%) o %) (%) class
(%) (%) (%) (%) (%) (%)
a Laursl gallate Strong 100.0 0.0 925 00 963 s 9.9 01 929 01 964 s 100.0 00 9.6 02 9.3 s
p | +(Metytamino) phenol | g 995 01 1258 05 562 s %3 02 132 02 56.5 s 100.0 0.0 132 05 56.6 s
hemistifate saft
c Chioramine T Strong 100.0 00 00 00 500 s 100.0 00 83 17 s41 s 100.0 00 112 07 556 s
D Cinnamaldehyde Moderate 402 20 92 02 247 s 217 0.7 45 11 16.1 S 4889 13 44 03 266 s
E 2-Mercaptobenzothiazole | Moderate 100.0 0.0 01 0.1 50.0 s 885 75 0.0 0.0 442 s 100.0 0.0 0.0 0.0 50.0 s
F Ethyl acrylate Weak 9.2 04 41 03 512 s 948 06 58 05 503 s 9.0 17 71 07 531 s
G | Imidarolidinylurea Weak 259 44 00 00 129 s 293 20 00 00 147 s 370 09 27 46 19.8 s
H Glscerol NC 13 12 00 00 06 Ns 23 28 00 00 11 NS 96 47 0.0 00 48 NS
I Salicylic acid NC 55 19 0.0 0.0 23 NS 16 15 11 0.6 13 NS 17.5 32 05 03 9.0 S
J Isopropanol NC 08 13 0.0 0.0 04 NS 33 38 0.0 0.0 19 NS 9.7 34 0.0 0.0 43 NS

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS), and cells containing a dash () indicate missing

data.
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Within-laboratory reproducibility for Phase I was 100% (10/10) at Lion and Mitsui, 100% (7/7) at
Sumitomo, and 90% (9/10) at Nissan, or an average of 97.3% (36/37).
Specific considerations for some of the ten chemicals tested during Reliability Stage Phase I are given
below. Insofar as there were no significant discrepancies observed in the values for NAC, NAL, or
mean % depletion of 4-(methylamino) phenol hemisulfate salt, cinnamaldehyde, 2-mercaptobenzothiazole,
ethyl acrylate, imidazolidinylurea, glycerol, isopropanol at the four participating laboratories, comments

on these test chemicals have been omitted.

Lauryl gallate

There were significant differences in NAL depletion across the four laboratories. As shown in Table 16,
a comparison of the solvents used to prepare the test chemical solutions shows that lauryl gallate in
acetonitrile solution consistently yields a NAL depletion of 92.5% or higher, but lauryl gallate in acetone
solution yields NAL depletions between 17.0% and 65.9%, which is significantly lower and less
consistent than in acetonitrile solution. In general, the reaction rate of organic compounds in solution will
vary with the solvent, which makes sense in terms of chemistry, on that basis the VMT believes that these

differences were most likely due to differences in the solvents used.

Table 16: Mean % depletion for lauryl gallate in solution at the four participating laboratories

Ist 2nd 3rd

Lion 05.6% 92.7% 02.6%
[Solvent: Acetonitrile] [Solvent: Acetonitrile] [Solvent: Acetonitrile]

Mitsui 18.5% 17.0% 03.6%
[Solvent: Acetone] [Solvent: Acetone] [Solvent: Acetonitrile]

Sumitomo 65.9% 20.6% 43.2%

[Solvent: Acetone] [Solvent: Acetone] [Solvent: Acetone]

Nissan 02.5% 02.9% 03.6%

[Solvent: Acetonitrile] [Solvent: Acetonitrile] [Solvent: Acetonitrile]

Also, significant differences in NAL depletion in acetone solution were found even at the same

laboratory. Table 17 shows values for NAL depletion during the 2nd replicate test at Mitsui.
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Although lauryl gallate itself has no sites that react with amino groups in NAL, but once with oxidation
the formation of a,B-unsaturated ketones creates the potential that these metabolites will react with thiol
and amino groups. (Figure 1) Thus, since lauryl gallate is a highly hydrophobic pre-hapten
(CLOGP = 6.8), it seems highly likely that this difference in reactivity (depletion) is due to either the
lauryl gallate dissolving uniformly in the reaction solution or a greater quantity of oxidation, which the

VMT believes results in a low level of depletion as well as greater variability when in acetone solution.

The mean % depletion for lauryl gallate, however, were all 50% or greater, which means that

differences in solvent had no effect on the prediction of its skin sensitization potential.

Table 17: Mean % depletion for lauryl gallate during 2nd replicate test at Mitsui

Mitsui 2nd test 2nd re-test 2nd re-re-test
Solvent Acetone Acetone Acetone
=1 84.6% 11.3% 18.0%
"""""" N2 | s | saaw | 17e%
"""""""" R A
Mean (N=3) 85.2% 48.3% 17.0%
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Figure 1: Example of oxidation of lauryl gallate

Chloramine T

NAL depletion at Lion, Mitsui, and Sumitomo during the three replicate tests was 90.9% or higher in
all instances, but at Nissan was 0.0%, 8.3%, and 11.2%. (Table 15-4) Chloramine T is known to break
down in aqueous solution into p-toluene sulfonamide, which is considered a non-sensitizer. (Figure 2)
The extent of this break down varies greatly, depending on the pH of the solvent, the temperature, and the
length of the treatment, which leads the VMT to conclude that the low level of NAL depletion at Nissan

was most probably due to these factors, but the precise cause remains unclear.

degradation
L — > 2
S., .Cl S

g N & NH
Na*
Chloramine-T p-Toluenesulfonamide
( sensitizer) ( non-sensitizer)

Figure 2: Break down of Chloramine-T in aqueous solution

Salicylic acid

Average value of depletion during the 3rd replicate test was 1.8% at Lion and 4.9% at Mitsui, which
meant that salicylic acid was predicted to be a non-sensitizer (Tables 15-1 and 15-2), whereas 6.1% at
Sumitomo and 9.0% at Nissan meant that it was predicted to be a sensitizer. Also, as shown in Table 18,
the average values for the 3rd replicate test at Sumitomo and Nissan were significantly higher than those
for the 1st or 2nd replicate tests, resulting in non-concordant prediction results. The VMT considers this
to be an indication of a technical issue that occurred during the 3rd replicate test at these two participating

laboratories, but the precise cause remains unclear.

Table 18: Mean % depletion for salicylic acid at Sumitomo and Nissan
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Ist 2nd 3rd
. 0.6% 6.1%
Sumitomo i} . - o
[Non-sensitizer] [Sensitizer]
Nissan 2.8% 1.3% 0.0%
[Won-sensitizer] [Won-sensitizer] [Sensitizer]

6. Explanation of retesting and measures implemented

Explanation of retesting

There were disparate instances of retesting at the four participating laboratories whenever one of the
three replicate tests of the ten test chemicals failed to satisfy the test acceptance criteria. The reasons for
retesting are summarized below in Table 19. The cells highlighted in pink indicate instances in which the
test acceptance criterion shown on the left was not satisfied (9 instances in total), and the cells highlighted
in blue indicate instances in which the test acceptance criteria were satisfied but the value for Reference
Control C was so low that the apparent depletion was less than -10% and in spite of the fact that there was

no co-clution, the data was handled as if it were interference (2 instances in total).

Table 19: Occurrences and Explanations of Retesting during Reliability Stage Phase |

Lion Mitsui Sumitomo Nissan

Re-test in Phase I T
o 11 Exp. 21 Exp. L1 Exp. 2-1 | Exp. 22 Exp. 3-1 Exp. 21 Exp. 11
2 2 2
B 1| retesy | P2 | reesy | B3 | B | tenn | B2 | frectest) | (revtess) | B3 Exp 1| Exp.2 Exp.3 | Exp.l

Exp.2 | Exp.3
(retest) (retest) (retesn | 2P P

Number of test chemicals or tests 10 6 10 10 10 10 O\ZIAC) 10 10 m;]_) (]\i:(i) 10 10 10 10 10 6 10 10

_NAC | Calibration

Calibration curve I >09%
NAL lnearity

NAC
NAL

NAC
NAL

A C i 32-44M

B

Peak area CV < 10%

Cy i 3.2 - 44uM
Peak area CV < 10%

Reference . C ion | 3.2 - 4.4uM

ol NAL

controls Peak area CV <10%

NAC

Water Water Water

c Concentration | 32 44uM | S0 31400 323M

NAC

Peak area CV < 10%

Othres.
Concentration | 3.2 - 4.4uM KVZJ;:\:/I

NAL

Acetone

13.6%

Peak area CV<10%

8- 100% 1.7%
SD < 10%
86 - 100% 83.2% 76.3%
SD < 10%
NAC depletion SD < 10% 12.6% 238%
NAL depletion SD < 10% 36.6%
Others.

NAC | depletion

Positive control

NAL | depletion

Test chemicals

7. Review of test acceptance criteria
The test acceptance criteria were revised as a result of the retesting that had been necessary during
Reliability Stage Phase I.

Here is a summary of the changes that were agreed and implemented.
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1. Revision of the control range for the positive control

2. Revision and clarification of the SOP
2-1. Clarification of proper pipette technique
2-2. Measures for when there is no co-elution, but the NAC or NAL depletion is less than -10%
2-3. Retesting when the mean % depletion falls very close to the threshold value

2-4. Revision of test record sheets

7-1. Revision of the control range for the positive control

Although there were a number of cases during Phase I in which depletion of the Positive Control
reagent fell outside the control range, this was not the main reason that the control range was revised for
Phase II. As previously explained, the addition of EDTA to the NAC stock solution as a means of limiting
oxidation of NAC was approved during a meeting of the VMT prior to the start of Phase 1. At that time,
the only data for depletion of the Positive Control reagent in this type of test was from the lead laboratory,
which was sufficient only for a provisional Phase I control range to be established based on the lead
laboratory’s historical data. When Phase I ended the additional data on for depletion of the Positive
Control reagent from each of the participating laboratories were used to review the control range, after

which the revised control range for Phase II was approved.

During Phase I, data on depletion of the Positive Control reagent from each of the participating
laboratories was used to calculate the mean+3SD, which was used as a control criterion. In consideration
of the fact that phenylacetaldehyde, which is used as a Positive Control reagent, and other chemicals that
exhibit moderate levels of reactivity can easily exhibit variability in reactivity with even slight change in
reaction conditions as well as the fact that the oxidation of aldehyde compounds into carboxylic acid can
cause variability in depletion, £3SD of the mean for each participating laboratory was used as a control

criterion. Thus, the control range for Positive Control reagents was newly established as follows:

Control range for positive control reagents: 6% < NAC depletion <30% and 75% < NAL depletion
<100%
For reference, the control range for Positive Control reagents in DPRA was

60.8% < Cysteine peptide depletion < 100% and 40.2% < Lysine peptide depletion < 69.4%, which is
significantly wider than the control range currently used for ADRA.

7-2. Revision and clarification of the SOP
7-2-1. Clarification of proper pipette technique

Proper pipette technique helps prevent a number of potential technical problems. Listed below are
some of the most common potential problems that might result from failure to use proper pipetting

technique.
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1. SD of NAC or NAL depletion in acetone solution is greater than 10%

2. SD of NAL depletion in acetonitrile solution is greater than 10%

3. NAC or NAL concentration of Reference Control C in aqueous solution fails to satisfy criteria
4. CV of NAL concentration of Reference Control C in acetone solution is greater than 10%

5. NAL depletion of test chemical in aqueous solution is less than -10%

In particular, acetone has a very high vapor pressure, and in order to prevent the dripping that
accompanies increasing pressure inside the pipette, an instruction to "pre-rinse the pipette five times prior
to use" as suggested by the manufacturer was added to page 13 in section 4-2. “Preparation and Reaction

of Reaction Solutions”.

7-2-2. C/M when there is no co-elution, but the NAC or NAL depletion is -10% or less

Although NAC or NAL does not co-elute with the test chemical, there were cases where NAC or NAL
depletion in Reference Control C was lower than depletion in the test chemical. Thus, the test acceptance
criteria include the conditions that the CV of the peak area for both NAC and NAL in Reference Control
C be 10% or less as well as the NAC and NAL concentration in Reference Control C be between 3.2 and
4.4 uM. The VMT found, however, that there were cases in which NAC or NAL concentration was within
the specified range albeit very close to the lower limit and in which depletion of the test chemical was
within the specified range and very close to the upper limit, for which depletion is -10% or lower
irrespective of the fact there is no co-elution. Due to the nature and complexity of this phenomenon, it is
very difficult to establish a countermeasure that a suitable for each individual instance, and thus an
instruction was added “to implement a suitable countermeasure” on page 24 in section 8-4-1. “Co-elution:
Interference” of the SOP.

7-2-3. Retesting when the mean % depletion falls very close to the threshold value
Just as with DPRA, retesting is required to confirm a prediction of sensitizer or non-sensitizer in
ADRA whenever the mean % depletion is close to the threshold value. The conditions and requirements

for retesting, and the rationale behind them, are given below.

For the NAC/NAL prediction model
Condition: When the mean % depletion is between 3.0 and 10.0%, perform retesting (page 24 in section
8-3. Data Acceptance for Amino Acid Derivative Reactivity Assay of the SOP).

Rationale: After reviewing data on 82 test chemicals previously tested multiple times at the lead
laboratory and listed in the scientific paper (Yamamoto et al., 2015), the VMT could only
identify seven test chemicals that yielded non-concordant results across three replicate tests
for predicting sensitization potential, which meant that statistical determination of a suitable
criterion from such a limited dataset was highly problematic. Thus, the VMT established

criteria for retesting of test chemicals that yield non-concordant results across three replicate
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tests, using (1) a lower limit of the smallest mean % depletion for a test chemical predicted to
be a sensitizer based on a majority decision of three replicate tests as well as (2) an upper
limit of the largest mean % depletion for a test chemical predicted to be a non-sensitizer
based on a majority decision. Thus, the range of values smaller than the lower limit (1) and
larger than the upper limit (2) covers all test chemicals for which retesting produces a
different result. As a result, the lower limit (1) was 3.5% from ethyl vanillin, and the upper
limit (2) was 6.3% from a-amyl cinnamaldehyde. During Phase I, however, the highest value
(2) at Nissan was 9.0%, which led to the conclusion that 3.5— 9.0% was a more suitable
criterion for retesting. Also, the range used in the DPRA validation was 3—10%, which
approximates to the 3.5-9.0% mentioned above and leads us to propose 3.0—10.0% as a range
of mean % depletion within which retesting would be required to make a prediction using the
NAC/NAL prediction model.

For the NAC-only prediction model
Condition: When NAC depletion is between 4.0 and 11.0%, perform retesting (page 24 in section 8-3.
Data Acceptance for Amino Acid Derivative Reactivity Assay of the SOP)

Rationale: There are no instances of accurate predictions made using the NAC-only prediction model in
either historical data from the lead laboratory or Phase I data from the four participating
laboratories. Thus, the VMT established a range of NAC depletion scores within which
retesting would be required to make a prediction using the NAC-only prediction model be
based on the above range for mean % depletion used to make a prediction using the
NAC/NAL prediction model. The threshold value for the NAC-only prediction model is 5.6%
which is 0.7% higher than the threshold value for the NAC/NAL prediction model of 4.9%.
Adding 0.7% to the range for the NAC/NAL prediction model above gives a range of
3.7-10.7%. Rounding these values up led the VMT to propose 4—11% as a suitable range.
Thus, the VMT established 4-11% as a range of NAC-depletion scores within which retesting

would be required to make a prediction using the NAC-only prediction model.

7-2-4. Revision of test record sheets

In response to a request from the participating laboratories, the original test record sheets were replaced
with a revised version that included solvent selection for the test chemical as well as for recording the
details of how test chemical solutions were prepared, including the use of mixing, agitating, or sonicating,

and the duration of such methods.

8. Conclusion
Within-laboratory reproducibility for Phase 1 was 100% (10/10) at Lion and Mitsui, 100% (7/7) at
Sumitomo, and 90% (9/10) at Nissan, or an average of 97.3% (36/37) at the four participating laboratories.
All of these results satisfied the 80% minimum target value established by the VMT, indicating excellent
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within-laboratory reproducibility for ADRA.

Between-Laboratory Reproducibility

As previously noted, a number of improvements to issues arising in Phase I were made to the SOP, and
Reliability Stage Phase II (Between-Laboratory Reproducibility) was performed using SOP ver. 1.1.
Changes made between the end of Phase I and the start of Phase II included:

(1) Modification of the control range for the positive control reagent to 6-30% for NAC and 75-100%

for NAL

(2) Precautions regarding pipette operation

(3) Explanations of the need for and new parameters for additional testing when the mean % depletion

is close to the threshold value

(4) Countermeasures for when depletion is less that -10% in spite of a lack of co-elution.

Of these four points, we determined that Nos. 2, 3, and 4 had no effect on Phase I test results for the

following reasons.

(2) affects how the test is performed but have no direct impact on test results.
(3) applies only to test chemicals that are tested only once, whereas during Phase I, all test chemicals
were tested three times, which obviates the need for additional testing.

(4) was added to the SOP at this time, but similar measures were carried out during Phase I testing.
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With regard to (1), in cases during Phase I for which the positive control reagent failed to satisfy
control criteria and retesting was carried out, all tests satisfied the new criteria. In these cases, since we
used the data for the retesting, we verified whether or not using the data for retesting changed the
prediction results.

During Phase I, retesting was carried out twice at Lion and twice at Mitsui, because the positive control
failed to satisfy the control criteria. We looked at test results prior to retesting for these two tests and,
excluding instances where interference was detected, as shown by the yellow highlight in Table 12, there
is full concordance between the results of retesting during Phase 1 and the results of applying the new
control range to measurements made prior to retesting. In cases where interference was detected, since
retesting would be required under the Phase II criteria, we used the results of the retesting.

Based on the above, we determined that the new control criteria for Phase II would not affect

prediction results or predictive capacity even if used for Phase I data.

1. Solvent selection
Solvents for the 40 test chemicals used in Phase I and Phase II of the Reliability Stage were selected at
each participating laboratory in accordance with the SOP. Prediction of sensitization potential for 32 of
the 40 test chemicals was concordant at all four participating laboratories. As shown in Table 10, the eight
test chemicals that were not concordant at all four participating laboratories were: lauryl gallate,
chloramine T, p-benzoquinone, hydroquinone, citral, palmitoyl chloride, hydroxy citronellal, benzyl
alcohol, and fumaric acid. Differences in solvent had no effect on prediction of sensitization potential for

six of these eight test chemicals. The two exceptions, however, were citral and hydroxy citronellal.

LLNA predicts citral to be a sensitizer, and the three participating laboratories that used acetonitrile as
the solvent—Lion, Mitsui, and Nissan—produced the same concordant result. In contrast to this,
Sumitomo used water as the solvent and predicted citral to be a non-sensitizer. Similarly, LLNA predicts
hydroxy citronellal to be a sensitizer, and the three participating laboratories that used acetonitrile as the
solvent—Lion, Mitsui, and Sumitomo—produced concordant results. In contrast to this, Nissan used
water as the solvent and predicted hydroxy citronellal to be a non-sensitizer. Based on these results, both
these test chemicals yield higher mean % depletion and are predicted to be sensitizers in acetonitrile
solution, but yield lower mean % depletion and are predicted to be non-sensitizers in aqueous solution.
The mean % depletion for citral at all four participating laboratories were close to the threshold value and
required three replicate tests to make a prediction. Also, for the same reasons, hydroxy citronellal required
three replicate tests at Lion and Nissan as well as to replicate tests at Sumitomo. Based on these results,
citral and hydroxy citronellal both appear to yield different results with different solvents—a sensitizer in
acetonitrile solution and a non-sensitizer in aqueous solution—but in all cases the mean % depletion is
very close to the threshold value, which indicates that these test chemicals are difficult to predict
accurately. The VMT considers this to be a significant reason for the non-concordant predictions at the

participating laboratories.
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Table 20: Test chemicals and solvents used in Phase I and Phase II at the four participating laboratories
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Lion Mitsui Sumitomo Nissan

No. Test chemicals
Exp.l | Exp.2 | Exp3 | Exp.l | Exp2 | Exp3 | Expl | Exp2 | Exp3 | Exp.l | Exp.2 | ExpJ3
1 Lauryl gallate AN AN AN AT AT AN AT AT AT AN AN AN
4-(Methylams
2 (Methylamine) phencl W W W W W W W W w W w W
hemisulfate salt

40 Fumaric acid AT AT W AT

*W: aqueous solution, AN: acetonitrile solution, AT: acetone solution

2. Co-elution
One limitation of DPRA was co-elution of the test chemical with either cysteine peptide or lysine
peptide, which affected predictions of sensitization potential. In contrast to this, an ADRA uses NAC and
NAL, which are measured at a longer wavelength (Amax) and a higher molar absorption coefficient (¢) than
these peptides. For this reason, ADRA results have been free from measurable co-elution so far. The 40
test chemicals used in Phase I and Phase II of the Reliability Stage exhibited no co-elution with NAC or

53/ 85



NAL at any of the participating laboratories.

3. Between-Laboratory Reproducibility (concordance in prediction)

Between-laboratory reproducibility was evaluated based on test results from 40 coded test chemicals.
Final predictions for the 10 test chemicals that were subject to three replicate tests during Phase I were
based on mean % depletion. For example, the results of the three replicate tests of salicylic acid at Nissan
were 2.8% (non-sensitizer), 1.3% (non-sensitizer), and 9.0% (sensitizer). Since the mean % depletion of
these three results is 4.4%, which is below the threshold value of 4.9%, the test chemical was predicted to

be a non-sensitizer.

3-1. Between-laboratory reproducibility of the 30 test chemicals used in Phase I1

Since 10 test chemicals were subjected to three replicate tests during Phase I, and 30 test chemicals
were subjected to single tests during Phase II, the results of Phase I were handled differently from the
results of Phase II. Thus, a preliminary evaluation of between-laboratory reproducibility was made using
just the 30 test chemicals used for Phase II. Tables 21-1 and 21-2 show NAC and NAL depletion as well
as standard deviation (SD), and Table 22 shows mean % depletion and predictions at each participating
laboratory for these 30 test chemicals. Between-laboratory reproducibility for these 30 test chemicals was
calculated using results from three laboratories, and was 89.2%, which exceeded the minimum target
value set by the VMT of 80%.

Table 21-1: NAC depletion at each participating laboratory

B X Lion Mitsui Sumitomo Nissan
o Test chemicals
Exp. SD |Add Expli SD |Add Exp2i SD Exp. SD |Add Exp.li SD |Add Exp2; SD Exp. SD |Add Exp.li SD |Add Exp2i SD Exp. SD |Add Exp.1i SD |Add Exp2i SD

1 Diphenylcyclopropenone 321 04 267 03 323 08 255 1.7

12 p-Benzoquinone 100.0 00 100.0 0.0 1000 00 100.0 0.0

13 Hydroquinone 100.0 0.0 100.0 0.0 100.0 0.0 100.0 0.0

14 2-Methyl-2H-isothiazol-3-one 100.0 00 100.0 0.0 1000 00 96.7 01

15 2-Ami 1000 0.0 1000 |00 1000 | 00 1000 | 00

16 Todopropyny! butylcarbamate 100.0 00 943 05 1000 0.0 100.0 00

17 Propyl gallate 100.0 00 100.0 0.0 1000 00 100.0 0.0

18 Dihydroeugenol 23 09 43 03 34 01 17 01 44 01 40 02 03 01

19 Benzylsalicylate 0.0 00 02 03 36 04 00 0.0

2 Squaric acid diethy 148 |03 254 19 2.1 13 249 o

2 Citral 72 03 54 03 10.0 05 91 04 44 40 126 06 116 09 0.0 00 57 06 62 0.6 134 04 197 03
2 Palmitoy] Chloride 82 02 42 02 0.0 00 343 320 00 00

23 Resorcinol 52 08 12 11 129 035 62 01 78 02 6.0 05 65 02

24 Benzylcinnamate 03 03 00 0.0 0.0 00 00 0.0

2 23-Butanedione 305 09 08 |76 00 08 685 |04

26 Farnesal 322 29 287 04 281 15 314 23

27 Eugenol 192 04 299 11 285 30 181 13

28 Penicilln G 10 04 0.0 0.0 40 03 0.0 0.0 05 02

29 Lilial 98 04 103 05 256 46 94 11 109 03 128 05 252 05

30 Hydroxycitronellal 5. 0.7 162 i04 | 103 fos| 202 10 6.3 30 8.7 0.6 7.5 00 | 138 et 77 0.1
31 Benzyl alcohol 04 05 0.0 0.0 42 04 04 05

32 Dimethylisophthalate 04 06 09 03 0.0 00 05 09

33 4-Aminobenzoic acid 22 02 0.0 0.0 41 09 27 05

34 Diethyl phthalate 05 08 00 0.0 0.0 00 00 0.0

35 iy 0.0 0.0 0.0 0.0 0.8 08 0.0 0.0

36 Dextran 97 02 28 10 89 11 22 03 12.0 04 130 04 58 01

37 Coumarin 72 46 17 02 15 02 34 17 01 02

38 Propyl paraben 04 07 0.0 0.0 05 07 0.0 0.0

39 Sulfanilamide 03 03 33 03 31 11 149 05 47 07 05 01
40 Fumaric acid 47 0.3 24 0.5 2.6 12 4.1 0.4 41 12 0.2 0.2

Table 21-2: NAL depletion at each participating laboratory
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B X Lion Mitsui Sumitomo Nissan
o Test chemicals
Exp. SD |Add Expli SD |Add Exp2; SD Exp. SD |Add Expli SD |Add Exp2i SD Exp. SD |Add Exp.l{ SD |Add Exp2i SD Exp. SD |Add Exp.1i SD |Add Exp2i SD
11 Diphenylcyclopropenene 43 01 18 03 35 05 16 11
12 p-Benzoquinone 02 684 08 585 17 444 09
13 Hydroquinone 01 258 04 412 13 288 12
14 2-Methyl-2H-isothiazol-3-one 03 04 00 0.0 03 03 00 0.0
15 2-Ami 64 |06 320 04 29 |33 265 03
16 Todopropyny! butylcarbamate 05 09 0.0 0.0 03 04 0.0 00
17 Propyl gallate 729 01 639 05 68.6 12 684 07
18 Dihydroeugenol 67 03 87 03 78 04 42 08 57 035 64 04 41 04
19 Benzylsalicylate 15 04 035 09 03 035 00 0.0
2 Squaric acid diethy 706 |02 s 13 659 05 42 o4
2 Citral 19 03 44 01 3.0 11 12 10 04 03 00 00 07 03 0.0 00 00 00 06 05 31 27 40 06
2 Palmitoy] Chloride 848 75 508 10 599 38 902 85 955 14
23 Resorcinol 04 03 0.0 0.0 09 04 15 03 14 04 0.0 0.0 23 40
24 Benzylcinnamate 13 02 00 0.0 09 04 02 03
2 23-Butanedione 0.0 0.0 47 04 0.0 0.0 0.5 0.4
26 Farnesal 82 02 85 04 97 03 64 05
27 Eugenol 52 05 24 03 98 12 35 05
28 Penicilln G 14 035 0.0 0.0 21 01 27 02 0.0 0.0
29 Lilial 44 02 37 02 21 01 04 04 15 05 03 03 48 02
30 Hydroxycitronellal 20 0.1 47 0.1 24 0.4 23 02 6.4 0.6 20 02 0.0 0.0 0.0 0.0 14 10
31 Benzyl alcohol 0.0 01 50 44 02 01 00 0.0
32 Dimethylisophthalate 15 01 00 0.0 0.0 00 06 01
33 4-Aminobenzoic acid 01 01 0.0 0.0 05 02 0.0 0.0
34 Diethyl phthalate 11 02 00 0.0 0.0 00 01 02
35 iy 11 02 0.0 0.0 0.2 04 0.0 0.0
36 Dextran 04 03 00 00 05 03 0.0 0.0 23 05 20 03 00 0.0
37 Coumarin 21 03 36 02 01 01 02 03 00 0.0
38 Propyl paraben 16 02 01 02 0.0 0.0 0.0 0.0
39 Sulfanilamide 15 05 02 03 0.0 00 00 0.0 11 18 41 16
40 Fumaric acid 59 0.5 46 0.3 3.6 12 0.7 0.4 0.7 0.1 1.0 0.6

Table 22: Predictions at each participating laboratory for the 30 test chemicals used in Phase II
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™o Test chemicals LION MITSUI SUMITOMO NISSAN
11| Diphenylcyclopropenone | 182 | 142 179 |15
R p-Benzoquinone | 811 | . 842 .. /3 n1 .
R Hydroquinone | 627 .68 | .. 06 | 644
14 2-Methyl-2H-isothiazol-3-one | 502 | 50 502 84
15| . 2-Aminopheno | 682 o 66 Lo 665 ... 633
16| Tlodopropynyl butylcarbamate | 503 | 472 | 02 .50
(17  Propylgallate | 85 | g2 | 843 | 842
R Dihydroeugenol | 45/65/56 | 29 51/52 | 22 .
R Benzylsalicylate | 08 . 04 Lo 19 00
20| Squaric acid diethylester | L R V... . S 4 | 345
3 cieal | 46/69/65 | 51/24/63 | 61/00/28 |34/83/119
(22| Palmitoyl Chloride | 465 | 215 | 299 | 478
23| Resorcinol | 28 06 | 69/38/46 | 30/44
240 Benzylcinnamate | 08 | L N = S 01
25| 23-Butanedione | 152 o 178 L. 195 o 345 .
(26| Famesal | 202 186 [ .. 189 |....18%
27 Eugenol | 22 61 | 191 | 1los
2 PenicillnG | L S LU 30/14 | 02 .
20 | Libl L IMf7o 138 | . 49/62 | 66/150
(30| Hydroxycitronellal | 39/105/64 )| 113 | 64/54 | 37/70/46
3L Benzylalcoho | 02 o 25 22 02 .
E2 Dimethylisophthalate | 08 05 ol (U I 06 .
(33 4-Aminobenzoicacid | T 0 23 |
34 Diethyl phthalate | 08 o L L I 01
35 Methylsaticylate | 06 o 0 o5 L
(36| . Deswan | 50/14/47 | 11 | 72/75 [ 29 ..
37 Coumarin | 46/27 | 08 ol L 01
(38| . Propylparaben | LS 01 .02 0
30 Sulfanilamide | 08 LT 16 | 74/29/23
40 Fumaric acid 53/35/31 24 24 06

3-2. Between-laboratory reproducibility of the 30 test chemicals used in Phase II (sorted into three

categories of sensitization potency)

In section 1) above, the VMT evaluated between-laboratory reproducibility for the 30 coded test
chemicals used in Phase II based on prediction of sensitization potential. The statistical analysis looked in

particular at the test chemicals that were predicted as or are known to be sensitizers, and evaluated

between-laboratory sensitization based on prediction of sensitization potency, using two categories:

extreme/strong sensitizers and moderate/weak sensitizers, as shown in Table 23.

The results, as shown in Table 23, were 100% between-laboratory reproducibility for extreme/strong
sensitizers, 80.8% between-laboratory reproducibility for moderate/weak sensitizers, and 92.5%

between-laboratory reproducibility for non-sensitizers. For reference, a similar table calculated from the

results of the DPRA validation study report is shown to the right.
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Table 23: Between-laboratory reproducibility of the 30 test chemicals, sorted into three categories of

sensitization potency
ADRA DPRA
chemiea | PR e | PR
Extreme/Strong 7 100.0 Extreme/Strong 2 100.0
ModerateWeak | 13| os || ModerateWeak | 4| 750
""" Nocaegory | 10 | 25 | | wocmegny | 3 | 7

*BLR: Between-Laboratory Reproducibility

3-3. Between-laboratory reproducibility of the 40 test chemicals used in Phases I and II

Prediction of sensitization potential for 36 of the 40 test chemicals was concordant at all four
participating laboratories. As shown in Table 24, between-laboratory reproducibility calculated similarly
to DPRA using results from three laboratories was 91.9%, which exceeded the minimum target value of
80% set by the ADRA VMT.
Table 24 includes detailed results for 40 test chemicals at the four participating laboratories.
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Table 24: Prediction results for 40 test chemicals at four participating laboratories.

hemisulfate salt

Fumaric acid

A t
Mo. Chemicals Lion Mitsu Sumitomo Nissan greemen
2 classes
_____________________________________________________________ Average of 3 experiments e,
L Tauylgallate S e S S i S e Yes .
4-(Methylami henol
5 {Methylamino) pheno g g g 5 Yes

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).
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3-4. Between-laboratory reproducibility of the 40 test chemicals used in Phases I and II (sorted into
three categories of sensitization potency)

Section 3) above evaluated between-laboratory reproducibility for the 40 coded test chemicals used in
Phases I and II based on prediction of sensitization potential, and the report now addresses test chemicals
that were predicted to be sensitizers, and evaluates between-laboratory sensitization based on prediction

of sensitization potency, using two categories: extreme/strong sensitizers and moderate/weak sensitizers.

The results, as shown in Table 25, confirm 100% between-laboratory reproducibility for extreme/strong
sensitizers, 85.3% between-laboratory reproducibility for moderate/weak sensitizers, and 94.2%
between-laboratory reproducibility for non-sensitizers. For reference, a similar table calculated from the
results of the DPRA validation study report is shown to the right.

Table 25: Between-laboratory reproducibility of the 40 test chemicals, sorted into three categories of

sensitization potency

ADRA DPFERA
P hemies |1
Extreme/Strong 10 100.0 Extreme/Strong 8 875
ModerateWesk | 17| ss | | ModerateWeak | 7 | 74
""" Nocaegory | 13 | 942 | | Nocaegry | s | 67

* BLR: Between-Laboratory Reproducibility

4. Other considerations
The low level of retesting that was required tends to confirm the effectiveness of the changes made in
response to the amount of retesting needed during Phase 1.
There were non-concordant predictions among the four participating laboratories for four of the 30 test
chemicals used during Phase II-—namely, dihydroeugenol, citral, hydroxy citronellal, and dextran.
We discuss about these results below.

4-1. Test chemicals yielding non-concordant predictions among the four participating laboratories

Dihydroeugenol

Dihydroeugenol is a prohapten, and for this reason is excluded from the expected applicability
domain of ADRA, just as it was excluded from that of DPRA (Basketter et al. 2010). Dihydroeugenol
1s known to be oxidized into reactive sensitizer, and if oxidized sufficiently during the test procedure,
will exhibit a sufficient specific reactivity with NAC or NAL and be predicted to be a sensitizer.
Conversely, however, if not oxidized sufficiently, it will exhibit low reactivity with NAC or NAL and
be predicted to be a non-sensitizer. Predictive results obtained at the four participating laboratories are

shown in Table 26. Each of these mean % depletion is very close to the sensitization potential threshold
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value of 4.9%. For this reason, as shown in Table 26, even the smallest discrepancy in oxidation can

result in non-concordant predictions, making dihydroeugenol difficult to predict accurately.

Table 26 Chemical structure of dihydroeugenol and its mean % depletion at the four participating
laboratories

Dihydroeugenol Lion Mitsui Sumitomo Nissan
Ist 4.5 29 51 A
--------------------------------------------------------------------------------------------------------------------------------------------------- HO
2nd 6.5 - < -
Ird 56 - - - \"O
Prediction Sensitizer Non-sensitizer Sensitizer Non-sensitizer
Solvent AN/AN/AN AN AN/AN AN

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Citral

As shown in Table 27, citral in acetonitrile solution was predicted correctly to be a sensitizer at Lion,
Mitsui and Nissan, but citral in aqueous solution was predicted incorrectly to be a non-sensitizer at
Sumitomo. This raises the possibility that different solvents affect the results. The mean % depletion
for citral at all four participating laboratories were close to the threshold value and required two
additional tests to make a prediction. For this reason, we consider the accurate prediction of the
skin-sensitization potential of citral to be highly problematic, with a strong possibility of

non-concordant results across multiple participating laboratories.

Table 27  Chemical structure of citral and its mean % depletion at the four participating

laboratories
Citral Lion Mitsui Sumitomo Nissan
1st 46 51 6.1 34
T e e | 24 | 00 | 83
e 65 | 63 | 28 | 1me 0P NF =
Prediction Sensitizer Sensitizer Non-sensitizer Sensitizer
Solvent ANANAN ANANAN WIWIW AN/AN/AN

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Hydroxycitronellal

As shown in Table 28 and similarly to citral, hydroxycitronellal in acetonitrile solution was predicted
correctly to be a sensitizer at Lion, Mitsui and Sumitomo, but in aqueous solution was predicted
incorrectly to be a non-sensitizer at Nissan. The mean % depletion for hydroxycitronellal were close to
the threshold value and at three of the four participating laboratories required additional tests to make a
prediction. For this reason, we consider the accurate prediction of the skin-sensitization potential of

citral/hydroxycitronellal to be highly problematic, with a strong possibility of non-concordant results
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across multiple participating laboratories.

Table 28 Chemical structure of hydroxycitronellal and its mean % depletion at the four

participating laboratories

Hydroxycitronellal Lion Mitsui Sumitomo Nissan
1st 39 11.3 6.4 37
T T ws | - | s4 | 10 MH
N 64 | - - 46 0%
Prediction Sensitizer Sensitizer Sensitizer Non-sensitizer
Solvent ANANAN AN ANAN WWIW

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

Dextran

High molecular weight test chemicals will not penetrate intact skin, and all known skin sensitizers are
of relatively low molecular weights. Dextran has a mean molecular weight of 40,000 macromolecules,
and for this reason could be excluded from the applicability domain of ADRA, just as it was excluded
from that of DPRA. Moreover, DPRA required 100-mM test chemical solutions, which meant preparing a
4,000-mg/mL solvent and was impossible from the standpoint of solubility. In contrast, ADRA requires
1-mM test chemical solutions, which meant preparing a 40-mg/mL solvent, so that testing dextran was
possible.

Dextran has no site in its chemical structure that reacts with NAC or NAL, and is considered
essentially non-reactive. Nevertheless, aldehyde group at position 1 of glucose and other reducing sugar
reacts with hydroxyl group at position 5 of those to form cyclic structures, which are known to generate
partially aldehyde group per reverse reaction in aqueous solution (U. Satyanarayana and U. Chakrapani,
2014). This means that when the mean % depletion is more than a few percentage points, it is possible
that the partially generated aldehyde groups will react with NAC or NAL. Such is likely the cause of
Sumitomo recording the relatively high value of 7.2%, as shown in Table 29, which is assumed to be due
to something promoting ring-open reactions of reducing termini, resulting in NAC reacting with the
aldehyde groups that were generated.

Table 29 Chemical structure of dextran and its mean % depletion at the four participating

laboratories

Dextran Lion Mitsui Sumitomo Nissan
Ist 50 15 72 29 B o
2nd 14 - - - TEN 1.
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" OH (],
Ird 4.7 . aH
OH ek
Prediction Non-sensitizer | Non-sensitizer Sensitizer Non-sensitizer oH
m
Solvent WIWAW W W W

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).
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4-2. The incidence of and reasons for retesting

Due to a significant incidence of retesting during Phase I, the previously described adjustments were
implemented during Phase II. In order to verify the effectiveness of these measures, the reasons for
retesting during Phase II are summarized below in Table 30.

Table 30: Reasons for retesting at each participating laboratory during Phase 11

Lion Mitsui Sumitomo Nissan
Re-test in Phase-2

Esp. 1 |Esp.2 |Exp.3 |Exp.4 |Exp. 5 |Esp. 1 |Esp.2 |Esp.3 |Exp 4|Exp. 5 |Esp. 1 |Esp.2|Exp.3|Exp.4|Exp. 5 |Esp.6|Esp. 7 |Esp.1|Esp2|Esp 3 |Esp 4 |Esp.5|Exp.6|Exp 7 |Exp.§

Number of test chemicals or tests 9 8 13 7 5 17 13 17 10 10 10 9 11 6 3 3 1 17 17 13 13 ° 6 3

(NAC)

NAC | Calibration

Calibration curve T >0.990
NAL Iinearity

NAC
NAL
M) peskaren | CV<io%
NAL 122%
Concentration | 3.2 - 4.4uM

Peakarea | CV<10%
Concentration | 3.2 - 4.4uM

Peakarea | CV<10%
¢ C i 32 44uM
Peakarea | CV<10%

Others - -
. Concentration | 3.2 - 44uM
NAL S

Peak area CV<10%

A - Concentration | 3.2 - 44uM

B

NAC

Reference controls
NAL

6 - 30% 38.7%
SD < 10%
75 - 100% 69.6%
SD < 10%

NAC | depletion

NAL | depletion

14.6%
NAC depletion SD<10% 50.8% 233% 20%

Test chemicals 147%

NAL depletion SD < 10%

i

Also, the instances of retesting and percentage of retesting relative to the total number of tests during
Phases I and II is given below for both NAC and NAL in Tables 31-1 and 31-2.

During Phase I, there was one instance out of 19 tests (5.3%) in which NAC depletion of the Positive
Control reagent as well as two instances out of 18 tests (11.1%) in which NAL depletion of the Positive
Control reagent failed to satisfy test acceptance criteria. During Phase II, there was one instance out of 25
tests (4.0%) in which NAC depletion of the Positive Control reagent as well as one instance out of 24
tests (4.2%) in which NAL depletion of the Positive Control reagent failed to satisfy test acceptance
criteria, thus showing a slight reduction in retesting for NAL depletion. The VMT believes this
improvement tends to confirm that a suitable adjustment had been made to the control range for the

Positive Control reagent.

During Phase I, there were three instances out of 19 tests (15.8%) in which NAC depletion of
Reference Control C as well as one instance out of 18 tests (5.6%) in which NAL depletion of Reference
Control C failed to satisfy test acceptance criteria. During Phase 11, there were no instances out of 25 tests
(0%) in which NAC depletion of Reference Control C as well as two instances out of 24 tests (5.6%) in
which NAL depletion of Reference Control C failed to satisfy test acceptance criteria, thus showing a
reduction in retesting for NAC depletion. The VMT believes this improvement tends to confirm that the
precautions regarding proper pipette operation had the desired effect at each of the participating

laboratories.
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There were a total of four instances during Phase II that were found to be human error, including
problems with the HPLC equipment, preparation of test chemical solutions, or properly setting the plate
in the auto sampler. In contrast to this, there were no instances during Phase I that were found to be

human error. The instances of human error during Phase II appear to be random events.

Table 31-1: Incidence of and reasons for retesting during Phase |

NAC NAL NAC NAL
Phase I No.of | Noof |, | Noof | Noof |, _ Phase [ No.of | No.of |, o | Neof | No.of |, . o
Tests Errors Tests Errors Tests Errors Tests Errors
RC-B Errors 19 0 0.0 18 0 0.0 Test Chemical Errors 164 2 1.2 163 1 0.6
RC-C Errors 19 3 15.8 18 1 5.6
Positive Control Errors 19 1 5.3 18 2 11.1
Other Issues 19 0 0.0

Table 31-2: Incidence of and reasons for retesting during Phase 11

NAC NAL NAC NAL
Phase Il No. of No.of | . No. of No.of | . Phase II No. of No. of . No. of No. of ;
Tests Errors % Entors Tests Errors "% Erzors Tests Errors % Exrors Tests Etrors % Errors
RC-B Errors 25 0 0.0 24 1 4.2 Test Chemical Errors 229 5 2.2 223 0 0.0
RC-C Errors 25 0 0.0 24 2 8.3
Positive Control Errors 25 1 4.0 24 1 4.2
Other Tssues 25 4 16.0

4-3. Incidence of retesting and other considerations

During Phase II, in cases where the mean % depletion falls close to the threshold value, retesting was
performed in accordance with section 2-3 of the SOP “Retesting when the mean % depletion falls very
close to the threshold value”. This section of the report considers the incidence of retesting, the measures

introduced to minimize retesting, and the results obtained.

The instances in which retesting was performed at the four participating laboratories are summarized
below in Table 32. Retesting was performed for 10 test chemicals, all of which were either
moderate/weak sensitizers or non-sensitizers, meaning that they exhibit little sensitization potential. 21 of
120 test chemicals were retested for an incidence of 17.5%. Of these, retesting was performed at multiple
participating laboratories or six test chemicals—namely, dihydroeugenol, citral, resorcinol, lilial, hydroxy
citronellal, and dextran. The testing of these six test chemicals all yielded mean % depletion very close to
the threshold value even at participating laboratories that did not perform retesting, indicating that

accurate prediction of sensitization potential is difficult for each of these chemicals.

Also, at one participating laboratory, retesting was performed for four test chemicals—namely,

penicillin G, coumarin, sulfanilamide, and fumaric acid—each of which is either a weak sensitizer or a

63 / 85



non-sensitizer. Three of these—penicillin G, coumarin, and sulfanilamide—required retesting because the
mean % depletion from the first replicate test was high, in spite of the fact that the mean % depletion from
the second and third replicate tests were all less than 3%. The object of retesting is to enhance the
accuracy of the predictions, and in these cases, that purpose was achieved by avoiding an incorrect

prediction. The mean % depletion from the first replicate test for fumaric acid was also high, but retesting

enabled it to be correctly predicted to be a non-sensitizer.

Table 32: Retesting at the four participating laboratories during Phase 11

™o, Test chemicals Lion it Sumitormo Missan
11 Diphenvlcvclopropenone

(12| pBemoqunone |
=R Hydroquinone 1 e
| 14| 2-Methyl-2H-isothiazol-3-one |
15 2-Aminophenol |\
[16] lodopropynyl butylearbamate | |
RN Propylgallate | |\ o
18] ... Dihydroeugenol L SRRSO SO A S
19 Benzylsalicylate L
201 . Squaric acid diethylester L
21 citral * * * *

22| PamitoyiChloride | | | |
(23| Resorcinol L S
24 . Benzylcinmamate
25| 23-Butanedione Ll
26| L2t I | e
27| Eugenol L
28 Penicilln G =

Y T I B g SRR
30| Hydroxycitronellal | * | & | x| &
(31 Benzylaleohol 1
32 Dimethylisophthalate |
33| #Aminobenzoicacid |
34| Diethylphthalate |\ o
35 Methylsalicylate | o
L Dexran | R (Y WO R
37 Coumarin | R R WO
(38 Propylparaben | o
(39 . Sufanlamide  po o
40 Fumaric acid =

#Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS), and cells containing blank indicate missing data.
An asterisk (*) indicates that retesting was performed.

The report now considers the results of predictions of skin sensitization potential during Phase II
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between test chemicals that required retesting and those that did not. Table 33 shows the results for test
chemicals that required only a single test (in other words, did not require retesting) to predict skin
sensitization potential during Phase II. There were seven instances, indicated in Table 33 by bold cell
borders, in which predictions that required only a single test differed from predictions that required
retesting. Of these, the following five yielded incorrect predictions: dihydroeugenol at Lion, citral at

Nissan, hydroxy citronellal at Lion, sulfanilamide at Nisan, and fumaric acid at Lion.

Table 33: Results for test chemicals that required only a single test (did not require retesting) to predict

skin sensitization potential during Phase II

Nao. Test chemicals Lion MIit=w Sutnitomo Nis=an

11 Diphenvlcyclopropenone

40 Fumaric acid

#Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS). An asterisk (*) indicates that retesting was
performed.
#Red bold cell borders indicate test chemicals for which predictions that required only a single test differed from
predictions that required retesting.
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These results, as shown in Table 34, were 100% between-laboratory reproducibility for extreme/strong
sensitizers, 75.0% between-laboratory reproducibility for moderate/weak sensitizers, and 77.5%
between-laboratory reproducibility for non-sensitizers.

Between-laboratory reproducibility for test chemicals that required retesting, as shown in Table 23, was
100% for extreme/strong sensitizers, 80.8% for moderate/weak sensitizers, and 92.5% for non-sensitizers,
which is an indication that retesting helped improve between-laboratory reproducibility by roughly 6%
for moderate/weak sensitizers and 15% for non-sensitizers.

The above results confirm that the prescribed retesting improved between-laboratory reproducibility

Table 34: Between-laboratory reproducibility without retesting during Phase 11

Number of
. BLR

chemicals
Extreme/Strong 7 100.0
Moderate/Weak 13 750
No category 10 715

5. Between Laboratory Reproducibility: Conclusions of the Validation Management Team

The concordant predictions of skin sensitization potential for the 40 test chemicals by the four
participating laboratories is the measure of between-laboratory reproducibility. Between-laboratory
reproducibility indicating concordance of sensitizers and non-sensitizers was 91.9% when calculated for
three participating laboratories, which contrasts favorably with DPRA’s between-laboratory
reproducibility of 75%. (Please note that, when recalculated without the three test chemicals—namely,
dihydroeugenol (pro-hapten), beryllium sulfate (metal salt), and nickel chloride (metal salt)}—that were
later excluded from the applicability domain, DPRA’s between-laboratory reproducibility is 85.7%. The
VMT noted that the EURL/ECVAM DPRA validation study was conducted using a chemical set intended

to evaluate the performance of DPRA and two cell-based assays.)

Additionally, for these 40 test chemicals, recalculating between-laboratory reproducibility for the three
classifications of sensitization potency results in 100% for the 10 test chemicals that are extreme/strong
sensitizers, 85.3% for the 17 test chemicals that are moderate/weak sensitizers, and 100% for the 13 test

chemicals that are non-sensitizers (Table 25).

Similarly, recalculating DPRA’s between-laboratory reproducibility for the three classifications of
sensitization potency results in 87.5% for the eight test chemicals that are extreme/strong sensitizers,
71.4% for the seven test chemicals that are moderate/weak sensitizers, and 66.7% for the nine test
chemicals that are non-sensitizers (Table 25). Thus, relative to DPRA, ADRA shows an improvement in

between-laboratory reproducibility.
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For both strong sensitizers and non-sensitizers, ADRA exhibited virtually perfect concordance between
laboratories. And although differences in the number of test chemicals used to evaluate these two test
methods makes it difficult to generalize, the VMT considers ADRA to have demonstrated superior

between-laboratory reproducibility across all sensitization potencies relative to DPRA.

The VMT confirmed that the results more than satisfied the 80% minimum target value for
between-laboratory reproducibility specified in the ADRA study plan. And having exhibited better than
90% between-laboratory reproducibility, ADRA, like DPRA, is suitable for use as an alternative method

to animal testing in combination with other non-animal test methods.
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Predictive Capacity

Table 35 shows the skin sensitization potential of the test chemicals predicted by each of the four

participating laboratories during the ADRA validation testing.

With respect to the three replicate tests performed for the 10 test chemicals used in Phase I, the
prediction of skin sensitization potential was made using the arithmetic mean value obtained from three

replicate tests.

Table 35: Predicted skin sensitization potential of the 40 test chemicals at four participating laboratories

(1)

. . Reference Lion Mitsui Sumitomo Nissan
[No. Chemicals result
Exp.1 Exp.2 Exp.3 Exp.1 Exp.2 Exp.3 Exp.1 Exp.2 Exp.3 Exp.1 Exp.2 Exp.3
1 Lauryl gallate Strong S S S S S S S S S S S S
2 4'(31};";:1_153‘]1”;‘;):;;&1"1 Strong s s s s s s s s s s s s
3 Chloramine T strong 5 S s s s 5 5 5 5 S s s
4 Ci idehyd Moderate S S s S s 5 5 S S s S
5 2-Mercaptebenzothiazole moderate 5 S s S 8 8 8 5 S s S
6 Ethyl acrylate Weak S s s S 8 8 8 S S s s S
7 Imidazolidinyhirea weak 5 S S S 5 5 5 S 5 S S S
8 Glycerol 1o category NS Ns NS NS NS NS NS NS NS Ns NS NS
9 Salicylic acid no category N§ N§ NS NS NS NS NS S N§ NS S
10 Isopropanol no category NS NS NS NS NS NS NS NS NS NS NS NS
11 Diphenylcyclopropenone Exireme S s S s
12 p-Benzoquinone Extreme s s s s
13 Hydroquinone Strong S S 8 s
14 2-Methyl-2H-isothiazol-3-one Strong 5 s 5 S
15 2-Aminophenol Strong 5 s 5 S
16 Todopropynyl butylcarbamate Strong S S S S
i7 Propyl gallate Sirong S 3 S s
18 Dihydroeugenol Moderate S NS 8 NS
19 Benzylsalicylate Moderate NS NS NS NS
20 Squaric acid diethy Moderate S S S S
21 citral Moderate S s NS S
22 Palmitoyl Chloride Moderate S s s s
23 Resorcinol Moderate NS NS NS NS
24 Benzylcinnamare Weak NS NS NS NS
25 23-B i Weak 5 S 5 S
26 Famesal Weak S = g S
27 Eugenol Weak S s S s
28 Penicilln G Weak NS NS NS NS
29 Lilial Weak 5 s 5 s
30 Hydroxycitronellal Weak 5 S 5 NS
31 Benzyl alcohol no category N§ NS NS NS
b Dimethylisophthalate 00 category NS NS NS NS
3 4 Aminobenzoic acid o category NS NS NS NS
34 Diethyl phthalate 10 category N8 NS NS N8
35 Methylsalicylate 10 category NS NS NS NS
36 Dextran 1o category NS NS s N§
37 Coumarin no category N§ NS NS N§
38 Propyl paraben 1o category NS NS NS NS
i) ulfandamid 0 category NS xS NS NS
40 Fumaric acid 110 Category NS NS NS NS

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS), and cells containing blank indicate missing data.

Between-laboratory reproducibility was evaluated based on test results from 40 coded test chemicals.
Again, final predictions for the 10 test chemicals that were subject to three replicate tests during Phase I
were based on mean % depletion. For example, the results of the three replicate tests of salicylic acid at
Nissan were 2.8% (non-sensitizer), 1.3% (non-sensitizer), and 9.0% (sensitizer), and since the mean of

these three mean % depletion is 4.4%, salicylic acid was predicted to be a non-sensitizer.
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It should be noted that despite a low level of NAL depletion (76.3%) in the Positive Control reagent,
which failed to satisfy the test acceptance criteria of 86—100%, no retesting was performed for the second
replicate test at Sumitomo, so the data sets for the three test chemicals affected by this problem
(cinnamaldehyde, 2-mercaptbenzthiazole, and salicylic acid) are incomplete (See “Module 2:

Within-Laboratory Reproducibility; 3. Sumitomo; 3-5. Incomplete data”).

For this reason, only the results of the first and the third of the three replicate tests for these three test
chemicals are included in the data set, and the mean of these two mean % depletion is used to predict skin
sensitization potential. These results are shown in Table 36. Predictive capacity for the results shown in
Table 36 is shown in Table 37. Accuracy at each participating laboratory was 90% at Lion, 87.5% at
Mitsui, and 85% at both Sumitomo and Nissan; sensitivity was 85.2% at Lion, 81.5% at Mitsui, 81.5% at
Sumitomo, and 77.8% at Nissan; and specificity was 100% at Lion, 100% at Mitsui, 92.3% at Sumitomo,
and 100% at Nissan.
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Table 36: Predicted skin sensitization potential of the 40 test chemicals at four participating laboratories

(2)
- . LLNA . . . .
No. Chemicals ) Lion Mitsm Sumitomo Nissan DPRA
category
1 Lauryl gallate Strong s s s s gl
2 4-(Methylamino) phenol Strong g g g g gl

hemisulfate salt

Fumaric acid

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-segﬁit;z I
data. 1) G. F. Gerberick ef al. 2007 ; 2) DPRA validati tL%ii/

2012 ; 5) Urbisch D et al. 2015

precluded preparation of a 100-mM test chemical solution.

(NS), and cells containing a dash (—) indicate missing
report, 2012 ; 3) Natsch et al. 2013 ; 4) Bauch et al.
a) Dextran could not be tested with DPRA, because its high mean molecular weight



Table 37: Predictive capacity for 40 test chemicals at each of the four participating laboratories

Cumulative LION MITSUI SUMITOMO NISSAN
Reference result -+ - + - + - + - +
+
88 20 + 23 4 + 2 5 + 2 5 + 21 6
N=27)
] 1 51 - 0 13 - 0 13 - 1 12 - 0 13
(N=13)
Total Total Total Total Total
Sensitivity (%) 81.5 852 Sensitivity 815 Sensitivity ~ 81.5 Sensitivity ~ 77.8
Specificity (%) 98.1 100.0 Specificity  100.0 Specificity 923 Specificity  100.0
Accuracy (%) 86.9 90.0 Accuracy 873 Accuracy  85.0 Accuracy  85.0

Thus, cumulative accuracy for the 40 test chemicals used in Phases I and II at the four participating

laboratories was 86.9%, sensitivity was 81.5%, and specificity was 98.1%.

Predictive capacity for all test chemicals used at the four participating laboratories, which was
calculated on the basis of 237 test results—three replicate tests of ten Phase I test chemicals at four
participating laboratories, excluding the three incomplete data sets from Sumitomo, from Phase I
(3x10x4 —-3=117) as well as one test of thirty test chemicals at four participating laboratories from
Phase IT (1 x 30 x 4 = 120), is shown in Table 38.

Table 38: Cumulative predictive capacity for 40 test chemicals at the four participating laboratories

Total predictive capacity

Reference result +
- 142 20
___________ N=162)
] 3 72
N=75)
Total
Sensitivity (%) 87.7
Specificity (%) 96.0
Accuracy (%) 90.3

This yields an accuracy of 90.3%, a sensitivity of 87.7%, and a specificity of 96.0%.

Whichever of the above methods for calculating predictive capacity (accuracy, sensitivity, and

specificity), is used, the results show a very high concordance.

1. Predictive capacity, sorted into three categories of sensitization potency
In predicting skin sensitization potential to ensure human safety it is necessary to predict with virtually
100% accuracy all chemicals with strong skin sensitization potency. For this reason, the VMT calculated
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accuracy for three separate categories of sensitization potency: extreme/strong sensitizers, moderate/weak
sensitizers, and non-sensitizers. For completeness, a similar calculation was made using data from the
DPRA validation study report.

As can be seen below in Table 39, ADRA results exhibited the desired accuracy by correctly predicting
all 10 test chemicals known to have strong sensitization potency. ADRA results also exhibited an
extremely high accuracy of 98.1% for the 13 test chemicals known to be non-sensitizers. In comparison,
the DPRA validation study results result in an accuracy of 79.2% for extreme/strong sensitizers and

88.9% for non-sensitizers.

Table 39: Predictive capacity for skin sensitization potential of the 40 test chemicals, sorted into three

categories of sensitization potency

ADRA DPRA
. . o . . Predictiv N . Predictiv
No. of chemicals Lion Mitsui Sumitomo | Nissan redeiive No. of chemicals redetve
capacity capacity
Extreme/Strong 10 100.0 100.0 100.0 100.0 100.0 Extreme/Strong g 79.2
Moderate Weak 17 76.5 706 706 64.7 706 Moderate/Weak 7 606.7
No category 13 100.0 100.0 923 100.0 98.1 No category 9 88.9

Since 10 test chemicals were subjected to three replicate tests during Phase I, and 30 test chemicals
were subjected to single tests during Phase II, the results of Phase I were handled differently from the
results of Phase II. These statistical methods were determined and agreed before study data were

generated.

The VMT calculated predictive capacity for the 30 test chemicals from Phase II, sorted into three
categories of sensitization potency. Again, ADRA results exhibited the desired accuracy by correctly
predicting all 10 test chemicals known to have a strong sensitization potency, and exhibited an extremely
high accuracy of 97.5% for the 13 test chemicals known to be non-sensitizers. For reference, DPRA

results exhibited an accuracy of 83.3% for extreme/strong sensitizers and 88.9% for non-sensitizers.

Table 40: Predictive capacity for skin sensitization potential of the 30 test chemicals, sorted into three

categories of sensitization potency

ADRA DPRA
. . o . . Predictiv N . Predictiv
No. of chemicals Lion Mitsui Sumitomo | Nissan redeiive No. of chemicals redetve
capacity capacity
Extreme/Strong 7 100.0 100.0 100.0 100.0 100.0 Extreme/Strong 2 833
Moderate Weak 13 692 61.5 61.5 615 63.5 Moderate/Weak 4 2.6
No category 10 100.0 100.0 20.0 100.0 975 No category 3 88.9
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2. Four test chemicals with results that were false negatives

Benzyl salicylate

Although LLNA results classify benzyl salicylate as a sensitizer, it has no site that reacts with proteins.
One potential reason for benzyl salicylate exhibiting sensitization potential in vivo could be that alcohol
produced by hydrolysis of ester is oxidized into aldehyde, which then reacts with proteins. In this case,
the test chemical itself does not react with thiol groups in cysteine or amino groups in lysine, but first
becomes capable of reacting with thiol groups or amino groups after in vivo hydrolysis and oxidation.
Thus, it is likely that the sensitization potential of benzyl salicylate cannot be correctly predicted by either
ADRA or DPRA, which are both based on the same principle, and should be excluded from their
applicability domains. (See Table 41 below.) In fact, benzyl salicylate was predicted to be a non-sensitizer
by DPRA.

Table 41: Chemical structure of benzyl salicylate and its mean % depletion at the four participating

laboratories
Benzyl salicylate Lion Mitsui Sumitomo Nissan
st 0.8 0.4 19 0.0 O
nd - - - -
__________________________________________________________________________________________________________________________________________________ o)
Ird - - ; ;
Prediction Non-sensitizer | Non-sensitizer | Non-sensitizer | Non-sensitizer OH
Solvent AN AN AN AN

*Cells highlighted in blue indicate test chemicals that were predicted to be non-sensitizers.

Resorcinol
Although LLNA results classify resorcinol as a sensitizer, it has no site that reacts with NAC or NAL.

One potential reason for resorcinol exhibiting sensitization potential in vivo could be that, having oxidized
into catechol derivatives, further oxidation produces ketones or o, f-unsaturated ketones, resulting in a
sensitizer capable of reacting with NAC or NAL. Thus, it is likely that the sensitization potential of
resorcinol cannot be correctly predicted by either ADRA or DPRA, which are both based on the same
principle, and should be excluded from their applicability domains. (See Table 42 below.) In fact,
resorcinol was predicted to be a non-sensitizer by DPRA. And in testing with EDTA at the four
participating laboratories, resorcinol was predicted to be a non-sensitizer six of a total of seven times.
In-house data from the lead laboratory indicates that even when tested without EDTA, results were
divided between sensitizer and non-sensitizer (data not shown). This leads us to believe that, even though
Phase II testing resulted in a false negative prediction for resorcinol, this is not due to the effects of EDTA
but rather to the fact that the threshold value for mean percent depletion falls within the expected range of

variability for resorcinol. As shown in Table 42 of the validation study report, resorcinol was tested using
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water as the solvent once each at Lion, Mistui, and Nisson as well as three times at Sumitono. Thus we

feel that the solvent used has not effect on prediction of skin sensitization potential.

Table 42: Chemical structure of resorcinol and its mean % depletion at the four participating laboratories

Resorcinol Lion Mitsui Sumitomo Nissan
1st 28 0.6 69 30
T N s | aa HO OH
R
Prediction Non-sensitizer | Non-sensitizer | Non-sensitizer | Non-sensitizer
Solvent W W WIWIW WWIW

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers, and cells highlighted in blue indicate test chemicals
that were predicted to be non-sensitizers.

Benzyl cinnamate

Similarly to benzyl salicylate above, LLNA results classify benzyl cinnamate as a sensitizer, and it
likely transforms into aldehyde or other chemical with a sensitizing structure after in vivo reactions, such
as hydrolysis or oxidation. Thus, it is likely that the sensitization potential of benzyl cinnamate cannot be
correctly predicted by either ADRA or DPRA, which are both based on the same principle, and should be
excluded from their applicability domains. (See Table 43 below.) In fact, benzyl cinnamate was predicted

to be a non-sensitizer by DPRA.

Table 43: Chemical structure of benzyl cinnamate and its mean % depletion at the four participating

laboratories
Benzyl cinnamate Lion Mitsui Sumitomo Nissan
Ist 0.8 0.0 0.5 01 0
______________________ od = 0
3rd - - - -
Prediction Non-sensitizer | Non-sensitizer | Non-sensitizer | Non-sensitizer
Solvent AN AN AN AN

*Cells highlighted in blue indicate test chemicals that were predicted to be non-sensitizers.

Penicillin G

LLNA results classify penicillin G as a sensitizer. Penicillin G is known to react in vivo with -lactam
rings and hydroxy groups of serine residues (Mascaretti, 1995). It is therefore likely that penicillin G
exhibits sensitization potential when it forms common bonds with serine residues of proteins that exist in
vivo. It is possible that this test chemical was not predicted to be a sensitizer by ADRA, because it did not
react with NAC or NAL. (See Table 44.) It remains unclear as to why penicillin G was correctly predicted
to be a sensitizer by DPRA, even though both ADRA and DPRA are based on the same principle.
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Table 44: Chemical structure of penicillin G and its mean % depletion at the four participating

laboratories
Penicillin G Lion Mitsui Sumitomo Nissan
1st 12 0.0 30 02 HO—
2nd 14 - -
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" % 0

Ird =

Prediction Non-sensitizer | Non-sensitizer | Non-sensitizer | Non-sensitizer H H

Solvent W W WIW W

*Cells highlighted in blue indicate test chemicals that were predicted to be non-sensitizers.

3. Predictive Capacity: Conclusions of the Validation Management Team
The results of this validation study show that, when compared to LLNA test results, ADRA exhibits a
sensitivity of 80.6%, a specificity of 98.1%, and an accuracy of 86.3%.

These figures are consistent with those published by Yamamoto et al. (2015), who used ADRA to
predict the skin sensitization potential of 82 test chemicals and obtained a sensitivity of 87%, a specificity
0f 97%, and an accuracy of 90%.

The VMT therefore considered ADRA to be an in chemico test method which, like DPRA, has shown
the potential to form part of an integrated testing strategy (ITS) in the assessment of skin sensitization
hazards and to play a role in enhancing the predictive capacity for skin sensitization potential as part of

future ITS for comprehensive assessment.
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Applicability domain

ADRA and DPRA share the same scientific rationale and therefore share similar applicability domains
(EURL ECVAM Recommendation, 2013).

The ADRA applicability domain is, however, broader than that of DPRA. The nucleophilic reagents
used in ADRA are more sensitive and can be measured at longer wavelengths than those used in DPRA,
and as a result ARDA is conducted with lower concentrations for test chemical solutions and with

virtually no co-elution between the test chemicals and the nucleophilic reagents.
ADRA’s applicability domain and its characteristics are as defined below.

1. Technical limitations
1-1. Solubility of test chemicals
Chemicals that cannot be prepared in solution using the prescribed solvents are not suitable for testing.

1-2. Co-elution
The lead laboratory has heretofore never observed co-elution between any test chemical and NAC or
NAL. In the event, however, that a test chemical were to exhibit co-elution with NAC, it would not be

possible to predict its sensitization potential accurately based on the currently available data.

1-3. Cysteine dimerization
NAC, one of the nucleophilic reagents used in ADRA, is a cysteine derivative containing thiol groups
which form dimers when oxidized and could cause depletion to be over-evaluated. Care therefore needs

to taken when evaluating chemicals which may oxidize NAC.

2. Limitations on applicability
2-1. Restrictions on lysine and cysteine
The sensitization potential of chemicals which react primarily with amino acids other than cysteine or

lysine (e.g., nucleophilic sites in histidine) cannot be predicted accurately.

2-2. Metal compounds
Metal compounds are not suitable for testing by ADRA. Just as with DPRA, metal salts can easily be
identified from their chemical structure and have their skin sensitisation potential evaluate by other test

methods.

2-3. Pro-haptens and pre-haptens
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ADRA encompasses neither an oxidation nor a metabolic system and is therefore not suitable for

assessing pro-haptens or pre-haptens.

2-4. Oxidation
If ADRA is used to assess test chemicals that encompass an oxidation function, NAC will form dimers
when oxidized. For this reason, quantification of unreacted NAC alone is likely to result in false-positive

predictions.

3. ADRA’s characteristics

3-1. Solubility of test chemicals
As explained above, the concentration of ADRA test chemical solutions is only 1% of those used in
DPRA, which means that in practice there are very few cases in which the solubility of the test chemical

is problematic, and therefore in this respect the applicability domain broader than that of DPRA.

As with DPRA, in cases where a test chemical co-elutes with NAL, a NAC-only prediction model can
be used to predict sensitization. As both NAC and NAL can be measured at 281 nm, compared with

DPRA, there are expected to be very few test chemicals that will exhibit co-elution.

3-2. Cysteine dimerization
As explained previously, ADRA has been optimized by adding EDTA to the NAC stock solution to
prevent oxidation. Compared with DPRA, which included no means for preventing oxidation, the risk of

oxidation of NAC has been reduced significantly.

3-3. Restrictions on lysine and cysteine

As mentioned previously, penicillin G, which was tested during Phase II, is known to be a human skin
sensitizer that reacts preferentially in vivo with B-lactam rings and hydroxy groups of serine residues
(Mascaretti, 1995). For this reason, it does not react with NAC or NAL, resulting in a false-negative
prediction in ADRA (See “Module 5: Predictive Capacity; 2) Four test chemicals with results that were

false-positives; penicillin G”).

3-4. Pro-haptens and pre-haptens

There are some chemicals that are pre-haptens or pre-haptens but which are correctly predicted to be
sensitizers by ADRA because they readily are sufficiently oxidized to their active form in the reaction
solution. For example, lauryl gallate, hydroquinone, 2-aminophenol, propyl gallate, and eugenol are all
pre-haptens, having a structure that does not react with NAC or NAL, but with during the ADRA,
however they undergo a sufficient degree of oxidation while mixed with reaction solution to be correctly
predicted to be sensitizers. Thus, there were some pre- and pro-haptens that were correctly predicted to be
sensitizers, but in principle, these substances cannot be predicted correctly unless some form of oxidation

or metabolism of the test chemical were incorporated into the test method. Accordingly, as with DPRA,
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since accurate prediction of the sensitization potential of per- and pro-haptens is problematic, these

substances have been excluded from the ADRA applicability domain.

3-5. Oxidation

Since oxidized NAC (NAC dimer; NAC-D) is a synthetic intermediate of NAC, it can be easily
obtained. Although NAC-D can be formed under ADRA test conditions, the HPLC analysis measures
both forms. Therefore, NAC and NAC-D can be quantified simultaneously under the same HPLC
conditions, and it is possible to correctly evaluate unreacted NAC. This is not true for the cysteine peptide
dimer encountered at times when DPRA is used cysteine peptide: and in cases where with DPRA partial
precipitation seen at times when test chemical solutions are mixed with the cysteine peptide solution the
DPRA HPLC analysis will not measure correctly cysteine peptides that have not reacted with the test

chemical.

ADRA is an in chemico test method that is expected to be useful when used in combination with, for
example, the ARE-Nrf2 Luciferase Test (OECD TG442D), h-CLAT (OECD TG442E), and/or other test
method for which there are existing test method guidelines as part of an integrated testing strategy (ITS)
in the assessment of skin sensitization hazards as well as to play a role in enhancing predictive capacity

for skin sensitization potential as part of future ITS for comprehensive assessment.

4. Applicability domain: Conclusions of the Validation Management Team

Having the same scientific rationale, ADRA and DPRA essentially share the same minimum
applicability domain. This means that ADRA is not suitable for the assessment of metal salts, pro haptens,
pre-haptens, or similar chemicals. Nevertheless, as explained above, the use of nucleophilic reagents that
are highly sensitive to UV detection represents an improvement over a number of inbuilt limitations that
were problematic in DPRA, including solubility of test chemicals, co-elution of the test chemicals and
nucleophilic reagents, and oxidation of cysteine component of the nucleophilic reagent. Thus, once an
OECD test guideline is issued for ADRA, it will be possible to use an in chemico method to assess a
number of test chemicals that are not suitable for assessment with DPRA, thereby broadening the
applicability domain of test chemicals for which in chemico prediction of skin sensitization potential is

possible.
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VMT overall conclusions and recommendations

1. Overall conclusions
The object of this validation study was to assess the transferability, within-laboratory reproducibility,
and between-laboratory reproducibility of ADRA using coded test chemicals, thereby enabling the VMT
to assess the evidence for and against it being considered to have been scientifically validated and the

appropriateness of developing and issuing an OECD test method guideline.

The VMT has concluded that the results of this validation study show that ADRA satisfies the
requirements of Modules 1 to 4 of the ECVAM Modular Approach to Validation—namely, for test
definition, within-laboratory reproducibility, between laboratory reproducibility, and transferability.
Additionally, based on these results, the VMT considers that requirements of Module 5, predictive
capacity, and Module 6, applicability domain, have also been satisfied when assessed against other

validated test methods for assessing the skin sensitisation potential of chemicals.

The VMT considers the results of this validation study to demonstrate conclusively that ADRA is a

scientifically sound a highly reliable in chemico alternative to testing of laboratory animals.

2. Recommendations
As with DPRA, rather than being used as a standalone test, ADRA is suitable and recommended for use
as an alternative to existing in vivo tests within an integrated testing strategy that utilizes multiple

alternative test methods to conduct a comprehensive assessment of skin sensitization potential.

ADRA removes a number of limitations that inherent to the DPRA, including the following.

1. The accuracy of measurements made during HPLC analysis using cysteine peptide and lysine
peptide was enhanced in ADRA by changing the nucleophilic reagents to NAC and NAL, which
are detected and measured at longer wavelengths, as well as by the use of TFA as a post-reaction
fixing agent (Appendix 8 “Comparison of the accuracy of measurements of ADRA with DPRA™)

2. Difficulties in preparing solutions of hydrophobic test chemicals were mitigated by ADRA by the
use of highly sensitive nucleophilic reagents which enable the concentration of test chemical
solutions to be reduced to just 1% of that needed for DPRA.

3. Difficulties with precipitation and turbidity of hydrophobic test chemicals in the reaction solution
were mitigated in ADRA as a consequence of the reduced concentration of test chemical solutions,
as mentioned at Item 2 above.

4. Co-elution of the test chemicals with the nucleophilic reagents cysteine peptide and lysine peptide,
as seen with DPRA, were virtually eliminated in ADRA by changing to nucleophilic reagents that

can be measured at long wavelengths, as mentioned in Item 1.
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5. Problems such as oxidation of cysteine peptide are minimised or eliminated by the addition of
EDTA to the NAC stock solution.

The advantages of ADRA over DPRA can be summarized as shown below in seven categories,

comprising 16 points.

The advantages of ADRA over DPRA

1. The concentration of test chemical solutions used in DPRA is just 1% of that required for ADRA.

1-1. Test chemical solutions can be prepared even for test chemicals of poor solubility.

1-2. Laboratories must choose from seven different solvents when preparing test chemical
solutions for DPRA, but ADRA requires only four prescribed solvents to permit more
chemicals to be tested.

1-3. Even hydrophobic test chemicals do not precipitate easily in the reaction solution. (See
Appendix 7.)

1-4. Only very small quantities of test chemicals are required for ADRA, which means that
even expensive test chemicals can be assayed.

2. The introduction of naphthalene rings to the nucleophilic reagent enables quantification at the relatively

long wavelength of 281 nm.

2-1. There is virtually no co-elution between the test chemical and the nucleophilic reagent.
(See Appendix 7.)
2-2. Highly sensitive quantification of the nucleophilic reagent is possible, enabling the use of

test chemical solutions and nucleophilic reagents at concentrations that are just 1% of those
needed for DPRA.

3. Based on the above, the cost of assaying a test chemical using ADRA is between 1/5 and 1/10 that of

DPRA.

The cost of assaying a test chemical using DPRA is roughly 10,000 JPY (Referred to “Skin
Sensitization Potential Test Method Report” issued by JaCVAM)

The cost of assaying a test chemical using ADRA is currently between 1,000 and 2,000 JPY.
(TBD)

4. The potential for NAC oxidation is minimized by the use of disposable plastic labware and the addition
of EDTA to the NAC stock solution.

4-1.

Values obtained for NAC depletion are consistent.

4-2.

There is virtually no loss of NAC depletion due to oxidation, which eliminates the need for

retesting due to failure to satisfy test acceptance criteria.

5. NAC stock solution can be frozen at -80°C and stored for up to one year, thereby eliminating the need
for preparation prior to each use. IS THERE A REFERNCE TO CONFIRM THIS?

6. The test procedure is performed using a single 96-well microplate for all steps from chemical reaction

to measurement, which makes it possible to assay multiple test chemicals in a short period of time.

7. The addition of a post-reaction fixing agent is expected to minimize variability of depletion values.
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It is assumed that DPRA is not suitable for assaying chemicals that are oxidizers. This is because
chemicals that are oxidizers will react with the cysteine peptide, which makes accurate quantification of
nonreactive peptide problematic. In contrast to this, the availability of an authentic sample for NAC-D
when using ADRA means that even if there is NAC oxidation, HPLC analysis can be performed using the
same parameters as those for NAC. (See Appendix 7, Figure 5.) Thus, when assaying a chemical that is
an oxidizer, the quantity of NAC-D can be measured and added to the quantity of nonreactive NAC,
thereby enabling an accurate calculation of NAC depletion even for a test chemical that is an oxidizer.

For this reason, ADRA is expected to be able to assay test chemicals that are oxidizers.

As with DPRA, pro haptens, pre-haptens, and other chemicals that can change to sensitizers under auto

oxidation or metabolic reaction as well as metal salts must be excluded from the applicability domain.
However, there is some future prospect of expanding the applicability domain to include pro-haptens

and pre-haptens through the use of a derivative test system that includes in vivo enzymes or chemical

oxidation system.

81 / 85



List of References

Ahlfors SR, Sterner O, Hansson C. (2003). Reactivity of contact allergenic haptens to amino acid residues
in a model carrier peptide, and characterization of formed peptide-hapten adducts. Skin Pharmacology
and Applied Skin Physiology. 16: 59-68.

Aleksic M, Pease CK, Basketter DA, Panico M, Morris HR, Dell A. (2008). Mass spectrometric
identification of covalent adducts of the skin allergen 2,4-dinitro-1-chlorobenzene and model skin
proteins. Toxicology In Vitro. 22:1169—-1176.

Alvarez-Sanchez R, Divkovic M, Basketter D, Pease C, Panico M, Dell A, Morris H, Lepoittevin JP.
(2004). Effect of glutathione on the covalent binding of the 13C-labeled skin sensitizer
5-chloro-2-methylisothiazol-3-one to human serum albumin: identification of adducts by nuclear
magnetic resonance, matrix-assisted laser desorption/ionization mass spectrometry, and nanoelectrospray

tandem mass spectrometry. Chemical Research in Toxicology. 17: 1280-1288

Balls M, Blaauboer BJ, Fentem JH, Bruner L, Combes RD, Ekwall B, Fielder RJ, Guillouzo A, Lewis RW,
Lovell DP, Reinhardt CA, Repetto G, Sladowski D, Spielmann H & Zucco F (1995). Practical Aspects of
the Validation of Toxicity Test Procedures. The Report and Recommendations of ECVAM Workshop 5.
ATLA 23: 129-147.

Basketter, et al., (2014), Categorization of Chemicals According to Their Relative Human Skin
Sensitizing Potency. Dermatitis, 25:11-21.

Basketter, D. A., & Kimber, 1. (2010). Contact hypersensitivity. In: McQueen CA (ed) Comprehensive
toxicology, vol 5, 2nd edn edn. Elsevier, Kidlington, pp 397-411.

Bauch C, Kolle SN, Ramirez T, Eltze T, Fabian E, Mehling A, Teubner W, van Ravenzwaay B,
Landsiedel R. (2012). Putting the parts together: combining in vitro methods to test for skin sensitizing
potentials, Regulatory Toxicology and Pharmacology, 63:489-504

Chipinda I, Ajibola RO, Morakinyo MK, Ruwona TB, Simoyi RH, Siegel PD. (2010). Rapid and simple

kinetics screening assay for electrophilic dermal sensitizers using nitrobenzenethiol. Chemical Research
in Toxicology. 23:918-25

82 / 85



Cremers, C. M. and Jakob, U. (2013). Oxidant sensing by reversible disulfide bond formation. Journal of
Biological Chemistry, 288, 26489-26496

Divkovic, M., Pease, C.K., Gerberick, GF., and Basketter, D.A. (2005). Hapten-protein binding: from
theory to practical application in the in vitro prediction of skin sensitization. Contact Dermatitis. 53:
189-200.

Direct Peptide Reactivity Assay (DPRA) ECVAM Validation Study Report, January 2012.

Fujita M, Yamamoto Y, Tahara H, Kasahara T, Jimbo Y, Hioki T. (2014). Development of a prediction
method for skin sensitization using novel cysteine and lysine derivatives. Journal of pharmacological and
toxicological methods. 70:94-105

Gerberick GF, Vassallo JD, Bailey RE, Chaney JG, Morrall SW, Lepoittevin JP. (2004). Development of a

peptide reactivity assay for screening contact allergens. Toxicological Sciences. 81:332-43.

Gerberick GF, Vassallo JD, Foertsch LM, Price BB, Chaney JG, Lepoittevin JP. (2007). Quantification of
chemical peptide reactivity for screening contact allergens: a classification tree model approach.
Toxicological Sciences. 97:417-27

Gerberick, GF., Aleksic, M., Basketter, D., Casati, S., Karlberg, A.-T., Kern, P., Kimber, 1., Lepoittevin,
JP., Natsch, A., Ovigne, JM., Costanza, R., Sakaguchi, H., and Schultz, T. (2008). Chemical Reactivity
Measurement and the Predictive Identification of Skin Sensitisers: The Report and Recommendations of
ECVAM Workshop 64a. ATLA. 36: 215-242

Gerberick F, Natsch A, Emter R, Ashikaga T, Miyazawa M, Sakaguchi H. (2015). Assessing skin
sensitization hazard in mice and men using non-animal test methods, Regulatory Toxicology and
Pharmacology, 71:337-51

Hartung H., Bremer S., Casati S., Coecke S., Corvi R., Fortaner S., Gribaldo L., Halder M., Hoffmann S.,
Janusch Roi A., Prieto P., Sabbinoni E., Scott L., Worth A. and Zuang V. (2004). A modular approach to
the ECVAM principles on test validity. ALTA. 32, 467-472.

Hench, J.W., Lockwood, D.D., and Olson, K.J., 1980, Skin seniztization potential of trisodium
ethylenediaminetetraacetate., Drug and Chemical Toxicology, 3: 99-103.

JRC SCIENTIFIC AND POLICY REPORTS: “EURL ECVAM Recommendation on the Direct Peptide
Reactivity Assay (DPRA) for Skin Sensitisation Testing”, November 2013.

83 / 85



Linke,, K. and Jakob, U. (2003). Not every disulfide lasts forever: disulfide bond formation as a redox
switch. Antioxid Redox Signal, 5, 425-434.

Nagy, P., (2013). Kinetics and mechanisms of thiol-disulfide exchange covering direct substitution and
thiol oxidation-mediated pathways. Antioxid Redox Signal, 18(13), 1623-41

Natsch A, Gfeller H. (2008). LC-MS-based characterization of the peptide reactivity of chemicals to

improve the in vitro prediction of the skin sensitization potential. Toxicological Sciences. 106:464-78

Natsch A, Ryan CA, Foertsch L, Emter R, Jaworska J, Gerberick F, Kern P. (2013). A dataset on 145
chemicals tested in alternative assays for skin sensitization undergoing prevalidation, Journal of Applied
Toxicology, 33:1337-1352

Nilsson AM, Bergstrom MA, Luthman K, Nilsson JLG & Karlberg AT (2005). A conjugated diene
identified as a prohapten: Contact allergenic activity and chemical reactivity of proposed epoxide

metabolites. Chemical Research in Toxicology. 18: 308-316.

OECD SERIES ON TESTING AND ASSESSMENT Number 34; GUIDANCE DOCUMENT ON THE
VALIDATION AND INTERNATIONAL ACCEPTANCE OF NEW OR UPDATED TEST METHODS
FOR HAZARD ASSESSMENT, OECD Paris, 18 August 2005

OECD Series on Adverse Outcome Pathways No.l; Users’ Handbook supplement to the Guidline
Document for developing and assessing Adverse Outcome Pathways., OECD Paris, 2016

Raymond, J.Z., and Gross, P.R., 1969, EDTA: Preservative dermatitis., Archives of Dermatology, 100:
436-440.

Satyanarayana U. and Chakrapani U., Biochemistry 4th edition, Elsevier Health Sciences, 2014

Smith, C. M. and Hotchkiss, S. A. M. (2001). Allergic Contact Dermatitis: Chemical and Metabolic

Mechanisms. Taylor and Francis, London.

Urbisch D, Mehling A, Guth K, Ramirez T, Honarvar N, Kolle S, Landsiedel R, Jaworska J, Kern PS,
Gerberick F, Natsch A, Emter R, Ashikaga T, Miyazawa M, Sakaguchi H. (2015). Assessing skin
sensitization hazard in mice and men using non-animal test methods. Regulatory Toxicology and
Pharmacology., 71(2):337-51.

Winther, J.R. and Thorpe, C. (2013). Quantification of thiols and disulfides. Biochimica et Biophysica
Acta (BBA) - General Subjects, 1840(2), 838-846

84 / 85



Yamamoto Y, Tahara H, Usami R, Kasahara T, Jimbo Y, Hioki T, Fujita M. (2015). A novel in chemico
method to detect skin sensitizers in highly diluted reaction conditions, Journal of Applied Toxicology,
35:1348-1360.

85/ 85



Appendix 1

Study Plan

SOP ver.1.0
SOP ver.1.1
SOP ver.1.2



STUDY PLAN

Validation Sudy for Amino acid Derivative Reactivity Assay (ADRA)
asAlternative Skin Sensitization Test

Version 1.0

September 13, 2016

Conducted by ADRA Validation Management Team

1/11



TABLE OF CONTENTS

REVISION HISTORY ...ttt sttt bbbt bttt s be e e st e aeeseesbeenne s 3
LIST OF ABBREVIATION ... .ottt sttt ettt s nee e enne s 4
1. PURPOSE OF THE STUDY ..ottt ettt st st st s nee e e 5
2. INTRODUGCTION ...ttt sttt b et h et b et e b e bt eae e s b e sbeebesbe e e e sbesneennas 5
3.VALIDATION MANAGEMENT TEAM ..ottt s 6
3-1. LIST OF VALIDATION MANAGEMNT TEAM (VMT) MEMBERS........ccooeiiiiniinineneees 6
3-2. TRIAL COORDINATOR ..ottt e e 7
B3 EXPERT S e r et 7
3-4. CHEMICAL SELECTION GROUP ......ooiiiiiiiciceeen st 7
3-5. CHEMICAL MANAGEMENT GROUP ..ottt 7
3-6. DATA ANALY SIS GROUP ..ottt e e 8
3-7. RECORD MANAGEMENT GROUP......ccociiiiirieieee et 8
3-8. QUALITY ASSURANCE (QA) GROUP ...ttt 8
3-9. LEAD LABORATORY ...t bt et e 8
3-10. OBSERVERS: RESEARCHERS RESPONSIBLE FOR EXPERIMENTAL PROCEDURES.... 8

4. STUDY DESIGN....ciiiiiiiieieiieisiee ettt ettt et b et et e e e be st eseseesessesesseneseeneseenes 8
4-1. PARTICIPATING LABORATORIES ...ttt sttt st st sae s s snaa e nnns 9
4-2. TEST SUBSTANGCES ......oi ittt sttt ettt e a e st e e s aee e s s be e s aae e sabe e saseesabeesaseesabeesnreenneas 9
4-3. ACCEPTANCE CRITERIA FOR TEST DATA ..ottt ettt sttt s 9
4-4, SUCCESS CRITERIA FOR THE VALIDATION STUDY ..ttt esee s snnne e 10
4-5.RETESTINGAND ADDITIONAL TESTING DURING THE VALIDATION STUDY .....ccccee... 10
4-6. STUDY DURATION .ottt sttt sttt saa e s baeasaa e s s baeaae e e sbeeenaeeesbaeenseeesbaeenseeesseeansnnenns 10
4-7. RECORD COLLECTION AND ANALY SIS ..ottt 1
4-8. QUALITY ASSURANCE......cc ottt ettt ettt ae et e et e e saa e et e e e sae e e sbaeenaae e sbaeanseeenbeeenseeeses 1

5. REPORTING ..ottt sttt ettt b et et e b et s seene st e nensenentenennens 11

B. SPONSER ..ottt ettt b et et et b et b et b e s e bR e e nente et 11

T REFERENGCES ........oo ottt sttt ettt b et b e st e st ene st e et 11

APPENDI X. Acceptance Criteria of ADRA ........oo ittt 14

2/11



ADRA
BLR
DPRA
ECVAM
GLP
ICATM
ICCVAM
JaCVAM
NAC
NAL
OECD
PBTG
SD
SOP
VMT
WLR

LIST OF ABBREVIATION

Amino acid Derivative Reactivity Assay

Between Laboratory Reproducibility

Direct Peptide Reactivity Assay

European Centre for the Validation of Altetiva Methods
Good Laboratory Practice

International Cooperation on Alternative Té&é¢thods
Interagency Coordinating Committee on thdidation of Alternative Methods
Japanese Center for the Validation Alten@aiiest Method
N-2-(1-naphthyl)acetyl-L-cysteine
a-N-2-(1-naphthylacetyl-L-lysine

Organization for Economic Co-operation and &epment
Performance-Based Test Guideline

Standard Deviation

Standard Operating Procedures
Validation Management Team

Within Laboratory Reproducibility

3/11



1. PURPOSE OF THE STUDY

An Amino acid Derivative Reactivity Assay (ADRA) rfoalternative sensitization test was
developed by Fujifilm corp.

Fujifilm corp. and collaborators developed to disinate between non skin sensitization and skin
sensitization. A purpose of this validation study is to evaludte skin sensitization potential for
ADRA, and to submit SPSF to OECD for developmenPBITG based on current OECD TG 442C
including DPRA and ADRA.

ADRA is a method that improved DPRA (Direct PeptiBeaction Assay), and since the test

principle of ADRA is the same as that of DPRA, dation study of ADRA was performed by
reference to DPRA ECVAM Validation Repbrt

2. INTRODUCTION

In the initial process of skin sensitization, s&nsrs are generally electrophilic and reactivedmiv
nucleophilic sites on proteins, and these charattesy have been used to develop non-animal
approaches for evaluating the skin sensitizatidemni@l of chemicaf®®*, among which DPRA is the
most basic methdtf.

However, the peptides used in DPRA must be deteated20 nm because of their minimal
absorption at longer wavelengths, and various ctensubstances also have UV absorption at short
wavelengths such as 220 nm. These peptides chenoeasured precisely if they co-elute with test
chemicals or reaction products in HPLC.

Therefore, we chemically synthesized two amino aedvatives with an absorption maximum at
281 nm by introducing a naphthalene ring to cystend lysine; we named these derivatives NAC
and NAL, respectively, and used them in Amino abDierivative Reactivity Assay (ADRA). To
perform the experiment effectively, we made it easypandle multiple samples at the same time by
using 96-well microplates. Moreover, we develogednethod using compound concentrations 2
orders of magnitude less than those used in coioveitmethod®®. By making these some
substantial improvements, ADRA has higher precisi@an the conventional methods and extends the
range of application for test chemicals.

3. VALIDATION MANAGEMENT TEAM (VMT)

To make this validation study scientifically padant and to assure the smooth conduct of
validation, a study organization for validation Amino Derivative Reactivity Assay (ADRA) is
established.

The ADRA validation management team (VMT) consistéthe members of the train coordinator,
chemical selection group, chemical management grdapa analysis group, record management
group, and representative for assay developmead (@boratory). The lead laboratory supports the

4/11



participating laboratories. The VMT will prepareview, and finalize drafts of study plan and study
protocol. In addition, the VMT will also operatedacontrol the validation study such as checking the
progress of study, quality assurance of study fs;aontact and accommodate participants and so on.

VMT : Validation Management Team

Trial coordinator {Chair man)
|| |
il + :
’ Lead Laboratory
JTaCVAM Internal External Fuiifilm Co
expert expert ] TP-
Chemical Selection Group

: I

Record Management Data Analysis Group
Group Tokyo univ. of Science
JaCVAM (TUS)

hJ

Participating labolatories

: o ) ) ) } MWissan Chernical
Lion corp Mitsul Chemicals inc. Sumitorno Chernicals co, .
* Training « Traini * Traini Industories, ltd corp
nins raining raining e
+ Walidation study + Walidation study + Validation study ramng
+ Validation study

Sponsor JCIA:Japan Chemical Industry Association
JASSE: Japanese Society for Alternatives Experiments

MNIHZ{Mational Institute of Health Sciences) ICATHM (International Cooperation on Alternative Test Methods)
TaZWVAM (Tapanese Center for the Validation Alternative Test Method)

Fig.1 Management structure of the ADRA

3-1. LIST OF VALIDATION MANAGEMNT TEAM (VMT)
« Trial coordinator (Chair many--Atsushi Ono (Okayama Univ.)
- External Expert:--Kleinstreuer Nicole (NICEATM)

« External Expert---Jon Richmond (UK Home Office)
- External Expert---Kim Bae-Hwan (Keimyung Univ.)

* Internal Expert---Tsuyoshi Kawakami (National Institute of Health Saies)

* Internal Expert---Kohichi Kojima (Hatano Research Institute Food 8mdg Safety Center9
- JaCVAM ---Hajime Kojima (National Institute of Health Sciesge

- JaCVAM ---Shihori Tanabe (National Institute of Health Sciesjc

 Analysis Expert---Takashi Sozu (Tokyo univ. of Science)

- Analysis Expert---Takuto Nakayama (Tokyo univ. of Science)

 Analysis Expert---Takeshi Kusao (Tokyo univ. of Science)
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* Lead Laboratory---Toshihiko Kasahara (Fujifilm corp.)
* Lead Laboratory---Masaharu Fujita (Fujifilm corp.)
* Lead Laboratory---Yusuke Yamamoto (Fujifilm corp.)

3-2. TRIAL COORDINATOR

Trial coordinator is Dr. Atsushi Ono (Okayama Uhiv.He prepares drafts of study plan, study
protocol and test chemical list (draft), and coresermad hoc VMT meetings for such reviews and
finalizations of them. The trial coordinator is pessible for operational management of this
validation study.

3-3. INTERNAL OR EXTERNAL EXPERT

Internal Experts are Dr. Tsuyoshi Kawakami andKahichi Kojima and External Experts are Dr.
Kleinstreuer Nicole, Jon Richmond and Kim Bae-Hwamey must participate in ADRA VMT
meeting, and must be responsible for all final doents decided by VMT meeting. In addition, they
must join in preparing the OECD guidelines.

3-4. CHEMICAL SELECTION GROUP

The chemical selection group takes charges Drnt¢afojima from JaCVAM (Japanese Center for the
Validation Alternative Test Method), Dr. Tsuyoshialakami (National Institute of Health Sciences,
(NIHS)) and Dr. Kohichi Kojima (Hatano Researchtitose Food and Drug Safety Center, FDSC) as
Internal expert, Dr. Kleinstreuer Nicole, Dr. Joittitnond and Dr. Kim Bae-Hwan as external expedmfr
ICATM (International Cooperation on Alternative Tédethods). They will perform definition of seleati
criteria and chemical selection. The chemical sielecgroup will proposed candidate chemicals irs thi

validation based on chemicals used in validatiodysof Direct Peptide Reactivity Assay (DPRA).

3-5. CHEMICAL MANAGEMENT GROUP
The chemical management group takes charges Omel#ojima, and JaCVAM colleagues. Dr. Tanabe
prepare the list of coded test substances andbditgrchemicals to the laboratories participatinghiis

validation study.

3-6. DATAANALY SIS GROUP

The members of data analysis group take charg&dRashi Sozu (Tokyo Univ. of Science), Mr. Takuto
Nakayama and Mr. Takeshi Kusao (Tokyo Univ. of 8c@, and analyze the data obtained in this
validation study from a third-party standpoint. Yhalso take charge of statistical processing i thi

validation study.

3-7. RECORD MANAGEMENT GROUP
The members of record management group take ch@geltsushi Ono, Dr. Hajime Kojima and
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JaCVAM colleagues. They prepare protocol, testtsimog preparation record forms, blank data shetts,
and distribute them to the laboratories participaiin this validation study. They also collectefil out
forms and data sheets after completion of expersngainting out omissions or flaws in recordingaiify,

and requesting correction of such errors.

3-8. LEAD LABORATORY
Fujifilm corp. supports the participating laboratsras the lead laboratory.

3-9. OBSERVERS. RESEARCHERS RESPONSIBLE FOR EXPERRIMENTAL
PROCEDURES
Each delegate from each laboratory in the validasimudy is also an observer of the ADRA VMT. The
delegates or personnel under their supervisiony caut experiments according to the study protocol.
Upon completion of all experiments, they must subfitied out all record forms, etc. obtained inghi

validation study to the record management group.

4, STUDY DESIGN
The ADRA procedure is based on the measuring timairéng concentration of NAC/NAL after reaction
for 24 hour. Moreover, the operation is simple aagdy because it is based on 96-well microplates Thi

ADRA validation will evaluate within and betweerbtatory reproducibility, and predictive accuracy.

4-1. PARTICIPATING LABOLATORIES

Four laboratories were technical transferred freadlLaboratory through training experiment. At ieas
three Laboratories must participate in validatitndg to meet a regulation requirement of this study
Laboratories that can adjust schedule of this atitich study will participate in this study.

1) Lion Corp.

2) Mitsui Chemicals, Inc.

3) Nissan Chemical Industries, Ltd.

4) Sumitomo Chemical Co. Ltd.

4-2. TEST SUBSTANCES
Four laboratories will test the same 40 chemidtés validation study will set two phases.
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Table 1. Breakdown of substances used for the AD&iation study
Phase No-ofthe | No. of the Examination Remarks
substances| repetitions
2) WLR The WLR will be assessed on the basis of 10

| 10 3 b) BLR chemicals tested 3 times. The median of 3 data

obtained in the phase | will be used as data of BL
The BLR will be assessed on the basis of 40 cham

Il 30 1 BLR tested (10 chemicals tested 3 times in the phasal 30

chemicals tested once in the phHge

4-3. ACCEPTANCE CRITERIA OF ADRA

Each Acceptance Criteria is closely prescribed DRA SOP. Furthermore, it is also made a table of

Acceptance Criteria in the last APPENDIX

4-4. SUCCESS CRITERIA OF THE VALIDATION STUDY

The VMT considered it appropriate to define in athaindicative assessment criteria to be used to
enable a transparent judgment and decision ondtfermance of the test methods in consideration of

the study primary goal.

In consideration the above, the target performdacehis study was set at 80% for the Between

Laboratory Reproducibility and 80% for the Withiatoratory Reproducibility.

(1) If the Within Laboratory Reproducibility is eguto or more than 80% in the Phase | test, the
next Phase Il test could be performed after getipygroval from VMT member. However, if it
is not the case, VMT member should discuss andemght measures against the results.

(2) If the Between Laboratory Reproducibility fo® £hemicals tested, which are 10 chemicals
tested 3 times in the Phase | and 30 chemicalsctestce in the Phase Il for each laboratories,
will be equal to or more than 80%, the Validatidndy could be terminated after getting

approval from VMT member. However, if it is nbetcase, VMT member should discuss and
implement measures against the results.

(3) Predictive capacity of the ADRA is equal to more than 80 % in each laboratory for 40
chemicals. However, if it is not the case, VMT membhould discuss and implement measures

against the results.
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4-5. THE CONDITIONSFOR IMPLEMENTING RE-TEST OF THE VALIDATION STUDY

1. If Acceptance Criteria of validation study st met:
(1) If any one of Acceptance Criteria from [t [6] described in APPENDIX is not met the
conditions, re-test of the test conducted shoulpgdséormed up to 2 times in each Validation study
(Phasd and PhasH).
(2) If the SD for the depletion of NAC or NAdccording to test chemicals is equal to or more tha
10%, re-test of any relevant test chemicals shbelgerformed up to 2 times in each Validation
study (Phasé and Phasdl), and the assay from [1] to [6] should be alsoqrentd at the same
time.

2. If a human mistake is made:
(2) If an apparent human mistake is maderehson should be recorded in the experimental repor

and re-test can be performed.

4-6. STUDY DURATION
This experimental trial of validation test will peerformed from October, 2016 to January, 2017.
(See “6. TIMELINE”)

4-7. RECORD COLLECTIONAND ANALYSIS

The independent biostatistician of the study walllect the data and organize them in specific data
collection software. They will work in close collafation with the biostatisticians. After decoding
they will analyze the data statistically. The datanagement procedures and statistical tools applied
are to be approved by the trail coordinator andh datalysis group. Any deviations from these
principles should be documented along with a disiomsof their impact on the study results.

4-8. QUALITY ASSURANCE

Participating laboratories should conduct all stediccording to the principles of Good Laboratory
Practices (GLP, OECD 1999). Any deviations fronstherinciples should be documented along with
a discussion of their impact on the study results.

5. REPORTING

1) The trial coordinator prepares a report to ugderthe international peer review
(ICCVAM/ECVAM/JaCVAM/Health Canada) within the fraawork of ICATM based on the
validation data related to the relevance obtaiheoligh the ADRA validation study.

2) After obtaining scientifically pertinent validah data related to the relevance through the ADRA
validation study, the trail coordinator preparessearch paper for joint publication.
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6. STUDY TIMELINE
An approximate schedule for ADRA validation studyshown below.
Phase| 10 compounds three timi@®mpound end of November, 2016
Phase Il 30 compounds  one tifieompound end of January, 2017

7. SPONCER
To operating this validation study, research grant provided by Japan chemical
Industry Association (JICA) and The Japanese Society for Alternative to Animal

Experiments (JSAAE) is used as source of funds.
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APPENDIX. Acceptance Criteria of ADA

Calibration | Reference | Reference| Reference Reference Positive Test Chemicald
curve Control Control Control Control Control [(N=3])
A B C C (N=3] (each solvent)
(N=3) (N=6) (N=3) (N=3] (ACN)
(ACN)* (ACN)* (ACN)* (except ACN)
(1] (2] (3] [4] (5] (6] [7]
r? >0.990 — — — — — —
Mean
) — 4.0£0.8M — 4.0£0.8.M 4.0£0.8M — —
concentration
Peak area CV<10%
(ACN) (N=9)
Peak area
CV<10%
(except — — — — — —
(N=3)
ACN)
Depletion — — — — — SD<10% SD<10%
Depletion NAC:<78.2%
Upper limit NAL:<25.7%
Depletion NAC:>47.4%
Lower limit NAL:>8.8%

* Reference Controls required in this assay inddpahof solvents for test chemicals

ACN : acetonitrile
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1. PURPOSE OF THE STUDY

An Amino acid Derivative Reactivity Assay (ADRA)rfassessing skin sensitization potential was
developed by Fujifilm Corporation as an alternativén vivo testing.

Fujifilm Corporation and its collaborators develdphis test to distinguish skin sensitizers from
non-sensitizers. A purpose of this validation stislyo evaluate ADRAs capacity to identify skin
sensitization potential and to submit a standaajept submission form (SPSF) to the OECD for the
development of a performance-based test guideRBI G) as a derivative of the current OECD TG
442C that includes the Direct Peptide Reaction A$B&RA).

ADRA is an enhanced derivative of DPRA and is basedhe same scientific principles, so the

ADRA validation study is to be performed with refece to the DPRA ECVAM Validation Repbrt
and based on the assumption that ADRA is to be insadop-down approach to identifying chemicals
having skin sensitization potential.

2. INTRODUCTION

There is a general agreement regarding the keydiadl events underlying skin sensitization.
Existing knowledge of the chemical and biologicaamanisms associated with skin sensitization has
been summarized in the form of an Adverse Outcoatbviy (AOP), which starts with a molecular
initiating event and continues through intermedietents that lead to the adverse effect—namely,
allergic contact dermatitis in humans or contagidrgensitivity in rodents.

In the initial process of skin sensitization, s&nsrs are generally electrophilic and reactivedmiv
nucleophilic sites on proteins, and these charattesy have been used to develop non-animal
approaches for evaluating the skin sensitizaticenqi@l of chemicalé,® * among which DPRA is the
most basic method?

The peptides used in DPRA, however, must be andlye220 nm because of their minimal
absorption at longer wavelengths. Moreover, mamggbals also have UV absorption at wavelengths
as short as 220 nm. These peptides cannot be mdgscisely if they co-elute with test chemicals
or reaction products in HPLC.

Therefore, we chemically synthesized two amino aedvatives with an absorption maximum at
281 nm by introducing a naphthalene ring to cystend lysine; we named these derivatives NAC
and NAL, respectively, and used them in ADRA. Tofpen the experiment effectively, we made it
easy to handle multiple samples at the same timaidiyg 96-well microplates. Moreover, we
developed a method that uses chemical concentsadiotwo orders of magnitude less than those used
in conventional methods? These are substantial improvements, which give AQReater precision
than conventional methods and extend the applibabibmain to even more chemicals.

3. VALIDATION MANAGEMENT TEAM

An organization is to be established to ensure lbé#t this validation study is scientifically
pertinent and that it is conducted smoothly.

The ADRA validation management team (VMT) compriadsial coordinator, a chemical selection
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group, a chemical management group, a data analysig, a record management group, and a
representative from the assay developer (lead daty). The lead laboratory provides support to the
participating laboratories. The VMT prepares, rexsggand finalizes drafts of the study plan andtud
protocol. In addition, the VMT also manages thedatlon study by checking its progress, performing
quality assurance of study records, and coordigatith participants.

VMT: Validation Management Team

Trial coondinabor (Chair man) |

| | |
* * * Lead Ifabl}ratm-'
JaCWVAN Internal External Fujifilm C -}fp._
expert expert
Chemical Selection Group

: J

Chemdical Management Group
Fzcosd Management Grovp Data Analbysis Grovp
Qoality Assurznce Group Tokyo Univ. of
JaCVAMN Science
(TUS)

Participating labolatories

: . ; B n Mizzan Chemical
Lion Cosp. Witsw Chemicals Inc. Svmitomo Chemicals Co., Industories. Ttd

- Trzining - Trzining - Tezininz : ;‘.L:;ti_::-ﬂ-:-: td. Corp.
Ty | | s e iy TS

Sponsor  JCIA :Japan Chemical Indusiry Association
JSAAE: Japanese Socety for Alternatives to Animal Experiments

Fig.1 Management structure of the ADRA

3-1.LIST OF VALIDATION MANAGEMNT TEAM (VMT)
= Trial coordinator (Chairman): Atsushi Ono, Okayadraversity
- External Expert: Nicole Kleinstreuer, NICEATM
- External Expert: Jon Richmond, Ethical BiomedicabRarch and Testing Advice and Consultancy
- External Expert: Bae-Hwan Kim, Keimyung University
- Internal Expert: Tsuyoshi Kawakami, National Ingit of Health Sciences
* Internal Expert: Kohichi Kojima, Food and Drug Sgf€enter
- JaCVAM: Hajime Kojima, National Institute of Heal8tiences
» JaCVAM: Shihori Tanabe, National Institute of HeaBciences
- Biostatistician: Takashi Sozu, Tokyo UniversitySxfience
- Biostatistician: Takuto Nakayama, Tokyo UniversifyScience
- Biostatistician: Takeru Kusao, Tokyo UniversitySdience
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* Lead Laboratory: Toshihiko Kasahara, Fujifilm Cargiton
* Lead Laboratory: Masaharu Fujita, Fujifilm Corpavat
+ Lead Laboratory: Yusuke Yamamoto, Fujifilm Corparat

3-2. TRIAL COORDINATOR

Trial coordinator is Dr. Atsushi Ono of Okayama Uumsity. He prepares drafts of the study plan,
study protocol and test chemical list as well asvemes VMT meetings as necessary to review and
finalize these documents. The trial coordinatoresponsible for operational management of this
validation study.

3-3. EXPERTS

Internal Experts are Drs. Tsuyoshi Kawakami and islihKojima. Drs. Nicole Kleinstreuer, Jon
Richmond and Bae-Hwan Kim were recommended by JAMWA serves as external experts, who
support the validation study per the framework dithed for International Cooperation on
Alternative Test Methods (ICATM). These expertstiggpate in ADRA VMT meeting, and are
responsible for all documentation finalized at VMieetings. Additionally, they participate in the
preparation of the OECD guidelines.

3-4. CHEMICAL SELECTION GROUP

The chemical selection group is led by Dr. Hajimejika of JaCVAM, and includes internal
experts Drs. Tsuyoshi Kawakami and Kohichi Kojims well as external experts Drs. Nicole
Kleinstreuer, Jon Richmond, and Bae-Hwan Kim fré&@ATM. They define the selection criteria and
select the test chemicals. The chemical selectionpgwill propose candidate test chemicals for the
validation based on the test chemicals used in D&idation study.

3-5. CHEMICAL MANAGEMENT GROUP

The chemical management group is led by Dr. Hajiggima and includes other JaCVAM
personnel. The test chemicals required for thisdadibn study are to be purchased by the Lead
laboratory, Fujifiim Corp., which will deliver thetto JaCVAM. Dr. Shihori Tanabe will prepare a list
of coded test chemicals for distribution to thetipgrating laboratories.

3-6. DATAANALY SIS GROUP

The data analysis group is led by Dr. Takashi Safzliokyo University of Science and includes
Takuto Nakayama and Takeru Kusao, both of Tokyovehsity of Science, all of whom are
responsible for analyzing the data sheets submiityeithe participating laboratories as a disinterst
party. They are also responsible for the statikficacessing of the data obtained in this validatio
study.
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3-7. RECORD MANAGEMENT GROUP

The record management group is led by Dr. Atsusto @nd includes Dr. Hajime Kojima, assisted
by JaCVAM personnel. They prepare and distributthéoparticipating laboratories the protocol, test
chemical preparation record forms, blank data shestd other necessary documentation. They also
collect and validate the completed forms and da¢ets after testing is complete, including requesti
correction of any omissions or errors found inrieords.

3-8. QUALITY ASSURANCE (QA) GROUP

The quality assurance group is led by Dr. Atsusid @nd includes Dr. Hajime Kojima, assisted by
JaCVAM personnel. They will appoint an individualrhaintain all records, documents, raw data, and
reports and who will make these records availabtbé VMT as requested.

3-9. LEAD LABORATORY
Fujifilm Corporation is the lead laboratory andlvpitovide support to the participating laboratories

3-10. OBSERVERS. RESEARCHERS RESPONSIBLE FOR EXPERRIMENTAL
PROCEDURES
Each participating laboratory names one or morearehers to observe ADRA VMT meetings.
Personnel at the participating laboratories cantytesting according to the test protocol and utider
supervision of the observers. The observers aponsgble for sending copies of all record formgada
sheets, and other necessary documentation to tedrenanagement group upon completion of all
testing.

4, STUDY DESIGN

The ADRA involves measuring the residual concerngt of NAC and NAL after a 24-hour
incubation period. The operation is easy and sinplperform with high throughout, because it is
based on the use of 96-well microplates. This wdsilich study is designed to evaluate the within- and
between-laboratory reproducibility as well as thedictive accuracy of ADRA.

4-1. PARTICIPATING LABORATORIES

Four participating laboratories underwent trainingransfer technology from the lead laboratory.
At least three of these laboratories must partieipa the study to meet the requirements of this
validation study. Laboratories that can accommodateschedule will participate in this validation
study. The four participating laboratories are:

1) Lion Corp.

2) Mitsui Chemicals, Inc.

3) Nissan Chemical Industries, Ltd.

4) Sumitomo Chemical Co. Ltd.
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4-2. TEST SUBSTANCES

Four participating laboratories will test the sagséof 40 chemicals in two phases.

Table 1. Breakdown of substances for the ADRA \aiah study

Phase No. of NO'_ c_)f Target Remarks
substancesg repetitions

WLR will be assessed on the basis of 10 chemicals
10 3 Both WLR | tested 3 times. BLR will be assessed using the mean

and BLR value of the three data points obtained during €has

l.

BLR will be assessed on the basis of 40 chemicals:
Il 30 1 BLR only 10 chemicals from Phase | and 30 chemicals from

Phase II.

WLR: within-laboratory reproducibility, BLR: betwadaboratory reproducibility

4-3. ACCEPTANCE CRITERIA FOR TEST DATA

Acceptance criteria is stipulated in the ADRA S@Rable showing acceptance criteria is given in

the appendix.

4-4. SUCCESSCRITERIA FOR THE VALIDATION STUDY

Bearing in mind the primary goal of this study, YT defines in advance success criteria for use
in evaluating the performance of the test methdek farget for both between- and within-laboratory

reproducibility as well as for predictive accurasyp0%.

(1) Within-laboratory reproducibility: The VMT wilhpprove implementation of Phase Il as long as
the results of Phase | achieve a WLR of at lea%.80the Phase | WLR is less than 80%, the
VMT is to discuss and implement countermeasuregasssary to achieve the target.

(2) Between-laboratory reproducibility: The VMT Wipprove completion of the validation study

as long as the results of testing all 40 chemigségl in Phases | and Il achieve a BLR of at least

80%. These results are to be based on three tasdtsf@r the 10 chemicals in Phase | and once
each for the 30 chemicals in Phase Il. If the BeRebs than 80%, the VMT is to discuss and

implement countermeasures as necessary to achievarget.

(3) Predictive accuracy: The VMT will approve comjbn of the validation study as long as the
results of testing all 40 chemicals used in Phasasd Il achieve a predictive accuracy of at
least 80%. If the predictive accuracy is less tB@#w, the VMT is to discuss and implement

countermeasures as necessary to achieve the target.
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4-5. RETESTING DURING THE VALIDATION STUDY
1. In the event that the results do not satisfyatteeptance criteria:

(1) If the results of a test do not satisfy afiyhe Acceptance Criteria from 1 to 6 as showthin
Appendix, that test may be rerun up to two timesndueither Phase | or Phase Il.

(2) If the SD for the depletion of NAC or NAL atest chemical greater than 10%, as stipulated in
Criterion 7, the test may be rerun up to two tinugirty either Phase | or Phase Il, and the
results reevaluation for all seven criteria.

2. If an error or omission is found:

(1) If an error or omission due to a human nhistis found, the reason is to be recorded in thie te

records and the test rerun.

4-6. STUDY DURATION
Testing for this validation study is scheduled éoperformed from October 2016 to March 2017.
Phase | 10 test chemicals tested three timeslsattte end of November 2016
Phase I 30 test chemicals tested once each nthef March 2017

4-7. RECORD COLLECTIONAND ANALYSIS

The biostatisticians are to collect and organiz ¢bllected data using a custom data collection
software, after which the data will be subject tatistical analysis. The data management procedures
and statistical tools are to be preapproved bytth# coordinator and data analysis group. Any
deviation from these procedures or tools is to dauchented along with a description of its impact on
the study results.

4-8. QUALITY ASSURANCE

Participating laboratories should conduct all stsdin the spirit of Good Laboratory Practi¢®s.
Any deviations from these practices is to be doaietk along with a description of their impact on
the study results.

5. REPORTING
1) The trial coordinator is to prepare a reporttthall undergo international peer review
(ICCVAM/ECVAM/JaCVAM/Health Canada/KoCVAM) withinhte ICATM framework.

2) If the results of the study demonstrate thentifie validity of ADRA, the trail coordinator isot
prepare a research paper for joint publication.

6. SPONSER

This validation study was supported by researchtgnarovided by the Japan Chemical Industry
Association (JCIA) and the Japanese Society farAltive to Animal Experiments (JSAAE).
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APPENDIX. Acceptance Criteria of ADA

Criterion 1 | Criterion 2 | Criterion 3| Criterion 4 Criterion 5 Criterion 6 Criterion 7
Calibration | Reference | Reference| Reference Reference Positive Test Chemicald
curve Control A | Control B | Control C Control C Control (in solution)
(ACN)* (ACN)* (ACN)* (other than (ACN) (N=3)
(N=3) (N =6) (N=3) ACN) (N=3)
(N=3)
r? >0.990 — — — — — —
Mean
) — 4.0 £0.8uM — 4.0 £0.8uM | 4.0 £0.8uM — —
concentration
Peak area CV<10%
(ACN) (N=9)
Peak area
CV<10%
(except — — — — — —
(N=3)
ACN)
Depletion — — — — — SD <10% SD < 10%
Depletion NAC < 100%
Upper limit NAL < 100%
Depletion NAC > 15%
Lower limit NAL > 86%

* Reference Controls required in this assay inddpanhof solvents for test chemicals

ACN : acetonitrile
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LIST OF ABBREVIATION

ADRA Amino acid Derivative Reactivity Assay

AOP Adverse Outcome Pathway

BLR Between Laboratory Reproducibility

DPRA Direct Peptide Reactivity Assay

ECVAM European Centre for the Validation of Altetive Methods

GLP Good Laboratory Practice

HPLC High Performance Liquid Chromatography

IATA Integrated Approach to Testing and Assessment

ICATM International Cooperation on Alternative Tééethods

ICCVAM Interagency Coordinating Committee on thdidation of Alternative Methods

JaCVAM Japanese Center for the Validation of Alative Methods

MIE Molecular Initiating Event

NAC N-2-(1-naphthyl)acetyl-L-cysteine

NAL a-N-2-(1-naphthylacetyl-L-lysine

NICEATM NTP (National Toxicology Program) Interagency Cerfier the Evaluation of
Alternative Toxicological Methods

OECD Organization for Economic Co-operation and éaewment

PBTG Performance-Based Test Guideline

SD Standard Deviation

SOP Standard Operating Procedures

uv Ultraviolet

VMT Validation Management Team

WLR Within Laboratory Reproducibility
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1. PURPOSE OF THE STUDY

An Amino acid Derivative Reactivity Assay (ADRA)fassessing skin sensitization potential was
developed by Fujifilm Corporation as an alternatwen vivo testing.

Fujifilm Corporation and its collaborators develdpéhis test to distinguish skin sensitizers from
non-sensitizers within an Integrated Approach tstifig and Assessment (IATA) The primary purpose of
this validation study is to evaluate ADRA's capgdi identify skin sensitization potential and &xifitate
the preparation of a standard project submissiom f(BPSF) to the OECD for the development of a
performance-based test guideline (PBTG) as a demvaf the current OECD TG 442C based on the
Direct Peptide Reactivity Assay (DPRA).

ADRA is considered an enhanced derivative of DPRA s based on the same scientific principles, so
the ADRA validation study is to be performed wittiarence to, and taking account of, the DPRA ECVAM
Validation Repoﬁ) and has been designed based on the assumptiohDR& is to be used in a top-down
approach to identifying chemicals having skin siretion potentia.

2. INTRODUCTION

There is a general agreement regarding the kepdigal events underlying skin sensitization ineght
by covalent binding to skin proteins. Existing kredge of the chemical and biological mechanisms
associated with skin sensitization has been surasthin the form of an Adverse Outcome Pathway (AOP)
which starts with a molecular initiating event (MIEBnd continues through intermediate key events tha
lead to the adverse effect—namely, allergic contlstnatitis in humans or contact hypersensitivity i
rodents” In the initial step of the skin sensitization pess, the MIE, sensitizers are generally electriphil
and reactive toward nucleophilic sites on protears] these characteristics have been used to gevelo
in-chemico non-animal approaches for evaluating the skiniseation potential of chemicaf,®” "among
which DPRA is currently the best characterized testhod®” ©

However, the peptides used in DPRA as a surrogatghE skin protein nucleophile sites must be
detected and quantified spectroscopically at 220 benause of their minimal absorption at longer
wavelengths. Moreover, many chemicals also haveltilet (UV) absorption at wavelengths as short as
220 nm. The DPRA peptides cannot be measured phedfsthey co-elute with test chemicals or their
reaction products in High Performance Liquid Chrtegsaphy (HPLC)}”

To overcome these problems with, and limitationstleé DPRA, we chemically synthesized two amino
acid derivatives with a UV absorption maximum at 284 by introducing a naphthalene ring to cysteine
and lysine; we named these derivatives NAC and NAg&pectively, and used them to develop the ADRA.
To perform the test efficiently and effectively, wede it easy to handle multiple samples at theedame
by using 96-well microplates. Moreover, to remeldy problem of testing poorly soluble chemicals using
DPRA, we have developed a method that uses cheotoakntrations at two orders of magnitude less tha
those used in conventional methdds'® These are substantial improvements, which give AljrReater
precision than conventional methods and extendpipéicability domain to cover more chemicals.

3. VALIDATION MANAGEMENT TEAM

A Validation Management Team (VMT) will be establsl to ensure that this validation study is
scientifically sound, properly conducted, and otiyety reported.

The ADRA validation management team (VMT) comprisesrial coordinator, a chemical selection
group, a chemical management group, a data analyeisp, a record management group, a quality
assurance group and a representative from the aksastoper (lead laboratory). The lead laboratory
provides support to the participating laboratorigdse VMT will prepare, review, and finalize drafifthe
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study plan and study protocol. In addition, the VMill manage the validation study, monitoring its

progress, performing quality assurance of studyrdes as required, and coordinating the activities,
contributions and outputs of the study participants

Fig.1 Management structure of the ADRA

VMT: Vahdation Management Team
Trial coordinator (Chair man) |
| | I :
* ¢ " Lead Laboratory
JaCw AN Internal External Fujifilm € l}rp._
eRpert eRpert
Chemical Selection Group
¥ J
Chemniczl Blznszement Group -
Rarord Manzzamant Group Diata Analyzis Group
Qneality Aszsursnce Group Toloye Univ. of
JaCVAM Science
(TUSE)
Participating labolatories
- Mizzan Chemical

Lion Corp. Mitssi Chemicals Tnc. | | Sumitomo Chemicals Co. Toboetorios Tod

. i sty e Tminie - '

alleahon Sy - Validation study - Validation study ] ‘faljddi-cr.abd}'
Sponsor JCIA -Japamn Chemical Industry Associa tion
JSAAFE: Japanese Society for Alternatives to Animal Experiments

3-1. LIST OF VALIDATION MANAGEMNT TEAM (VMT) MEMBERS

« Trial coordinator (Chairman): Atsushi Ono, Okayaldraversity

+ Expert: Nicole Kleinstreuer, NICEATM

+ Expert: Jon Richmond, Ethical Biomedical ResearuhBesting Advice and Consultancy
+ Expert: Bae-Hwan Kim, Keimyung University

+ Expert: Tsuyoshi Kawakami, National Institute ofaite Sciences
+ Expert: Kohichi Kojima, Food and Drug Safety Center

- JaCVAM: Hajime Kojima, National Institute of Heal8tiences

+ JaCVAM: Shihori Tanabe, National Institute of HeaBciences

« Biostatistician: Takashi Sozu, Tokyo UniversitySifience

+ Biostatistician: Takuto Nakayama, Tokyo UniversifyScience

« Biostatistician: Takeru Kusao, Tokyo UniversitySdience

* Lead Laboratory: Toshihiko Kasahara, Fujifilm Carguteon

+ Lead Laboratory: Masaharu Fuijita, Fujifilm Corpdoat

+ Lead Laboratory: Yusuke Yamamoto, Fujifilm Corpaat
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3-2. TRIAL COORDINATOR

The Trial Coordinator, Dr. Atsushi Ono of Okayamanivgrsity, is responsible for operational
management of this validation study including prepadraft study plans, study protocols, test cluai
lists and study reports. The Trial Coordinatorichthe VMT, and convenes VMT meetings as necessary
to manage the study and review, finalize, and raairthese documents.

3-3. EXPERTS

The composition of the VMT conforms to, and complieith, the framework established for
International Cooperation on Alternative Test MethG€CATM).

Drs. Tsuyoshi Kawakami, Kohichi Kojima and Jon Ricind were nominated by JaCVAM.

Drs. Nicole Kleinstreuer and Bae-Hwan Kim were noatéd by ICCVAM and KoCVAM respectively
based on the ICATM framework.

All experts participate in ADRA VMT meeting, andearesponsible for producing and agreeing all
documentation finalized at VMT meetings. Additidgathe experts will participate in the preparatioi
the OECD submission.

3-4. CHEMICAL SELECTION GROUP

The chemical selection group is led by Dr. Hajimejika of JaCVAM, and includes internal
experts Drs. Tsuyoshi Kawakami and Kohichi Kojims well as external experts Drs. Nicole
Kleinstreuer, Jon Richmond, and Bae-Hwan Kim.

The Group will both determine the selection crdeaind select the test chemicals for the ADRA
Validation Study.

A sufficient number of chemicals shall be used Ibbaim statistically significant results. The test
chemicals to be used shall take account of the adsrused to develop and optimise the ADRA test
method, and the chemicals used in the DPRA vatidasitudy. All chemicals selected shall have
high-quality reference data (LLNA and whenever gaeshuman data). The chemicals selected shall
cover the full range of skin sensitisation potdatigequire the use of various solvents, and casepri
more than one physical state.

3-5.CHEMICAL MANAGEMENT GROUP

The chemical management group is led by Dr. Hajikegima supported by other JaCVAM
personnel. The test chemicals required for thisda&ibn study are to be purchased by the Lead
laboratory, Fujifilm Corp., which will deliver theto JaCVAM. Dr. Shihori Tanabe will prepare coded
test chemicals for distribution to the participgtiaboratories.

3-6. DATA ANALY SISGROUP

The data analysis group is led by Dr. Takashi Safzliokyo University of Science and includes
Takuto Nakayama and Takeru Kusao, both of Tokyovéhsity of Science, all of whom are
responsible for independently and objectively arialy the data sheets submitted by the participating
laboratories. They are also responsible for théisttzl processing of the data obtained in this
validation study to determine the Within Laboratd®gproducibility (WLR), Between Laboratory
Reproducibility (BLR), Specificity, Sensitivity, dmAccuracy of the test method.
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3-7.RECORD MANAGEMENT GROUP

The record management group is led by Dr. Atsusto @nd includes Dr. Hajime Kojima, assisted
by JaCVAM personnel. This Group will prepare anstrithute to the participating laboratories the test
method protocol, test chemical preparation recaning, blank data sheets, and other necessary
documentation. The Group will also collect and daie the completed forms and data sheets after
testing has been completed, requesting correctianypomissions or errors found in the records.

3-8. QUALITY ASSURANCE (QA) GROUP

The quality assurance group is led by Dr. Atsusio @nd includes Dr. Hajime Kojima, assisted by
JaCVAM personnel. They will appoint an individualrhaintain all records, documents, raw data, and
reports and make these records available to the ¥§Mfequested.

3-9. LEAD LABORATORY

Fujifilm Corporation is the lead laboratory and Ilvpitovide support to the participating laboratories
The lead laboratory representing the test methoeésigonsible for providing the test method protocol
and the necessary assay datasheets and workseets,

3-10. OBSERVERS: RESEARCHERS RESPONSIBLE FOR EXPERIMENTAL
PROCEDURES

Each participating laboratory shall nominate onenmre researchers to observe ADRA VMT
meetings. The personnel at the participating labdes carrying out testing according to the test
protocol shall work under the supervision of thesaers. The observers are responsible for sending
copies of all record forms, data sheets, and atheessary documentation to the record management
group upon completion of testing.

4. STUDY DESIGN!

The ADRA involves measuring the residual concerngt of NAC and NAL after a 24-hour
incubation period. The operation is easy and simplperform with high throughout, because it is
based on the use of 96-well microplates. This adilich study is designed to evaluate the Within- and
Between-Laboratory Reproducibility (WLR and BLR)wsll as the predictive capacity of ADRA.

4-1. PARTICIPATING LABORATORIES

The four participating laboratories previously asdccessfully underwent training to transfer
technology from the lead laboratory. At least thoéthese laboratories must participate in theystad
meet the requirements of this validation study.dratories that can accommodate the schedule will
participate in this validation study. The four [p@igating laboratories are:

1) Lion Corp.

2) Mitsui Chemicals, Inc.

3) Nissan Chemical Industries, Ltd.

4) Sumitomo Chemical Co. Ltd.

It is anticipated that the study will be conducteithout the need for the participating laboratories

! Amino acid Derivative Reactivity Assay (ADRA) Sttard Operating Procedure
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to seek advice or assistance from other particigataboratories during Phase | or Phase Il of the
Validation Study; details on any such contact sbalhotified to the VMT.

4-2. TEST SUBSTANCES
Four participating laboratories will test the sase¢ of 40 coded chemicals in two phases. Accortting

the assay protocol, each of these chemicals wigébted in triplicate during each repetition.
Table 1. Breakdown of substances for the ADRA \alah study

cals
nean

D

Pha No. of No. of
.. Target Remarks
se substances| repetitions
Both WLR ) . )
andOBLR and WLR will be assessed on the basis of 10 chemi
10 3 L tested 3 times. BLR will be assessed using the n
Predictive . . .
. value of the three data points obtained during €has
Capacity
BLR and BLR will be assessed on the basis of 40 chemi¢
1] 30 1 Predictive 10 chemicals from Phase | and 30 chemicals f
Capacity Phase II.

als:
rom

WLR: within-laboratory reproducibility, BLR: betwadaboratory reproducibility

4-3. ACCEPTANCE CRITERIA FOR TEST DATA

Test data acceptance criteria are stipulated INADRA SOP. A table showing the acceptance
criteria forms an appendix to this Study Plan. ®@a basis of the test data generated during the
validation study, the acceptance criteria (for epl@macceptable positive control values) and
prediction model (the value used to distinguishsieers from non-sensitisers) may be reviewed
and/or revised by the VMT during or after the sttmlypptimise test method performance.

4-4. SUCCESSCRITERIA FOR THE VALIDATION STUDY

Bearing in mind the primary goal of this study, WET defined in advance provisional success cuateri
for use in evaluating the performance of the testthod. The target for both between- and
within-laboratory reproducibility as well as forgatictive accuracy is 80%.

(1) Within-laboratory reproducibility: The VMT wilapprove implementation of Phase I, providing that
the results of Phase | achieve a WLR of at lea%t.80the Phase | WLR is less than 80%, the VMTI wil
review the findings and consider what further acgbould be taken.

(2) Between-laboratory reproducibility: The VMT Wapprove completion of the validation study as
long as the results of testing all 40 chemicalglusdé’hases | and Il achieve a BLR of at least S0b&se
results are to be based on three independentiasitsfor the 10 chemicals in Phase | and oncefeathe
30 chemicals in Phase Il at each participatingratooy. If the BLR is less than 80%, the VMT widview
the findings and consider what further action stidad taken.

(3) Predictive accuracy: The VMT will approve coefpbn of the validation study as long as the result
of the testing of all 40 chemicals used in Phasasdl | achieve a predictive accuracy of at le@8t8If
the predictive accuracy is less than 80%, the VMTreview the findings and consider what furthetian
should be taken.

4-5. RETESTING DURING THE VALIDATION STUDY
During the course of the Validation Study in themivthat individual test results do not satisfy the

9/13



acceptance criteria there is limited provision rfieitesting, and all test data shall be submittethéo
VMT:

(1) If the results of a test do not satisfy afiyfhe Acceptance Criteria from 1 to 6 as shown in
the Appendix, that test may be repeated a furthertimes during either Phase | or Phase Il.

(2) If the SD for the depletion of NAC or NAL mtest chemical greater than 10%, as stipulated
in Criterion 7, the test may be repeated a furthertimes during either Phase | or Phase I, ard th
results reevaluated for all seven criteria.

(3) If the acceptance criteria are not met afiermaximum permitted number of test runs, the
results should be reported as "invalid".

If an error or omission is found:

(2) If an error or omission due to a human nkstaccurs during the performance of the test, the

reason is to be recorded in the test records antest rerun.

4-6. STUDY DURATION
Testing for this validation study is scheduled ¢éoperformed from October 2016 to March 2017.
Phase 110 test chemicals tested three times eaittelend of November 2016
Phase Il 30 test chemicals tested once each byitheféMarch 2017

4-7. RECORD COLLECTION AND ANALYSIS

The biostatisticians will collect, organize, andlat@ the validation study data using a custom data
collection software package, after which the datidl te subject to statistical analysis. The data
management procedures and statistical tools argetpreapproved by the trial coordinator and Data
Analysis Group. The explanation and justification &ny deviation from these procedures or toots ise
documented along with a description of its impactlee study results.

4-8. QUALITY ASSURANCE

Participating laboratories should conduct all stgedin the spirit of Good Laboratory Practié@sé\ny
deviations from these practices is to be documeakely with a description of their impact on thedst
results.

Non-GLP laboratories participating in the ValidatiStudy are required, at a minimum, to comply with
the relevant quality assurance provisions setro&GVAM Workshop Report Number$®

5. REPORTING

1) The trial coordinator shall be responsible fa preparation of a final report that will be sutted for
international peer review (ICCVAM/ECVAM/JaCVAM/Hdhl Canada/KoCVAM) within the ICATM
framework.

2) If the results of the study demonstrate and ioonthe scientific validity of ADRA, the trial
coordinator is to prepare a research paper for juibtication in a peer reviewed journal.

6. SPONSOR
This validation study was supported by researcimtgrprovided by the Japan Chemical Industry
Association (JCIA) and the Japanese Society farAltive to Animal Experiments (JSAAE).
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APPENDIX. Acceptance Criteria of ADRA

Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5 Criterion 6 Criterion 7
Calibration curve| Reference Reference Reference Reference Positive Control | Test Chemicals

Control A Control B Control C Control C (ACN) (in solution)

(ACN)* (ACN)* (ACN)* (other than (N=23) (N=23)

(N=3) (N=6) (N=3) ACN)

(N=3)
r? >0.990 — — — — — —
Mean 3.2-4.4uM
— 3.2-4.4uM — 3.2-4.4M — —
concentration H 4 (2.8-4.uM)*
Peak area
— CV<10% (N=9) — — —

(ACN)
Peak area - - - CV<10% - -
(except ACN) (N=23)
Depletion — — — — — SD <10% SD <10%
Depletion - - - - - NAC < 100% -
Upper limit NAL < 100%
Depletion - - - - NAC > 15% -
Lower limit NAL > 86%

#In the case of 5%DMSO/Acetonitrile

* Reference Controls required in this assay inddpanof solvents for test chemicals
ACN : acetonitrile
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Amino acid Derivative Reactivity Assay

PRINCIPLE AND SCOPE

The covalent binding of low molecular chemicals (haptens) to skin proteins is the molecular initiating
event for skin sensitisation. The Amino acid Derivative Reactivity Assay (ADRA) is used to evaluate the
reactivity of a test chemical with N- (2- (1-naphthyl)acetyl)-L-cysteine (NAC) and- (2-
(1-naphthyl)acetyl)-L-lysine (NAL) by combining the test chemical with a solution of NAC and NAL
(abbreviated hereinafter as “NAC/NAL solution”) and then measuring the residual concentration of NAC
and NAL after a 24-hour incubation at 25°C. NAC and NAL are chemically-synthesized compounds
containing a naphthalene group simulating cysteine and lysine residues in skin proteins. Residu:
concentrations of NAC and NAL following the 24-hour incubation are determined by high performance
liquid chromatography (HPLC) with gradient elution and UV detection at 281 nm. Test chemicals are
prepared and analyzed in triplicate in batches of up to 17 chemicals, including controls. The method |
applicable to test chemicals that are soluble in acetonitrile or other non-reactive, water-miscible solvent
at a 1-mM concentration.

REFERENCES
Fujita, M., et al, “Development of a prediction method for skin sensitization using novel cysteine and
lysine derivatives.”, J. Pharm. Toxicol. Method. 2014; 70; 94-105.

Yamamoto, Y., et a “A novel in chemico method to detect skin sensitizers in highly diluted reaction
conditions. “, J. Appl. ToxicoR015; 35: 1348-1360.

1. APPARATUSAND REAGENTS

ADRA is best performed using disposable plastic labware, because NAC is susceptible to oxidizatiol
by trace metal ions which may be found in glassware. Spatulae used for weighing test chemicals and t
various parts of the HPLC are not subject to this restriction.

1-1. Apparatus (1)

Apparatus Example of use by Lead L aboratory

Analytical Balance Capable of weighing up to 20 grams at an
accuracy of 0.1 mg readability

- Dispensing Pipettes capable of delivering 50-15Q Merify accuracy at time of use
+12 Channel Dispensing Pipettes capable of delivering
50-150uL

High Performance Liquid Chromatograph with Shimadzu Prominence series
light-excluding auto-sampler for 96-well microwell
plates capable of delivering a 0.3 ml/min flow rate

UV detector* Photodiode array detector ( for example,
Shimadzu SPD-M20A) or absorbance detector




(281 nm)

pH meter with electrode and calibration Capable of reading £0.01 pH

HPLC Column Shiseido CAPCELL CORE fgcolumn (2.7
um, 3.0 x 150 mm) [Cat. 51112]
Alternative Column

The follow two columns have been confirmed
to yield results for five test chemicals that ar¢
essentially the same as the Shiseido column.
Waters, CORTECS {g Column (2.7 m, 3.0 x
150 nmm) [Catalog # 186007373]

Agilent, Poroshell 120 EC(2.7 um 3.0 x
150 nmm) [Catalog # 693975-302]

A} %4

Guard Column and Guard Column Holder Column: Shiseido EXP GUARD CARTRIDGE
CAPCELL CORE Gg S-2.7 2.1x5mm [Cat.
3643]

Holder: Shiseido EXP DIRECT CONNECT
HOLDER [Catalog # 3640]

Incubator Capable of controlling at 25 +/ - 1°C

*1 If more than one wavelength is detectable, measurements should be made at both 281 nm and 291
to confirm peak purities of NAC and NAL.
"2 Guard columns need not be used for test chemicals that are not precipitated in the reaction solution.

1-1. Apparatus (2)

Apparatus Example of use by Lead L aboratory

Test Tube Mixer SHIBATA Test Tube Mixer TTM-1

Plate Shaker Heidolph Titramax 100 [Catalog # 544-11200-00
Plate Centrifuge KUBOTA PlateSpin

Recommended but non-essential consumables

Dispensing Pipettes capable of delivering 100Q Verify accuracy at time of use
5000 L

1-2. Consumables (1)

Consumables Recommended by L ead L aboratory

96-well Microwell Plate for HPLC analysis Polypropylene U bottom 96-well Microwell Plate
Thermo (NUNC) U96 PP-0.5 ML NATURAL [Catalog
# 267245]

Greiner MICROPLATE, 96 WELL, PP, U-BOTTOM,
NATURAL [Catalog # 650201]

96-well Microwell Plate seal for HPLC Use the seal having sealing and solvent-resistant




analysis performance'
Shimadzu GLC Resistant Embossed Seal [Catalog #
568-RES001]

"I When using a plate seal other than the recommended one, ensure and verify that no part of the react
solution is volatilized and that the measured values are consistent before performing actual testing. E
sure to leave no gaps between the plate seal and the plate when applying the plate seal.

1-2. Consumables (2)

Consumables Example of use (Used by L ead L aboratory)
Bottle with the quantity of approximately | Sterilized bottle (AS ONE Corporation) [Catalog #
500 ml 1-9475-05]
Polypropylene centrifuge tube with the 100 ml: Watson Clean-vessel [Catalog # 536-150S]
quantity equal to or more than 50 ml 50 ml: FALCON 50-ml PP Conical Tube [Catalog #
352070]
Measuring pipette for 10—-100ml 100-ml measuring pipette: FALCON 100-ml Serological

Pipette [Catalog # 357600]
50-ml measuring pipette: FALCON 50-ml Serological
Pipette [Catalog # 356550]
25-ml measuring pipette: FALCON 25-ml Serological
Pipette [Catalog # 356525]

Polypropylene centrifuge tube with the FALCON 15-ml Polypropylene Conical Tube [Catalog #
quantity equal to or more than 10 ml 352196]

Tube for cryopreservation 5-ml Tube’: 5-ml Outer serum tube (SUMITOMO
BAKELITE CO., LTD.) [Catalog # MS-4605X]

2-ml Tube': 2.0-ml Ring rock tube (BM Equipment Co
Ltd.) [Catalog # BM-20]

1.5-ml Tubée': 1.7-ml Ring rock tube (BM Equipment
Co., Ltd.) [Catalog # BM-15]

"I A'smaller or larger tube may be used per the quantity to be cryopreserved.

1-2. Consumables (3)

Recommended but non-essential Example of use by Lead L aboratory
consumables

Reservoir for operating 12 channel multipipett@orning 50-ml Reagent Reservoir [Catalog # 4870]

Approximately 1.5-ml tube and cap operable Alphanumeric storage tube 1.4-ml (Thermo 4247JR)
by 12 channel multipipette SepraSeal (Thermo 4463)

(for dispensing test chemical solution)
Tool for removing multiple caps Cap remover for SepraSeal (Thermo 4469)

simultaneously




1-3. Chemical and Special Materials

Chemical and Special Materials

Example of use by L ead L aboratory

Trifluoroacetic Acid (TFA)
(MW=114.02) CASRN 76-05-1

Wako [Cat. No. 204-02743]
98.0%

Sodium Phosphate, Monobasic, Anhydrous
(NaH2PO4, MW=119.98)
CASRN 7558-80-7

Wako [Catalog # 197-09705]

Sodium Phosphate, Dibasic, Anhydrous
(Na2HPO4, MW=141.96)
CASRN 7558-79-4

Wako [Catalog # 197-02865]

0.1M Sodium Hydroxide Solution
CASRN 1310-73-2

Wako [Catalog # 196-02195]

Acetonitrile, HPLC Grade
CASRN 75-05-8

Wako [Catalog # 015-08633]

Distilled water

Distilled water or equivalent may be used.

Acetone, special grade
CASRN 67-64-1

Wako [Catalog # 016-00346]

Dimethyl sulfoxide (DMSO), special grade
CASRN 67-68-5

Wako [Catalog # 043-07216]

EthylenediamineN,N,N',N-tetraacetic acid,
disodium salt, dihydrate (EDTANa- 2H,0)
CASRN 6381-92-6

Dojindo Molecular Technologies, Inc. [Catalog
#343-01861

NAC (refrigeration storage)
MW=289.35, Purity> 95%

Lot No. #960074 (FUJIFILM provides synthetic
NAC samples to each laboratory in the validatio
study)

=)

NAL (refrigeration storage)
MW=314.38 Purity>95%

Lot No. #990024 (FUJIFILM provides synthetic
NAC samples to each laboratory participating in
the validation study.)

Phenyl acetaldehyde (Positive control)
MW=120.15 CASRN 122-78-1

SIGMA [Catalog # 107395]

Note: Store phenyl acetaldehyde under the
following conditions.

(1) Store at a temperature of 2—8°C. Do not stor
below 0°C.

(2) Do not expose to UV light during storing or
handling.

(3) Handle as little as possible, keep stored unds
the above conditions.

D
—_




2. PRE-WORK|
2-1. Preparation of each solution (Typical)
2-1-1. 0.1-mM EDTA solution
1) Weigh 37.2 mg of EDTA-2N&2H,0 into a 15-ml Conical Tube and use a 25-ml measuring pipette to
add 10 ml of distilled water to dissolve it. (10-mM EDTA solution)
2) Use a 50-ml measuring pipette to add 49.5 ml of distilled water to a 100-ml tube and add 0.5 ml of th
10-mM EDTA solution described above to dilute it 100 fold. (0.1-mM EDTA solution)

2-1-2. 100-mM Phosphate buffer (pH 8.0)

To prepare an approximately 300-ml quantity

1) Weigh 0.6 g of Sodium Phosphate Dibasic Anhydrous into a 100-ml tube and use a 50-ml measuring
pipette to add 50 ml of distilled water to dissolve 0.6 g of Sodium Phosphate Dibasic Anhydrous in
distilled water:

2) Use a 50-ml (or 100-ml) pipette to add 300 ml of distilled water.

3) Weigh 4.26 g of Sodium Phosphate Monobasic Anhydrous and dissolve it in distilled water 2).

4) Use a 25-ml measuring pipette to add 16 ml of Sodium Phosphate Dibasic solution 1) in Sodium
Phosphate Monobasic solution 3).

5) Use a 25-ml measuring pipette to remove 17 ml from solution 4) and to add 1 ml of 0.1-mM EDTA
solution to solution 4). The concentrations of EDTA in this solution and final concentration of reaction
solution are 0.33M and 0.25 M, respectively.

6) Measure pH of solution 5) using a calibrated pH meter and verify that the pH is between 7.9 and 8.1.
If the pH is out of range, prepare a new batch of phosphate buffer.

7) Use the NAC stock solution within a week or cryopreserve the unused quantity. Repackage it intt
2-ml tubes to cryopreserve for Co-elution Control at -80°C.

2-1-3. 100-mM Phosphate buffer (pH 10.2)
To prepare an approximately 300-ml quantity
1) Use a 50-ml measuring pipette to add 286 ml of distilled water to a 500-ml bottle.
2) Weigh 4.26 g of Sodium Phosphate Monobasic Anhydrous and dissolve it in the distilled Water 1)
3) Use a 25-ml measuring pipette to add 14 ml of 0.1M NaOH solution to the solution 2).
4) Measure the pH of solution 3) using a calibrated pH meter and verify that it is between 10.1 and 10.:
If the pH is out of range, prepare a new batch of phosphate buffer.
5) Use the NAL stock solution within a week or cryopreserve the unused quantity. Repackage it intc
2-ml tube to cryopreserve for Co-elution Control at -80°C.

2-1-4. Reaction fixing solution (2.5% (v/v) TFA aqueous solution)
Add 2.5 ml of TFA to 100 ml of distilled water.

2-1-5. HPLC mobile phase A: 0.1% (v/v) TFA aqueous solution
Add 1.0 ml of TFA to 1000 ml of distilled water.



2-1-6. HPLC mobile phase B: 0.1% (v/v) TFA Acetonitrile solution
Add 1.0 ml of TFA to 1000 ml of HPLC grade Acetonitrile.

"1: When dissolving phosphate salts, close the bottle to mix them. Do not use glass labware or othe
washable equipment. Verify that salts are completely dissolved after mixing.

2-2. Preparation of NAC and NAL stock solutions
2-2-1. Preparation of NAC stock solution:

The NAC (molecular weight of 289.35) stock solution used in each assay is to all be from a single batct
We recommend storing NAC stock solution in quantities sufficient for an assay. A typical preparation as
performed at the Lead Laboratory is described below.

1) Weigh 11.6 + 0.1 mg of NAC in a 50-ml tube, add 20 ml of 100-mM phosphate buffer (pH 8.0) to the
tube using a 25-ml measuring pipette, and mix it gently using a test tube mixer to dissolve the NAC
(2-mM NAC stock solution)?

2) Use a 50-ml measuring pipette to add 149.5 ml of this buffer to a 500-ml bottle. Next, add 0.5 ml of
2-mM NAC stock solution to this solution and mix gently but thoroughly by inversion. (Gg867-
NAC stock solution).

3) Cryopreserve 3-ml quantities of stock solution in cryopreservable 5-ml tubes at -80°C. Store for n
more than six months before uge.

2-2-2. Preparation of NAL stock solution
The NAL (molecular weight of 314.38) stock solution used in each assay is to all be from a single
batch. We recommend storing NAL stock solution in quantities sufficient for an assay. A typical
preparation as performed at the Lead Laboratory is described Below.
1) Weigh 12.6 =+ 0.1 mg of NAL in a 50-ml tube, and add 20 ml of 200-mM phosphate buffer (pH 10.2)
to the tube using a 25 ml measuring pipette, and mix it gently using a test tube mixer to dissolve th
NAL. (2-mM NAL stock solution)?
2) Use a 50 ml measuring pipette to add 149.5 ml of this buffer to a 500 ml bottle. Next, add 0.5 ml of
2-mM NAL stock solution to this solution and mix it gently but thoroughly by inversion. (ub67-
NAL stock solution)
3) Cryopreserve 3 ml quantities of stock solution in 5 ml tubes at -80°C. Store for no more than sb
months before usé.
! These quantities are typical examples only and can be adjusted as necessary.
2 The remaining 2-mM stock solution can be cryopreserved at -89PQater use. Typically,
cryopreserve 1 ml of stock solution in a 1.5 ml tube at -80°C
" Stability testing of NAC stock solution at temperatures of 25°C, 4°C, -20°C, and -80°C has shown th:
it remains stable and free of auto-oxidation only at®@0We recommend that the NAL stock solution
also be stored at -80 °@lthough NAL is not susceptible to oxidization in the same manner as NAC.

Note: Prior to preparing new batches of NAC/NAL stock solution, verify the stability of the NAC/NAL
stock solution using the following procedure.



1) Add 150ul of 6.667uM NAC/NAL stock solution to three wells in each af @6-well Microwell
Plates.

2) Add 50 ul of acetonitrile to each of these six wells 1).

3) Attach a plate-seal to one of the two 96-well Microwell Plates and spin down the plate using a
centrifuge, the incubate for 24 hours at 25&8ter incubation, add 50yl of reaction fixing solution to
ead well, attach a new plate-seal, then mix and spin down the plate. Analyze NAC/NAL using the
HPLC system.

4) Add 50ul of reaction fixing solution to the other 96-well dvbwell Plate, attach a plate-seal to it,
then mix and spin down the plate. Analyze NAC/NAL using the HPLC system.

If the residual concentration of NAC/NAL falls below 90% after either O hour or 24 hours, the NAC and

NAL are not stable, and so new batches of NAC/NAL solutions must be prepared.

2-3. Preparation of Standard Solution for Calibration Curve

The calibration curve for the acceptance criteria is obtained from a six-dose standard solution. The initi
standard solution, Std1 at u, is cryopreserved in small quantities and usegrépare dilution series.
A typical procedure for preparation of the standard solution is described below.

Procedure for preparation of 20-ml solution and 40-66 tubes

1) Use a 25-ml pipette to add 15 ml of 6.68M-NAC/NAL stock solution to a 50 ml tube. Then use a

micropipette to add 1 ml of distilled water, 10@i TFA, and 3.9 ml of acetonitrile.
2) Cryopreserve 300-500 guantities of the standard solution in 1.5-ml tuaes30°C.

Also, solvent for preparing dilution series of the standard solution may be cryopreserved in
1000-1200-hquantities, as described below.
1) Use a 25-ml pipette to add 15 ml of 100-mM phosphate buffer (pH 8.0 for NAC, pH 10.2 for NAL), 1
ml of distilled water, 100 luof TFA, and 3.9 ml of acetonitrile to a 50-ml tube
2) Typically, cryopreserve approximately 1 ml of solvent in a 1.5-ml tube at -80°C.
! These quantities are typical examples only and can be adjusted as necessary.

2-4. Solubility Assessment of Test Chemicals

The solubility of each test chemical in a suitable solvent must be assessed before performing the actt
assay. A suitable solvent will dissolve the test chemical completely with no apparent turbidity or
precipitate during visual inspection. The concentration of test chemical solution used in the assay i
1mM, but more than 10 mg is recommended to be weighed because of the precise weight of the te
chemical. For this reason, the initial concentration of the test chemical solution is set to 20 mM, and th
final 1-mM test chemical solution is prepared by 20-fold dilution of the 20-mM solution. The test
chemical is dissolved using a test tube mixer and an additional 5 minutes of sonication if needed due
low solubility. The four solvents below are all suitable for used in ADRA, and the priority for the
selection of the appropriate solvent is as follows.
(1) Distilled water
(2) Acetonitrile
(3) Acetone



(4) DMSO

Note 1:When the 20-mM solution is prepared using DMSO (4), use acetonitrile to prepare the 20-fold
dilution down to a 1-mM solution.

Note 2:If none of these solvents are suitable for a given test chemical in a 20-mM solution, assess the
solubility of the test chemical in 1-mM solution using solvents (1)—(3). Do not use DMSO to prepare a
1-mM solution. DMSO must always be diluted 20-fold with acetonitrile to prepare a 1-mM solution.

Note 3:Water is not suitable as a solvent for anhydrides due to hydrolysis.

A typical procedure is described below.

1. Use the following formula to calculate the quantity of test chemical needed to prepare approximately
5 ml of a 20-mM test chemical solution or 100 ml of a 1-mM test chemical solution. If no purity
information is available, assume 100% purity.

100 20 mM 100 1 mM
MW X X X 5mil or MW X X X 100ml
Purity (% 100c Purity (% 100(¢
= MW X 10 ___ Required quantity (mg)
Purity (%

2. Weigh the required quantity of test chemical directly into a centrifuge tube or other suitable labware
and record the actual weight.

3. Calculate the required quantity of solvent using the formula, and assess the solubility for the
appropriate solvent.

Note 1: Even if the required quantity is calculated to be less than 10 mg, weigh more than 10 mg of test
chemical for precise weight.

Note 2: If the test test chemical solution is in aqueous form, calculate necessary volume of the aqueous
solution and quantity of water for dilution. If specific gravity of test chemical solution is not known,
assume it as 1.0.

Preparation of 20-mM solution (5 ml)

MW % 1 % 1
Concentration (w/v¥% Specific gravit 20 mmo X5 ml

X 1000 pl

MW % 10
Concentration (w/v¥% Specific gravit'

= Volume of test chemicalu)

5000 pl — Volumeof test chemical (nl) = Solvent volume (pl)

10



Preparation of 1-mM solution (100 ml)

MW 1 v 1

. X o . X 1000 pl
Concentration (w/v¥% Specific gravit 1 mmo X100 m "

MW % 10
Concentration (w/v¥% Specific gravit'

Volume of test chemicalu)

Volume of test chemical (ul)

100 ml — 7000

= Solvent volume (ml)

2-5. Preparation of HPLC System

Prepare an HPLC system with a 281-nm UV detector and mobile phase A and B, as described in secti
“2-1-5. HPLC mobile phase A: 0.1% (v/v) TFA aqueous solution” and in section “2-1-6. HPLC mobile
phase B: 0.1% (v/v) TFA Acetonitrile solution”.

1. Column Equilibration: Install the HPLC column (see section “1.1 Apparatus (1)”) and equilibrate the
column for at least 30 minutes at 40°C with 50% A, 50% B before use. Then, condition the column by
running the gradient at least twice before using the column.

2. System Shutdown: Following analysis, maintain a low flow (typically 0.05 ml/min) of 50% A and
50% B through the system and decrease column temperature to approximately 25°C.

3. If the system is to be idle for more than a week, fill the column with acetonitrile (without
Trifluoroacetic acid) and remove the column from the HPLC system. Cap tightly and purge acid
containing mobile phases from the system using acetonitrile.

3. SOLUTION PREPARATION|
3-1. Preparation of Test Chemical Solution

Solubility of the test chemical in the appropriate solvent is evaluated in section “2-4. Solubility
Assessment of Test Chemicals”. 20-mM or 1-mM solutions of test chemicals in the appropriate solvent
are prepared immediately before use.

1. When ready to perform the assay, calculate and weigh the appropriate quantity of test chemic
needed to prepare a 20-mM or 1-mM solution directly in a 15-ml or other appropriate tube. Use the
following formula to calculate the required quantity of solvent needed based on the actual weight o
the test chemical.

Prepare of 20-mM solution

. 1 Purity (%) 1
X X X X
Test chemical (mg) i Toc oS 1000 mi
i 0
= Test chemical (mg)Xx Purity (% X 0.5 = Volume of solvent (ml)

MW

11



Prepare of 1-mM solution

. 1 Purity (%) 1
X X X X
Test chemical (mg) i Toc TS 1000 mi
i 0
= Test chemical (mg)Xx Pu,r\l/fw % X 10 = Volume of solvent (ml)

2. Add the volume of solvent calculated and mix in a centrifuge tube, using a test tube mixer to dissolve
the test chemical. Slight sonication (less than 5 minutes) may be used if needed. If the test chemical
not completely dissolved, do not proceed with that specific test chemical in the selected solvent.
Re-evaluate with another solvent (see section “2. PRE-WORK?”) to find a suitable vehicle.

3. Dilute 20-mM of test chemical solution to the final 1-mM solution with each appropriate solvent in
the 1.4 ml Test chemical solution Storage Tube or other appropriate tube (For example, ddf 950 p
appropriate solvent to 50l of 20-mM test chemical solutior).

4. Record and report the final solvent choice for each chemical if the final solvent is different from the
solvent selected in section “2-4. Solubility Assessment of Test Chemicals”.

"1 96-well Deepwell Plate may be used instead of 1.4 ml Test chemical solution Storage Tube.

3-2. Preparation of Positive Control Solution
Phenyl acetaldehyde (Molecular weight=120.15) dissolved in acetonitrile is used as Positive Control an
should be contained in each run of assay. A typical preparation procedure for the Positive Control solutic
is described below.
1. Calculate a weight of Positive Control to be needed to prepare approximately 5 ml of 20-mM Positive
Control solution from following formula. The next formula shows the case that the purity of Phenyl
acetaldehyde is 90%.

10 10
K — K — = . =
MW BTty (%6 120 30 13.35(mg) = Phenyl acetaldehyde (mg)

2. Weigh the phenyl acetaldehyde directly in a 10- or 15-ml centrifuge tube, and record the actue
weight.
3. Calculate necessary quantity of solvent from following formula based on the actual weight

I 0,
Phenyl acetaldehyde (mgx %@ X 05 = 13.35 X 12%01‘ X 0.5 = 5.0(ml) = Solvent volume (ml)

4. Dissolve Phenyl acetaldehyde with acetonitrile in the quantities calculated above (20 mM).
5. Dilute the 20-mM Phenyl acetaldehyde solution 20-fold with acetonitrile in the 1.4-ml Test chemical
solution Storage Tube or other appropriate tube. (final concentration or T mM)
"1 96-well Deepwell Plate may be used instead of 1.4-ml Test chemical solution Storage Tube.

3-3. Thaw of each stock solution

Thaw frozen Phosphate buffer (pH 8.0 and 10.2) and NAC/NAL stock solution at room temperature.
The preparation of each stock solution is described in sections “2-1-2. 100-mM Phosphate buffer (pt
8.0)", “2-1-3. 100-mM Phosphate buffer (pH 10.2)”, and “2-2. Preparation of NAC/NAL stock solutions”.
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4. Assay Procedurg
4-1. Reference Control, Co-elution Control and Test Chemical Solution

Test chemical solutions are prepared in triplicate for NAC/NAL. Each assay (NAC/NAL) may be
prepared and performed concurrently (NAC/NAL should not be incubated and analyzed on separate day
The three Reference Control A, six Reference Control C and one Co-elution Control (the solution afte
addition of buffer solution rather than NAC/NAL) should be prepared. Moreover, the solution (Co-elution
Control, N=1) for each test chemical after addition of buffer solution rather than NAC/NAL solution
should be prepared. The detail of each solution describes below.

Test chemical Reaction solution of NAC/NAL with test chemical. Evaluate reactivity| of
solution NAC/NAL with the test chemical at a ratio of 1:50 for the NAC/NAL with the test
chemical.

Reference Control A Control for verifying validity of the HPLC system. Reference Control A is used to
verify concentration of NAC/NAL from each calibration curve after addition of
acetonitrile rather than test chemical.

Reference Control B Control for verifying stability of reaction solution under analysis. Referénce
Control B is used to verify variability (CV) of each three NAC/NAL peak areas in
the solution after addition of acetonitrile rather than test chemical at the start of
analysis and at the end of analysis.

Reference Control € Control for calculating NAC/NAL depletion of each test chemical solution, To

calculate depletion of NAC/NAL, measure three Reference Controls C| after
addition of solvent instead of test chemical. Prepare reference Control C ffor all
solvents used to dissolve the test chemicals.

Co-elution Control | Control for verifying whether or not test chemicals co-elute with NAC/NAL| The
Co-elution Control is used to verify absorbance at 281nm and whether retention
time of test chemical is equal to that of NAC/NAL.

4-2. Preparation and Reaction of Reaction Solutions

1. Assemble the following previously prepared reagents, solvents, and solutions:
a. 6.6674M of NAC/NAL stock solution,
b.Appropriate buffer solution (pH 8.0 for NAC, pH 10.2 for NAL),
c. Test chemical solution (or solvent for Reference Controls)

2. Use a 96-well Microwell Plate and 12-channel pipette to prepare test chemical solutions by adding th
reagents per the following table. Refer to the section on “Typical Test Chemical Solution Positions in
96-well Microwell Plate” for typical positions in the plate. Inspect test chemical solution after adding
test chemical and record observations.

Ratio of NAC to test chemical = 1:50 Ratio of NAL to test chemical = 1:50
5-uM NAC, 0.25-mM test chemical 5-uM NAL, 0.25-mM test chemical
+ 150-pL NAC solution + 150-pL NAL solution
+ 50-pL Test chemical solution + 50-uL Test chemical solution

Co-elution Control and Reference Control A, B and C are prepared according to the following tables.
13



Co-elution Control

For NAC For NAL
+ 150-puL Phosphate buffer (pH 8.0) + 150-pL Phosphate buffer (pH 10.2)
+ 50-pL Test chemical solution + 50-pL Test chemical solution
Reference Control A and B
For NAC For NAL
+ 150-pL NAC solution + 150-pL NAL solution
+ 50-pL Acetonitrile + 50-pL Acetonitrile
Reference Control C
For NAC For NAL
+ 150-pL NAC solution + 150-pL NAL solution
+ 50-uL Acetonitrile and solvent used for + 50-uL Acetonitrile and solvent used for
dissolution of test chemical ™ dissolution of test chemical ™

"1 |f the test chemicals are dissolved in acetonitrile, only acetonitrile need be prepared.

3. Seal the 96-well Microwell Plate completely with a plate seal and shake it using a Plate Shaker
Centrifuge the plate using a Plate Centrifuge and incubate the plate in the Incubator (dark) at 25°
(plus or minus 1'C) for 24 hours (plus or minus 1 hour). Record the time and temperature at the stal
and end of incubation.

4-3. Procedure after the Completion of Reaction

1. After 24 hours of incubation, remove the plate seal and agdl 60Reaction Fixing Solution to each

test chemical solution. Inspect the reacted test chemical solution and record any observations aft
addition of the reaction fixing solution. If precipitation is observed, centrifuge the 96-well Microwell
Plate at low speed (100-400gq) to force the precipitate to the bottom of the well as a precaution. If mor
than 100ul of supernatant of test chemical solution can Imeoxeed using a pipette, the supernatant may

be analyzed after being transferred to another plate.

2. Prepare the standard solution
Prepare NAC/NAL standard solutions by serial dilution from 5.0-0.IN6-
(1) Prepare each solution ahead of time after thawing frozen stock solution at room temperature.
[1] 5.0uM stock solution “Std1”
[2] “solvent for preparing dilution series” (for NAC/NAL)
(2) Prepare the following concentration of the standard solution by dilutingul1%® stock solution
“Std1” with the same quantity of dilution solvent per to “Preparation procedure for dilution series”
below. Add dilution solvent to a well as “Std7”.

Std 7
(Dilution solvent)

Stdl1 | Std2| Std3 Std4 Stdpb  Std6

NAC/NAL

5.0 2.5 1.25 | 0.625| 0.313 | 0.156 0
(uM)
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“Preparation procedure of dilution series”
(1) Add 150 j of dilution buffer to wells from well Std2 to wellt&7 shown in “Typical Test Chemical
Solution Positions in 96-well Microwell Plate”
(2) Add 1504 of Std1 to well Std1 and well Std2. Mix with miniirer entrapment.
(3) Transfer 150 from well Std2 to well Std3. Mix with minimal aimgrapment.
(4) Continue in a similar manner from well Std4 to well Std6.

3. Prepare dilution series of NAC/NAL standard solution in the wells from Std1 to Std7 shown in the nex
section on “Typical Test Chemical Solution Positions in 96-well Microwell Plate”, and reseal the plate
tightly with a new plate seal. For preparation of dilution series, see section “4-3. 2. Prepare the
standard solution”. Mix the plate with a Plate Shaker and spin it down by centrifuge.

Note: Add the Reaction Fixing Solution within 30 minutes of the end of incubation.

Typical Test Chemical Solution Positionsin 96-well Microwell Plate

Between 1 and 17 test chemicals can be tested in a single test run using two 96-well plates, based on
consideration of the time needed for preparation and testing as well as the burden on laboratory
technicians and the capacity of the HPLC apparatus. If more than one solvent are used a single test run,
additional Reference Controls for each solvent need to be prepared and the number of test chemicals wi
need to be reduced. For example, if three kinds of solvent are used, the maximum number of test
chemicals is 15. The number of test chemicals and Typical Test chemical solution position in 96-well
Microwell Plate are shown below, but the positions may be adjusted per the number of test chemical
solutions.

(1) For five test chemicals with acetonitrile as solvent

1 2 3 4 5 6 7 8 9 10 11 12
a A Test Test Test Test Test STD1| STD5
hemical | chemical| chemical| chemical| chemical STD2| STD 6
B chemical | chemical| chemical| chemical| chemical rRcA | rRe-B | RCB | RC-C PC
solution | solution | solution | solution | solution
STD3| STD 7
L C No.1 No.2 No.3 No.4 No.5
4 D CC-1 CC-2 CC-3 CC-4 CC-5 — — — — — STD 4 —
E Test Test Test Test Test STD1| STD5
F chemical | chemical| chemical| chemical| chemical STD 2| STD 6
RC-A | RC-B | RC-B | RC-C PC
solution | solution | solution | solution | solution
— STD3| STD 7
G No.1 No.2 No.3 No.4 No.5
H cc-1 cc-2 cCc-3 CC-4 CC-5 — — — — — STD 4 —

RC: Reference Control, CC: Co-elution Control, PC: Positive Control
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(2) For 10 test chemicals with acetonitrile and water as solvent

First plate
1 2 3 4 5 6 7 8 9 10 11 12
/
A Test Test Test Test Test Test Test Test Test Test
chemical | chemical| chemical| chemical| chemical| chemical| chemical| chemical | chemical| chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
C No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
N—
4 D CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-10 — —
E Test Test Test Test Test Test Test Test Test Test
F chemical | chemical | chemical| chemical| chemical| chemical| chemical| chemical | chemical| chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
|
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
H CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7| CC-§ CC-9 cC-10 — —
Second plate
1 2 3 4 5 6 7 8 9 10 11 12
/
A STD1| STD5
RC-C | RC-C
B RC-A | RC-B | RC-B PC — — — — STD 2| STD 6
(Water)| (ACN)
C STD3| STD 7
_ D — — — — — — — — — — STD 4 —
/
E STD1| STD5
RC-C | RC-C
F RC-A | RC-B | RC-B PC — — — — STD 2| STD 6
(Water)| (ACN)
G STD 3| STD 7
| H — — — — — — — — — — | STh4| —
RC: Reference Control, CC: Co-elution Control, PC: Positive Control, ACN: Acetonitrile
(3) For 17 test chemicals and acetonitrile as solvent
First plate
1 2 3 4 5 6 7 8 9 10 11 12
/
Test Test Test Test Test Test Test Test Test Test Test Test
B chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
C No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12
N—
d D CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-10 CCt9 CCj10
E Test Test Test Test Test Test Test Test Test Test Test Test
F chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
|
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12
H CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-10 CC-{1 Ccy12
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Second plate

Y4

1 2 3 4 5 6 7 8 9 10 11 12
A Test Test Test Test Test STD1| STD5
B hemical | chemical| chemical| chemical| chemical STD 2| STD 6
chemical | chemical| chemical| chemical| chemical rRcA | ReB | ReB | RC-C PC
solution | solution | solution | solution | solution
STD3| STD 7
C No.13 No.14 No.15 No.16 No.17
D CC-3 cC4 CC-5 CC-6 CC-7 — — — — — STD 4 —
E Test Test Test Test Test STD1| STD5
F chemical | chemical| chemical| chemical| chemical STD 2| STD 6
RC-A | RC-B | RC-B | RC-C PC
solution | solution | solution | solution solution
— STD3| STD 7
G No.13 No.14 No.15 No.16 No.17
H CC-13 CC-14 Ccc-15 CC-16 cc-17 — — STD 4 —

RC: Reference Control, CC: Co-elution Control, PC: Positive Control, ACN: Acetonitrile

5. HPL C Analysig

1. Install the appropriate column in the HPLC system, prime and equilibrate the entire system with the
Mobile Phase A and Mobile Phase B at column temperature of 40°C. The HPLC analysis is performe
using a flow of 0.3 ml/min and a linear gradient from 30% to 55% acetonitrile for NAC and from 25%
to 45% acetonitrile for NAL within 10 minutes, followed by a rapid increase to 100% acetonitrile to
remove other materials. Refer “5-1. HPLC Conditions” for details on the gradient.

2. Inject equal quantities of each standard solution, test chemical solution, and control solution. The
injection quantity varies according to the system used but typically is from 10-8Yystems require
smaller injection quantities, because injection of 2deads to unacceptably broad peaks.

Absorbance is monitored at 281 nm. If using a Photodiode Array Detector, absorbance at 291 nm
should also be recorded.

3. Increase the mobile phase B to 100% in order to remove the other compounds from the column after
gradient, and re-equilibrate the column under initial conditions for at least 6.5 minutes. These process
of acetonitrile 100% and re-equilibration for 6.5 minutes are described the following table “5-1.

HPLC Conditions”.
Note: The 6.5 minute re-equilibration time was determined using a Shimadzu Prominence HPLC system.
Other systems may require more or less re-equilibration time due to system mixing quantity. Shorter
equilibration times will be acceptable if peak retention times are stable.

5-1. HPL C Conditions

Column Shiseido CAPCELL CORE fgcolumn (2.7 m, 3.0
x 150 nm) [Cat. 51112]

Alternative Column

The follow two columns have been confirmed to
yield results for five test chemicals that are
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essentially the same as the Shiseido column.
Waters, CORTECS g Column (2.7 m, 3.0 x 150
mm) [Catalog # 186007373]

Agilent, Poroshell 120 ECg (2.7 pm 3.0 x 150
mm) [Catalog # 693975-302]

Column Temperature 40°C

Test chemical solution Temperature 25°C

If the auto-sampler has a cooling function, test

chemical solutions can be kept more stable at 4°C.

UV detector* Photodiode array detector ( for example, Shimadgu
SPD-M20A) or absorbance detector (281 nm)
Injection Quantity 10-20 (l (The injection quantity varies according to

HPLC system. If peaks are too broad, the injectign
quantity should be decreased.)

Run Time 20 minutes

Flow Conditions NAC flow conditions
Time Flow %A %B
0 min 0.3 ml/min 70 30
9.5 min 0.3 ml/min 45 55
10 min 0.3 ml/min 0 100
13 min 0.3 ml/min 0 100
13.5min 0.3 ml/min 70 30
20 min End run

NAL flow conditions

Time Flow %A %B
0 min 0.3 ml/min 80 20
9.5min 0.3 ml/min 55 45
10 min 0.3 ml/min 10 100
13 min 0.3 ml/min 10 100
13.5min 0.3 ml/min 80 20
20 min End run

Note 1: The mixer quantity should be verified and adjusted in advance because the appropriate elutio
pattern of NAC/NAL peak will not be shown if the mixer quantity for mixing each mobile phase is not
appropriate (For example, 0.5 ml mixing quantity is appropriate for Shimadzu prominence HPLC
system).
Note 2: The inner diameter of pipe and the length of pipe from column outlet to detector inlet must be les
than 0.18 mm and less than 50 cm, respectively, because the peak of NAC/NAL might be broaden
depending on inner diameter and length of pipe
Note 3: If more than one wavelength is detected, also 291 nm besides 281 nm should be detected to ch
out peak purities of NAC/NAL.
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Graphical Display of Gradient for NA/NAL Analysis

For NAC analysis For NAL analysis
100 100
9 I
80 80
- 70 = L
2 60 S 60
£ 50 2 .
O 40 S 40
@ 30 — o :
20 | 20
10 | i
0 0
0.0 25 50 7.5 10.0 12.5 15.0 17.5 20.0 0.0 25 50 7.5 10.0 12,5 15.0 17.5 20.0
Time [min] Time [min]

Note: Visual inspection of test chemical solutions must be conducted prior to HPLC analysis. Generally
precipitation is not a problem. However, if precipitation is observed, this should be noted in the data
reporting template. Test chemical solutions may be centrifuged at low speed (100-400g9) in vial to forc
precipitate to the bottom of the well as a precaution, since large quantities of precipitate may clog the
HPLC tubing or columns. If more than 100 of supernatant can be recovered, in may be analgited
transfer to another plate. Precipitate formation, removal, and transfer must be recorded and reported.

5-2.HPL C Sample Analysis Sequences
Each sample of HPLC analysis should be analyzed in number order below. Refer to the table showir
Examples of HPLC Sample Analysis Sequences for more practical sequences about HPLC analysis.

1. Sart to analyze calibration standards and Reference Control A (N = 3).

2. The Co-elution Control does not need to be analyzed by turns if it is analyzed after analysis of standa
solution and Reference Control A.

3. Reference Control B should be analyzed three times (total six times) before and after the analysis
sample, Reference Control C and Positive Control.

4. The Reference Control C, Positive Control and Test chemical solutions are analyzed. (After the first s
of replicates of each sample is analyzed, the second set of replicates of each should be analyzed)

Example of HPL.C Samples Analysis Sequences
(A more specific analysis sequence can be found at the end of the SOP)

STD7 (Buffer solution for dilutior) Ref. 8-1. 1)
STD6
STD5
STD4
STD3
STD2
STD1
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Reference Control A, rep 1 Ref. 8-1. 1)
Reference Control A, rep 2
Reference Control A, rep 3

Co-elution Control 1 Ref. 8-4.
Co-elution Control 2
Co-elution Control 3

Co-elution Control n

Reference Control B, rep 1 Ref. 8-2.
Reference Control B, rep 2
Reference Control B, rep 3

Reference Control C, rep1 First set of replicates

Phenyl acetaldehyde (Positive Control), repl Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, repl
Test chemical solution 2, repl
Test chemical solution 3, repl

Test chemical solution n, repn

Reference Control C, rep?2 Second set of replicates

Phenyl acetaldehyde (Positive Control), rep2 Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, rep2
Test chemical solution 2, rep2
Test chemical solution 3, rep2

Test chemical solution n, rep2

Reference Control C, rep3 Third set of replicates

Phenyl acetaldehyde (Positive Control), rep3 Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, rep3
Test chemical solution 2, rep3
Test chemical solution 3, rep3

Test chemical solution n, rep3

Reference Control B, rep 4 Ref. 8-2.
Reference Control B, rep 5
Reference Control B, rep 6

" Start to analyze calibration standard immediately after addition of Reaction Fixing Solution and
preparation of dilution series of standard solution.

S Analyze three replicates for Reference Controls C. These results are used to calculate the NAC/NA
depletion in each solvent and to verify that solvent used does not affect NAC/NAL depletion.
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6. DATAANALYSIS& CALCULATIONS

The concentration of NAC/NAL is calculated from peak area of absorbance at 281 nm for each tes
chemical solution based on the calibration curve derived from standard solutions Std 1 to Std7
NAC/NAL percent depletion is calculated by dividing NAC/NAL peak area of each test chemical solution
by mean peak area of Reference Control C.

6-1. Calculation of Peak Area of NAC/NAL
Integrate the appropriate peaks and determine peak area for standards, test chemical solution &
controls. The peak area of each integrated peak must be reported.

6-2. Calculation of Concentration of NAC/NAL
6-2-1. Generate a linear calibration curve based on the concentration of standards and the peak ar
Suitable calibration curves must have &0r990.
6-2-2. Calibrate the mean NAC/NAL concentrations in Reference Controls A and C, SD and CV. The
each mean should be 3.2-4/1. The NAC/NAL concentration of Reference ControlsaAd C
must be reported.

6-2-3. Calculate the mean NAC/NAL peak area, SD and CV for the Reference Controls C (N=3) for
each solvent used. The each mean concentration should be 3,d44.Bowever, if 5%
DMSO/Acetonitrile is selected as a solvent for test chemical, the mean of concentration of NAC
should be 2.8—4.0M.

6-3. Calculation of Peak Area of NAC/NAL
6-3-1. Calculate the mean NAC/NAL peak area for the six Reference Controls B and the three
Reference Control C in acetonitrile, SD and CV. The CV must be less than 10%.
6-3-2. Calculate the mean NAC/NAL peak area at 281nm for the three Reference Controls C.

6-4. Calculation of Percent Depletion of NAC/NAL

6-4-1. For the Positive Control and for each test chemical, calculate the Percent NAC/NAL Depletion ir
each replicate from the NAC/NAL peak area of the replicate injection and the mean NAC/NAL
area in the three relevant Reference Controls C (in the appropriate solvent), using the following
formula.
Percent NAC/NAL Depletion (% depletion) = [1- (NAC/NAL Peak Area in Replicate
Injection/mean NAC/NAL Peak Area in Reference Controls C)]x100

6-4-2. The mean Percent NAC/NAL Depletion (Average score) of the three replicate determinations, SI
and CV should also be calculated and reported. Report results to one decimal place.

7. DATA REPORTING (FOR NAC AND NAL)|

System Suitability
- NAC/NAL peak area at 281 nm of Standard and Reference Control B and C replicate.
- The linear calibration curve should be graphically represented arfdréported.

21



- NAC/NAL concentration{M) of Reference Control A replicate.
- Mean NAC/NAL concentrationuM) of Reference Controls C replicate, SD and CV.

Analysis Sequence

Reference Controls:
- NAC/NAL peak area at 281 nm of Reference Control B and C replicate.
- Mean NAC/NAL peak area at 281 nm of the nine Reference Controls B (N = 6) and C (N = 3) in
acetonitrile, SD and CV (for stability of Reference Controls over analysis time).
- For each solvent used, the mean NAC/NAL peak area at 281 nm of the three appropriate Referen
Controls C replicate (for calculation of Percent NAC/NAL Depletion).

- For each solvent used in this assay, the mean NAC/NAL concentratibnof the appropriate
Reference Control C replicate, SD and CV.

Positive Control (Phenyl acetaldehyde)
- NAC/NAL peak area at 281 nm of each replicate.
- Percent NAC/NAL Depletion of each replicate
- Mean NAC/NAL Depletion of the three replicates, SD and CV.

For Each Test Chemical:
- Solvent chosen
- Appearance of precipitate in the reaction mixture at the end of the incubation time.
It must be reported if precipitate was re-solubilized or centrifuged.
- NAC/NAL peak area at 281 nm of each replicate (for systems equipped with a PDA detector the pea
area at 291 nm should also be reported).
- Percent NAC/NAL Depletion of each replicate.

- Mean of Percent NAC/NAL Depletion of the three replicates, SD and CV.

8. ACCEPTANCE CRITERIA
8-1. Acceptance Criteriafor Amino acid Derivative Reactivity Assay Run

All criteria must be met for the whole run to be considered valid. If three criteria are not met, the run
must be repeated for all test chemicals.

System Suitability:
Calibration Linearity 7> 0.990
Mean NAC/NAL concentration of Reference Controls A = 3.2-414 n

Positive Control:

The mean Percent NAC/NAL Depletion value of the three replicates for phenyl acetaldehyde must fal
within the range reported in the following table (Based on mean £3SD from background data):
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Percent NAC Depletion Percent NAL Depletion
Positive
Lower Bound Upper Bound Lower Bound Upper Bound
control
Phenyl acetaldehyde 8 100 86 100

Maximum Standard Derivatives for Positive Control replicate:
Standard Deviation for Percent NAC Depletion must be < 10%
Standard Deviation for Percent NAL Depletion must be < 10%

Sability of Reference Controls over analysistime:

For each solvent used, the mean of the NAC/NAL concentrations of the three appropriate Referenc
Controls C = 3.2-4.4M. However, if 5% DMSO/Acetonitrile is selected asavent for test chemical,
the mean of concentration of NAC should be 2.8+M) as it is known that concentration of NAC
decreases because of oxidation of SH group by DMSO.

8-2. Acceptance Criteriafor Each Test Chemical
All criteria must be met for the run to be considered valid for a particular test chemical. If these criteria
are not met, the run must be repeated for the test chemical.

Maximum Standard Deviation of test chemical solution replicates:
Standard Deviation for Percent NAC Depletion must be < 10%
Standard Deviation for Percent NAL Depletion must be < 10%

Reference Controls C in the analysis sequence:

CV of NAC/NAL peak areas for the nine Reference Controls B (N = 6) and C (N = 3) in acetonitrile
must be < 10%. Moreover, CV of NAC/NAL peak areas for the three Reference Controls C (N = 3) in
each solvent must be < 10%.

8-3. Data Acceptance for Amino Acid Derivative Reactivity Assay
The average score should be calculated from depletions of NAC/NAL, and the test chemicals should k
predicted to be either a Sensitizer or a Non-sensitizer according to following table.

NAC/NAL prediction model

Average score Judgement
Less than 4.9% Non-sensitizer
4.9% or higher Sensitizer

8-4. Handling of Co-elution
8-4-1. Co-elution : Interference
(1) Some test chemicals will co-elute with the NAC or NAL. In order to detect possible co-elution of
the test chemicals with NAC or NAL, the test chemicals included in the run must be injected alone
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(“Co-elution Controls”) at the beginning of the run sequence and their chromatograms comparec
to the chromatograms of Reference Controls C in the appropriate solvent.

(2) If a chemical absorbs at 281 nm and has a similar retention time as a peptide (overlap ¢
valley-to-valley integration periods), then verify whether or not the peak of test chemical is
actually separated from the peak of NAC or NAL. If the peak of test chemical is completely
overlapped with the peak of NAC or NAL, and if the boundary of two peaks (valley between
peaks) is located higher than baseline, co-elution of the test chemical with that NAC or NAL
should be reported. The “interfering” chemical peak should have a peak area that is >10% of th
mean NAC/NAL peak area in the appropriate Reference Control. If co-elution occurs and propel
integration and calculation of NAC/NAL depletion is not possible, the data should be recorded as
“interference” for NAC/NAL the chemical co-elutes with.

8-4-2. Peak purity of NAC/NAL : Area ratio of 281/291 nm

(1) When a Photodiode Array detector is used, co-elution of chemical and NAC/NAL may also be
verified by looking at the UV spectrum at 291 nm in addition to 281 nm and calculating the area
ratio of 281/291. This value should be consistent over all test chemical solutions and standards fo
a distilled NAC/NAL peak and thus gives a measure of peak purity. For each test chemical
solution, a ratio in the following range would give a good indication that co-elution has not
occurred. However, calculation of peak purity (area ratio of 281/291) might not always be possible
particularly if the test chemical is highly reactive with the NAC/NAL leading to very small peaks.

90% < Mean Arearatio of Reference Control < 110%.
8-4-3. Co-elution : Depletion < -10%

(1) If the Percent NAC/NAL Depletion is < -10%, it should be considered that this may be a situation
of co-elution, inaccurate NAC/NAL addition to the reaction mixture or just baseline noise. If the
NAC/NAL peak appears at the proper retention time and has the appropriate peak shape, the pe
can be integrated. In this case, there may just be baseline noise causing the NAC/NAL peak to
bigger or there may be some co-elution/overlap in retention time of the NAC/NAL and test
chemical.

(2) The calculated %-depletion should be reported as an estimate. In cases where a test chemi
co-elutes with NAL, the NAC only prediction model can be used. In cases where a test chemica
co-elutes with both NAC/NAL, the data should be reported as an inconclusive.

(3) In cases where the test chemical co-elutes with the NAC and the peak of NAC cannot be integrate
the skin sensitization of test chemical cannot be predicted from the NAL depletion alone, and the
data should be reported as inconclusive.

8-4-4. Calculation of peak area for co-elution
(1) If the peak of NAC/NAL and the peak of test chemical partially overlap, the peak area of
NAC/NAL should be integrated from valley of both peaks to baseline vertically.
(2) If the peak of NAC/NAL and the peak of test chemical completely overlap, the data should be
reported as an Inconclusive, and the peak area should not be calculated.
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8-4-5. Estimated depletion values

In some cases, a test chemical might co-elute with NAC and/or NAL though the test chemical reac
with NAC and /or NAL. If this is the case, co-elution will make the peak area of NAC/NAL appear to be
larger than it really is, therefore the calculated percent depletion may be lower than the true value. Whe
the overlap in retention time between the test chemical and NAC/NAL is incomplete, percent depletior
can still be calculated with a notation of “co-elution — percent depletion estimates”. If the average scor
is below the criteria, the result should be reported as Inconclusive. However, unless NAC co-elutes wit

test chemical, the NAC-only prediction model should be used.

Co-elution with NAC

Co-elution with NAL

Average score No co-elution alone or NAC and onl
NAL y
. . Apply NAC-only
<4.9% Non-sensitizer Inconclusive .
prediction model
Apply NAC-onl
4.9% = Sensitizer Sensitizer PPY y

prediction model

NAC only prediction model

NAC Depletion

Judgement

less than 5.6%

Non-sensitizer

5.6% or greater

Sensitizer

Example HPL C Analysis

There are 5 test chemicals. Chemical 1,2 and 3 are soluble in acetonitrile. Chemical 4 and 5 are solut

in distilled water.

The following 96-well Microwell Plate should be set up:

Std 7 (Dilution buffer blank)

Std 6
Std5
Std5
Std4
Std 3
Std 2
Std1

Reference Control A, rep 1 (made with acetonitrile)
Reference Control A, rep 2 (made with acetonitrile)
Reference Control A, rep 3 (made with acetonitrile)
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Co-elution Control for Chemical 1
Co-elution Control for Chemical 2
Co-elution Control for Chemical 3
Co-elution Control for Chemical 4
Co-elution Control for Chemical 5

Reference Control B, rep 1 (made with acetonitrile)
Reference Control B, rep 2 (made with acetonitrile)
Reference Control B, rep 3 (made with acetonitrile)

Reference Control C, rep 1 (made with acetonitrile)
Reference Control C, rep 1 (made with distilled water)
Phenyl acetaldehyde, rep 1

Chemical 1, rep 1

Chemical 2, rep 1

Chemical 3, rep 1

Chemical 4, rep 1

Chemical 5, rep 1

Reference Control C, rep 2 (made with acetonitrile)
Reference Control C, rep 2 (made with distilled water)
Phenyl acetaldehyde, rep 2

Chemical 1, rep 2

Chemical 2, rep 2

Chemical 3, rep 2

Chemical 4, rep 2

Chemical 5, rep 2

Reference Control C, rep 3 (made with acetonitrile)
Reference Control C, rep 3 (made with distilled water)
Phenyl acetaldehyde, rep 3

Chemical 1, rep 3

Chemical 2, rep 3

Chemical 3, rep 3

Chemical 4, rep 3

Chemical 5, rep 3

Reference Control B, rep 4 (made with acetonitrile)
Reference Control B, rep 5 (made with acetonitrile)
Reference Control B, rep 6 (made with acetonitrile)

Percent depletion for chemicals 1,2 and 3 is calculated based upon the mean NAC/NAL peak area of tl
Reference Control C which are prepared with acetonitrile.
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Percent depletion for chemicals 4 and 5 is calculated based upon the mean NAC/NAL peak area of tl
Reference Controls C which are prepared with distilled water.
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Amino acid Derivative Reactivity Assay

PRINCIPLE AND SCOPE

The covalent binding of low molecular chemicals (haptens) to skin proteins is the molecular initiating
event for skin sensitisation. The Amino acid Derivative Reactivity Assay (ADRA) is used to evaluate the
reactivity of a test chemical with N- (2- (1-naphthyl)acetyl)-L-cysteine (NAC) and- (2-
(1-naphthyl)acetyl)-L-lysine (NAL) by combining the test chemical with a solution of NAC and NAL
(abbreviated hereinafter as “NAC/NAL solution”) and then measuring the residual concentration of NAC
and NAL after a 24-hour incubation at 25°C. NAC and NAL are chemically-synthesized compounds
containing a naphthalene group simulating cysteine and lysine residues in skin proteins. Residu:
concentrations of NAC and NAL following the 24-hour incubation are determined by high performance
liquid chromatography (HPLC) with gradient elution and UV detection at 281 nm. Test chemicals are
prepared and analyzed in triplicate in batches of up to 17 chemicals, including controls. The method |
applicable to test chemicals that are soluble in acetonitrile or other non-reactive, water-miscible solvent
at a 1-mM concentration.

REFERENCES
Fujita, M., et al, “Development of a prediction method for skin sensitization using novel cysteine and
lysine derivatives.”, J. Pharm. Toxicol. Method. 2014; 70; 94-105.

Yamamoto, Y., et a “A novel in chemico method to detect skin sensitizers in highly diluted reaction
conditions. “, J. Appl. ToxicoR015; 35: 1348-1360.

1. APPARATUSAND REAGENTS

ADRA is best performed using disposable plastic labware, because NAC is susceptible to oxidizatiol
by trace metal ions which may be found in glassware. Spatulae used for weighing test chemicals and t
various parts of the HPLC are not subject to this restriction.

1-1. Apparatus (1)

Apparatus Example of use by Lead L aboratory

Analytical Balance Capable of weighing up to 20 grams at an
accuracy of 0.1 mg readability

- Dispensing Pipettes capable of delivering 50-15Q Merify accuracy at time of use
+12 Channel Dispensing Pipettes capable of delivering
50-150uL

High Performance Liquid Chromatograph with Shimadzu Prominence series
light-excluding auto-sampler for 96-well microwell
plates capable of delivering a 0.3 ml/min flow rate

UV detector* Photodiode array detector ( for example,
Shimadzu SPD-M20A) or absorbance detector




(281 nm)

pH meter with electrode and calibration Capable of reading £0.01 pH

HPLC Column Shiseido CAPCELL CORE fgcolumn (2.7
um, 3.0 x 150 mm) [Cat. 51112]
Alternative Column

The follow two columns have been confirmed
to yield results for five test chemicals that ar¢
essentially the same as the Shiseido column.
Waters, CORTECS {g Column (2.7 m, 3.0 x
150 nmm) [Catalog # 186007373]

Agilent, Poroshell 120 EC(2.7 um 3.0 x
150 nmm) [Catalog # 693975-302]

A} %4

Guard Column and Guard Column Holder Column: Shiseido EXP GUARD CARTRIDGE
CAPCELL CORE Gg S-2.7 2.1x5mm [Cat.
3643]

Holder: Shiseido EXP DIRECT CONNECT
HOLDER [Catalog # 3640]

Incubator Capable of controlling at 25 +/ - 1°C

*1 If more than one wavelength is detectable, measurements should be made at both 281 nm and 291
to confirm peak purities of NAC and NAL.
"2 Guard columns need not be used for test chemicals that are not precipitated in the reaction solution.

1-1. Apparatus (2)

Apparatus Example of use by Lead L aboratory

Test Tube Mixer SHIBATA Test Tube Mixer TTM-1

Plate Shaker Heidolph Titramax 100 [Catalog # 544-11200-00
Plate Centrifuge KUBOTA PlateSpin

Recommended but non-essential consumables

Dispensing Pipettes capable of delivering 100Q Verify accuracy at time of use
5000 L

1-2. Consumables (1)

Consumables Recommended by L ead L aboratory

96-well Microwell Plate for HPLC analysis Polypropylene U bottom 96-well Microwell Plate
Thermo (NUNC) U96 PP-0.5 ML NATURAL [Catalog
# 267245]

Greiner MICROPLATE, 96 WELL, PP, U-BOTTOM,
NATURAL [Catalog # 650201]

96-well Microwell Plate seal for HPLC Use the seal having sealing and solvent-resistant




analysis performance'
Shimadzu GLC Resistant Embossed Seal [Catalog #
568-RES001]

"I When using a plate seal other than the recommended one, ensure and verify that no part of the react
solution is volatilized and that the measured values are consistent before performing actual testing. E
sure to leave no gaps between the plate seal and the plate when applying the plate seal.

1-2. Consumables (2)

Consumables Example of use (Used by L ead L aboratory)
Bottle with the quantity of approximately | Sterilized bottle (AS ONE Corporation) [Catalog #
500 ml 1-9475-05]
Polypropylene centrifuge tube with the 100 ml: Watson Clean-vessel [Catalog # 536-150S]
quantity equal to or more than 50 ml 50 ml: FALCON 50-ml PP Conical Tube [Catalog #
352070]
Measuring pipette for 10—-100ml 100-ml measuring pipette: FALCON 100-ml Serological

Pipette [Catalog # 357600]
50-ml measuring pipette: FALCON 50-ml Serological
Pipette [Catalog # 356550]
25-ml measuring pipette: FALCON 25-ml Serological
Pipette [Catalog # 356525]

Polypropylene centrifuge tube with the FALCON 15-ml Polypropylene Conical Tube [Catalog #
quantity equal to or more than 10 ml 352196]

Tube for cryopreservation 5-ml Tube’: 5-ml Outer serum tube (SUMITOMO
BAKELITE CO., LTD.) [Catalog # MS-4605X]

2-ml Tube': 2.0-ml Ring rock tube (BM Equipment Co
Ltd.) [Catalog # BM-20]

1.5-ml Tubée': 1.7-ml Ring rock tube (BM Equipment
Co., Ltd.) [Catalog # BM-15]

"I A'smaller or larger tube may be used per the quantity to be cryopreserved.

1-2. Consumables (3)

Recommended but non-essential Example of use by Lead L aboratory
consumables

Reservoir for operating 12 channel multipipett@orning 50-ml Reagent Reservoir [Catalog # 4870]

Approximately 1.5-ml tube and cap operable Alphanumeric storage tube 1.4-ml (Thermo 4247JR)
by 12 channel multipipette SepraSeal (Thermo 4463)

(for dispensing test chemical solution)
Tool for removing multiple caps Cap remover for SepraSeal (Thermo 4469)

simultaneously




1-3. Chemical and Special Materials

Chemical and Special Materials

Example of use by L ead L aboratory

Trifluoroacetic Acid (TFA)
(MW=114.02) CASRN 76-05-1

Wako [Cat. No. 204-02743]
98.0%

Sodium Phosphate, Monobasic, Anhydrous
(NaH2PO4, MW=119.98)
CASRN 7558-80-7

Wako [Catalog # 197-09705]

Sodium Phosphate, Dibasic, Anhydrous
(Na2HPO4, MW=141.96)
CASRN 7558-79-4

Wako [Catalog # 197-02865]

0.1M Sodium Hydroxide Solution
CASRN 1310-73-2

Wako [Catalog # 196-02195]

Acetonitrile, HPLC Grade
CASRN 75-05-8

Wako [Catalog # 015-08633]

Distilled water

Distilled water or equivalent may be used.

Acetone, special grade
CASRN 67-64-1

Wako [Catalog # 016-00346]

Dimethyl sulfoxide (DMSO), special grade
CASRN 67-68-5

Wako [Catalog # 043-07216]

EthylenediamineN,N,N',N-tetraacetic acid,
disodium salt, dihydrate (EDTANa- 2H,0)
CASRN 6381-92-6

Dojindo Molecular Technologies, Inc. [Catalog
#343-01861

NAC (refrigeration storage)
MW=289.35, Purity> 95%

Lot No. #960074#f (FUJIFILM provides synthetig
NAC samples to each laboratory in the validatio
study)

=]

NAL (refrigeration storage)
MW=314.38 Purity>95%

Lot No. #990029 (FUJIFILM provides synthetic
NAC samples to each laboratory participating in
the validation study.)

Phenyl acetaldehyde (Positive control)
MW=120.15 CASRN 122-78-1

SIGMA [Catalog # 107395]

Note: Store phenyl acetaldehyde under the
following conditions.

(1) Store at a temperature of 2—8°C. Do not stor
below 0°C.

(2) Do not expose to UV light during storing or
handling.

(3) Handle as little as possible, keep stored unds
the above conditions.




2. PRE-WORK|
2-1. Preparation of each solution (Typical)
2-1-1. 0.1-mM EDTA solution
1) Weigh 37.2 mg of EDTA-2N&2H,0 into a 15-ml Conical Tube and use a 25-ml measuring pipette to
add 10 ml of distilled water to dissolve it. (10-mM EDTA solution)
2) Use a 50-ml measuring pipette to add 49.5 ml of distilled water to a 100-ml tube and add 0.5 ml of th
10-mM EDTA solution described above to dilute it 100 fold. (0.1-mM EDTA solution)

2-1-2. 100-mM Phosphate buffer (pH 8.0)

To prepare an approximately 300-ml quantity

1) Weigh 0.6 g of Sodium Phosphate Dibasic Anhydrous into a 100-ml tube and use a 50-ml measuring
pipette to add 50 ml of distilled water to dissolve 0.6 g of Sodium Phosphate Dibasic Anhydrous in
distilled water:

2) Use a 50-ml (or 100-ml) pipette to add 300 ml of distilled water.

3) Weigh 4.26 g of Sodium Phosphate Monobasic Anhydrous and dissolve it in distilled water 2).

4) Use a 25-ml measuring pipette to add 16 ml of Sodium Phosphate Dibasic solution 1) in Sodium
Phosphate Monobasic solution 3).

5) Use a 25-ml measuring pipette to remove 17 ml from solution 4) and to add 1 ml of 0.1-mM EDTA
solution to solution 4). The concentrations of EDTA in this solution and final concentration of reaction
solution are 0.33M and 0.25 M, respectively.

6) Measure pH of solution 5) using a calibrated pH meter and verify that the pH is between 7.9 and 8.1.
If the pH is out of range, prepare a new batch of phosphate buffer.

7) Use the NAC stock solution within a week or cryopreserve the unused quantity. Repackage it intt
2-ml tubes to cryopreserve for Co-elution Control at -80°C.

2-1-3. 100-mM Phosphate buffer (pH 10.2)
To prepare an approximately 300-ml quantity
1) Use a 50-ml measuring pipette to add 286 ml of distilled water to a 500-ml bottle.
2) Weigh 4.26 g of Sodium Phosphate Monobasic Anhydrous and dissolve it in the distilled Water 1)
3) Use a 25-ml measuring pipette to add 14 ml of 0.1M NaOH solution to the solution 2).
4) Measure the pH of solution 3) using a calibrated pH meter and verify that it is between 10.1 and 10.:
If the pH is out of range, prepare a new batch of phosphate buffer.
5) Use the NAL stock solution within a week or cryopreserve the unused quantity. Repackage it intc
2-ml tube to cryopreserve for Co-elution Control at -80°C.

2-1-4. Reaction fixing solution (2.5% (v/v) TFA aqueous solution)
Add 2.5 ml of TFA to 100 ml of distilled water.

2-1-5. HPLC mobile phase A: 0.1% (v/v) TFA aqueous solution
Add 1.0 ml of TFA to 1000 ml of distilled water.



2-1-6. HPLC mobile phase B: 0.1% (v/v) TFA Acetonitrile solution
Add 1.0 ml of TFA to 1000 ml of HPLC grade Acetonitrile.

"1: When dissolving phosphate salts, close the bottle to mix them. Do not use glass labware or othe
washable equipment. Verify that salts are completely dissolved after mixing.

2-2. Preparation of NAC and NAL stock solutions
2-2-1. Preparation of NAC stock solution:

The NAC (molecular weight of 289.35) stock solution used in each assay is to all be from a single batct
We recommend storing NAC stock solution in quantities sufficient for an assay. A typical preparation as
performed at the Lead Laboratory is described below.

1) Weigh 11.6 + 0.1 mg of NAC in a 50-ml tube, add 20 ml of 100-mM phosphate buffer (pH 8.0) to the
tube using a 25-ml measuring pipette, and mix it gently using a test tube mixer to dissolve the NAC
(2-mM NAC stock solution)?

2) Use a 50-ml measuring pipette to add 149.5 ml of this buffer to a 500-ml bottle. Next, add 0.5 ml of
2-mM NAC stock solution to this solution and mix gently but thoroughly by inversion. (Gg867-
NAC stock solution).

3) Cryopreserve 3-ml quantities of stock solution in cryopreservable 5-ml tubes at -80°C. Store for n
more than six months before uge.

2-2-2. Preparation of NAL stock solution
The NAL (molecular weight of 314.38) stock solution used in each assay is to all be from a single
batch. We recommend storing NAL stock solution in quantities sufficient for an assay. A typical
preparation as performed at the Lead Laboratory is described Below.
1) Weigh 12.6 =+ 0.1 mg of NAL in a 50-ml tube, and add 20 ml of 200-mM phosphate buffer (pH 10.2)
to the tube using a 25 ml measuring pipette, and mix it gently using a test tube mixer to dissolve th
NAL. (2-mM NAL stock solution)?
2) Use a 50 ml measuring pipette to add 149.5 ml of this buffer to a 500 ml bottle. Next, add 0.5 ml of
2-mM NAL stock solution to this solution and mix it gently but thoroughly by inversion. (ub67-
NAL stock solution)
3) Cryopreserve 3 ml quantities of stock solution in 5 ml tubes at -80°C. Store for no more than sb
months before usé.
! These quantities are typical examples only and can be adjusted as necessary.
2 The remaining 2-mM stock solution can be cryopreserved at -89PQater use. Typically,
cryopreserve 1 ml of stock solution in a 1.5 ml tube at -80°C
" Stability testing of NAC stock solution at temperatures of 25°C, 4°C, -20°C, and -80°C has shown th:
it remains stable and free of auto-oxidation only at®@0We recommend that the NAL stock solution
also be stored at -80 °@lthough NAL is not susceptible to oxidization in the same manner as NAC.

Note: Prior to preparing new batches of NAC/NAL stock solution, verify the stability of the NAC/NAL
stock solution using the following procedure.



1) Add 150ul of 6.667uM NAC/NAL stock solution to three wells in each af @6-well Microwell
Plates.

2) Add 50 ul of acetonitrile to each of these six wells 1).

3) Attach a plate-seal to one of the two 96-well Microwell Plates and spin down the plate using a
centrifuge, the incubate for 24 hours at 25&8ter incubation, add 50yl of reaction fixing solution to
ead well, attach a new plate-seal, then mix and spin down the plate. Analyze NAC/NAL using the
HPLC system.

4) Add 50ul of reaction fixing solution to the other 96-well dvbwell Plate, attach a plate-seal to it,
then mix and spin down the plate. Analyze NAC/NAL using the HPLC system.

If the residual concentration of NAC/NAL falls below 90% after either O hour or 24 hours, the NAC and

NAL are not stable, and so new batches of NAC/NAL solutions must be prepared.

2-3. Preparation of Standard Solution for Calibration Curve

The calibration curve for the acceptance criteria is obtained from a six-dose standard solution. The initi
standard solution, Std1 at u, is cryopreserved in small quantities and usegrépare dilution series.
A typical procedure for preparation of the standard solution is described below.

Procedure for preparation of 20-ml solution and 40-66 tubes

1) Use a 25-ml pipette to add 15 ml of 6.68M-NAC/NAL stock solution to a 50 ml tube. Then use a

micropipette to add 1 ml of distilled water, 10@i TFA, and 3.9 ml of acetonitrile.
2) Cryopreserve 300-500 guantities of the standard solution in 1.5-ml tuaes30°C.

Also, solvent for preparing dilution series of the standard solution may be cryopreserved in
1000-1200-hquantities, as described below.
1) Use a 25-ml pipette to add 15 ml of 100-mM phosphate buffer (pH 8.0 for NAC, pH 10.2 for NAL), 1
ml of distilled water, 100 luof TFA, and 3.9 ml of acetonitrile to a 50-ml tube
2) Typically, cryopreserve approximately 1 ml of solvent in a 1.5-ml tube at -80°C.
! These quantities are typical examples only and can be adjusted as necessary.

2-4. Solubility Assessment of Test Chemicals

The solubility of each test chemical in a suitable solvent must be assessed before performing the actt
assay. A suitable solvent will dissolve the test chemical completely with no apparent turbidity or
precipitate during visual inspection. The concentration of test chemical solution used in the assay i
1mM, but more than 10 mg is recommended to be weighed because of the precise weight of the te
chemical. For this reason, the initial concentration of the test chemical solution is set to 20 mM, and th
final 1-mM test chemical solution is prepared by 20-fold dilution of the 20-mM solution. The test
chemical is dissolved using a test tube mixer and an additional 5 minutes of sonication if needed due
low solubility. The four solvents below are all suitable for used in ADRA, and the priority for the
selection of the appropriate solvent is as follows.
(1) Distilled water
(2) Acetonitrile
(3) Acetone



(4) DMSO

Note 1:When the 20-mM solution is prepared using DMSO (4), use acetonitrile to prepare the 20-fold
dilution down to a 1-mM solution.

Note 2:If none of these solvents are suitable for a given test chemical in a 20-mM solution, assess the
solubility of the test chemical in 1-mM solution using solvents (1)—(3). Do not use DMSO to prepare a
1-mM solution. DMSO must always be diluted 20-fold with acetonitrile to prepare a 1-mM solution.

Note 3:Water is not suitable as a solvent for anhydrides due to hydrolysis.

A typical procedure is described below.

1. Use the following formula to calculate the quantity of test chemical needed to prepare approximately
5 ml of a 20-mM test chemical solution or 100 ml of a 1-mM test chemical solution. If no purity
information is available, assume 100% purity.

100 20 mM 100 1 mM
MW X X X 5ml or MW X - X X 100ml
Purity (%, 100C Purity (%, 100C
= MW X L = Required quantity (mg)
Purity (%

2. Weigh the required quantity of test chemical directly into a centrifuge tube or other suitable labware
and record the actual weight.

3. Calculate the required quantity of solvent using the formula, and assess the solubility for the
appropriate solvent.

Note 1: Even if the required quantity is calculated to be less than 10 mg, weigh more than 10 mg of test
chemical for precise weight.

Note 2: If the test test chemical solution is in aqueous form, calculate necessary volume of the aqueous
solution and quantity of water for dilution. If specific gravity of test chemical solution is not known,
assume it as 1.0.

Preparation of 20-mM solution (5 ml)

MW % 1 % 1
Concentration (w/v¥% Specific gravit 20 mmo X5 ml

X 1000 pl

MW % 10
Concentration (w/v¥% Specific gravit'

= Volume of test chemicalu)

5000 pl — Volumeof test chemical (nl) = Solvent volume (ul)
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Preparation of 1-mM solution (100 ml)

MW % 1 % 1
Concentration (w/v¥% Specific gravit 1 mmo X100 m

X 1000 pl

MW % 10
Concentration (w/v¥% Specific gravit'

Volume of test chemicalu)

Volume of test chemical (ul)

100 ml 7000

= Solvent volume (ml)

2-5. Preparation of HPLC System

Prepare an HPLC system with a 281-nm UV detector and mobile phase A and B, as described in secti
“2-1-5. HPLC mobile phase A: 0.1% (v/v) TFA aqueous solution” and in section “2-1-6. HPLC mobile
phase B: 0.1% (v/v) TFA Acetonitrile solution”.

1. Column Equilibration: Install the HPLC column (see section “1.1 Apparatus (1)”) and equilibrate the
column for at least 30 minutes at 40°C with 50% A, 50% B before use. Then, condition the column by
running the gradient at least twice before using the column.

2. System Shutdown: Following analysis, maintain a low flow (typically 0.05 ml/min) of 50% A and
50% B through the system and decrease column temperature to approximately 25°C.

3. If the system is to be idle for more than a week, fill the column with acetonitrile (without
Trifluoroacetic acid) and remove the column from the HPLC system. Cap tightly and purge acid
containing mobile phases from the system using acetonitrile.

3. SOLUTION PREPARATION|
3-1. Preparation of Test Chemical Solution

Solubility of the test chemical in the appropriate solvent is evaluated in section “2-4. Solubility
Assessment of Test Chemicals”. 20-mM or 1-mM solutions of test chemicals in the appropriate solvent
are prepared immediately before use.

1. When ready to perform the assay, calculate and weigh the appropriate quantity of test chemic
needed to prepare a 20-mM or 1-mM solution directly in a 15-ml or other appropriate tube. Use the
following formula to calculate the required quantity of solvent needed based on the actual weight o
the test chemical.

Prepare of 20-mM solution

1 « Purity (%) « 1

X
MW T0C 20 mmo 1000 mi

Test chemical (mg)Xx

Purity (% «

= Test chemical X
est chemical (mg) I,

0.5 = Volume of solvent (ml)
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Prepare of 1-mM solution

. 1 Purity (%) 1
X X X X
Test chemical (mg) T, T s 1000 ml
i 0
= Test chemical (mg)Xx Pu,r\l/fw % X 10 = Volume of solvent (ml)

2. Add the volume of solvent calculated and mix in a centrifuge tube, using a test tube mixer to dissolve
the test chemical. Slight sonication (less than 5 minutes) may be used if needed. If the test chemical
not completely dissolved, do not proceed with that specific test chemical in the selected solvent.
Re-evaluate with another solvent (see section “2. PRE-WORK?”) to find a suitable vehicle.

3. Dilute 20-mM of test chemical solution to the final 1-mM solution with each appropriate solvent in
the 1.4 ml Test chemical solution Storage Tube or other appropriate tube (For example, ddf 950 p
appropriate solvent to 50l of 20-mM test chemical solutior).

4. Record and report the final solvent choice for each chemical if the final solvent is different from the
solvent selected in section “2-4. Solubility Assessment of Test Chemicals”.

"1 96-well Deepwell Plate may be used instead of 1.4 ml Test chemical solution Storage Tube.

3-2. Preparation of Positive Control Solution
Phenyl acetaldehyde (Molecular weight=120.15) dissolved in acetonitrile is used as Positive Control an
should be contained in each run of assay. A typical preparation procedure for the Positive Control solutic
is described below.
1. Calculate a weight of Positive Control to be needed to prepare approximately 5 ml of 20-mM Positive
Control solution from following formula. The next formula shows the case that the purity of Phenyl
acetaldehyde is 90%.

10 10
K — K — = . =
MW BTty (%6 120 30 13.35(mg) = Phenyl acetaldehyde (mg)

2. Weigh the phenyl acetaldehyde directly in a 10- or 15-ml centrifuge tube, and record the actue
weight.
3. Calculate necessary quantity of solvent from following formula based on the actual weight

I 0,
Phenyl acetaldehyde (mgx %@ X 05 = 13.35 X 12%01‘ X 0.5 = 5.0(ml) = Solvent volume (ml)

4. Dissolve Phenyl acetaldehyde with acetonitrile in the quantities calculated above (20 mM).
5. Dilute the 20-mM Phenyl acetaldehyde solution 20-fold with acetonitrile in the 1.4-ml Test chemical
solution Storage Tube or other appropriate tube. (final concentration or T mM)
"1 96-well Deepwell Plate may be used instead of 1.4-ml Test chemical solution Storage Tube.

3-3. Thaw of each stock solution

Thaw frozen Phosphate buffer (pH 8.0 and 10.2) and NAC/NAL stock solution at room temperature.
The preparation of each stock solution is described in sections “2-1-2. 100-mM Phosphate buffer (pt
8.0)", “2-1-3. 100-mM Phosphate buffer (pH 10.2)”, and “2-2. Preparation of NAC/NAL stock solutions”.
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4. Assay Procedurg
4-1. Reference Control, Co-elution Control and Test Chemical Solution

Test chemical solutions are prepared in triplicate for NAC/NAL. Each assay (NAC/NAL) may be
prepared and performed concurrently (NAC/NAL should not be incubated and analyzed on separate day
The three Reference Control A, six Reference Control C and one Co-elution Control (the solution afte
addition of buffer solution rather than NAC/NAL) should be prepared. Moreover, the solution (Co-elution
Control, N=1) for each test chemical after addition of buffer solution rather than NAC/NAL solution
should be prepared. The detail of each solution describes below.

Test chemical Reaction solution of NAC/NAL with test chemical. Evaluate reactivity| of
solution NAC/NAL with the test chemical at a ratio of 1:50 for the NAC/NAL with the test
chemical.

Reference Control A Control for verifying validity of the HPLC system. Reference Control A is used to
verify concentration of NAC/NAL from each calibration curve after addition of
acetonitrile rather than test chemical.

Reference Control B Control for verifying stability of reaction solution under analysis. Referénce
Control B is used to verify variability (CV) of each three NAC/NAL peak areas in
the solution after addition of acetonitrile rather than test chemical at the start of
analysis and at the end of analysis.

Reference Control € Control for calculating NAC/NAL depletion of each test chemical solution, To

calculate depletion of NAC/NAL, measure three Reference Controls C| after
addition of solvent instead of test chemical. Prepare reference Control C ffor all
solvents used to dissolve the test chemicals.

Co-elution Control | Control for verifying whether or not test chemicals co-elute with NAC/NAL| The
Co-elution Control is used to verify absorbance at 281nm and whether retention
time of test chemical is equal to that of NAC/NAL.

4-2. Preparation and Reaction of Reaction Solutions
Use 12-channel pipettes with 96-well plates. Proper attention is required when using pipettes: pre-rins

at least five times to ensure precise pick up and take care to avoid dripping from the tip when dispensing

1. Assemble the following previously prepared reagents, solvents, and solutions:

a. 6.6674M of NAC/NAL stock solution,
b.Appropriate buffer solution (pH 8.0 for NAC, pH 10.2 for NAL),
c. Test chemical solution (or solvent for Reference Controls)

2. Use a 96-well Microwell Plate and 12-channel pipette to prepare test chemical solutions by adding th
reagents per the following table. Refer to the section on “Typical Test Chemical Solution Positions in
96-well Microwell Plate” for typical positions in the plate. Inspect test chemical solution after adding
test chemical and record observations.
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Ratio of NAC to test chemical = 1:50 Ratio of NAL to test chemical = 1:50
5-uM NAC, 0.25-mM test chemical 5-uM NAL, 0.25-mM test chemical
+ 150-pL NAC solution + 150-pL NAL solution
+ 50-pL Test chemical solution + 50-pL Test chemical solution

Co-elution Control and Reference Control A, B and C are prepared according to the following tables.
Co-elution Control

For NAC For NAL
+ 150-puL Phosphate buffer (pH 8.0) + 150-pL Phosphate buffer (pH 10.2)
+ 50-pL Test chemical solution + 50-pL Test chemical solution
Reference Control A and B
For NAC For NAL
+ 150-pL NAC solution + 150-pL NAL solution
+ 50-uL Acetonitrile + 50-uL Acetonitrile
Reference Control C
For NAC For NAL
+ 150-uL NAC solution + 150-pL NAL solution
+ 50-uL Acetonitrile and solvent used for + 50-uL Acetonitrile and solvent used for
dissolution of test chemical ™ dissolution of test chemical ™*

"1 |f the test chemicals are dissolved in acetonitrile, only acetonitrile need be prepared.

3. Seal the 96-well Microwell Plate completely with a plate seal and shake it using a Plate Shaker
Centrifuge the plate using a Plate Centrifuge and incubate the plate in the Incubator (dark) at 25°
(plus or minus 1'C) for 24 hours (plus or minus 1 hour). Record the time and temperature at the stal
and end of incubation.

4-3. Procedure after the Completion of Reaction

1. After 24 hours of incubation, remove the plate seal and agddl 6B0Reaction Fixing Solution to each

test chemical solution. Inspect the reacted test chemical solution and record any observations aft
addition of the reaction fixing solution. If precipitation is observed, centrifuge the 96-well Microwell
Plate at low speed (100-400gq) to force the precipitate to the bottom of the well as a precaution. If mor
than 100ul of supernatant of test chemical solution can beokad using a pipette, the supernatant may

be analyzed after being transferred to another plate.

2. Prepare the standard solution
Prepare NAC/NAL standard solutions by serial dilution from 5.0-0.1N6-
(1) Prepare each solution ahead of time after thawing frozen stock solution at room temperature.
[1] 5.0uM stock solution “Std1”
[2] “solvent for preparing dilution series” (for NAC/NAL)

(2) Prepare the following concentration of the standard solution by dilutingul1%® stock solution
“Std1” with the same quantity of dilution solvent per to “Preparation procedure for dilution series”
below. Add dilution solvent to a well as “Std7”.
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Std 7

Stdl1| Std2| Std3 Std4 Std5 Std6
(Dilution solvent)

NAC/NAL

5.0 2.5 1.25 | 0.625| 0.313 | 0.156 0
(uM)

“Preparation procedure of dilution series”
(1) Add 150 jof dilution buffer to wells from well Std2 to wellt&’ shown in “Typical Test Chemical
Solution Positions in 96-well Microwell Plate”
(2) Add 1504 of Std1 to well Std1 and well Std2. Mix with miniirer entrapment.
(3) Transfer 150 ufrom well Std2 to well Std3. Mix with minimal aentrapment.
(4) Continue in a similar manner from well Std4 to well Std6.

3. Prepare dilution series of NAC/NAL standard solution in the wells from Std1 to Std7 shown in the nexi
section on “Typical Test Chemical Solution Positions in 96-well Microwell Plate”, and reseal the plate
tightly with a new plate seal. For preparation of dilution series, see section “4-3. 2. Prepare the
standard solution”. Mix the plate with a Plate Shaker and spin it down by centrifuge.

Note: Add the Reaction Fixing Solution within 30 minutes of the end of incubation.

Typical Test Chemical Solution Positionsin 96-well Microwell Plate

Between 1 and 17 test chemicals can be tested in a single test run using two 96-well plates, based on
consideration of the time needed for preparation and testing as well as the burden on laboratory
technicians and the capacity of the HPLC apparatus. If more than one solvent are used a single test run,
additional Reference Controls for each solvent need to be prepared and the number of test chemicals wi
need to be reduced. For example, if three kinds of solvent are used, the maximum number of test
chemicals is 15. The number of test chemicals and Typical Test chemical solution position in 96-well
Microwell Plate are shown below, but the positions may be adjusted per the number of test chemical
solutions.
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(1) For five test chemicals with acetonitrile as solvent

1 2 3 4 5 6 7 8 9 10 11 12
a A Test Test Test Test Test STD1| STD5
B chemical | chemical| chemical| chemical| chemical STD 2| STD 6
RC-A | RC-B | RC-B | RC-C PC
solution | solution | solution | solution | solution
STD3| STD 7
L C No.1 No.2 No.3 No.4 No.5
4 D CC-1 CC-2 CC-3 CC-4 CC-5 — — — — — STD 4 —
E Test Test Test Test Test STD1| STD5
F chemical | chemical| chemical| chemical| chemical STD 2| STD 6
RC-A | RC-B | RC-B | RC-C PC
solution | solution | solution | solution | solution
N~ STD 3| STD 7
No.1 No.2 No.3 No.4 No.5
H cc-1 cCc-2 cCc-3 CC-4 CC-5 — — — — — STD 4 —
RC: Reference Control, CC: Co-elution Control, PC: Positive Control
(2) For 10 test chemicals with acetonitrile and water as solvent
First plate
1 2 3 4 5 6 7 8 9 10 11 12
/
A Test Test Test Test Test Test Test Test Test Test
chemical | chemical| chemical| chemical| chemical| chemical| chemical| chemical | chemical| chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
L C No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
4 D CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-1 — —
E Test Test Test Test Test Test Test Test Test Test
F chemical | chemical| chemical| chemical| chemical| chemical| chemical| chemical | chemical| chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
|
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
H CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-1 — —
Second plate
1 2 3 4 5 6 7 8 9 10 11 12
1 A STD1| STD5
RC-C | RC-C
B RC-A | RC-B | RC-B PC — — — — STD 2| STD 6
(Water)| (ACN)
C STD 3| STD 7
] D — — — — — — — — — — | STh4| —
1 E STD1| STD5
RC-C | RC-C
F RC-A | RC-B | RC-B PC — — — — STD 2| STD 6
(Water)| (ACN)
G STD3| STD 7
| H — — — — — — — — — — | STD4| —

RC: Reference Control, CC: Co-elution Control, PC: Positive Control, ACN: Acetonitrile
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(3) For 17 test chemicals and acetonitrile as solvent

First plate
1 2 3 4 5 6 7 8 9 10 11 12
Test Test Test Test Test Test Test Test Test Test Test Test

chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical

>

solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution

Y4

>

C No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12
D CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 Cc-10 CCt9 CccCjio
E Test Test Test Test Test Test Test Test Test Test Test Test
F chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12
H CC-1 CC-2 CC-3 CC4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-10 CC-11 CCj12

>

Second plate

1 2 3 4 5 6 7 8 9 10 11 12
A Test Test Test Test Test STD1| STD5
hemical | chemical | chemical| chemical hemical
B chemical | chemical| chemical| chemical| chemica rRca | ReB | res | Rec PC STD 2| STD 6
solution | solution | solution | solution solution
STD3| STD 7
L C No.13 No.14 No.15 No.16 No.17
1 D cc-3 cc-4 cc-5 CC-6 cCc-7 — — — — — STD 4 —
E Test Test Test Test Test STD1| STD5
F chemical | chemical| chemical| chemical| chemical STD 2| STD 6
RC-A | RC-B | RC-B | RC-C PC
solution | solution | solution | solution | solution
| STD3| STD 7
G No.13 No.14 No.15 No.16 No.17
H CC-13 CC-14 CC-15 CC-16 CC-17 — — STD 4 —

RC: Reference Control, CC: Co-elution Control, PC: Positive Control, ACN: Acetonitrile

5. HPL C Analysig

1. Install the appropriate column in the HPLC system, prime and equilibrate the entire system with the
Mobile Phase A and Mobile Phase B at column temperature of 40°C. The HPLC analysis is performe
using a flow of 0.3 ml/min and a linear gradient from 30% to 55% acetonitrile for NAC and from 25%
to 45% acetonitrile for NAL within 10 minutes, followed by a rapid increase to 100% acetonitrile to
remove other materials. Refer “5-1. HPLC Conditions” for details on the gradient.

2. Inject equal quantities of each standard solution, test chemical solution, and control solution. The
injection quantity varies according to the system used but typically is from 10-8ystems require
smaller injection quantities, because injection ofui2deads to unacceptably broad peaks.

Absorbance is monitored at 281 nm. If using a Photodiode Array Detector, absorbance at 291 nm
should also be recorded.
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3. Increase the mobile phase B to 100% in order to remove the other compounds from the column after
gradient, and re-equilibrate the column under initial conditions for at least 6.5 minutes. These process
of acetonitrile 100% and re-equilibration for 6.5 minutes are described the following table “5-1.
HPLC Conditions”.
Note: The 6.5 minute re-equilibration time was determined using a Shimadzu Prominence HPLC system.
Other systems may require more or less re-equilibration time due to system mixing quantity. Shorter
equilibration times will be acceptable if peak retention times are stable.

5-1. HPL C Conditions

Column Shiseido CAPCELL CORE fgcolumn (2.7 m, 3.0
x 150 mm) [Cat. 51112]

Alternative Column

The follow two columns have been confirmed to

yield results for five test chemicals that are
essentially the same as the Shiseido column.
Waters, CORTECS g Column (2.7 m, 3.0 x 150
mm) [Catalog # 186007373]

Agilent, Poroshell 120 ECg (2.7 pm 3.0 x 150
mm) [Catalog # 693975-302]

Column Temperature 40°C

Test chemical solution Temperature 25°C
If the auto-sampler has a cooling function, test
chemical solutions can be kept more stable at 4°C.

UV detector* Photodiode array detector ( for example, Shimadgu
SPD-M20A) or absorbance detector (281 nm)
Injection Quantity 10-20 (l (The injection quantity varies according to

HPLC system. If peaks are too broad, the injectign
quantity should be decreased.)

Run Time 20 minutes

Flow Conditions NAC flow conditions
Time Flow %A %B
0 min 0.3 ml/min 70 30
9.5 min 0.3 ml/min 45 55
10 min 0.3 ml/min 0 100
13 min 0.3 ml/min 0 100
13.5min 0.3 ml/min 70 30
20 min End run

NAL flow conditions
Time Flow % A %B
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0 min 0.3 ml/min 80 20
9.5 mn 0.3 ml/min 55 45
10 min 0.3 ml/min 10 100
13 min 0.3 ml/min 10 100
13.5min 0.3 ml/min 80 20
20 min End run

Note 1: The mixer quantity should be verified and adjusted in advance because the appropriate elutio
pattern of NAC/NAL peak will not be shown if the mixer quantity for mixing each mobile phase is not
appropriate (For example, 0.5 ml mixing quantity is appropriate for Shimadzu prominence HPLC
system).

Note 2: The inner diameter of pipe and the length of pipe from column outlet to detector inlet must be les
than 0.18 mm and less than 50 cm, respectively, because the peak of NAC/NAL might be broaden
depending on inner diameter and length of pipe

Note 3: If more than one wavelength is detected, also 291 nm besides 281 nm should be detected to ch
out peak purities of NAC/NAL.

Graphical Display of Gradient for NA/NAL Analysis

For NAC analysis For NAL analysis
100 100
90 I
80 80
= 70 = H
2 60 S 60
£ 50 2 .
S 40 3 40
20 20
10 i
0 0
0.0 25 50 7.5 10.0 12.5 15.0 17.5 20.0 0.0 25 50 7.5 10.0 12,5 15.0 17.5 20.0
Time[min] Time [min]

Note: Visual inspection of test chemical solutions must be conducted prior to HPLC analysis. Generally
precipitation is not a problem. However, if precipitation is observed, this should be noted in the data
reporting template. Test chemical solutions may be centrifuged at low speed (100-400g) in vial to forc
precipitate to the bottom of the well as a precaution, since large quantities of precipitate may clog the
HPLC tubing or columns. If more than 100 of supernatant can be recovered, in may be analgited
transfer to another plate. Precipitate formation, removal, and transfer must be recorded and reported.

5-2.HPL C Sample Analysis Sequences

Each sample of HPLC analysis should be analyzed in number order below. Refer to the table showir
Examples of HPLC Sample Analysis Sequences for more practical sequences about HPLC analysis.
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1. Start to analyze calibration standards and Reference Control A (N = 3).

2. The Co-elution Control does not need to be analyzed by turns if it is analyzed after analysis of standal
solution and Reference Control A.

3. Reference Control B should be analyzed three times (total six times) before and after the analysis
sample, Reference Control C and Positive Control.

4. The Reference Control C, Positive Control and Test chemical solutions are analyzed. (After the first s
of replicates of each sample is analyzed, the second set of replicates of each should be analyzed)

Example of HPL.C Samples Analysis Sequences
(A more specific analysis sequence can be found at the end of the SOP)

STD7 (Buffer solution for dilutior) Ref. 8-1. 1)
STD6
STD5
STD4
STD3
STD2
STD1

Reference Control A, rep 1 Ref. 8-1. 1)
Reference Control A, rep 2
Reference Control A, rep 3

Co-elution Control 1 Ref. 8-4.
Co-elution Control 2
Co-elution Control 3

Co-elution Control n

Reference Control B, rep 1 Ref. 8-2.
Reference Control B, rep 2
Reference Control B, rep 3

Reference Control C, rep1 First set of replicates

Phenyl acetaldehyde (Positive Control), repl Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, repl
Test chemical solution 2, repl
Test chemical solution 3, repl

Test chemical solution n, repn

Reference Control C, rep?2 Second set of replicates

Phenyl acetaldehyde (Positive Control), rep2 Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, rep2
Test chemical solution 2, rep2
Test chemical solution 3, rep2
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Test chemical solution n, rep2

Reference Control C, rep3 Third set of replicates

Phenyl acetaldehyde (Positive Control), rep3 Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, rep3
Test chemical solution 2, rep3
Test chemical solution 3, rep3

Test chemical solution n, rep3

Reference Control B, rep 4 Ref. 8-2.
Reference Control B, rep 5
Reference Control B, rep 6

" Start to analyze calibration standard immediately after addition of Reaction Fixing Solution and
preparation of dilution series of standard solution.

8 Analyze three replicates for Reference Controls C. These results are used to calculate the NAC/NA
depletion in each solvent and to verify that solvent used does not affect NAC/NAL depletion.

6. DATAANALYSIS& CALCULATIONS

The concentration of NAC/NAL is calculated from peak area of absorbance at 281 nm for each tes
chemical solution based on the calibration curve derived from standard solutions Std 1 to Std7
NAC/NAL percent depletion is calculated by dividing NAC/NAL peak area of each test chemical solution
by mean peak area of Reference Control C.

6-1. Calculation of Peak Area of NAC/NAL
Integrate the appropriate peaks and determine peak area for standards, test chemical solution &
controls. The peak area of each integrated peak must be reported.

6-2. Calculation of Concentration of NAC/NAL
6-2-1. Generate a linear calibration curve based on the concentration of standards and the peak ar
Suitable calibration curves must have &0r990.
6-2-2. Calibrate the mean NAC/NAL concentrations in Reference Controls A and C, SD and CV. The
each mean should be 3.2—4M1. The NAC/NAL concentration of Reference ControlsaAd C
must be reported.

6-2-3. Calculate the mean NAC/NAL peak area, SD and CV for the Reference Controls C (N=3) for
each solvent used. The each mean concentration should be 3,d44.Blowever, if 5%
DMSO/Acetonitrile is selected as a solvent for test chemical, the mean of concentration of NAC
should be 2.8—4.0M.

6-3. Calculation of Peak Area of NAC/NAL
6-3-1. Calculate the mean NAC/NAL peak area for the six Reference Controls B and the three
Reference Control C in acetonitrile, SD and CV. The CV must be less than 10%.
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6-3-2. Calculate the mean NAC/NAL peak area at 281nm for the three Reference Controls C.

6-4. Calculation of Percent Depletion of NAC/NAL

6-4-1. For the Positive Control and for each test chemical, calculate the Percent NAC/NAL Depletion ir
each replicate from the NAC/NAL peak area of the replicate injection and the mean NAC/NAL
area in the three relevant Reference Controls C (in the appropriate solvent), using the following
formula.
Percent NAC/NAL Depletion (% depletion) = [1- (NAC/NAL Peak Area in Replicate
Injection/mean NAC/NAL Peak Area in Reference Controls C)]x100

6-4-2. The mean Percent NAC/NAL Depletion (Average score) of the three replicate determinations, SI
and CV should also be calculated and reported. Report results to one decimal place.

7. DATA REPORTING (FOR NAC AND NAL)|
System Suitability
- NAC/NAL peak area at 281 nm of Standard and Reference Control B and C replicate.
- The linear calibration curve should be graphically represented arfdréported.
- NAC/NAL concentration (M) of Reference Control A replicate.
- Mean NAC/NAL concentrationuM) of Reference Controls C replicate, SD and CV.

Analysis Sequence

Reference Controls:
- NAC/NAL peak area at 281 nm of Reference Control B and C replicate.
- Mean NAC/NAL peak area at 281 nm of the nine Reference Controls B (N = 6) and C (N = 3) in
acetonitrile, SD and CV (for stability of Reference Controls over analysis time).
- For each solvent used, the mean NAC/NAL peak area at 281 nm of the three appropriate Referen
Controls C replicate (for calculation of Percent NAC/NAL Depletion).
- For each solvent used in this assay, the mean NAC/NAL concentrafibnof the appropriate
Reerence Control C replicate, SD and CV.

Positive Control (Phenyl acetaldehyde)
- NAC/NAL peak area at 281 nm of each replicate.
- Percent NAC/NAL Depletion of each replicate
- Mean NAC/NAL Depletion of the three replicates, SD and CV.

For Each Test Chemical:
- Solvent chosen
- Appearance of precipitate in the reaction mixture at the end of the incubation time.
It must be reported if precipitate was re-solubilized or centrifuged.
- NAC/NAL peak area at 281 nm of each replicate (for systems equipped with a PDA detector the pea

22



area at 291 nm should also be reported).
- Percent NAC/NAL Depletion of each replicate.
- Mean of Percent NAC/NAL Depletion of the three replicates, SD and CV.

|8. ACCEPTANCE CRITERIA\
8-1. Acceptance Criteriafor Amino acid Derivative Reactivity Assay Run

All criteria must be met for the whole run to be considered valid. If three criteria are not met, the run
must be repeated for all test chemicals.

System Suitability:
Calibration Linearity 7> 0.990
Mean NAC/NAL concentration of Reference Controls A = 3.2-444 n

Positive Control:
The mean Percent NAC/NAL Depletion value of the three replicates for phenyl acetaldehyde must fal
within the range reported in the following table (Based on mean £3SD from background data):

Percent NAC Depletion Percent NAL Depletion
Positive
Lower Bound Upper Bound Lower Bound Upper Bound
control
Phenyl acetaldehyde 6 30 75 100

Maximum Standard Derivatives for Positive Control replicate:
Standard Deviation for Percent NAC Depletion must be < 10%
Standard Deviation for Percent NAL Depletion must be < 10%

Sability of Reference Controls over analysistime:

For each solvent used, the mean of the NAC/NAL concentrations of the three appropriate Referenc
Controls C = 3.2-4.4M. However, if 5% DMSO/Acetonitrile is selected asavent for test chemical,
the mean of concentration of NAC should be 2.8+M) as it is known that concentration of NAC
decreases because of oxidation of SH group by DMSO.

8-2. Acceptance Criteriafor Each Test Chemical
All criteria must be met for the run to be considered valid for a particular test chemical. If these criteria
are not met, the run must be repeated for the test chemical.

Maximum Standard Deviation of test chemical solution replicates:
Standard Deviation for Percent NAC Depletion must be < 10%
Standard Deviation for Percent NAL Depletion must be < 10%

Reference Controls C in the analysis sequence:
CV of NAC/NAL peak areas for the nine Reference Controls B (N = 6) and C (N = 3) in acetonitrile
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must be < 10%. Moreover, CV of NAC/NAL peak areas for the three Reference Controls C (N = 3) in
each solvent must be < 10%.

8-3. Data Acceptance for Amino Acid Derivative Reactivity Assay
The average score should be calculated from depletions of NAC/NAL, and the test chemicals should k

predicted to be either a Sensitizer or a Non-sensitizer according to following table.

NAC/NAL prediction model

Aver age score Judgement
Less than 4.9% Non-sensitizer
4.9% or higher Sensitizer

If an average score for NAC depletion in a test chemical falls within the borderline range describec
bdow, additional testing should be performed to confirm the validity of the prediction. If the result of the
second test is not concordant with the first test, a third test should be performed to determine a predictic
for the test chemical by majority of the three test results.

NAC and NAL prediction model: 3.0% < average score < 10.0%
NAC only prediction model: 4.0% < NAC depletion <11.0%

8-4. Handling of Co-elution
8-4-1. Co-elution : Interference

(1) Some test chemicals will co-elute with the NAC or NAL. In order to detect possible co-elution of
the test chemicals with NAC or NAL, the test chemicals included in the run must be injected alone
(“Co-elution Controls”) at the beginning of the run sequence and their chromatograms comparec
to the chromatograms of Reference Controls C in the appropriate solvent.

(2) If a chemical absorbs at 281 nm and has a similar retention time as a peptide (overlap
valley-to-valley integration periods), then verify whether or not the peak of test chemical is
actually separated from the peak of NAC or NAL. If the peak of test chemical is completely
overlapped with the peak of NAC or NAL, and if the boundary of two peaks (valley between
peaks) is located higher than baseline, co-elution of the test chemical with that NAC or NAL
should be reported. The “interfering” chemical peak should have a peak area that is >10% of th
mean NAC/NAL peak area in the appropriate Reference Control. If co-elution occurs and propel
integration and calculation of NAC/NAL depletion is not possible, the data should be recorded as
“interference” for NAC/NAL the chemical co-elutes with.

(3) Even if the test chemical does not co-elute with NAC or NAL, the Percent NAC/NAL Depletion
can appear to be < -10% if the concentration of Reference Control C is comparatively low.
Moreover, the Percent NAC/NAL Depletion can also appear to be < -10% due to inappropriate
handling of the measurement. In such cases, retesting of the test chemicals in question or oth
appropriate measure should be taken.
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8-4-2. Peak purity of NAC/NAL : Area ratio of 281/291 nm
(1) When a Photodiode Array detector is used, co-elution of chemical and NAC/NAL may also be
verified by looking at the UV spectrum at 291 nm in addition to 281 nm and calculating the area
ratio of 281/291. This value should be consistent over all test chemical solutions and standards fo
a distilled NAC/NAL peak and thus gives a measure of peak purity. For each test chemical
solution, a ratio in the following range would give a good indication that co-elution has not
occurred. However, calculation of peak purity (area ratio of 281/291) might not always be possible
particularly if the test chemical is highly reactive with the NAC/NAL leading to very small peaks.
90% < Mean Arearatio of Reference Control < 110%.

8-4-3. Co-elution : Depletion < -10%

(1) If the Percent NAC/NAL Depletion is < -10%, it should be considered that this may be a situation
of co-elution, inaccurate NAC/NAL addition to the reaction mixture or just baseline noise. If the
NAC/NAL peak appears at the proper retention time and has the appropriate peak shape, the pe
can be integrated. In this case, there may just be baseline noise causing the NAC/NAL peak to &
bigger or there may be some co-elution/overlap in retention time of the NAC/NAL and test
chemical.

(2) The calculated %-depletion should be reported as an estimate. In cases where a test chemi
co-elutes with NAL, the NAC only prediction model can be used. In cases where a test chemica
co-elutes with both NAC/NAL, the data should be reported as an inconclusive.

(3) In cases where the test chemical co-elutes with the NAC and the peak of NAC cannot be integrate
the skin sensitization of test chemical cannot be predicted from the NAL depletion alone, and the
data should be reported as inconclusive.

8-4-4. Calculation of peak area for co-elution
(1) If the peak of NAC/NAL and the peak of test chemical partially overlap, the peak area of
NAC/NAL should be integrated from valley of both peaks to baseline vertically.
(2) If the peak of NAC/NAL and the peak of test chemical completely overlap, the data should be
reported as an Inconclusive, and the peak area should not be calculated.

8-4-5. Estimated depletion values

In some cases, a test chemical might co-elute with NAC and/or NAL though the test chemical reac
with NAC and /or NAL. If this is the case, co-elution will make the peak area of NAC/NAL appear to be
larger than it really is, therefore the calculated percent depletion may be lower than the true value. Whe
the overlap in retention time between the test chemical and NAC/NAL is incomplete, percent depletior
can still be calculated with a notation of “co-elution — percent depletion estimates”. If the average scor
is below the criteria, the result should be reported as Inconclusive. However, unless NAC co-elutes wit
test chemical, the NAC-only prediction model should be used.
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Co-elution with NAC

Co-elution with NAL

Average score No co-elution alone or NAC and onl
NAL y
. . Apply NAC-only
<4.9% Non-sensitizer Inconclusive .
prediction model
Apply NAC-onl
4.9% = Sensitizer Sensitizer PP y , y
prediction model
NAC only prediction model
NAC Depletion Judgement
less than 5.6% Non-sensitizer
5.6% or greater Sensitizer
Example HPL C Analysis

There are 5 test chemicals. Chemical 1,2 and 3 are soluble in acetonitrile. Chemical 4 and 5 are solut

in distilled water.

The following 96-well Microwell Plate should be set up:

Std 7 (Dilution buffer blank)

Std 6
Std5
Std5
Std4
Std 3
Std 2
Std1

Reference Control A, rep 1 (made with acetonitrile)
Reference Control A, rep 2 (made with acetonitrile)
Reference Control A, rep 3 (made with acetonitrile)

Co-elution Control for Chemical 1

Co-elution Control for Chemical 2

Co-elution Control for Chemical 3

Co-elution Control for Chemical 4

Co-elution Control for Chemical 5

Reference Control B, rep 1 (made with acetonitrile)
Reference Control B, rep 2 (made with acetonitrile)
Reference Control B, rep 3 (made with acetonitrile)




Reference Control C, rep 1 (made with acetonitrile)
Reference Control C, rep 1 (made with distilled water)
Phenyl acetaldehyde, rep 1

Chemical 1, rep 1

Chemical 2, rep 1

Chemical 3, rep 1

Chemical 4, rep 1

Chemical 5, rep 1

Reference Control C, rep 2 (made with acetonitrile)
Reference Control C, rep 2 (made with distilled water)
Phenyl acetaldehyde, rep 2

Chemical 1, rep 2

Chemical 2, rep 2

Chemical 3, rep 2

Chemical 4, rep 2

Chemical 5, rep 2

Reference Control C, rep 3 (made with acetonitrile)
Reference Control C, rep 3 (made with distilled water)
Phenyl acetaldehyde, rep 3

Chemical 1, rep 3

Chemical 2, rep 3

Chemical 3, rep 3

Chemical 4, rep 3

Chemical 5, rep 3

Reference Control B, rep 4 (made with acetonitrile)
Reference Control B, rep 5 (made with acetonitrile)
Reference Control B, rep 6 (made with acetonitrile)

Percent depletion for chemicals 1,2 and 3 is calculated based upon the mean NAC/NAL peak area of tl
Reference Control C which are prepared with acetonitrile.

Percent depletion for chemicals 4 and 5 is calculated based upon the mean NAC/NAL peak area of tl
Reference Controls C which are prepared with distilled water.
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Amino acid Derivative Reactivity Assay

PRINCIPLE AND SCOPE

The covalent binding of low molecular chemicals (haptens) to skin proteins is the molecular initiating
event for skin sensitisation. The Amino acid Derivative Reactivity Assay (ADRA) is used to evaluate the
reactivity of a test chemical with N- (2- (1-naphthyl)acetyl)-L-cysteine (NAC) and- (2-
(1-naphthyl)acetyl)-L-lysine (NAL) by combining the test chemical with a solution of NAC and NAL
(abbreviated hereinafter as “NAC/NAL solution”) and then measuring the residual concentration of NAC
and NAL after a 24-hour incubation at 25°C. NAC and NAL are chemically-synthesized compounds
containing a naphthalene group simulating cysteine and lysine residues in skin proteins. Residu:
concentrations of NAC and NAL following the 24-hour incubation are determined by high performance
liquid chromatography (HPLC) with gradient elution and UV detection at 281 nm. Test chemicals are
prepared and analyzed in triplicate in batches of up to 17 chemicals, including controls. The method |
applicable to test chemicals that are soluble in acetonitrile or other non-reactive, water-miscible solvent
at a 1-mM concentration.

REFERENCES
Fujita, M., et al, “Development of a prediction method for skin sensitization using novel cysteine and
lysine derivatives.”, J. Pharm. Toxicol. Method. 2014; 70; 94-105.

Yamamoto, Y., et a “A novel in chemico method to detect skin sensitizers in highly diluted reaction
conditions. “, J. Appl. ToxicoR015; 35: 1348-1360.

1. APPARATUSAND REAGENTS

ADRA is best performed using disposable plastic labware, because NAC is susceptible to oxidizatiol
by trace metal ions which may be found in glassware. Spatulae used for weighing test chemicals and t
various parts of the HPLC are not subject to this restriction.

1-1. Apparatus (1)

Apparatus Example of use by Lead L aboratory

Analytical Balance Capable of weighing up to 20 grams at an
accuracy of 0.1 mg readability

- Dispensing Pipettes capable of delivering 50-15Q Merify accuracy at time of use
+12 Channel Dispensing Pipettes capable of delivering
50-150uL

High Performance Liquid Chromatograph with Shimadzu Prominence series
light-excluding auto-sampler for 96-well microwell
plates capable of delivering a 0.3 ml/min flow rate

UV detector* Photodiode array detector ( for example,
Shimadzu SPD-M20A) or absorbance detector




(281 nm)

pH meter with electrode and calibration Capable of reading £0.01 pH

HPLC Column Shiseido CAPCELL CORE fgcolumn (2.7
um, 3.0 x 150 mm) [Cat. 51112]
Alternative Column

The follow two columns have been confirmed
to yield results for five test chemicals that ar¢
essentially the same as the Shiseido column.
Waters, CORTECS {g Column (2.7 m, 3.0 x
150 nmm) [Catalog # 186007373]

Agilent, Poroshell 120 EC(2.7 um 3.0 x
150 nmm) [Catalog # 693975-302]

A} %4

Guard Column and Guard Column Holder Column: Shiseido EXP GUARD CARTRIDGE
CAPCELL CORE Gg S-2.7 2.1x5mm [Cat.
3643]

Holder: Shiseido EXP DIRECT CONNECT
HOLDER [Catalog # 3640]

Incubator Capable of controlling at 25 +/ - 1°C

*1 If more than one wavelength is detectable, measurements should be made at both 281 nm and 291
to confirm peak purities of NAC and NAL.
"2 Guard columns need not be used for test chemicals that are not precipitated in the reaction solution.

1-1. Apparatus (2)

Apparatus Example of use by Lead L aboratory

Test Tube Mixer SHIBATA Test Tube Mixer TTM-1

Plate Shaker Heidolph Titramax 100 [Catalog # 544-11200-00
Plate Centrifuge KUBOTA PlateSpin

Recommended but non-essential consumables

Dispensing Pipettes capable of delivering 100Q Verify accuracy at time of use
5000 L

1-2. Consumables (1)

Consumables Recommended by L ead L aboratory

96-well Microwell Plate for HPLC analysis Polypropylene U bottom 96-well Microwell Plate
Thermo (NUNC) U96 PP-0.5 ML NATURAL [Catalog
# 267245]

Greiner MICROPLATE, 96 WELL, PP, U-BOTTOM,
NATURAL [Catalog # 650201]

96-well Microwell Plate seal for HPLC Use the seal having sealing and solvent-resistant




analysis performance'
Shimadzu GLC Resistant Embossed Seal [Catalog #
568-RES001]

"I When using a plate seal other than the recommended one, ensure and verify that no part of the react
solution is volatilized and that the measured values are consistent before performing actual testing. E
sure to leave no gaps between the plate seal and the plate when applying the plate seal.

1-2. Consumables (2)

Consumables Example of use (Used by L ead L aboratory)
Bottle with the quantity of approximately | Sterilized bottle (AS ONE Corporation) [Catalog #
500 ml 1-9475-05]
Polypropylene centrifuge tube with the 100 ml: Watson Clean-vessel [Catalog # 536-150S]
quantity equal to or more than 50 ml 50 ml: FALCON 50-ml PP Conical Tube [Catalog #
352070]
Measuring pipette for 10—-100ml 100-ml measuring pipette: FALCON 100-ml Serological

Pipette [Catalog # 357600]
50-ml measuring pipette: FALCON 50-ml Serological
Pipette [Catalog # 356550]
25-ml measuring pipette: FALCON 25-ml Serological
Pipette [Catalog # 356525]

Polypropylene centrifuge tube with the FALCON 15-ml Polypropylene Conical Tube [Catalog #
quantity equal to or more than 10 ml 352196]

Tube for cryopreservation 5-ml Tube’: 5-ml Outer serum tube (SUMITOMO
BAKELITE CO., LTD.) [Catalog # MS-4605X]

2-ml Tube': 2.0-ml Ring rock tube (BM Equipment Co
Ltd.) [Catalog # BM-20]

1.5-ml Tubée': 1.7-ml Ring rock tube (BM Equipment
Co., Ltd.) [Catalog # BM-15]

"I A'smaller or larger tube may be used per the quantity to be cryopreserved.

1-2. Consumables (3)

Recommended but non-essential Example of use by Lead L aboratory
consumables

Reservoir for operating 12 channel multipipett@orning 50-ml Reagent Reservoir [Catalog # 4870]

Approximately 1.5-ml tube and cap operable Alphanumeric storage tube 1.4-ml (Thermo 4247JR)
by 12 channel multipipette SepraSeal (Thermo 4463)

(for dispensing test chemical solution)
Tool for removing multiple caps Cap remover for SepraSeal (Thermo 4469)

simultaneously




1-3. Chemical and Special Materials

Chemical and Special Materials

Example of use by L ead L aboratory

Trifluoroacetic Acid (TFA)
(MW=114.02) CASRN 76-05-1

Wako [Cat. No. 204-02743]
98.0%

Sodium Phosphate, Monobasic, Anhydrous
(NaH2PO4, MW=119.98)
CASRN 7558-80-7

Wako [Catalog # 197-09705]

Sodium Phosphate, Dibasic, Anhydrous
(Na2HPO4, MW=141.96)
CASRN 7558-79-4

Wako [Catalog # 197-02865]

0.1M Sodium Hydroxide Solution
CASRN 1310-73-2

Wako [Catalog # 196-02195]

Acetonitrile, HPLC Grade
CASRN 75-05-8

Wako [Catalog # 015-08633]

Distilled water

Distilled water or equivalent may be used.

Acetone, special grade
CASRN 67-64-1

Wako [Catalog # 016-00346]

Dimethyl sulfoxide (DMSO), special grade
CASRN 67-68-5

Wako [Catalog # 043-07216]

EthylenediamineN,N,N',N-tetraacetic acid,
disodium salt, dihydrate (EDTANa- 2H,0)
CASRN 6381-92-6

Dojindo Molecular Technologies, Inc. [Catalog
#343-01861

NAC (refrigeration storage)
MW=289.35, Purity> 95%

Lot No. #960074#f (FUJIFILM provides synthetig
NAC samples to each laboratory in the validatio
study)

=]

NAL (refrigeration storage)
MW=314.38 Purity>95%

Lot No. #990029 (FUJIFILM provides synthetic
NAC samples to each laboratory participating in
the validation study.)

Phenyl acetaldehyde (Positive control)
MW=120.15 CASRN 122-78-1

SIGMA [Catalog # 107395]

Note: Store phenyl acetaldehyde under the
following conditions.

(1) Store at a temperature of 2—8°C. Do not stor
below 0°C.

(2) Do not expose to UV light during storing or
handling.

(3) Handle as little as possible, keep stored unds
the above conditions.




2. PRE-WORK|
2-1. Preparation of each solution (Typical)
2-1-1. 0.1-mM EDTA solution
1) Weigh 37.2 mg of EDTA-2N&2H,0 into a 15-ml Conical Tube and use a 25-ml measuring pipette to
add 10 ml of distilled water to dissolve it. (10-mM EDTA solution)
2) Use a 50-ml measuring pipette to add 49.5 ml of distilled water to a 100-ml tube and add 0.5 ml of th
10-mM EDTA solution described above to dilute it 100 fold. (0.1-mM EDTA solution)

2-1-2. 100-mM Phosphate buffer (pH 8.0)

To prepare an approximately 300-ml quantity

1) Weigh 0.6 g of Sodium Phosphate Dibasic Anhydrous into a 100-ml tube and use a 50-ml measuring
pipette to add 50 ml of distilled water to dissolve 0.6 g of Sodium Phosphate Dibasic Anhydrous in
distilled water:

2) Use a 50-ml (or 100-ml) pipette to add 300 ml of distilled water.

3) Weigh 4.26 g of Sodium Phosphate Monobasic Anhydrous and dissolve it in distilled water 2).

4) Use a 25-ml measuring pipette to add 16 ml of Sodium Phosphate Dibasic solution 1) in Sodium
Phosphate Monobasic solution 3).

5) Use a 25-ml measuring pipette to remove 17 ml from solution 4) and to add 1 ml of 0.1-mM EDTA
solution to solution 4). The concentrations of EDTA in this solution and final concentration of reaction
solution are 0.33M and 0.25 M, respectively.

6) Measure pH of solution 5) using a calibrated pH meter and verify that the pH is between 7.9 and 8.1.
If the pH is out of range, prepare a new batch of phosphate buffer.

7) Use the NAC stock solution within a week or cryopreserve the unused quantity. Repackage it intt
2-ml tubes to cryopreserve for Co-elution Control at -80°C.

2-1-3. 100-mM Phosphate buffer (pH 10.2)
To prepare an approximately 300-ml quantity
1) Use a 50-ml measuring pipette to add 286 ml of distilled water to a 500-ml bottle.
2) Weigh 4.26 g of Sodium Phosphate Monobasic Anhydrous and dissolve it in the distilled Water 1)
3) Use a 25-ml measuring pipette to add 14 ml of 0.1M NaOH solution to the solution 2).
4) Measure the pH of solution 3) using a calibrated pH meter and verify that it is between 10.1 and 10.:
If the pH is out of range, prepare a new batch of phosphate buffer.
5) Use the NAL stock solution within a week or cryopreserve the unused quantity. Repackage it intc
2-ml tube to cryopreserve for Co-elution Control at -80°C.

2-1-4. Reaction fixing solution (2.5% (v/v) TFA aqueous solution)
Add 2.5 ml of TFA to 100 ml of distilled water.

2-1-5. HPLC mobile phase A: 0.1% (v/v) TFA aqueous solution
Add 1.0 ml of TFA to 1000 ml of distilled water.



2-1-6. HPLC mobile phase B: 0.1% (v/v) TFA Acetonitrile solution
Add 1.0 ml of TFA to 1000 ml of HPLC grade Acetonitrile.

"1: When dissolving phosphate salts, close the bottle to mix them. Do not use glass labware or othe
washable equipment. Verify that salts are completely dissolved after mixing.

2-2. Preparation of NAC and NAL stock solutions
2-2-1. Preparation of NAC stock solution:

The NAC (molecular weight of 289.35) stock solution used in each assay is to all be from a single batct
We recommend storing NAC stock solution in quantities sufficient for an assay. A typical preparation as
performed at the Lead Laboratory is described below.

1) Weigh 11.6 + 0.1 mg of NAC in a 50-ml tube, add 20 ml of 100-mM phosphate buffer (pH 8.0) to the
tube using a 25-ml measuring pipette, and mix it gently using a test tube mixer to dissolve the NAC
(2-mM NAC stock solution)?

2) Use a 50-ml measuring pipette to add 149.5 ml of this buffer to a 500-ml bottle. Next, add 0.5 ml of
2-mM NAC stock solution to this solution and mix gently but thoroughly by inversion. (Gg867-
NAC stock solution).

3) Cryopreserve 3-ml quantities of stock solution in cryopreservable 5-ml tubes at -80°C. Store for n
more than six months before uge.

2-2-2. Preparation of NAL stock solution
The NAL (molecular weight of 314.38) stock solution used in each assay is to all be from a single
batch. We recommend storing NAL stock solution in quantities sufficient for an assay. A typical
preparation as performed at the Lead Laboratory is described Below.
1) Weigh 12.6 =+ 0.1 mg of NAL in a 50-ml tube, and add 20 ml of 200-mM phosphate buffer (pH 10.2)
to the tube using a 25 ml measuring pipette, and mix it gently using a test tube mixer to dissolve th
NAL. (2-mM NAL stock solution)?
2) Use a 50 ml measuring pipette to add 149.5 ml of this buffer to a 500 ml bottle. Next, add 0.5 ml of
2-mM NAL stock solution to this solution and mix it gently but thoroughly by inversion. (ub67-
NAL stock solution)
3) Cryopreserve 3 ml quantities of stock solution in 5 ml tubes at -80°C. Store for no more than sb
months before usé.
! These quantities are typical examples only and can be adjusted as necessary.
2 The remaining 2-mM stock solution can be cryopreserved at -89PQater use. Typically,
cryopreserve 1 ml of stock solution in a 1.5 ml tube at -80°C
" Stability testing of NAC stock solution at temperatures of 25°C, 4°C, -20°C, and -80°C has shown th:
it remains stable and free of auto-oxidation only at®@0We recommend that the NAL stock solution
also be stored at -80 °@lthough NAL is not susceptible to oxidization in the same manner as NAC.

Note: Prior to preparing new batches of NAC/NAL stock solution, verify the stability of the NAC/NAL
stock solution using the following procedure.



1) Add 150ul of 6.667uM NAC/NAL stock solution to three wells in each af @6-well Microwell
Plates.

2) Add 50 ul of acetonitrile to each of these six wells 1).

3) Attach a plate-seal to one of the two 96-well Microwell Plates and spin down the plate using a
centrifuge, the incubate for 24 hours at 25&8ter incubation, add 50yl of reaction fixing solution to
ead well, attach a new plate-seal, then mix and spin down the plate. Analyze NAC/NAL using the
HPLC system.

4) Add 50ul of reaction fixing solution to the other 96-well dvbwell Plate, attach a plate-seal to it,
then mix and spin down the plate. Analyze NAC/NAL using the HPLC system.

If the residual concentration of NAC/NAL falls below 90% after either O hour or 24 hours, the NAC and

NAL are not stable, and so new batches of NAC/NAL solutions must be prepared.

2-3. Preparation of Standard Solution for Calibration Curve

The calibration curve for the acceptance criteria is obtained from a six-dose standard solution. The initi
standard solution, Std1 at u, is cryopreserved in small quantities and usegrépare dilution series.
A typical procedure for preparation of the standard solution is described below.

Procedure for preparation of 20-ml solution and 40-66 tubes

1) Use a 25-ml pipette to add 15 ml of 6.68M-NAC/NAL stock solution to a 50 ml tube. Then use a

micropipette to add 1 ml of distilled water, 10@i TFA, and 3.9 ml of acetonitrile.
2) Cryopreserve 300-500 guantities of the standard solution in 1.5-ml tuaes30°C.

Also, solvent for preparing dilution series of the standard solution may be cryopreserved in
1000-1200-hquantities, as described below.
1) Use a 25-ml pipette to add 15 ml of 100-mM phosphate buffer (pH 8.0 for NAC, pH 10.2 for NAL), 1
ml of distilled water, 100 luof TFA, and 3.9 ml of acetonitrile to a 50-ml tube
2) Typically, cryopreserve approximately 1 ml of solvent in a 1.5-ml tube at -80°C.
! These quantities are typical examples only and can be adjusted as necessary.

2-4. Solubility Assessment of Test Chemicals

The solubility of each test chemical in a suitable solvent must be assessed before performing the actt
assay. A suitable solvent will dissolve the test chemical completely with no apparent turbidity or
precipitate during visual inspection. The concentration of test chemical solution used in the assay i
1mM, but more than 10 mg is recommended to be weighed because of the precise weight of the te
chemical. For this reason, the initial concentration of the test chemical solution is set to 20 mM, and th
final 1-mM test chemical solution is prepared by 20-fold dilution of the 20-mM solution. The test
chemical is dissolved using a test tube mixer and an additional 5-10 minutes of sonication if needed dt
to low solubility. Because the quantity of test chemical is small relative to the quantity of solvent,
solubility is to be carefully verified macroscopically.

The four solvents below are all suitable for used in ADRA, and the priority for the selection of the
appropriate solvent is as follows.

(1) Distilled water



(2) Acetonitrile
(3) Acetone
(4) DMSO

Note 1:When the 20-mM solution is prepared using DMSO (4), use acetonitrile to prepare the 20-fold
dilution down to a 1-mM solution.

Note 2:If none of these solvents are suitable for a given test chemical in a 20-mM solution, assess the
solubility of the test chemical in 1-mM solution using solvents (1)—(3). Do not use DMSO to prepare a
1-mM solution. DMSO must always be diluted 20-fold with acetonitrile to prepare a 1-mM solution.

Note 3:Water is not suitable as a solvent for anhydrides due to hydrolysis.

A typical procedure is described below.

1. Use the following formula to calculate the quantity of test chemical needed to prepare approximately
5 ml of a 20-mM test chemical solution or 100 ml of a 1-mM test chemical solution. If no purity
information is available, assume 100% purity.

100 20 mM 100 1 mM
MW X X X 5ml or MW X - X X 100ml
Purity (%, 100C Purity (%, 100C
= MW X L = Required quantity (mg)
Purity (%

2. Weigh the required quantity of test chemical directly into a centrifuge tube or other suitable labware
and record the actual weight.

3. Calculate the required quantity of solvent using the formula, and assess the solubility for the
appropriate solvent.

Note 1: Even if the required quantity is calculated to be less than 10 mg, weigh more than 10 mg of test
chemical for precise weight.

Note 2: If the test test chemical solution is in aqueous form, calculate necessary volume of the aqueous
solution and quantity of water for dilution. If specific gravity of test chemical solution is not known,
assume it as 1.0.

Preparation of 20-mM solution (5 ml)

MW 1 v 1

X . . X 1000 pl
Concentration (w/v¥% Specific gravit 20 mmo X5 ml a

MW % 10
Concentration (w/v¥% Specific gravit'

= Volume of test chemicalu)

5000 pl — Volumeof test chemical (nl) = Solvent volume (ul)
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Preparation of 1-mM solution (100 ml)

MW % 1 % 1
Concentration (w/v¥% Specific gravit 1 mmo X100 m

X 1000 pl

MW % 10
Concentration (w/v¥% Specific gravit'

Volume of test chemicalu)

Volume of test chemical (ul)

100 ml — 7000

= Solvent volume (ml)

2-5. Preparation of HPLC System

Prepare an HPLC system with a 281-nm UV detector and mobile phase A and B, as described in secti
“2-1-5. HPLC mobile phase A: 0.1% (v/v) TFA aqueous solution” and in section “2-1-6. HPLC mobile
phase B: 0.1% (v/v) TFA Acetonitrile solution”.

1. Column Equilibration: Install the HPLC column (see section “1.1 Apparatus (1)") and equilibrate the
column for at least 30 minutes at 40°C with 50% A, 50% B before use. Then, condition the column by
running the gradient at least twice before using the column.

2. System Shutdown: Following analysis, maintain a low flow (typically 0.05 ml/min) of 50% A and
50% B through the system and decrease column temperature to approximately 25°C.

3. If the system is to be idle for more than a week, fill the column with acetonitrile (without
Trifluoroacetic acid) and remove the column from the HPLC system. Cap tightly and purge acid
containing mobile phases from the system using acetonitrile.

3. SOLUTION PREPARATION|
3-1. Preparation of Test Chemical Solution

Solubility of the test chemical in the appropriate solvent is evaluated in section “2-4. Solubility
Assessment of Test Chemicals”. 20-mM or 1-mM solutions of test chemicals in the appropriate solvent
are prepared immediately before use.

1. When ready to perform the assay, calculate and weigh the appropriate quantity of test chemic
needed to prepare a 20-mM or 1-mM solution directly in a 15-ml or other appropriate tube. Use the
following formula to calculate the required quantity of solvent needed based on the actual weight o
the test chemical.

Prepare of 20-mM solution

1 « Purity (%) « 1

X
MW T0C 20 mmo 1000 mi

Test chemical (mg)Xx

11



Purity (% «

= Test chemical (mg)X I 0.5 = Volume of solvent (ml)
Prepare of 1-mM solution
. 1 Purity (%) 1
X X X X
Test chemical (mg) T, T s 1000 ml
i 0
= Test chemical (mg)Xx Pu,r\l/fw % X 10 = Volume of solvent (ml)

2. Add the volume of solvent calculated and mix in a centrifuge tube, using a test tube mixer to dissolve
the test chemical. Slight sonication (less than 5 minutes) may be used if needed. If the test chemical
not completely dissolved, do not proceed with that specific test chemical in the selected solvent.
Re-evaluate with another solvent (see section “2. PRE-WORK?”) to find a suitable vehicle.

3. Dilute 20-mM of test chemical solution to the final 1-mM solution with each appropriate solvent in
the 1.4 ml Test chemical solution Storage Tube or other appropriate tube (For example, ddf 950 p
appropriate solvent to 50l of 20-mM test chemical solutior).

4. Record and report the final solvent choice for each chemical if the final solvent is different from the
solvent selected in section “2-4. Solubility Assessment of Test Chemicals”.

"1 96-well Deepwell Plate may be used instead of 1.4 ml Test chemical solution Storage Tube.

3-2. Preparation of Positive Control Solution
Phenyl acetaldehyde (Molecular weight=120.15) dissolved in acetonitrile is used as Positive Control an
should be contained in each run of assay. A typical preparation procedure for the Positive Control solutic
is described below.
1. Calculate a weight of Positive Control to be needed to prepare approximately 5 ml of 20-mM Positive
Control solution from following formula. The next formula shows the case that the purity of Phenyl
acetaldehyde is 90%.

10 10
K —— K — = . =
MW BTty (%6 120 30 13.35(mg) = Phenyl acetaldehyde (mg)

2. Weigh the phenyl acetaldehyde directly in a 10- or 15-ml centrifuge tube, and record the actue
weight.
3. Calculate necessary quantity of solvent from following formula based on the actual weight

I 0,
Phenyl acetaldehyde (mgx %@ X 05 = 13.35 X % X 0.5 = 5.0(ml) = Solvent volume (ml)

4. Dissolve Phenyl acetaldehyde with acetonitrile in the quantities calculated above (20 mM).
5. Dilute the 20-mM Phenyl acetaldehyde solution 20-fold with acetonitrile in the 1.4-ml Test chemical
solution Storage Tube or other appropriate tube. (final concentration or T mM)
"1 96-well Deepwell Plate may be used instead of 1.4-ml Test chemical solution Storage Tube.

3-3. Thaw of each stock solution
Thaw frozen Phosphate buffer (pH 8.0 and 10.2) and NAC/NAL stock solution at room temperature.
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The preparation of each stock solution is described in sections “2-1-2. 100-mM Phosphate buffer (pt
8.0), “2-1-3. 100-mM Phosphate buffer (pH 10.2)”, and “2-2. Preparation of NAC/NAL stock solutions”.

4. Assay Procedurg
4-1. Reference Control, Co-elution Control and Test Chemical Solution

Test chemical solutions are prepared in triplicate for NAC/NAL. Each assay (NAC/NAL) may be
prepared and performed concurrently (NAC/NAL should not be incubated and analyzed on separate day
The three Reference Control A, six Reference Control C and one Co-elution Control (the solution afte
addition of buffer solution rather than NAC/NAL) should be prepared. Moreover, the solution (Co-elution
Control, N=1) for each test chemical after addition of buffer solution rather than NAC/NAL solution
should be prepared. The detail of each solution describes below.

Test chemical Reaction solution of NAC/NAL with test chemical. Evaluate reactivity| of
solution NAC/NAL with the test chemical at a ratio of 1:50 for the NAC/NAL with the test
chemical.

Reference Control A Control for verifying validity of the HPLC system. Reference Control A is used to
verify concentration of NAC/NAL from each calibration curve after addition of
acetonitrile rather than test chemical.

Reference Control B Control for verifying stability of reaction solution under analysis. Referénce
Control B is used to verify variability (CV) of each three NAC/NAL peak areas in
the solution after addition of acetonitrile rather than test chemical at the start of
analysis and at the end of analysis.

Reference Control € Control for calculating NAC/NAL depletion of each test chemical solution, To

calculate depletion of NAC/NAL, measure three Reference Controls C| after
addition of solvent instead of test chemical. Prepare reference Control C ffor all
solvents used to dissolve the test chemicals.

Co-elution Control | Control for verifying whether or not test chemicals co-elute with NAC/NAL| The
Co-elution Control is used to verify absorbance at 281nm and whether retention
time of test chemical is equal to that of NAC/NAL.

4-2. Preparation and Reaction of Reaction Solutions
Use 12-channel pipettes with 96-well plates. Proper attention is required when using pipettes: pre-rins

at least five times to ensure precise pick up and take care to avoid dripping from the tip when dispensing

1. Assemble the following previously prepared reagents, solvents, and solutions:

a. 6.6674M of NAC/NAL stock solution,
b.Appropriate buffer solution (pH 8.0 for NAC, pH 10.2 for NAL),
c. Test chemical solution (or solvent for Reference Controls)

2. Use a 96-well Microwell Plate and 12-channel pipette to prepare test chemical solutions by adding th
reagents per the following table. Refer to the section on “Typical Test Chemical Solution Positions in
96-well Microwell Plate” for typical positions in the plate. Inspect test chemical solution after adding
test chemical and record observations.
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Ratio of NAC to test chemical = 1:50
5-uM NAC, 0.25-mM test chemical

Ratio of NAL totest chemical = 1:50
5-uM NAL, 0.25-mM test chemical

+ 150-uL NAC solution
* 50-pL Test chemical solution

+ 150-pL NAL solution
+ 50-pL Test chemical solution

Co-elution Control and Reference Control A, B and C are prepared according to the following tables.
Co-elution Control

For NAC
+ 150-puL Phosphate buffer (pH 8.0)
+ 50-pL Test chemical solution
Reference Control A and B

For NAC
+ 150-pL NAC solution
+ 50-pL Acetonitrile
Reference Control C

For NAL
+ 150-pL Phosphate buffer (pH 10.2)
+ 50-pL Test chemical solution

For NAL
+ 150-pL NAL solution
+ 50-uL Acetonitrile

For NAC
+ 150-pL NAC solution
+ 50-uL Acetonitrile and solvent used for + 50-uL Acetonitrile and solvent used for
dissolution of test chemical ™ dissolution of test chemical ™*
"1 |f the test chemicals are dissolved in acetonitrile, only acetonitrile need be prepared.

For NAL
+ 150-pL NAL solution

3. Seal the 96-well Microwell Plate completely with a plate seal and shake it using a Plate Shaker
Centrifuge the plate using a Plate Centrifuge and incubate the plate in the Incubator (dark) at 25°
(plus or minus 1'C) for 24 hours (plus or minus 1 hour). Record the time and temperature at the stal
and end of incubation.

4-3. Procedure after the Completion of Reaction

1. After 24 hours of incubation, remove the plate seal and agdl 60Reaction Fixing Solution to each

test chemical solution. Inspect the reacted test chemical solution and record any observations aft
addition of the reaction fixing solution. If precipitation is observed, centrifuge the 96-well Microwell
Plate at low speed (100-400g) to force the precipitate to the bottom of the well as a precaution. If mor
than 100ul of supernatant of test chemical solution can beokad using a pipette, the supernatant may

be analyzed after being transferred to another plate.

2. Prepare the standard solution
Prepare NAC/NAL standard solutions by serial dilution from 5.0-0.IN6-
(1) Prepare each solution ahead of time after thawing frozen stock solution at room temperature.
[1] 5.0uM stock solution “Std1”
[2] “solvent for preparing dilution series” (for NAC/NAL)
14



(2) Prepare the following concentration of the standard solution by dilutingul1%® stock solution
“Std1” with the same quantity of dilution solvent per to “Preparation procedure for dilution series”
below. Add dilution solvent to a well as “Std7”.

Std 7

Stdl1| Std2| Std3 Std4 Std5 Std6
(Dilution solvent)

NAC/NAL

5.0 2.5 1.25 | 0.625| 0.313 | 0.156 0
(uM)

“Preparation procedure of dilution series”
(1) Add 150 jof dilution buffer to wells from well Std2 to weBtd7 shown in “Typical Test Chemical
Solution Positions in 96-well Microwell Plate”
(2) Add 1504 of Std1 to well Std1 and well Std2. Mix with miniirer entrapment.
(3) Transfer 150 ufrom well Std2 to well Std3. Mix with minimal aingrapment.
(4) Continue in a similar manner from well Std4 to well Std6.

3. Prepare dilution series of NAC/NAL standard solution in the wells from Std1 to Std7 shown in the nexi
section on “Typical Test Chemical Solution Positions in 96-well Microwell Plate”, and reseal the plate
tightly with a new plate seal. For preparation of dilution series, see section “4-3. 2. Prepare the
standard solution”. Mix the plate with a Plate Shaker and spin it down by centrifuge.

Note: Add the Reaction Fixing Solution within 30 minutes of the end of incubation.

Typical Test Chemical Solution Positionsin 96-well Microwell Plate

Between 1 and 17 test chemicals can be tested in a single test run using two 96-well plates, based on
consideration of the time needed for preparation and testing as well as the burden on laboratory
technicians and the capacity of the HPLC apparatus. If more than one solvent are used a single test run,
additional Reference Controls for each solvent need to be prepared and the number of test chemicals wi
need to be reduced. For example, if three kinds of solvent are used, the maximum number of test
chemicals is 15. The number of test chemicals and Typical Test chemical solution position in 96-well
Microwell Plate are shown below, but the positions may be adjusted per the number of test chemical
solutions.
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(1) For five test chemicals with acetonitrile as solvent

1 2 3 4 5 6 7 8 9 10 11 12
a A Test Test Test Test Test STD1| STD5
B chemical | chemical| chemical| chemical| chemical STD 2| STD 6
RC-A | RC-B | RC-B | RC-C PC
solution | solution | solution | solution | solution
STD3| STD 7
L C No.1 No.2 No.3 No.4 No.5
4 D CC-1 CC-2 CC-3 CC-4 CC-5 — — — — — STD 4 —
E Test Test Test Test Test STD1| STD5
F chemical | chemical| chemical| chemical| chemical STD 2| STD 6
RC-A | RC-B | RC-B | RC-C PC
solution | solution | solution | solution | solution
N~ STD 3| STD 7
No.1 No.2 No.3 No.4 No.5
H cc-1 cCc-2 cCc-3 CC-4 CC-5 — — — — — STD 4 —
RC: Reference Control, CC: Co-elution Control, PC: Positive Control
(2) For 10 test chemicals with acetonitrile and water as solvent
First plate
1 2 3 4 5 6 7 8 9 10 11 12
~ A Test Test Test Test Test Test Test Test Test Test
chemical | chemical| chemical| chemical| chemical| chemical| chemical| chemical | chemical| chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
C No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
\_ D CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-1 — —
[
E Test Test Test Test Test Test Test Test Test Test
F chemical | chemical| chemical| chemical| chemical| chemical| chemical| chemical | chemical| chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
~ H CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-1 — —
Second plate
1 2 3 4 5 6 7 8 9 10 11 12
1 A STD1| STD5
RC-C | RC-C
B RC-A | RC-B | RC-B PC — — — — STD 2| STD 6
(Water)| (ACN)
C STD 3| STD 7
_ D — — — — — — — — — — STD 4 —
1 E STD1| STD5
RC-C | RC-C
F RC-A | RC-B | RC-B PC — — — — STD 2| STD 6
(Water)| (ACN)
G STD3| STD 7
| H — — — — — — — — — — | STD4| —

RC: Reference Control, CC: Co-elution Control, PC: Positive Control, ACN: Acetonitrile
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(3) For 17 test chemicals and acetonitrile as solvent

First plate
1 2 3 4 5 6 7 8 9 10 11 12
Test Test Test Test Test Test Test Test Test Test Test Test

chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical

>

solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution

AY4

C No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12
D CC-1 CC-2 CC-3 CC-4 CC-5 CC-6 CC-7 CC-§ CC-9 Cc-10 CCt9 CccCjio
E Test Test Test Test Test Test Test Test Test Test Test Test
F chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical | chemical
solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution | solution
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12
H CC-1 CC-2 CC-3 CC4 CC-5 CC-6 CC-7 CC-§ CC-9 CC-10 CC-11 CCj12

Second plate

>

1 2 3 4 5 6 7 8 9 10 11 12
A Test Test Test Test Test STD1| STD5
hemical | chemical | chemical| chemical hemical
B chemical | chemical| chemical| chemical| chemica rRca | ReB | res | Rec PC STD 2| STD 6
solution | solution | solution | solution solution
STD3| STD 7
C No.13 No.14 No.15 No.16 No.17
] D cc-3 cc-4 cc-5 CC-6 cCc-7 — — — — — STD 4 —
E Test Test Test Test Test STD1| STD5
F chemical | chemical| chemical| chemical| chemical STD 2| STD 6
RC-A | RC-B | RC-B | RC-C PC
solution | solution | solution | solution | solution
STD3| STD 7
G No.13 No.14 No.15 No.16 No.17
\ H CC-13 CC-14 CC-15 CC-16 CC-17 — — STD 4 —

RC: Reference Control, CC: Co-elution Control, PC: Positive Control, ACN: Acetonitrile

5. HPL C Analysig

1. Install the appropriate column in the HPLC system, prime and equilibrate the entire system with the
Mobile Phase A and Mobile Phase B at column temperature of 40°C. The HPLC analysis is performe
using a flow of 0.3 ml/min and a linear gradient from 30% to 55% acetonitrile for NAC and from 25%
to 45% acetonitrile for NAL within 10 minutes, followed by a rapid increase to 100% acetonitrile to
remove other materials. Refer “5-1. HPLC Conditions” for details on the gradient.

2. Inject equal quantities of each standard solution, test chemical solution, and control solution. The
injection quantity varies according to the system used but typically is from 10-8ystems require
smaller injection quantities, because injection ofui2deads to unacceptably broad peaks.

Absorbance is monitored at 281 nm. If using a Photodiode Array Detector, absorbance at 291 nm
should also be recorded.
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3. Increase the mobile phase B to 100% in order to remove the other compounds from the column after
gradient, and re-equilibrate the column under initial conditions for at least 6.5 minutes. These process
of acetonitrile 100% and re-equilibration for 6.5 minutes are described the following table “5-1.
HPLC Conditions”.
Note: The 6.5 minute re-equilibration time was determined using a Shimadzu Prominence HPLC system.
Other systems may require more or less re-equilibration time due to system mixing quantity. Shorter
equilibration times will be acceptable if peak retention times are stable.

5-1. HPL C Conditions

Column Shiseido CAPCELL CORE fgcolumn (2.7 m, 3.0
x 150 mm) [Cat. 51112]

Alternative Column

The follow two columns have been confirmed to

yield results for five test chemicals that are
essentially the same as the Shiseido column.
Waters, CORTECS g Column (2.7 m, 3.0 x 150
mm) [Catalog # 186007373]

Agilent, Poroshell 120 ECg (2.7 pm 3.0 x 150
mm) [Catalog # 693975-302]

Column Temperature 40°C

Test chemical solution Temperature 25°C
If the auto-sampler has a cooling function, test
chemical solutions can be kept more stable at 4°C.

UV detector* Photodiode array detector ( for example, Shimadgu
SPD-M20A) or absorbance detector (281 nm)
Injection Quantity 10-20 (l (The injection quantity varies according to

HPLC system. If peaks are too broad, the injectign
quantity should be decreased.)

Run Time 20 minutes

Flow Conditions NAC flow conditions
Time Flow %A %B
0 min 0.3 ml/min 70 30
9.5 min 0.3 ml/min 45 55
10 min 0.3 ml/min 0 100
13 min 0.3 ml/min 0 100
13.5min 0.3 ml/min 70 30
20 min End run

NAL flow conditions
Time Flow % A %B
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0 min 0.3 ml/min 80 20
9.5 mn 0.3 ml/min 55 45
10 min 0.3 ml/min 10 100
13 min 0.3 ml/min 10 100
13.5min 0.3 ml/min 80 20
20 min End run

Note 1: The mixer quantity should be verified and adjusted in advance because the appropriate elutio
pattern of NAC/NAL peak will not be shown if the mixer quantity for mixing each mobile phase is not
appropriate (For example, 0.5 ml mixing quantity is appropriate for Shimadzu prominence HPLC
system).

Note 2: The inner diameter of pipe and the length of pipe from column outlet to detector inlet must be les
than 0.18 mm and less than 50 cm, respectively, because the peak of NAC/NAL might be broaden
depending on inner diameter and length of pipe

Note 3: If more than one wavelength is detected, also 291 nm besides 281 nm should be detected to ch
out peak purities of NAC/NAL.

Graphical Display of Gradient for NA/NAL Analysis

For NAC analysis For NAL analysis
100 100
90 I
80 80
= 70 = H
2 60 S 60
£ 50 2 .
S 40 3 40
20 20
10 i
0 0
0.0 25 50 7.5 10.0 12.5 15.0 17.5 20.0 0.0 25 50 7.5 10.0 12,5 15.0 17.5 20.0
Time[min] Time [min]

Note: Visual inspection of test chemical solutions must be conducted prior to HPLC analysis. Generally
precipitation is not a problem. However, if precipitation is observed, this should be noted in the data
reporting template. Test chemical solutions may be centrifuged at low speed (100-400g) in vial to forc
precipitate to the bottom of the well as a precaution, since large quantities of precipitate may clog the
HPLC tubing or columns. If more than 100 of supernatant can be recovered, in may be analgited
transfer to another plate. Precipitate formation, removal, and transfer must be recorded and reported.

5-2.HPL C Sample Analysis Sequences

Each sample of HPLC analysis should be analyzed in number order below. Refer to the table showir
Examples of HPLC Sample Analysis Sequences for more practical sequences about HPLC analysis.
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1. Start to analyze calibration standards and Reference Control A (N = 3).

2. The Co-elution Control does not need to be analyzed by turns if it is analyzed after analysis of standal
solution and Reference Control A.

3. Reference Control B should be analyzed three times (total six times) before and after the analysis
sample, Reference Control C and Positive Control.

4. The Reference Control C, Positive Control and Test chemical solutions are analyzed. (After the first s
of replicates of each sample is analyzed, the second set of replicates of each should be analyzed)

Example of HPL.C Samples Analysis Sequences
(A more specific analysis sequence can be found at the end of the SOP)

STD7 (Buffer solution for dilutior) Ref. 8-1. 1)
STD6
STD5
STD4
STD3
STD2
STD1

Reference Control A, rep 1 Ref. 8-1. 1)
Reference Control A, rep 2
Reference Control A, rep 3

Co-elution Control 1 Ref. 8-4.
Co-elution Control 2
Co-elution Control 3

Co-elution Control n

Reference Control B, rep 1 Ref. 8-2.
Reference Control B, rep 2
Reference Control B, rep 3

Reference Control C, rep1 First set of replicates

Phenyl acetaldehyde (Positive Control), repl Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, repl
Test chemical solution 2, repl
Test chemical solution 3, repl

Test chemical solution n, repn

Reference Control C, rep?2 Second set of replicates

Phenyl acetaldehyde (Positive Control), rep2 Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, rep2
Test chemical solution 2, rep2
Test chemical solution 3, rep2
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Test chemical solution n, rep2

Reference Control C, rep3 Third set of replicates

Phenyl acetaldehyde (Positive Control), rep3 Ref. 8-1. 2), 8-1. 3), 8-2.
Test chemical solution 1, rep3
Test chemical solution 2, rep3
Test chemical solution 3, rep3

Test chemical solution n, rep3

Reference Control B, rep 4 Ref. 8-2.
Reference Control B, rep 5
Reference Control B, rep 6

" Start to analyze calibration standard immediately after addition of Reaction Fixing Solution and
preparation of dilution series of standard solution.

8 Analyze three replicates for Reference Controls C. These results are used to calculate the NAC/NA
depletion in each solvent and to verify that solvent used does not affect NAC/NAL depletion.

6. DATAANALYSIS& CALCULATIONS

The concentration of NAC/NAL is calculated from peak area of absorbance at 281 nm for each tes
chemical solution based on the calibration curve derived from standard solutions Std 1 to Std7
NAC/NAL percent depletion is calculated by dividing NAC/NAL peak area of each test chemical solution
by mean peak area of Reference Control C.

6-1. Calculation of Peak Area of NAC/NAL
Integrate the appropriate peaks and determine peak area for standards, test chemical solution &
controls. The peak area of each integrated peak must be reported.

6-2. Calculation of Concentration of NAC/NAL
6-2-1. Generate a linear calibration curve based on the concentration of standards and the peak ar
Suitable calibration curves must have &0r990.
6-2-2. Calibrate the mean NAC/NAL concentrations in Reference Controls A and C, SD and CV. The
each mean should be 3.2—4M1. The NAC/NAL concentration of Reference ControlsaAd C
must be reported.

6-2-3. Calculate the mean NAC/NAL peak area, SD and CV for the Reference Controls C (N=3) for
each solvent used. The each mean concentration should be 3,d44.Blowever, if 5%
DMSO/Acetonitrile is selected as a solvent for test chemical, the mean of concentration of NAC
should be 2.8—4.0M.

6-3. Calculation of Peak Area of NAC/NAL
6-3-1. Calculate the mean NAC/NAL peak area for the six Reference Controls B and the three
Reference Control C in acetonitrile, SD and CV. The CV must be less than 10%.
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6-3-2. Calculate the mean NAC/NAL peak area at 281nm for the three Reference Controls C.

6-4. Calculation of Percent Depletion of NAC/NAL

6-4-1. For the Positive Control and for each test chemical, calculate the Percent NAC/NAL Depletion ir
each replicate from the NAC/NAL peak area of the replicate injection and the mean NAC/NAL
area in the three relevant Reference Controls C (in the appropriate solvent), using the following
formula.
Percent NAC/NAL Depletion (% depletion) = [1- (NAC/NAL Peak Area in Replicate
Injection/mean NAC/NAL Peak Area in Reference Controls C)]x100

6-4-2. The mean Percent NAC/NAL Depletion (Average score) of the three replicate determinations, SI
and CV should also be calculated and reported. Report results to one decimal place.

7. DATA REPORTING (FOR NAC AND NAL)|
System Suitability
- NAC/NAL peak area at 281 nm of Standard and Reference Control B and C replicate.
- The linear calibration curve should be graphically represented arfdréported.
- NAC/NAL concentration (M) of Reference Control A replicate.
- Mean NAC/NAL concentrationuM) of Reference Controls C replicate, SD and CV.

Analysis Sequence

Reference Controls:
- NAC/NAL peak area at 281 nm of Reference Control B and C replicate.
- Mean NAC/NAL peak area at 281 nm of the nine Reference Controls B (N = 6) and C (N = 3) in
acetonitrile, SD and CV (for stability of Reference Controls over analysis time).
- For each solvent used, the mean NAC/NAL peak area at 281 nm of the three appropriate Referen
Controls C replicate (for calculation of Percent NAC/NAL Depletion).
- For each solvent used in this assay, the mean NAC/NAL concentrafibnof the appropriate
Reerence Control C replicate, SD and CV.

Positive Control (Phenyl acetaldehyde)
- NAC/NAL peak area at 281 nm of each replicate.
- Percent NAC/NAL Depletion of each replicate
- Mean NAC/NAL Depletion of the three replicates, SD and CV.

For Each Test Chemical:
- Solvent chosen
- Appearance of precipitate in the reaction mixture at the end of the incubation time.
It must be reported if precipitate was re-solubilized or centrifuged.
- NAC/NAL peak area at 281 nm of each replicate (for systems equipped with a PDA detector the pea
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area at 291 nm should also be reported).
- Percent NAC/NAL Depletion of each replicate.
- Mean of Percent NAC/NAL Depletion of the three replicates, SD and CV.

|8. ACCEPTANCE CRITERIA\
8-1. Acceptance Criteriafor Amino acid Derivative Reactivity Assay Run

All criteria must be met for the whole run to be considered valid. If three criteria are not met, the run
must be repeated for all test chemicals.

System Suitability:
Calibration Linearity 7> 0.990
Mean NAC/NAL concentration of Reference Controls A = 3.2-444 n

Positive Control:
The mean Percent NAC/NAL Depletion value of the three replicates for phenyl acetaldehyde must fal
within the range reported in the following table (Based on mean £3SD from background data):

Percent NAC Depletion Percent NAL Depletion
Positive
Lower Bound Upper Bound Lower Bound Upper Bound
control
Phenyl acetaldehyde 6 30 75 100

Maximum Standard Derivatives for Positive Control replicate:
Standard Deviation for Percent NAC Depletion must be < 10%
Standard Deviation for Percent NAL Depletion must be < 10%

Sability of Reference Controls over analysistime:

For each solvent used, the mean of the NAC/NAL concentrations of the three appropriate Referenc
Controls C = 3.2-4.4M. However, if 5% DMSO/Acetonitrile is selected asavent for test chemical,
the mean of concentration of NAC should be 2.8+M) as it is known that concentration of NAC
decreases because of oxidation of SH group by DMSO.

8-2. Acceptance Criteriafor Each Test Chemical
All criteria must be met for the run to be considered valid for a particular test chemical. If these criteria
are not met, the run must be repeated for the test chemical.

Maximum Standard Deviation of test chemical solution replicates:
Standard Deviation for Percent NAC Depletion must be < 10%
Standard Deviation for Percent NAL Depletion must be < 10%

Reference Controls C in the analysis sequence:
CV of NAC/NAL peak areas for the nine Reference Controls B (N = 6) and C (N = 3) in acetonitrile
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must be < 10%. Moreover, CV of NAC/NAL peak areas for the three Reference Controls C (N = 3) in
each solvent must be < 10%.

8-3. Data Acceptance for Amino Acid Derivative Reactivity Assay
The average score should be calculated from depletions of NAC/NAL, and the test chemicals should k

predicted to be either a Sensitizer or a Non-sensitizer according to following table.

NAC/NAL prediction model

Aver age score Judgement
Less than 4.9% Non-sensitizer
4.9% or higher Sensitizer

If an average score for NAC depletion in a test chemical falls within the borderline range describec
bdow, additional testing should be performed to confirm the validity of the prediction. If the result of the
second test is not concordant with the first test, a third test should be performed to determine a predictic
for the test chemical by majority of the three test results.

NAC and NAL prediction model: 3.0% < average score < 10.0%
NAC only prediction model: 4.0% < NAC depletion <11.0%

8-4. Handling of Co-elution
8-4-1. Co-elution : Interference

(1) Some test chemicals will co-elute with the NAC or NAL. In order to detect possible co-elution of
the test chemicals with NAC or NAL, the test chemicals included in the run must be injected alone
(“Co-elution Controls”) at the beginning of the run sequence and their chromatograms comparec
to the chromatograms of Reference Controls C in the appropriate solvent.

(2) If a chemical absorbs at 281 nm and has a similar retention time as a peptide (overlap
valley-to-valley integration periods), then verify whether or not the peak of test chemical is
actually separated from the peak of NAC or NAL. If the peak of test chemical is completely
overlapped with the peak of NAC or NAL, and if the boundary of two peaks (valley between
peaks) is located higher than baseline, co-elution of the test chemical with that NAC or NAL
should be reported. The “interfering” chemical peak should have a peak area that is >10% of th
mean NAC/NAL peak area in the appropriate Reference Control. If co-elution occurs and propel
integration and calculation of NAC/NAL depletion is not possible, the data should be recorded as
“interference” for NAC/NAL the chemical co-elutes with.

(3) Even if the test chemical does not co-elute with NAC or NAL, the Percent NAC/NAL Depletion
can appear to be < -10% if the concentration of Reference Control C is comparatively low.
Moreover, the Percent NAC/NAL Depletion can also appear to be < -10% due to inappropriate
handling of the measurement. In such cases, retesting of the test chemicals in question or oth
appropriate measure should be taken.
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8-4-2. Peak purity of NAC/NAL : Area ratio of 281/291 nm
(1) When a Photodiode Array detector is used, co-elution of chemical and NAC/NAL may also be
verified by looking at the UV spectrum at 291 nm in addition to 281 nm and calculating the area
ratio of 281/291. This value should be consistent over all test chemical solutions and standards fo
a distilled NAC/NAL peak and thus gives a measure of peak purity. For each test chemical
solution, a ratio in the following range would give a good indication that co-elution has not
occurred. However, calculation of peak purity (area ratio of 281/291) might not always be possible
particularly if the test chemical is highly reactive with the NAC/NAL leading to very small peaks.
90% < Mean Arearatio of Reference Control < 110%.

8-4-3. Co-elution : Depletion < -10%

(1) If the Percent NAC/NAL Depletion is < -10%, it should be considered that this may be a situation
of co-elution, inaccurate NAC/NAL addition to the reaction mixture or just baseline noise. If the
NAC/NAL peak appears at the proper retention time and has the appropriate peak shape, the pe
can be integrated. In this case, there may just be baseline noise causing the NAC/NAL peak to &
bigger or there may be some co-elution/overlap in retention time of the NAC/NAL and test
chemical.

(2) The calculated %-depletion should be reported as an estimate. In cases where a test chemi
co-elutes with NAL, the NAC only prediction model can be used. In cases where a test chemica
co-elutes with both NAC/NAL, the data should be reported as an inconclusive.

(3) In cases where the test chemical co-elutes with the NAC and the peak of NAC cannot be integrate
the skin sensitization of test chemical cannot be predicted from the NAL depletion alone, and the
data should be reported as inconclusive.

8-4-4. Calculation of peak area for co-elution
(1) If the peak of NAC/NAL and the peak of test chemical partially overlap, the peak area of
NAC/NAL should be integrated from valley of both peaks to baseline vertically.
(2) If the peak of NAC/NAL and the peak of test chemical completely overlap, the data should be
reported as an Inconclusive, and the peak area should not be calculated.

8-4-5. Estimated depletion values

In some cases, a test chemical might co-elute with NAC and/or NAL though the test chemical reac
with NAC and /or NAL. If this is the case, co-elution will make the peak area of NAC/NAL appear to be
larger than it really is, therefore the calculated percent depletion may be lower than the true value. Whe
the overlap in retention time between the test chemical and NAC/NAL is incomplete, percent depletior
can still be calculated with a notation of “co-elution — percent depletion estimates”. If the average scor
is below the criteria, the result should be reported as Inconclusive. However, unless NAC co-elutes wit
test chemical, the NAC-only prediction model should be used.
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Co-elution with NAC

Co-elution with NAL

Average score No co-elution alone or NAC and onl
NAL y
. . Apply NAC-only
<4.9% Non-sensitizer Inconclusive .
prediction model
Apply NAC-onl
4.9% = Sensitizer Sensitizer PP y , y
prediction model
NAC only prediction model
NAC Depletion Judgement
less than 5.6% Non-sensitizer
5.6% or greater Sensitizer
Example HPL C Analysis

There are 5 test chemicals. Chemical 1,2 and 3 are soluble in acetonitrile. Chemical 4 and 5 are solut

in distilled water.

The following 96-well Microwell Plate should be set up:

Std 7 (Dilution buffer blank)

Std 6
Std5
Std5
Std4
Std 3
Std 2
Std1

Reference Control A, rep 1 (made with acetonitrile)
Reference Control A, rep 2 (made with acetonitrile)
Reference Control A, rep 3 (made with acetonitrile)

Co-elution Control for Chemical 1

Co-elution Control for Chemical 2

Co-elution Control for Chemical 3

Co-elution Control for Chemical 4

Co-elution Control for Chemical 5

Reference Control B, rep 1 (made with acetonitrile)
Reference Control B, rep 2 (made with acetonitrile)
Reference Control B, rep 3 (made with acetonitrile)




Reference Control C, rep 1 (made with acetonitrile)
Reference Control C, rep 1 (made with distilled water)
Phenyl acetaldehyde, rep 1

Chemical 1, rep 1

Chemical 2, rep 1

Chemical 3, rep 1

Chemical 4, rep 1

Chemical 5, rep 1

Reference Control C, rep 2 (made with acetonitrile)
Reference Control C, rep 2 (made with distilled water)
Phenyl acetaldehyde, rep 2

Chemical 1, rep 2

Chemical 2, rep 2

Chemical 3, rep 2

Chemical 4, rep 2

Chemical 5, rep 2

Reference Control C, rep 3 (made with acetonitrile)
Reference Control C, rep 3 (made with distilled water)
Phenyl acetaldehyde, rep 3

Chemical 1, rep 3

Chemical 2, rep 3

Chemical 3, rep 3

Chemical 4, rep 3

Chemical 5, rep 3

Reference Control B, rep 4 (made with acetonitrile)
Reference Control B, rep 5 (made with acetonitrile)
Reference Control B, rep 6 (made with acetonitrile)

Percent depletion for chemicals 1,2 and 3 is calculated based upon the mean NAC/NAL peak area of tl
Reference Control C which are prepared with acetonitrile.

Percent depletion for chemicals 4 and 5 is calculated based upon the mean NAC/NAL peak area of tl
Reference Controls C which are prepared with distilled water.
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Appendix 3

Principle of DPRA and ADRA Test Methods



1. Principle of DPRA test method

Oystiusmeitile -z e Test HPLC analysis
Ac-NH-Arg-Phe-Ala-Ala-Cys-SH y: ] (_ i s Detection : 220nm
| i/ 1 (100 mM) 4 '
HOOC-Ala-Ala £/ g 4 ‘
s : ~J Peptide & 15
Lysine peptide ;é/ ’ _ é solution A '
Ac-NH-Arg-Phe-Ala-Ala-Lys-NH, -

| ) ‘é/ ‘ 6| Buffer

HOOC-Ala-Ala

i 24hours (25C) =y
Concentration of test chemical : 100mM — W ’-"‘

Volume of reaction solution : 1000pL = =ty

Figure 1 Principle of the DPRA test method

The DPRA test method uses two synthetic peptides: cysteine peptide (Ac-RFAACAA-COOH) and lysine peptide
(Ac-RFAAKAA-COOH). A test chemical solution is mixed with each peptide in a 1-mL vial and allowed to react for 24
hours at 25°C, after which high-performance liquid chromatography (HPLC) is used to quantify the nonreactive peptide.
The depletion of the cysteine peptide and the lysine peptide is calculated as a percentage, and reactivity with the test
chemical is assigned to one of four categories—high, moderate, low, or minimal—based on the mean % depletion of the
two peptides. In this manner, test chemicals that are assigned to the high, moderate, or low categories are predicted to be

sensitizers, and those assigned to the minimal category are predicted to be non-sensitizers. (See Figure 1.)

2. Principle of ADRA test method

i 8 S @ Test HPLC analysis
HS /\)LOH ‘ -" themial Detection : 281nm
H ¥

N | é (50 L) 4 y
O ~T NAC/NAL 1
© Y 6 so!ution - . /

(150 uL) - ¥
T -.,,__l, Up == ]
\’IC 'Hl”“ —— ) ") . —
Fixed solution o !
11
50 pLL L—

|H 2N OH
‘ S / 24hours (257) ‘

N O Concentration of test chemical : ImM

st Volume of reaction solution : 200uL

Figure 2 Principle of the ADRA test method

The ADRA test method uses two synthetic amino acid derivatives: N-(2-(1-naphthyl)acetyl)-L-cysteine (NAC) and
a-N-(2-(1-naphthyl)acetyl)-L-lysine (NAL). A test chemical solution is mixed with either NAC or NAL in the 200-uL
wells of a 96-well microplate and allowed to react for 24 hours at 25°C, after which a fixing solution is added and
high-performance liquid chromatography (HPLC) is used to quantify the nonreactive NAC and NAL. The depletion of
the NAC and NAL is calculated as a percentage, and test chemicals with a mean % depletion of 4.9% or greater are
predicted to be sensitizers while those with a mean % depletion of less than 4.9% are predicted to be non-sensitizers.

(See Figure 2.)
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Appendix 4

Chemical Selection



Report on the selection of test chemicals for the ADRA validation study

— ADRA Validation Management Team (VMT) —

Members for Chemical Selection Committee of the ADRA Validation Management Team

Hajime Kojima (JaCVAM, NIHS, Japan), JaCVAM representative
Nicole Kleinstreuer (NICEATM/ICCVAM, USA), ICCVMA liaison
Jon Richmond (dr.jonrichmond: Advice and Consultancy, UK )
Bae-Hwan Kim (Keimyung University, Korea)

Toshihiko Kasahara (FUJIFILM Corporation)

Masaharu Fujita (FUJIFILM Corporation)

Yusuke Yamamoto (FUJIFILM Corporation)

Tsuyoshi Kawakami (NTHS, Japan)

Kohichi Kojima (Food and Drug Safety Center, Japan)

Atsushi Ono (Okayama University)
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This report describes the process through which test chemicals for the ADRA validation study were

selected.

The object of this validation study was to evaluate within- and between-laboratory reproducibility as
well as predictive capacity for skin sensitization potential (i.e., concordance with classification of
sensitizers and non-sensitizers) of ADRA. As a complementary study, the validation management team
(VMT) evaluated the predictability of the United Nations Globally Harmonized System of Classification
and Labeling of Chemicals (UN GHS) with three classifications (Category 1A, Category 1B and
non-sensitizer).

A pre-validation study (training) and validation studies (Phase I and Phase II testing) were conducted at
four participating laboratories using the test chemicals shown in Table 1.

In addition, the chemical categories or physical state and chemical properties (e.g., solid, liquid, etc.)

were included in the tables of these test chemicals in order to investigate the applicability domain.

Table 1. Breakdown of the ADRA validation study

The number The number

Phase of the test of the Examination Date of experiment start
substances repetitions
Pre-training 5 1 Transferability (non-coded)
1
Training 10 Transferability (non-coded)

Between- laboratory

reproducibility and

| 10 3 U October, 2016
transferability
(coded)
Within- and between-
II 30 1 laboratory reproducibility February, 2017
(coded)

1. Basis for chemical selection
The selection of test chemicals by the Chemical Selection Committee (CSC) was based on published
papers on in vivo skin sensitization tests and validation studies for in vitro alternative assays on skin

sensitization test methods.

1-1 The applied selection criteria
Test chemicals were selected based on the ECVAM validation study and the published papers on skin
sensitization.

The applied selection criteria were:
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* information on mode/site of action

= coverage of range of relevant chemical classes and product classes quality and quantity of
reference data (in vivo and in vitro)

* high quality data derived from animals as well as humans, if available

» knowledge of interspecies variations (e.g., variability with regard to the uptake of chemicals,
metabolism, etc.)

= coverage of range of toxic effects/potencies

» chemicals that do not need metabolic activation

= appropriate negative and positive controls

» physical and chemical properties (feasibility of use in the experimental set-up as defined by the
CAS No.)

» single chemical entities or formulations of known high purity

= availability

= costs

In the first phase of the selection procedure, the CSC identified and collected several existing lists of
potential chemical sensitizing in order to establish a primary database. These listings had originally been
compiled by international experts as reference compounds for validation studies and other purposes. An
extensive literature research was performed by the CSC in order to insure that the selected chemicals
fulfilled the selection criteria described above.

Emphasis was placed on selecting chemicals of varying potencies (strong, weak and no activity). In
addition, it was decided that at least 20% of the total substances to be tested should be non-sensitizers in

order to increase the statistical power of the data analysis.

1-2  Chemical Acquisition, Coding, and Distribution
The assessment of between-laboratory transferability as well as of within- and between-laboratory
reproducibility and predictive capacity was performed at all participating laboratories with coded
chemicals. The VMT made provision for the need for additional testing at all participating laboratories.
The coding was supervised by JaCVAM in collaboration with CSC. The CSC was responsible for

coding and distributing the test chemicals, references, and control reagents for the validation study.

1-3 Handling

The chemical master (See “S.Acquisition, coding, and distribution; 5-2 Handling”) at each
participating laboratory received from JaCVAM a complete set of essential information about the test
chemicals, including physical state, weight or volume of sample, specific density for liquid test chemicals,
and storage instructions. Moreover, the chemical master at each participating laboratory stored each
chemical in accordance with the storage instructions and received sealed safety information, including

Material Safety Data Sheets (MSDS) describing hazard identification, exposure controls, and personal
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protection for each chemical. The test chemicals were delivered directly to the study director, who was
not shown the MSDSs. The study director was to refer to the MSDSs only in the event of an accident.
Even if the study director referred to the MSDS, he or she was not to reveal the content of the MSDS to
the laboratory technicians.

Unfortunately, one JaCVAM employee who was responsible dispensing the test chemicals withdrew
from the validation study. But there were no accidents at the participating laboratories during the course
of the validation study, all of which returned the MSDS to JaCVAM in their sealed envelopes upon
completion of the validation study. All unused test chemicals were disposed of in compliance with the

rules and regulations of the participating laboratories upon completion of the validation study.

2. Pre-validation study
For evaluating transferability, the lead laboratory selected the five test substances for pre-training
shown in Table 2. Later, using a newer SOP that was revised in accordance with pre-training results,
the lead laboratory selected the 10 test substances for training shown in Table 3.

Table 2. Test chemicals used for pre-training

No. Chemicals CAS No. LLNA category
PT-001 p-Benzoquinone 106-51-4 Extreme
PT-002 Cinnamaldehyde 14371-10-9 Moderate
PT-003 Diethyl maleate 141-05-9 Moderate
PT-004 4-Allylanisole 140-67-0 Weak
PT-005 Vanillin 121-33-5 Non-sensitizer

Table 3. Test chemicals used for training

No. Chemical CAS No. LLNA category
T-001 Oxazolone 15646-46-5 Strong
T-002 Phthalic anhydride 85-44-9 Strong
T-003 Formaldehyde 50-00-0 Strong
T-004 Glyoxal 107-22-2 Moderate
T-005 Benzylideneacetone 122-57-6 Moderate
T-006 Cyclamen aldehyde 103-95-7 Weak
T-007 1-Butanol 71-36-3 Non-sensitizer
T-008 6-Methylcoumarin 92-48-8 Non-sensitizer
T-009 Lactic acid 50-21-5 Non-sensitizer
T-010 4'-Methoxyacetophenone 100-06-1 Non-sensitizer
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3. Validation study -Phase I testing-

Ten test chemicals were selected by the CSC for evaluating within- and between-laboratory
reproducibility. Three runs were performed, but the order of testing had no impact on the results. These
chemicals were selected at the chemical selection meeting in Gotemba, Japan, on September 15, 2016, in
accordance with the applied chemical selection criteria and based on similarity of their chemical
properties and sensitization potential with the chemicals used in Phase I of the ECVAM validation study.
The chemicals were coded by JaCVAM as shown in Appendix 1 and distributed to the test facilities.

No poisonous or deleterious chemicals were used in the training stage.

4. Validation study -Phase II testing-

Thirty chemicals were selected by the CSC for evaluating between-laboratory reproducibility and
predictive capacity. These chemicals were selected at the chemical selection meeting in Gotemba, Japan,
on September 15, 2016, based on their chemical properties, results obtained in earlier phase studies, and
sensitization potential based on human data from a list of chemicals prepared by the lead laboratory based
on the data set at FUJIFILM corporation, DPRA, KeratinoSense and h-CLAT. The chemicals were coded
by JaCVAM as shown in Appendix 2 and distributed to the participating laboratories. In the process of
chemical selection, almost no poisonous or deleterious chemicals were used in training stage and Phase I

testing.

References

1) OECD (2005). Guidance document on the validation and international acceptance of new or updated
test methods for hazard assessment. OECD Testing Series and Assessment Number 34. 281
ENV/IM/MONO(2005)14, pp 96, Paris, France: OECD. 282

2) Hartung T, Bremer S, Casati S, Coecke S, Corvi R, Fortaner S, Gribaldo L, Halder M, Hoffmann S,

283 Janusch Roi A, Prieto P, Sabbioni E, Scott L, Worth A and Zuang V (2004). A Modular Approach to

284 the ECVAM Principles on Test Validity. ATLA 32, 467-472. 285
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Appendix 35

Prediction of Human SKin Sensitization by
ADRA and DPRA



1. Background and objectives

The predictive capacity of both DPRA and ADRA relative to LLNA has been shown by past studies as
well as by the present validation results to be highly concordant with LLNA. Since no study, however, has
compared the predictive capacity of DPRA and ADRA relative to human sensitization data, we identified
48 test chemicals tested using both DPRA and ADRA for which human sensitization data exists to
determine the predictive capacity of DPRA and ADRA relative to human data (Basketter, et al.,2014).

2. Results and Discussion

Comparing the predictive capacity of each test method

Table 1 shows human sensitization data as well as the results for 48 test chemicals tested using LLNA,
DPRA, and ADRA. Shown in Figure 1 are the predictive capacities of ADRA, DPRA, and LLNA relative
to human data as calculated from the data given in Table 1. Although LLNA exhibits an accuracy relative
to human data of 81.3%, ADRA’s accuracy of 68.8% and DPRA’s accuracy of 72.9% are roughly 10
percentage points lower.

As shown in Table 1 there are six human categories, with Category 1 comprising the strongest sensitizers
and becoming successively weaker until Category 6, which comprises non-sensitizers. Focusing for the
moment on the 10 chemicals that comprise Category 5, we see that seven of these 10 chemicals were
predicted to be non-sensitizers by LLNA, while both ADRA and DPRA predicted nine of these 10 to be
non-sensitizers. The definition of Category 5 states: “A rare cause of contact allergy except perhaps in
special circumstances, e.g., use in topical medicaments (hexylcinnamal, isopropanol, parabens),” which is
indicative of the inherent difficulty of predicting these chemicals accurately.

Setting aside for the moment the problematic Category 5 chemicals, and looking at predictive accuracy
based on the remaining 38 test chemicals, an analysis gives accuracies of 84.2% for ADRA, 89.5% for
DPRA, and 94.7% for LLNA. And while these results show that ADRA's accuracy is still somewhat
lower than either DPRA or LLNA, 84% can be considered high. (See Figure 2.) The reason for ADRA's
relatively low predictive capacity appears to be that a greater number of test chemicals were predicted to

be non-sensitizers than when using DPRA. The VMT interpreted this result as described below.
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Table 1 Predictive capacity of LLNA, ADRA, and DPRA relative to human sensitization data

LLNA ADRA | DPRA

Ne Chemical CAS No.
(EC3) Prediction | Prediction

|JHuman Category 1

35963-84-9/
96118-96-6

2682-20-4

106-50-3

111-30-8

|Human Category 5
32 4-Aminobenzoic acid 150-13-0
33 Benzaldehyde 100-52-7
34 Benzyl benzoate 120-51-4
35 Hexylcinnamal 101-86-0
36 Tsopropanol 67-63-0
17 Isopropyl miristate 110-27-0

138-86-3/
5989-27-5

39 Methyl salicylate 119-36-8
40 Propyl paraben 94-13-3
41 Propylene glycol
|JHuman Category 6

38 Limonene (not oxidized)

1330-20-7

#Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue indicate test
chemicals that were predicted to be non-sensitizers (NS). 215



01NN DW=

Reference result

. Data being submitting as an article
. Reference data of lead laboratory in validation Phase 11
. Unpublished data in lead laboratory
. G. F. Gerberick et al. (2007) Toxicol. Sci., 97(2):417-427.
. DPRA validation study report (2012)
. Natsch et al. (2013) J. Appl. Toxicol. 33 (11), 1337-1352.

. Bauch et al. (2012) Regul. Toxicol. Pharmacol. 63(3):489-504.

. Urbisch D. et al (2015) Regul. Toxicol. Pharmacol. 71(2):337-51

ADRA DPRA LLNA
(human data)
+(n=41) 26 15 28 13 33 3
- (0=T7) 0 1 7 1 6
Total 26 22 28 20 34 14
Sensitivity (%) 63.4 68.3 80.5
Specificity (%) 100.0 100.0 85.7
Accuracy (%0) 68.8 729 813
Figure 1 Predictive capacity of 48 chemicals
Reference result ADRA DPRA LLNA
(human data)
+(p=31) 25 6 27 4 30 |
- (n=T7) 0 0 7 1 6
Total 25 13 27 11 31 7
Sensitivity (%) 80.6 87.1 96.8
Specificity (%) 100.0 100.0 85.7
Accuracy (%) 342 895 947

Figure 2 Predictive capacity of 38 chemicals (chemicals of Human Category 5 were excpted)

Test chemicals that were accurately predicted to be sensitizers using DPRA but were non-sensitizers

using ADRA

There were four test chemicals that have been reported to be sensitizers in human subjects and which

were correctly predicted to be sensitizers using DPRA, but which were incorrectly predicted to be

non-sensitizers using ADRA.

Thioglycerol

Thioglycerol has thiol groups that react and bond with the thiol groups of cysteine residues. Also, it is
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known that even minute quantities of copper or other metallic ions in chemical solutions act as a catalyst
to induce reactions between thiol groups and promote oxidation. In ADRA, EDTA is used as an additive
to chelate metallic ions and thereby prevent NAC oxidation (dimerization) that results when thiol groups
react with one another. Aside from this, it is possible that the reactivity of nucleophilic agents such as
NAC (or the cysteine peptide used in DPRA) with thiolglycerol and other chemicals that have thiol
groups is promoted in the presence of minute quantities of metallic ions. Because of this, we conclude
that use of EDTA in so-called “reactivity assays,” like ADRA and DPRA, which are designed to measure
the true reactivity of a nucleophilic reagent with a test chemical, will provide accurate and essential
results. In fact, thiolglycerol was correctly predicted to be a sensitizer using DPRA and a version of
ADRA without EDTA, but was incorrectly predicted to be a non-sensitizer by the version of ADRA with
EDTA that was used for this validation study. This discrepancy is assumed to be due to the effects of
chelating metallic ions with EDTA additive, but the VMT considers it to be likely that this prediction is
correct and this is a limitation for test methods based on the principles of ADRA and DPRA.

Limonene

Limonene is a prehapten, and for this reason is excluded from the applicability domain of ADRA, just
as it was excluded from that of DPRA (Basketter et al. 2010). When oxidized, pre-haptens change to
reactive sensitizers. In some cases, minute quantities of metallic ions contribute to and promote this
oxidation. For this reason, although the presence of minute quantities of metallic ions promoted limonene
oxidation in DPRA, the addition of EDTA in ADRA prevented limonene oxidation due to metallic ions,
which is what we think might have caused the discrepancy between the DPRA and ADRA predictions
results. If this is correct, as with thioglycerol above, we conclude that use of EDTA in a test method
designed to measure the true reactivity of a nucleophilic reagent with a test chemical will provide
accurate results.

Also, limonene is classified as Category 5 for human sensitization, and since it was predicted to be an
extremely weak sensitizer with an EC3 of 69% in LLNA, the VMT thinks it was predicted to be a

non-sensitizer in ADRA because of its low reactivity with proteins.

Ethylenglycol dimehtacrylate

In general, “acrylates” are known to exhibit clearly skin sensitization and other toxicity, because they
react readily with thiol groups in cysteine and amino groups in lysine. In contrast to this, “methacrylates”
have methyl groups in close proximity to the carbonyl groups, which play a role in reactivity with
methacryloyl groups, and because they are electron-donors, are significantly less reactive than “acrylates”.
Thus, in general, “methacrylates” are known to exhibit significantly less skin sensitization and other
toxicity than “acrylates”.

Ethylenglycol dimethacrylate exhibits extremely weak sensitization, because it has a methacryloyl
group. Thus the accurate prediction of skin sensitization potential using ADRA to test “methacrylates”,

which have extremely low reactivity and are only weak sensitizers, might be difficult.
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Methyl methacrylate

As with ethylenglycol dimethacrylate above, methyl methacrylate exhibits extremely weak
sensitization, because it has a methacryloyl group. In fact, it is classified as Category-4 weak sensitizer
for human sensitization and was predicted to be a weak sensitizer with an EC3 of 90% in LLNA. As with
ethylenglycol dimethacrylate above, the accurate prediction of skin sensitization potential using ADRA to
test “methacrylates”, which have extremely low reactivity and are only weak sensitizers, might be
difficult.

3. Conclusion

The VMT compared the predictive capacity of ADRA, DPRA, and LLNA relative to human
sensitization. Of the 48 test chemicals common to DPRA and ADRA, ten were human Category 5 test
chemicals, which in clinical use are known to cause sensitization in rare cases. When these 10 test
chemicals are excluded, accuracy for the remaining 38 test chemicals is 84.2% for ADRA, 89.5% for
DPRA, and 94.7% for LLNA, resulting in an overall accuracy of greater than 84% for all test methods.
Although ADRA exhibits a slightly lower accuracy for these 38 test chemicals than either DPRA or
LLNA, the difference with DPRA is only five percentage points, which the VMT considers to be more

than sufficient for predicting human sensitization potential.
Reference

Basketter, et al., (2014), Categorization of Chemicals According to Their Relative Human Skin
Sensitizing Potency. Dermatitis, 25:11-21.
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Appendix 6

Results of Phase-1 and Phase-2 Performed
by FUJIFILM



1. Background and objectives

The objective of the testing performed during this validation study is to demonstrate that the
participating laboratories are able to replicate to a high degree of certainty the same accurate test results
obtained and published by the lead laboratory. Given this objective and the fact that the lead laboratory is
experienced in this technology, out of fairness alone, the lead laboratory itself would ordinarily not
participate in validation testing. In the event, however, that the lead laboratory were to participate in
validation testing under the same conditions as the participating laboratories, test results and comments
from the lead laboratory would be useful in reviewing the results of the participating laboratories, and in
cases where problems were encountered during the validation, could be considered helpful in finding
solutions. Thus, FUJIFILM, the lead laboratory, mirrored the ADRA validation, testing the encoded
chemicals and undergoing QC checks under the same conditions as the other participating laboratories.
Furthermore, test results obtained by the lead laboratory were handled as reference data and used in the

evaluation of the validation testing.

2. Results and Discussion
2-1. Phase I results at FUJIFILM

Table 1 below shows the % depletion, standard deviation (SD), and mean % depletion for both NAC
and NAL of the ten chemicals tested at FUJIFILM during Phase 1. Predictions of sensitization potential

are shown in Table 3.

Table 1 Summary of Phase I results at FUJIFILM

FUJIFILM
04 Experiment 1 Experiment 2 Experiment 3
o Chemical c]i-::v NAC N-u_p Av NAC N-\f A NAC N-\LP A
e - D . D | U predicred - D y D | U7 Predicred - D - D VRS Predicted

depletion score depletion depletion score

depletion score depletion %) w0 class

depletion (%) class ) class

(%) (%) (%) (%) (%) (%) (%) (%)
A Laury] gallate Strong 100.0 00 933 0.0 96.7 8 100.0 0.0 932 05 96.6 s 100.0 00 904 23 952 s

4{(Mcthylamino) phenol

alt Strong 100.0 0.0 155 0.3 57.8 s 100.0 0.0 15.6 0.5 578 8 100.0 0.0 12.3 0.2 56.1 s

C Chloramine T Strong 100.0 0.0 97.8 0.1 98.9 s 98.0 0.1 91.7 0.1 97.8 s 97.9 0.0 98.1 0.1 98.0 s

D Cinnamaldehyde Moderate 454 03 86 04 270 S 430 12 94 03 262 S 437 06 85 04 261 S

E |2-Mercaptobenzothiazole | Moderate 521 06 32 01 277 s 521 05 35 04 278 s 450 06 25 03 258 s

F Ethyl acrylate Weak 976 02 73 02 525 s 942 04 6.1 03 501 s 96.4 04 39 01 502 s

G Imidazolidinylurea Weak 283 28 09 04 14.6 8 305 25 02 02 153 s 2313 18 0.0 0.0 17 s

H Glycerol NC 17 0.1 0.0 0.0 0.9 Ns 0.0 0.0 0.2 0.2 0.1 NS 0.0 0.0 0.0 0.0 0.0 NS

1 Salicylic acid NC 36 03 34 03 35 NS 48 03 33 05 41 NS 04 04 31 04 17 NS

T Isopropanol NC 08 07 04 01 06 NS 00 00 05 04 02 NS 00 00 00 00 00 NS

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).

There were no major discrepancies between the results obtained at FUJIFILM for NAC and NAL
depletion of the 10 test chemicals and the results obtained at the four participating laboratories. Also, as
shown in Tables 15-1 to 15-4, predictions of the test chemicals as either a sensitizer or a non-sensitizer
matched perfectly with the predictions from both LION and MITSUI and did not differ significantly from

the results at the other two laboratories.
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Based on these results, the results from FUJIFILM were nearly identical with those from the
participating laboratories, and a comparison of the results from all five laboratories indicates good

within-laboratory reproducibility.

2-2. Phase II results at FUJIFILM

Table 2 shows % depletion, standard deviation (SD), and mean % depletion of both NAC and NAL
obtained by FUJIFILM for the 30 chemicals tested in Phase II. Predictions of sensitization potential are
shown in Table 3.

There were no major discrepancies between the results obtained at FUJIFILM for NAC and NAL
depletion of the 30 test chemicals and the results obtained at the four participating laboratories. Also,
predictions of the test chemicals as either a sensitizer or a non-sensitizer matched perfectly with the
predictions from NISSAN and did not differ significantly from the results at the other three laboratories.

Based on these results, the results from FUJIFILM were nearly identical with those from the
participating laboratories, and a comparison of the results from all five laboratories adds to the evidence

that there is good between-laboratory reproducibility.

Table 2 Summary of Phase II results at FUJIFILM

B NAC depletion B NAL depletion

Ne Chemicals FUIFILM Ne Chemicals FUIFLM
Exp.1 SD | Add. Exp.1 SD | Add. Exp2i{ SD Exp.1 SD | Add. Exp.1 SD | Add. Exp2i{ SD

11 Diphenylcvclopropenone 32.4 0.5 11 Diphenylcvclopropenone 4.0 0.2

12 p-Benzoquinone 100.0 0.0 12 p-Benzoquinone 60.7 0.3

13 Hydroquinone 100.0 0.0 13 Hydroquinone 25.2 0.4

14 | 2-Methyl-2H-isothiazol-3-one 92 4 0.1 14 | 2-Methyl-2H-isothiazol-3-one 0.0 0.0

15 2-Ammophenol 100.0 0.0 15 2-Ammophenol 34.6 1.2

16 | Iodopropynyl butylcarbamate 100.0 0.0 16 | Iodopropynyl butylcarbamate 0.4 0.3

17 Propyl gallate 100.0 0.0 17 Propyl gallate 56.9 0.1

18 Dihvdroeugenol 24 0.9 6.7 0.2 1.9 2.1 18 Dihvdroeugenol 5.5 0.4 4.8 3.2 1.1 1.3

19 Benzylsalicylate 12 0.2 19 Benzylsalicylate 0.8 0.6

20 Squaric acid diethylester 28.5 0.5 20 Squaric acid diethylester 70.4 0.5

21 citral 72 09 135 03 21 citral 26 0.6 3.0 23

22 Palmitoy] Chloride 2.7 0.8 22 Palmitoy] Chloride 79.0 6.6

23 Resorcinol 5.7 0.4 23 Resorcinol 0.2 0.2

24 Benzylcinnamate 22 0.9 24 Benzylcinnamate 14 0.2

25 2.3-Butanedione 28.6 0.3 25 2,3-Butanedione 6.1 0.3

26 Farnesal 26.5 0.7 26 Farnesal 6.9 0.4

27 Eugenol 10.4 0.6 184 0.7 27 Eugenol 34 0.6 6.6 0.5

28 Penicilln G 22 0.2 28 Penicilln G 2.0 0.3

2 Lilial 129 0.4 16.5 0.3 29 Lilial 21 03 4.4 0.4

30 Hydroxycitronellal 4.9 0.1 30 Hydroxycitronellal 0.4 0.2

31 Benzyl alcohol 3.4 0.5 31 Benzyl alcohol 03 03

32 Dimethylisophthalate 2.0 0.6 32 Dimethylisophthalate 1.9 0.2

33 4-Aminobenzoic acid 2.0 0.3 33 4-Aminobenzoic acid 0.7 0.3

34 Diethyl phthalate 21 0.2 34 Diethyl phthalate 1.6 0.3

33 Methylsalicylate 0.1 0.1 35 Methylsalicylate 0.1 0.1

36 Dextran 89 01 117 03 02 04 36 Dextran 07 03 6.2 54 03 03

37 Coumarin 13 03 37 Coumarin 0.6 0.4

38 Propyl paraben 14 0.3 38 Propyl paraben 0.9 0.4

39 Sulfanilamide 02 02 39 Sulfanilamide 0.0 0.0

40 Fumaric acid 0.0 0.0 40 Fumaric acid 0.2 0.2
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Table 3 Summary of Phase I and Phase II results at all four participating laboratories and the lead

laboratory

No. Chemicals LION MITSUI SUMITOMO NISSAN FUJIFILM

Average of 3 experiments

4-(Methylamino} phenol
hemisulfate salt

40 Fumaric acid 53/35/3.1 24 24 0.6 0.1

*Cells highlighted in pink indicate test chemicals that were predicted to be sensitizers (S), and cells highlighted in blue
indicate test chemicals that were predicted to be non-sensitizers (NS).
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Appendix 7

Advantages of ADRA over DPRA:

No precipitation of test chemicals, No co-elution of test chemicals with NAC or NAL,
and suppression of NAC oxidation by EDTA



1. Precipitation of poorly soluble test chemicals in the reaction solution

DPRA requires test chemical solutions to have a concentration of 100 mM, and even in cases where it
is possible to prepare a 100-mM solution of a poorly soluble test chemical, the reaction solution,
including nucleophilic reagents, is 75% water, which results in numerous cases of precipitation and
turbidity of the test chemical in the reaction solution. In contrast to this, since the test chemical solution
used for ADRA has a concentration of 1 mM, which is just 1% of that used in DPRA, the lead laboratory
has thus far found virtually no precipitation or turbidity in the reaction solution even with poorly soluble
test chemicals. Table 1 below shows some specific examples.

As can be seen in Table 1, when using DPRA, there are some cases of precipitation irrespective of the
value of cLogP. Precipitation and turbidity of the test chemical in the reaction solution is an indication
that the test chemical solution has fallen below the required concentration, which means that an accurate
prediction cannot be obtained. Even when the test chemical solution falls below the required
concentration due to precipitation or turbidity of the test chemical, there are some cases where a sufficient
mean depletion is obtained to result in a prediction of sensitizer. Caution is also needed, because in some
cases a low mean depletion will result in a prediction of non-sensitizer. Simply stated, it is highly
desirable that there be no precipitation or turbidity of the test chemical in the reaction solution.

On the other hand, as can also be seen in Table 1, test chemical solutions prepared for ADRA almost
never exhibit precipitation or turbidity. Palmitoyl chloride was the only test chemical that exhibited even
the slightest turbidity in the NAC reaction solution. The cause of this turbidity is palmitoyl chloride’s
cLogP of 7.5, which the VMT considers to be a clear indication of how poorly soluble this test chemical
is. When tested using DPRA, the test chemical solution for palmitoyl chloride exhibited a significant
amount of precipitation in the reaction solutions for either peptide.

Based on the above, the VMT concludes that relative to DPRA, test chemical solutions prepared for

ADRA exhibit very little precipitation in the reaction solution.
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Table 1  Solubility of test chemicals in DPRA and ADRA reaction solutions

sy DPRA ADRA
Test chemicals Structure cLogP B
category
Cys-peptide|Lys-peptide
o
/2

Diphenylcyclopropenone ‘ ! 1.8 Extreme

0
Benzoyl peroxide ©)‘\O~O“© 2.8 Extreme

a S-n7
5-Chloro-2-methyl-4- N
: A
isothiazolin-3-one \ o 0.6 | Extreme
(0]

Nonanoyl chloride \/\/\/\)J\ 3.8 |Moderate
Cl

Palmitoyl Chloride /\/\/\/\/\/\/\)Lu 7.5 |Moderate

2. Examples of co-elution of the test chemical with the nucleophilic reagent

Sensitization potential is predicted in DPRA by calculating depletion from a value obtained per HPLC
analysis of the unreacted cysteine peptide and lysine peptide in a mixture of test chemical solution and
nucleophilic reagent. Thus, in cases where the test chemical and the nucleophilic reagent co-elute, such a
value cannot be obtained and sensitization potential cannot be predicted. In cases, however, where
co-elution occurs only between lysine peptide and the test chemical, predictions can be made based on the
“cysteine only prediction model”. Nevertheless, DPRA is designed to make predictions of sensitization
based on mean depletion calculated after correctly quantifying both peptides.

The two peptides used for DPRA are known to co-elute with a number of test chemicals. In contrast to
this, the lead laboratory has never experienced co-elution of NAC or NAL with a test chemical when
using ADRA. For this reason, the VMT considers it very unlikely that any test chemical would co-elute
with either NAC or NAL. In Figures 1 to 4 below are shown examples of co-elution with a test chemical

in DPRA using the same HPLC parameters as the lead laboratory and of the same test chemical in ADRA.
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Figure 3 Co-elution of dimethyl isophthalate and lysine peptide in DPRA
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Figure 4 NAL and dimethyl isophthalate in ADRA

Based on HPLC analysis at the lead laboratory, salicylic acid and cysteine peptide co-elute when tested
using DPRA, but salicylic acid and NAC do not co-elute when tested using ADRA. Similarly, dimethyl
isophthalate and lysine peptide co-elute when tested using DPRA, but dimethyl isophthalate and NAL do
not co-elute when tested using ADRA. In contrast to the fact that a number of test chemicals exhibit
co-elution with either of the two peptides when tested using DPRA, the lead laboratory has never
experienced co-elution between test chemicals and either NAC or NAL when tested using ADRA, most

likely due to the following three points.

Why test chemicals exhibit co-elution when tested using DPRA but not when tested using ADRA

1) Differences in quantification wavelength
The quantification wavelength used for DPRA is 220 nm, which is relatively short and falls within the
ultraviolet absorption spectrum for many test chemicals, which results in co-elution. On the other hand,
the quantification wavelength used for ADRA 1s 281 nm, which is relatively long, and unless the test
chemical structure includes a relatively long conjugated system, there will be virtually no co-elution
between the test chemical and NAC or NAL, because the test chemical has no absorption of the

ultraviolet spectrum in that wavelength region.

2) Differences in column
The column used in DPRA is ordinarily filled with silica gel, whereas that used in ADRA has a core
shell structure with less dispersion and sharper peaks than columns that use of silica gel. Because of

this, the sharper peaks co-elute less with other peaks.

3) Differences in the concentration of the sample injected into the column
The concentrations of the test chemical in solution that are injected into the column in DPRA is 5 mM
for the cysteine peptide reaction solution and 25 mM for the lysine peptide reaction solution. In general,
many examples for HPLC-UV method given in the technical reports from the column manufacturer use
sample concentrations between approximately 1 and 100 pg/mL. For a sample with a molecular weight
of 200, the concentration would normally be between 5 and 500 uM. Although DPRA calls for

476



quantification of two different peptides, the concentration of the test chemical in solution is between 5
and 25 mM, which is between 10 and 100 times (in case of the prediction by cysteine peptide), or 50
and 50,000 times (in case of the prediction by lysine peptide) more concentrated than the 5 to 500 uM
concentrations normally used in HPLC analysis. This presents the possibility of test chemical overload,
which means a strong likelihood of broadened or separated peaks overlapping with the peaks of the
peptides.

In contrast to this, the concentrations of the test chemical in solution that are injected into the column
in ADRA is 200 uM for both NAC or NAL. This concentration is within the range of concentration
used in normal HPLC analysis, which is one of the reasons why there is no test chemical overload

affecting the peaks, and therefore good separation with no overlapping.

3. Suppression of NAC oxidation by EDTA

Thiols readily undergo oxidation to form oxidants (dimers). Although oxygen itself is involved in
oxidation, the presence of minute quantities of metal ions in solution is known to have a catalytic effect
that promotes oxidation.

Both DPRA and ADRA test for covalent bonding between cysteine and a test chemical, and to this end
use the nucleophilic reagents cysteine peptide and NAC, respectively. As described above, both these
substances are oxidized readily due to the thiol groups in cysteine.

In order to suppress this oxidation, the ADRA SOP calls for the addition of EDTA to the NAC stock
solution as a means of chelating metal ions. Here is an example of how EDTA suppresses NAC oxidation.

As shown in Figure 5, when EDTA is not added to the NAC stock solution, the level of residual NAC
immediately after preparation of the reaction solution is roughly 98% on Day 0, but after 24 hours at
25°C falls nine percentage points to 89%. In other words, roughly 9% of the NAC has been oxidized to
form dimers. Compare this with Figure 6, which shows that when EDTA 1is added to the NAC stock
solution, the level of residual NAC immediately after preparation of the reaction solution is roughly 99%
on Day 0, and even after 24 hours at 25°C remains nearly the same at 98%. Figure 7 compares the results
of Figure 5 with those of Figure 6.

Thus, it can be seen that the addition of EDTA suppresses oxidation of NAC. Moreover, the NAC used
in ADRA is chemically synthesized by first producing NAC dimers (NAC-D) per chemical modification
of cysteine, which are then reduced to synthesize NAC. (Fujita ef al., 2014) Thus, authentic samples of
NAC-D are obtained at the same time as NAC. Furthermore, since NAC-D exhibit roughly the same
solubility as NAC itself, detection and quantification is possible using the HPLC parameters specified for
ADRA. This is why it is possible to assay NAC and NAC-D at the same time during ADRA testing. This
permits the quantitative evaluation of the level of NAC oxidation.

Also, there are been some reports of cysteine peptide oxidation (dimerization) during DPRA testing. (K.
Linke, et al., 2003; C.M. Cremers, et al., 2013; P. Nagy, 2013; J.R. Winther, ef al., 2013) The cysteine
peptides used in DPRA are synthesized by sequential linking of amino acid monomers with peptide
(amide) bonds, but cysteine peptide oxidation (cysteine peptide dimerization) cannot take place during

this process. Also, because it appears that cysteine peptide dimers tend to precipitate in the reaction
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solution, it is difficult to detect cysteine dimers using the HPLC parameters specified for DPRA.
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Figure 6 NAC oxidation after one day at 25°C with EDTA added
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Figure 7 Changes over time at 25°C in levels of residual NAC with and without EDTA added
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Appendix 8

Comparing Measurement Accuracy in
ADRA with that in DPRA



1. Background and objectives
One major feature of ADRA is that the quantification wavelength of 281 nm was selected to match

the maximum absorption wavelength (A max.) of naphthalene and is roughly 60 nm longer than the
220 nm wavelength used for the nucleophilic reagents in DPRA. Also, insofar as the 220 nm
wavelength used in DPRA is not A max, there is the danger that even a small discrepancy in wavelength
could result in a major discrepancy in the measured absorbency. In contrast to this, because the 281 nm
wavelength used in ADRA was selected to match A max, discrepancies in wavelength have little effect.
And unless the test chemical is naphthalene or other substance having extremely long conjugated
double bonds, neither will impurities have any effect. Thus, the VMT expects to achieve very stable
quantification results.

To demonstrate this, we compared quantification accuracy for the 82 test chemicals tested using both
ADRA and DPRA, using the measured values reported by Gerberick et al. (2010) for DPRA and the

measured values for ADRA.

2. Results and Discussion
2-1. Extreme/strong sensitizers
Of the 82 test chemicals, 18 were classified as extreme/strong sensitizers according to LLNA
categories. The VMT compared the standard deviations (SD, N = 3) for the % depletion of NAC in
ADRA with the SD for the % depletion of cysteine peptide in DPRA as well as the SD for the %
depletion of NAL in ADRA with the SD for the % depletion of lysine peptide in DPRA for these 18 test

chemicals.

(A) SD for % depletion of NAC and cysteine peptide (B) SD for % depletion of NAL and lysine peptide

= 40 —~ 40
T ] , 3 o
%_ 35 | NAC OCystene peptide _ | 35 | WNAL  OLysine peptide
£ =
£ 30 - £ 30 -
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= 20 = 20 -
z 2
= 15 = 15 -
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No. of 82 test chmeicals (Extreme/Strong) No. of 82 test chmeicals (Extreme/Strong)

Figure 1. Comparison of the SD for % depletion in ADRA with the SD for % depletion in DPRA for 18

extreme/strong sensitizers

A great many test chemicals classified as extreme/strong sensitizers according to LLNA categories
have very good reproducibility, because they have % depletion values near 100. Thus, the SD for %
depletion of NAC and NAL in ADRA was less than 5% for all 18 test chemicals. On the other hand, in
DPRA, there were four test chemicals with a SD of 5% or greater for % depletion of cysteine peptide
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as well as four test chemicals with a SD of 5% or greater for % depletion of lysine peptide, for a total

of eight.

2-2. Moderate sensitizers

Next, the VMT made the same comparison for the 20 test chemicals that were classified as moderate

sensitizers according to LLNA categories. The results are shown in Figure 2.

(A) SD for % depletion of NAC and cysteine peptide (B) SD for % depletion of NAL and lysine peptide
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Figure 2. Comparison of the SD for % depletion in ADRA with the SD for % depletion in DPRA for 20

moderate sensitizers

A great many test chemicals classified as moderate sensitizers according to LLNA categories can be

expected to have relatively poor reproducibility (relatively large SD wvalues) compared with

extreme/strong sensitizers, because they have % depletion values in the mid to high range.
Nevertheless, the SD for % depletion of NAC and NAL in ADRA was less than 5% for all 20 test

chemicals. On the other hand, in DPRA, there were five test chemicals with a SD of 5% or greater

for % depletion of cysteine peptide as well as three test chemicals with a SD of 5% or greater for %

depletion of lysine peptide, for a total of eight.

2-3. Weak sensitizers
Next, the VMT made the same comparison for the 15 test chemicals that were classified as weak

sensitizers according to LLNA categories. The results are shown in Figure 3.
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(A) SD for % depletion of NAC and cysteine peptide (B) SD for % depletion of NAL and lysine peptide
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Figure 3. Comparison of the SD for % depletion in ADRA with the SD for % depletion in DPRA for 15

weak sensitizers

A great many test chemicals classified as weak sensitizers according to LLNA categories can be
expected to have relatively poor reproducibility (relatively large SD values) compared with
extreme/strong sensitizers, because they have % depletion values in the mid to low range.

Nevertheless, the SD for % depletion of NAC and NAL in ADRA was less than 5% for all 15 test
chemicals. On the other hand, in DPRA, there were nine test chemicals with a SD of 5% or greater
for % depletion of cysteine peptide as well as two test chemicals with a SD of 5% or greater for %

depletion of lysine peptide, for a total of eleven.
2-4. Non-sensitizers
Next, the VMT made the same comparison for the 29 test chemicals that were classified as

non-sensitizers according to LLNA categories. The results are shown in Figure 4.

(A) SD for % depletion of NAC and cysteine peptide (B) SD for % depletion of NAL and lysine peptide
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Figure 4. Comparison of the SD for % depletion in ADRA with the SD for % depletion in DPRA for 29
non-sensitizers
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A great many test chemicals classified as non-sensitizers according to LLNA categories can be
expected to have excellent reproducibility, because they have % depletion values near 0 (zero). Thus,
the SD for % depletion of NAC and NAL in ADRA was less than 5% for all 29 test chemicals. On the
other hand, in DPRA, there were 13 test chemicals with a SD of 5% or greater for % depletion of
cysteine peptide as well as six test chemicals with a SD of 5% or greater for % depletion of lysine
peptide, for a total of 19. Also, salicylic acid could not be quantified due to co-elution with lysine

peptide.

3. Conclusion
As shown by the above results, the compared with DPRA, quantification of the depletion of the
nucleophilic reagents used in ADRA is more precise than that of DPRA, based on reproducibility
calculated from three measurements. The main reason for this is described in item 1 below, and items

2—-4 provide supplementary reasoning.

1. The relative long quantification wavelength of 281 nm that is used for NAC and NAL was selected
to match A max, thereby achieving stability of the molar absorption coefficient. (See
Recommendation No. 2 of the VMT overall conclusions and recommendations.)

2. The addition of a post-reaction fixing solution eliminates further reactivity. (See Recommendation
No. 7 of the VMT overall conclusions and recommendations.)

3. The use of test chemical solutions at low concentrations eliminates precipitation in the reaction

solution. (See Recommendation No. 1 of the VMT overall conclusions and recommendations.)

4. There is no co-elution of NAC or NAL with the test chemical. (See Appendix 7, 2. Examples of

co-elution of the test chemical with the nucleophilic reagent.)
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Appendix 9

Articles on ADRA

ADRA Article No. 1 (Fujita ef al., 2014)
ADRA Article No. 2 (Yamamoto et al., 2015)
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ABSTRACT

Introduction: The Direct Peptide Reactivity Assay (DPRA) was developed as an alternative simple and versa-
tile method for predicting skin sensitization. Here, we describe a novel Amino acid Derivative Reactivity Assay
(ADRA) involving 2 amino acid derivatives: N-(2-(1-naphthyl)acetyl)-1-cysteine (NAC) and e-N-(2-(1-
naphthyl)acetyl)-t-lysine (NAL), in which each amino-terminal residue is intreduced into a naphthalene ring.
ADRA measurements were conducted at 281 nm, which improved baseline stability, and were less influenced
by other substances in the reaction solutions than DPRA measurements that are conducted at 220 nm. Methods:
Chemically synthesized NAC and NAL were dissolved in phosphate buffers of pH 9.5 and 12.0, respectively. Each
solution, test chemical solution, and phosphate buffer, were mixed in 96-well microplates and incubated in the
dark for 24 h at 25 *C. Following incubation, samples were diluted 10 times with a mixed solution of 25% aceto-
nitrile/0.5% trifluoroacetic acid (TFA) in water, and NAC and NAL levels were quantified in each sample and con-
trol using a high-performance liquid chromatography (HPLC) system. The reactivity of NAC/NAL was calculated
as the percent depletion based on the decrease in the non-reacted NAC/NAL concentration in the samples relative
to the average concentration in the control; the average NAC/NAL reduction score was calculated. A 2-class clas-
sification model was developed using ADMEWORKS/ModelBuilder, and an optimal average score that could dis-
criminate between sensitizers and non-sensitizers was determined. Results: A total of 82 test chemicals were
applied to ADRA for comparison against DPRA. The prediction accuracy of ADRA was 88%, which was similar to
that of DPRA. Discussion: ADRA was used to quantify NAC/NAL at 281 nm, which showed high accuracy for
the prediction of skin sensitization, similar to that of DPRA. Therefore, ADRA could be used to expand the
range of chemicals tested in skin sensitization analyses.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

For example, for steps 2-6, DPRA, the KeratinoSens test method
(Aeby, Python, & Goebel, 2007; Basketter & Kimber, 2009; Emter, Ellis,

Allergic contact dermatitis is the clinical manifestation of skin
sensitization and is caused by a wide range of chemicals after prolonged
or repeated contact with the skin. Skin sensitization/allergic contact
dermatitis occurs in 6 steps: (1) skin bioavailability, (2) haptenation,
(3) epidermal inflammation, (4) dendritic cell (DC) activation, (5) DC
migration, and (G) T-cell proliferation, and various methods for
predicting or evaluating skin sensitization corresponding to each step
have been developed (Adler et al., 2010; Basketter & Kimber, 2010).

* Corresponding author at: Safety Evaluation Centre, Ecology & Quality Management
Division, CSR Division, FUJIFILM Corporation, 210 Nakanuma, Minamiashigara-shi,
Kanagawa, Japan. Tel: +81 465 73 7440; fax: + 81 465 73 7975,

E-mail address: masahanu fujita@fujifilmcom (M. Fujita).

http://dx doiorg/10.1016/.vascn 2014.06.001
1056-8719/0 2014 Flsevier Inc. All rights reserved.

& Natsch, 2010; Natsch, Emter, & Ellis, 2009; Natsch & Gfeller, 2008;
Uchino, Taketzava, & Ikarashi, 2009; Vandebriel & van Loveren, 2010),
the myeloid U937 skin sensitization test (MUSST) (Python, Goebel, &
Aeby, 2007), the human cell line activation test (h-CLAT) (Ashikaga
et al.,, 2006; Sakaguchi et al., 2009), the in vitro DC-based migration
assay (Ouwehand et al., 2010), and the CAATC assay (Aliahmadi et al.,
2009), have been proposed, respectively.

In the initial process of skin sensitization, the sensitizers are
generally electrophilic and reactive toward nucleophilic sites on
proteins, and these characteristics have been used to develop non-
animal approaches for evaluating the skin sensitization potential
of a number of chemicals (Ahlfors, Sterner, & Hansson, 2003:
Alvarez-Sanchez, Basketter, Peace, & Leopoittevin, 2003; Meschkat,
Barratt, & Leopoittevin, 2001), among which DPRA is currently the
most widely used method (Gerberick et al., 2004; Gerberick et al.,
2007). Subsequently, a method using the heptapeptide Cor1-C420
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(Natsch & Gfeller, 2008) and similar approaches (Aleksic et al., 2009;
Bdhme et al., 2009; Roberts, Schultz, Wolf, & Aptula, 2010; Schultz,
Yarbrough, & Johnson, 2005) were developed. Among these
methods, DPRA has been the most extensively validated, and a
prediction accuracy of 89% was demonstrated for a data set that in-
cluded 82 chemicals (Gerberick et al., 2007). To detect pro-hapten
skin sensitizers, a peroxidase peptide reactivity assay using horse-
radish peroxidase/peroxide was recently proposed (Gerberick
et al., 2009; Troutman et al., 2011).

However, the peptides used in DPRA must be detected at 220 nm be-
cause of their minimal absorption at longer wavelengths, and variocus
chemical substances also have UV absorption at short wavelengths
such as 220 nm. Therefore, these peptides cannot be measured precisely
when they co-elute with test chemicals or reaction products in HPLC,
as shown by Natsch and Gfeller (2008). Therefore, we chemically syn-
thesized 2 amino acid derivatives with an absorption maximum at
281 nm by introducing a naphthalene ring to the cysteine and lysine
residues. We named these derivatives NAC and NAL, respectively, and
used them in a novel Amino acid Derivative Reactivity Assay (ADRA).
First, to identify the most appropriate conditions for ADRA, we deter-
mined the appropriate buffer and buffer pH for the reaction. Further-
more, to allow the experiments to be performed effectively, we
facilitated the handling of multiple samples at the same time by
using 96-well microplates. Next, to determine the efficacy of ADRA
for predicting skin sensitization, we performed a validation test for
82 test chemicals, as reported by Gerberick et al. (2007).

2. Materials and methods
2.1. Test chemicals

The test chemicals for evaluation were those used in the Direct
Peptide Reactivity Assay (Gerberick et al., 2007). The chemicals used
as test chemicals for ADRA are summarized in Table 1. CD3 (25646-
71-3) was supplied by the Synthetic Organic Chemistry Laboratories
of FUJIFILM Corporation,

L-cysteine and €-N-BOC-L-lysine for synthesis of NAC and NAL were
purchased from Wako Pure Chemical Industries (Osaka, Japan), and 2-
(1-naphthyl)acetic acid for synthesis was purchased from Tokyo Chem-
ical Industry (Tokyo, Japan).

2.2, Synthesis of NAC and NAL

2-(1-Naphthyl)acetyl chloride (11.3 g, 55 mmol) was added
dropwise into an ice-cooled solution of 1-cystine (6.0 g. 25 mmol) and
sodium hydroxide (4.2 g 105 mmol) in water (105 ml), and
the mixture was stirred at room temperature for 2 h. Concentrated
hydrochloric acid (5 ml) was added to the mixture and the resulting
precipitate was collected by filtration. The crude product was re-
crystallized from ethyl acetate (2060 ml) to obtain NN'-di[2-(1-
naphthyl)acetyl]-.-cystine (8.7 g 60%). Zinc powder (9.8 g,
150 mmol) was added to a mixture of N,N'-di[2-(1-naphthyl)acetyl]-
t-cystine (14.5 g, 25 mmol), and acetic acid (150 ml) was then added
and stirred for 6 h at 60 °C. The reaction mixture was poured into 0.5
M hydrochloric acid (360 ml), extracted with ethy] acetate (450 ml),
washed with water (150 ml), washed with brine (150 ml), dried over
magnesium sulfate, filtered, and evaporated. The residue was crystal-
lized from isopropanol (40 mi) to give NAC (N-2-(1-naphthyl)acetyl-
t-cysteine) (7.4 g, 54%) (Fig. 1).

2-(1-Naphthyl)acetyl chloride (4.9 g, 24 mmol) was added
dropwise to an ice-cooled solution of £-N-Boc-L-lysine (0.5 g.
20 mmol) and sodium hydroxide (0.8 g, 20 mmol) in water {20
ml), and the pH was maintained at 11 by adding 10% sodium hydrox-
ide aqueous solution. The reaction mixture was stirred at room tem-
perature for 4 h and then acidified with concentrated hydrochloric
acid (1.6 ml). The mixture was extracted with hot ethyl acetate (30

mil) and the extract was cooled in an ice bath. The precipitated
white solid was filtered to obtain £-N-Boc-a-N-2-(1-naphthyl)ace-
tyl-L-lysine (6.1 g, 74%). Trifluoroacetic acid {22 ml, 280 mmol)
was added to the solution of e-N-Boc-at-N-2-(1-naphthyl)acetyl-L-
lysine (5.9 g, 14 mmol) in dichloromethane (35 ml). The mixture
was stirred for 1.5 h and then the solvent was removed in vacuo.
The residue was dissolved in water (20 ml) and the pH was adjusted
to 6 by adding 20% sedium hydroxide aquecus solution. The mixture
was extracted with ethyl acetate (50 ml) and evaporated. The resi-
due was purified by column chromatography on a silica gel. The ob-
tained product was crystallized from ethyl acetate/methano! to give
pure NAL (a-N-2-(1-naphthyl)acetyl)-L-lysine) (0.5 g, 11%) (Fig. 1).
NAC and NAL were identified using the 3200 QTRAP LC/MS/MS
system (AB SCIEX, Ontario, Canada). MS of NAC m/z (%): 280(9)
(IM + HJ*), 141(100), 122(26). 115(48), and 76(9) (Fig. 2). MS of
NAL m/z (%): 315(54) ([M + H]*). 141(100), 129(21), 115(63),
and 84(75) (Fig. 2).

2.3. NAC and NAL reactivity assay

Disodium hydrogen phosphate for buffer preparation, acetonitrile,
trifluoroacetic acid (TFA) for HPLC, DMSO, and acetone were purchased
from Wako Pure Chemical Industries.

Sodium phosphate buffers for NAC and NAL (100 mM; pH 9.5
and pH 12.0) were prepared with disodium hydrogen phosphate and
sodium hydride solution, respectively.

Stock solutions of NAC and NAL were prepared to a final concentra-
tion of 1.25 mM in 100 mM phosphate buffer at pH 9.5 and pH 12.0,
respectively. Test chemical solutions at a concentration of 100 mM
were prepared in acetonitrile, water, acetone, or acetonitrile containing
10% or 20% DMSO, Triplicate reactivity samples were prepared in a 96-
well microplate, For NAL reactivity, 80 pl of the NAL stock solution and
50 ul of the test chemical stock solution were added to 70 u of sedium
phosphate buffer (pH 12.0). For NAC reactivity, 80 pl of the NAC stock
solution, 10 pl of the test chemical stock solution, and 40 pl of acetoni-
trile were added to 70 pl of sodium phosphate buffer (pH 9.5), As con-
trols, samples containing solvent rather than test chemicals were also
prepared in triplicate. The 96-well microplates were sealed by Plate
Seal (Sumitomo Bakelite Co., Ltd., Tokyo. Japan) and gently shaken
and incubated in the dark for 24 h at 25 °C in an incubator (MIR-253,
SANYO Electric Co., Ltd. Osaka, Japan). Following incubation, samples
were diluted 10 times with a mixed solution of 25% acetonitrile/0.5%
TFA in water, and 96-well microplates were sealed by Sealig Mat
(AxyGen Scientific, Inc., Unicn City, CA). In addition, standards used
for defining the calibration curve were prepared without the test
chemicals for each amino acid derivative at concentrations ranging
from 0.0625 mM to 0.5 mM.

24. HPLC analysis of NAC and NAL

NAC and NAL in all samples and standards were quantified using a
LC-20A HPLC system (Prominence, Shimadzu Scientific Instruments,
Kyoto, Japan} on a CAPCELL CORE C18 column (2.7 um, 3.0 x 150 mm,
Shiseido Co., Ltd., Tokyo, Japan) with UV detection at 281 nm using a
photodiode array detector (SPD-M20A, Shimadzu), which scanned
wavelengths from 200 nm to 400 nm. The UV spectrum was collected
from 200 nm to 400 nm to verify the identity of the NAC and NAL
The temperature of the column oven (CTO-20A, Shimadzu) and auto-
sampler (SIL-20 AC, Shimadzu) was controlled at 40 °C and 4 °C,
respectively,

The mobile phase had a flow rate of 0.3 ml/min and consisted of 98/
2 water/acetonitrile with 0.1% TFA (A) and 90/10 acetonitrile/water
with 0.1% TFA (B). Separation was achieved by holding at the initial
conditions (20% B) for 7 min, followed by a linear gradient to 100% B
for 3.5 min and then back to the initial conditions for a total analysis
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Table 1
Chemicals used as test chemicals in ADRA and their sources.
Test substance CASno. Source Solvent

Extreme/strong
1 Diphenylcyclopropenone 886-38-4 Wako Acetonitrile
2 Oxazolone 15646-46-5 Wako Acetonitrile
3 Benzoyt peroxide 94-36-0 T Acetonitrile
4 Kathon CG 56965-84-9 Sigma-Aldrich H0
5 Bandrowski's base 20048-27-5 Alfa Aesar 20% DMSO/acetonitrile
6 S-Chioro-2-methyl-4-isothiazotin-3-one 26172-554 Santa Cruz H0
7 p-Benzoquinone 106-514 Wako Acetonitrile
8 Tetrachicrosalicylanilide 1154-59-2 AccuStandard Iscpropanol
9 2.4-Dinitrochlorobenzene 97.00-7 Wako Acetonitrile
10 Glutaraldehyde 111-30-8 Wako Acetonitrile
11 Flucrescein iscthiocyanate 3326-32-7 Dejindo Acetonitrile
12 Phthalic anhydride 85-44-9 Wako Acetonitrile
13 Lauryl gallate 1166-52-5 Wako 20% DMSO/acetonitrile
14 Propyl gallate 121-79-9 Wako Acetonitrile
15 cn3 25646-71-3 FF 20X DMSO/acetonitrile
16 Trimeilitic anhydride 552-30-7 Wako Acetonitrile
17 Formaldehyde 50-00-0 Wako Acetonitrile
18 Meto! 55-55-0 Wako H,0
Moderute
19 2-Hydroxyethyl acrylate 818-61-1 Wako Acetonitrile
20 Glyoxal 107-22-2 Wako H;0
21 Vinyl pyridine 1337-81-1 Wako Acetonitrile
22 2-Mercaptobenzothiazole 149-30-4 Wako 10X DMSO/acetonitrile
23 Nonanoyl chloride 764-85-2 ™« Acetonitrile
24 2-Methyi-2H-isothiazol-3-one 2682-20-4 Sigma-Aldrich Acetonitrile
25 1.2-Benzisothiazoline-3-one 2634-33-5 o] 20X DMSO/acetonitrile
26 Methyl-2-nonynoate 111-80-8 T« Acetonitrile
27 Cinnamaldehyde 14371-10-9 Wako Acetonitrile
28 Phenylacetaldehyde 122-78-1 Alfa Assar Acetonitrile
29 Benzylideneacetone 122-57-6 Wako Acetonitrile
30 24-Heptadienal 881395 Wako Acetonitrile
k| Squaric add 2892-51-5 Wako Acetonitrile
2 Trans-2-hexenal 6728-26-3 Wako Acetonitrile
33 Resorcinol 108-46-3 Wako Acetonitrile
M Diethyl maleate 141-05-9 Wako Acetonitrile
35 2-Phenylpropionaldehyde 93-53-8 Sigma-Aldrich Acetonitrile
36 Perillaidehyde 2111-75-3 Wako Acetonitrile
37 Palmitoyl Chiocide 112-674 Wako Acetone
38 1-(4-Methoxyphenyl)-1-penten-3-one 104-27-8 AccuStandard Acetonitrile
Weak
39 a-Hexyldnnnamaidehyde 101-86-0 Wako Acetonitrile
40 o-Amyldnnamatdehyde 122-40-7 Wako Acetonitrile
41 23-Butanedione 431-03-8 Wako Acetonitrile
42 Farnesal 19317-114 Frinton Acetonitrile
43 Onalic add 144-62-7 Wako Acetonitrile
4“4 Benzyl benzoate 120-514 Wako Acetonitrile
45 4-Allylanisole 140-67-0 ™ Acetonitrile
46 Litial 80-54-6 Wako Acetonitrile
47 Cydamen aldehyde 103-95-7 Sigma-Aldrich Acetonitrile
48 Imidazolidinyl urea 39236-46-9 Sigma-Aldrich H0
49 5-Methyl-2 3-hexanedione 13706-86-0 ™ Acetonitrile
50 2.2,6,6-Tetramethyl-3.5-heptanedione 1118-714 ™ Acetonitrile
51 Ethyleneglycol dimethacrylate 97-90-5 Wako Acetonitrile
52 Ethyl acrylate 140-88-5 Wiako Acetonitrile
53 Hydroxydtronellal 107-75-5 Wako Acetonitrile
Non-sensitizer
54 Glycerol 56-81-5 Wako Acetonitrile
55 Hexane 110-54-3 Wako Acetonitrile
56 Diethyl phthalate 84-66-2 Wako Acetonitrile
57 Octanoic acd 124-07-2 Wako Acetonitrile
58 2-Hydraxypropyl methacrylate 923-26-2 Wako Acetonitrile
59 1-Butanol 71-36-3 Wako Acetonitrile
60 4-Hydroxybenzoic acid $9.96-7 Wako Acetonitrile
61 6-Methyl coumatrin 92-48-8 Sigma-Aldsich Acetonitrile
62 Methy! salicylate 119-36-8 Wako Acetonitrile
Chlorobenzene 108-90-7 Wako Acetonitrile
64 Lactic add 50-21-5 Sigma-Aldrich Acetonitrile
65 1-Bromobutane 109-65-9 Wako Acetonitrile
66 2-Acethylcydohexanone 874-23-7 Wako Acetonitrile
67 4'-Methoxyacetophenone 100-06-1 Wako Acetonitrite
68 Ethyl benzoylacetate 94-02-0 Wako Acetonitrite
69 Ethyl vanillin 121-324 h 1o Acetonitrite
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Table 1 (continued)
Test substance CAS no. Source Solvent

70 isopropanol 67-63-0 Wako Acetonitrile
n Propylene glycol 57-55-6 Wako Acetonitrile
72 Sulfanilamide 63-74-1 Wako Acetonitrile
73 Isapropyl myristate 110-270 Wako Acetonitrile
74 Benzaldehyde 100-52-7 Sigma-Aldrich Acetonitrile
75 Methylparaben 99-76-3 Wako Acetonitrile
7% Nonanoic acid 112050 T Acetonitrile
77 Propyl paraben 94-13-3 Wako Acetonitrile
78 Saticylic acid 69-72-7 Wako Acetonitrile
79 Sulphanilic add 121-57-3 Wako H0

80 Vanillin 121-33-5 Wako Acetonitrile
81 Coumarin 91-64-5 Wako Acetonitrile
82 Vinylidene dichloride 75-35-4 AccuStandard Acetonitrile

ADRA, Amino acid Derivative Reactivity Assay.

AccuStandard: AccuStandard, Inc., New Haven, CT, USA; Alfa Aesar: Alfa Aesar, Ward Hill, MA, USA; Dojindo: Dojindo Molecular Technalogies, Inc. Kumamoto, Japan; FF, Synthetic Organic
Chemistry Laborateries of FUJIFILM Corporation; Frinton; Frinton Laboratories, Inc., Hzinesport, NJ, USA; Santa Cruz: Santa Cruz Biotechnolo; Sigma-Aldrich: Sigma-Aldrich Inc, St. Louis,
MO, USA; TCI: Takyo Chemical Industry Co. Ltd,, Tokyo, Japan; Wako: Wako Pure Chemical Industries, Ltd., Osaka, Japan.

time of 15 min per sample, The details for the extra conditions are
shown in Fig. 4.

Each sample (10 pl) was separated into fractions containing NAC/
NAL and the test chemicals on a CAPCELL CORE column. The reactivity
of NAC/NAL was reported as the percent depletion based on the
decrease in the non-reacted NAC/NAL concentration in the samples
relative to the average concentration measured in the control, and the
average NAC/NAL reduction was presented as the average score.

2.5, Optimization of the steric conformation of NAC and NAL

The structures of NAC and NAL were optimized using the SCIGRESS
1.2.0 software package containing MM3, PMS, and CONFLEX (Fujitsu,
Tokyo, Japan). The geometry of the NAC and NAL structures was op-
timized by using MM3 for molecular mechanics. Iterative energy
minimizing routines were conducted using a conjugate gradient
minimizer algorithm. The CONFLEX conformational search proce-
dure was used to find low-energy conformations of the NAC and
NAL molecules, The semi-empirical method PM5 was also used for
geometry optimization.

2.6, 2-Class classification model

The classification model was developed using ADMEWORKS/
ModelBuilder V4.5 (Fujitsu Kyushu Systems Limited, Fukuoka, Japan).
In particular, the “Iterative Least Square Linear Decision Surface” in
the ADMEWORKS/ModelBuilder was used to build the classification
model, which classified the samples into 2 classes {sensitizer and non-
sensitizer) using a linear equation with depletion as the single para-
meter. An optimal average score that categorized sensitizers as non-
sensitizers was calculated by the following formula,

Optimal average score = Average— (Standard Deviation/Weight)
x Constant

where Average, Standard Deviation, Weight, and Constant were obtain-
ed from the lterative Least Square Linear Decision Surface calculation.

3. Results
3.1. Synthess, identification and steric conformation of NAC and NAL

We chemosynthesized NAC and NAL as shown in Fig. 1 and obtained
white powders with >98% purity. Measurement using the 3200QTRAP
LC/MS/MS system assigned m/z = 290 as [M + H]*, and this compound
was identified as NAC from fragments such as m/z = 141 and m/z =
122 (Fig. 2A). Similarly, m/z = 315 was assigned as [M + H]*, and

this compound was identified as NAL from fragments such as m/z =
141 and my/z = 129 (Fig. 2B). Moreover, the semi-empirical molecular
orbital method was performed to identify the steric conformations.
NAC was folded around the carbonyl group in the N-acetyl group, and
an SH group existed near the naphthalene ring (Fig. 3A). In contrast,
the structure of NAL linearly extended from the naphthalene ring to
the €-NH; group, which was the reactive site; thus, these groups were
sterically distant (Fig. 3B).

32, Reactivity ard its reproducibitity of NAG/NAL

To establish our method, we evaluated the reactivity of NAC/NAL
with the 82 test chemicals previously evaluated by Gerberick et al.
(2007), and the results are shown in Table 2, The chemicals are listed
in the order of lowest EC3 value (i.e., highest allergic potency), in-
cluding 52 sensitizers and 30 non-sensitizers based on an existing
LLNA categorization scheme (Kimber et al., 2003). The LLNA EC3
data reported in this manuscript are derived from previous studies
{Ashby, Basketter, Patton, & Kimber, 1995; Basketter, Sanders, &
Jowsey, 2007; Basketter & Scholes, 1992; Basketter et al., 2001;
Dearman, Spence, & Kimber, 1992; Estrada, Patlewicz, Chamberlain,
Basketter, & Larbey, 2003; Gerberick et al., 2005; Kimber et al.,
1998; Loveless et al., 1996; Ryan et al., 2000). The mean values and
SD (N = 3) for the depletion of NAC and NAL in the present study,
and those of cysteine and lysine reported by Gerberick et al.
(2007), are shown in Table 2 (right row), in which the DPRA values
are subtracted from the ADRA values for each test chemical to com-
pare the reactivity of ADRA with that of DPRA (Fig. 5). The depletion
values of NAC and NAL in ADRA were generally higher than those of
the carresponding peptides in DPRA, and therefore, ADepletion was
generally positive. AAverage score was also positive for most test
chemicals. These findings indicate that the reactivity of NAC/NAL
with the test chemicals in ADRA is higher than that of the corre-
sponding peptides in DPRA. As reported in Table 2, the concentra-
tions of NAC and NAL in the reaction solution are higher than those
in the control solution when the depletion has a negative value,
and in such cases, it is likely that NAC and NAL in ADRA, or the corre-
sponding peptides in DPRA, were co-eluted with the test chemicals
or compounds derived from the test chemicals in the reaction solu-
tion. Depletions with a negative value in ADRA had values of almost
—5.0% at the minimum, whereas depletions with a negative value in
DPRA had values lower than — 10%. Moreover, the SD ranges for NAC
and NAL were 0.0 to 7.8 and 0.0 to 9.5, respectively, whereas those
for the cysteine and lysine peptides in DPRA were 0.0 to 35.2 and
0.1 to 24.0, respectively.
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Fig. 1. Synthesis scheme for NAC and NAL NAC was synthesized be reacting cystine with 2-(1-naphthyl)acetyl chloride (A). NAL was synthesized by reacting e-N-Boc-t-lysine with 2-(1-

naphthyl)acetyl chloride (B).

3.3. Prediction model based on 2-class classification

By using ModelBuilder in ADMEWORKS, we developed a classifica-
tion model to classify test chemicals into sensitizers and non-
sensitizers based on the average score, and the optimal average score
to categorize chemicals as sensitizers or non-sensitizers was calculated
to be 7.750. Based on this threshold, the sensitivity, specificity, positive
predictivity, negative predictivity, and accuracy were calculated by
Cooper statistics for comparison with the DPRA values. The accuracy
of ADRA was found to be 88%, which was identical to the accuracy of
DPRA. Similarly, the sensitivity and specificity of ADRA were also iden-
tical to those of DPRA. Seven known sensitizers were incorrectly classi-
fied as non-sensitizers in DPRA, whereas the corresponding number
was only 5 in ADRA (Fig. 6, Table 3).

4. Discussion

The semi-empirical molecular orbital methed demonstrated that
NAC was folded around the carbonyl group, and a SH group existed
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near the naphthalene ring. Therefore, it was expected that the SH
group, which was the reactive site, existed in a highly hydrophobic
environment generated by the nearby naphthalene group (Jao
et al,, 2006; Kortemme & Creighton, 1995), and other chemicals
were thus prevented from approaching by steric hindrance, Thus,
NAC was considered to present slightly lower reactivity than cyste-
ine peptide.

However, the e-NH; group of NAL, which was the reactive site,
was found to linearly extend from the naphthalene ring. Therefore,
NAL was considered to show equivalent reactivity to native lysine
because the naphthalene ring had only a slight influence on the &-
NH; group.

In DPRA, the model based on the average score, where the ratios of
peptide to chemical were 1:10 for cysteine and 1:50 for lysine, showed
the best prediction accuracy (Gerberick et al., 2007). It is therefore likely
that each peptide interacts with the chemical in excess, and the reac-
tions are expected to progress quantitatively as pseudo-first order reac-
tions. We therefore also examined the reactivity of NAC/NAL to
chemicals under the same conditions used for DPRA.

B
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Fig. 2. Mass spectra of NAC and NAL NAC and NAL were identified by MS. The m/z 290.0 (A) and vz 315.0 (B) indicate the predominant protonated ion [M + H]* of NACand NAL,
respectively. The nvz 141.1 and 115.1 common to A and B show fragment ions containing the naphthalene ring and desived from the naphthalene ring. respectively.
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NAC NAL

Fig. 3. Steric conformations of NAC and NAL The steric conformations of NAC (A) and NAL
(B) were optimized by the semi-empirical molecular orbital method. The gray, white,
red, purple, and yellow balls show carbon, hydrogen, oxygen. nitrogen, and sulfur,
respectively.

To determine appropriate reaction conditions for NAC/NAL, we eval-
uated the reactivity of NAC/NAL with 82 test chemicals under the same
buffer and pH conditions used for DPRA (data not shown). The reac-
tivity of NAL was almost identical to that of lysine peptide, but the re-
activity of NAC was lower than that of cysteine peptide. It was
therefore considered that the reactivity of NAC with chemicals may
decreased by the 3D structural characteristics of NAC. However, it
was considered necessary to react NAC/NAL with chemicals under
pH conditions at which NAC/NAL would sufficiently dissociated be-
cause the goal of the protein binding assay to predict skin sensitiza-
tion is to determine whether chemicals react with proteins in vivo.
Therefore, we selected pH 9.5 phosphate buffer for NAC as the
highest pH at which NAC did not dimerise even after 24 h and select-
ed pH 12.0 phosphate buffer for NAL.

To perform the experiment effectively, 96-well microplates were
used for mDPRA rather than the vials used for DPRA, and the amount

of each reaction solution was scaled down to 80% by this change.
Moreover, it became possible to analyze more than 20 test chemicals
in triplicate per plate, simultaneously. Even with these changes in ex-
perimental conditions, extensive differences did not appear when we
compared differences in reactivity between 96-well microplates
and vials (data not shown). We therefore judged that the use of 96-
well microplates would not affect the reactivity of NAC/NAL with
chemicals. Furthermore, the use of TFA, which was used to stop the
reactions in ADRA, allowed numerous samples to be analyzed simul-
taneously, whereas HPLC was performed in DPRA, without any steps
to stop the reactions. Furthermore, we established analytical condi-
tions under which NAC/NAL could be measured in 15 min by using
a core-shell column, whereas a gradient of two mobile phases over
25 min was used in DPRA (Gerberick et al., 2004). However, we
also included extra conditions because we assumed that NAC/NAL
may co-elute with chemicals or reaction products if only one condi-
tion was used, as in DPRA (Fig. 4).

We evaluated the reactivity of NAC/NAL with 82 test chemicals
according to these conditions. The depletions for NAC/NAL were higher
than those observed for the peptide in DPRA were (Table 2). In
particular, focusing on the Schiff base formation of aldehydes with
NAL, depletions of 16 of the 18 aldehydes (except glyoxal and 2-
phenylpropionaldehyde) in the 82 test chemicals were higher than
those of lysine peptide in DPRA. We speculate that this may be due to
the higher pH and conversion of the buffer from ammonium acetate
to Na-phosphate (Table 2). Furthermore, ADRA provided high analytical
precision, as few negative depletion values were observed, and high
reproducibility was achieved, as demonstrated by the lower standard
deviations observed relative to DPRA.

We calculated the average depletion score for the 82 test chemicals
and conducted prediction modeling for 2-class classification of sensi-
tizers and non-sensitizers. Iterative Least Square Linear Decision Surface
analysis in ModelBuilder using 56 training set chemicals arbitrarily
selected from the 82 test chemicals revealed the highest precision
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Fig. 4. Mobile phase conditions of HPLC analysis for NAC and NAL The two types of mobile phase (A and B), gradient conditions, flow rate, and run time are shown. Normal conditions are
shown at the top of the table. Extra condition-1 and extra condition-2 are shown at the middle and bottom of the table, respectively.
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Table 2
Reactivity of test chemicals with NAC/NAL and synthetic peptides with results expressed as percent depletion of non-reacted NAC/NAL and peptides.
No. Test substance ADRA DPRA®
Results according to Gerberick et al.
NAC NAL Ave. score Cys peptide Lys peptide Ave. score
Depletion S0 Depletion D Depletion SD Depletion S0
Extreme/strong
1 Diphenylcydopropenone 998 2.1 99.6 14 99.7 988 20 -07 33 49.1
2 Oxazolone 765 04 30.® 18 533 755 14 496 18 626
3 Benzoyl peraxide 1000 00 1000 14 1000 1000 00 813 29 90.7
4 Kathon G 989 05 36 (11} 513 99.1 16 39 10 515
S Bandrowski's base 1000 00 388 11 694 875 03 42 170 459
6 5-Chioro-2-methyl-4-isothiazolin-3-one 993 08 633 92 813 963 28 351 140 65.7
7 p-Benzoquinone 989 21 975 14 982 990 18 a0 02 350
8 Tetrachlorosaticylanilide 233 04 149 0.7 19.1 368 200 90 240 229
9 24-Binitrochlorobenzene 1000 00 832 03 96 1000 00 147 42 574
10 Glutarzidehyde 492 06 962 14 727 302 05 854 35 578
n Fluorescein isothiocyanate 100.0 00  1000° 00 1000 1000 00 61.1 15 806
12 Phthalic anhydride 1.0 17 844 13 427 -19 10 750 39 366
13 Lauryl gallate 996 03 38 08 667 909 131 87 42 498
14 Propyl gallate 917 20 752 14 845 599 352 266 107 433
15 a3 1000 00 408 11 704 o0.1 1.1 136 05 519
16 Trimellitic anhydride 10 16 994 14 502 =11 57 437 49 23
17 Formaldehyde 81.7 19 65.6% 24 737 604 41 n2 is 358
18 Metol 97.5 06 60.8° 04 792 1000 00 47 38 724
Moderate
19 2-Hydroxyethyl acrylate 1000 00 815 11 9.7 926 0S5 889 03 908
20 Glyoxal 333 25 QP 08 273 565 1.7 678 19 622
21 Vinyl pyridine 748 20 64 21 406 9.1 04 -169 162 316
2 2-Mercaptobenzothiazole 400 19 -09 08 195 975 42 -30 06 473
23 Nonanoyl chloride 81 16 1000 00 54.1 182 k1) -63 18 60
24 2-Methyl-2H-isothiazo!-3-one 1000 00 ~02 82 499 979 03 -56 52 462
25 1.2-Benzisothiazoline-3-one 100.0 00 01 15 50.1 927 01 97 25 537
26 Methyl-2-nonynoate 96 21 102 16 549 1000 00 32 40 516
27 Cinnamaldehyde 955 16 813 18 884 706 10 432 4.1 569
28 Phenylzcetaldehyde 9938 04 992 10 995 60.7 133 226 19 9.7
29 Benzytideneacetone 853 21 150 1.1 $5.1 947 23 15 09 481
30 24-Heptadienal 1000 00 984 14 992 973 01 239 S0 60.6
3N Squaric acid -20 04 15 06 -03 469 87 48 49 259
32 Trans-2-hexenal 96.7 2 976 14 97.1 979 03 36 26 508
33 Resordnol 100 14 641 06 3n 16 23 -038 13 04
34 Diethyl maleate 989 04 187 03 588 1000 56 855 19 928
35 2-phenylpropionaldehyde 706 78 85 95 396 482 00 212 16 347
36 Perillaldehyde 940 21 660 12 800 39 71 138 16 229
37 Palmitoyl Chloride 121 10 1000 00 585 255 33 266 0s 261
38 1-(4-Methoxyphenyl)-1-penten-3-one 88.7 21 64 17 476 299 66 143 13 221
Weak
39 a-Hexylcinnnamaldehyde o1 19 18 15 10 -03 56 -16 32 -10
40 a-Amykinnamaldehyde 22 16 60 20 4.1 06 12 39 29 23
41 2,3-Butanedione 1000 00 731 28 865 790 02 270 15 53.0
42 Famesal 13 03 386 19 399 164 208 85 39 125
43 Oxalic acd -43 16 45 1.0 0.1 09 s -09 136 00
4 Benzyl benzoate 33 20 30 12 31 02 S8 30 07 16
45 4-Allytanisole 66.0 1] 109 1.0 384 206 1.1 -08 53 99
46 Lilial 45 27 547 18 296 140 56 0.7 18 74
47 Cyclamen aldehyde 105 23 11 10 108 189 64 10 02 100
48 Imidazolidinyl urea 800 a5 837 05 818 523 81 13 04 268
49 5-Methyl-2 3-hexanedione 232 19 989 13 61.0 258 60 75 19 167
50 22.6,6-Tetramethyl-3,5-heptanedione 8.1 18 76 14 78 14 40 0.0 1t 07
51 Ethyleneglycol dimethacrylate 1000 00 243 13 62.1 873 13.6 124 0.2 499
52 Ethyl acrylate 1000 00 $6.7 12 984 964 50 937 30 95.1
53 Hydroxycitronellal 148 46 219 12 183 175 03 65 13 120
Non-sensitizer
54 Glycerct 43 23 43 19 43 =38 1.7 21 20 -09
55 Hexane 30 20 5.8 15 44 -04 52 =51 09 -28
56 Diethyl phthalate 48 18 6.8 18 58 08 08 -0.7 06 0.1
57 Octancic acid 1.8 19 5.0 10 34 -10 7 09 09 -0.1
58 2-Hydroxypropyl methacrylate 981 17 109 13 545 584 07 -136 0.1 224
59 1-Butano) s 24 25 1.6 32 -04 59 1.2 78 04
60 4-Hydroxybenzoic acid 03 18 22 34 13 -03 14 22 038 10
61 $-Methyl counatrin 6.1 18 45 10 53 14 08 40 21 27
62 Methyl salicylate -07 20 9.1 11 42 03 03 1.6 56 10
63 Chiorobenzene 21 24 46 1.0 13 04 08 1.3 03 09
64 Lactic acid ~-24 18 28 19 02 -09 02 [ }:] 02 =01
65 1-Bromobutane 60 36 29 03 44 138 03 1.2 a5 75
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Table 2 (continued)
No. Test substance ADRA DPRA?
Results according to Gerberick et al
NAC NAL Ave. score Cys peptide Lys peptide Ave, score
Depleticn SD Depletion sp Depletion D Depletion SD
66 2-Acethylcycichexancne 72¢ 19 146 26 109 182 36 125 04 154
67 4'-Methoxyacetophencne 41 13 —14 23 13 47 44 01 05 24
68 Ethyl benzoylacetate 36 29 5.4 16 45 23 50 1.9 03 2.1
69 Ethyl vanillin -32 21 639 12 304 11 55 9.7 04 54
70 Isopropans! -02 18 =52 67 -27 -100 170 05 55 —-48
n Propylene glyco) -50 21 -12 10 -3.1 -09 170 06 05 -02
72 Sulfanilamide —44 23 -23 10 =33 -13 1725 08 0.2 -03
73 Isopropy! myristate -09 17 -09 08 -09 [1}:} 173 -40 [' X -1.6
74 Benzaldehyde 125 15 53 05 89 72 1.7 -17 173 28
75 Methylparaben 26 14 37 06 32 LT 88 -04 14 16
76 Nonancic acid 09 15 38 06 24 =37 68 —96 03 —67
77 Propyl parzben -33 12 10 0s -12 82 6.1 —-02 29 40
78 Salicylic acid -23 14 15 07 -04 35 42 - -
79 Sulphanilic acid -15 06 09 04 -03 53 55 05 10 29
80 Vanillin -02 23 62.7 06 313 3.2 55 -66 36 -17
81 Coumarin 25 1?7 15 15 20 1.0 46 -149 220 -70
82 Vinylidene dichtoride 49 16 07 09 28 24 1.7 —-43 182 -10

DPRA, Direct Peptide Reactivity Assay; ADRA, Amino acid Derivative Reactivity Assay: NAC, N-(2-{1-naphthyl Jacetyl)-L-cysteine; NAL, a-N-(2-{ 1-naphthyl)acetyl)-1-lysine; Ave. score,

Average score; SD, standard deviation,

# Depletion and 5D of Cys peptide (cysteine peptide) and Lys peptide (lysine peptide) (Gerberick et al,, 2007).

b Depletion and SD of NAL anatyzed under extra condition-1,
¢ Depletion and SD of NAC analyzed under extra condition-2.
9 Depletion and SD of NAL analyzed under extra condition-2.
¢ Depleticn and SD of NAC analyzed under extra condition-1.

when the optimum average score was set to 7.750; therefore, we decid-
ed to classify chemicals with an average score of >7.750 as sensitizers
and those with average score of <7.750 as non-sensitizers, Furthermore,
Cooper statistics indicated that ADRA resulted in a prediction accuracy
of 88%, with 10 misclassifications. While DPRA gave a prediction

100 NAC - cysteine peptide

2.
2 o

40 60 80

A Depletion(%) >
&
[—]
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-100 Test substances No.

100 NAL - lysine peptide
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50 40 60 80
-100
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@

Test substances No.

100 ADRA -DFRA
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[]
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4 Avescore(%) ()

-100 Test substances No.

Fig. S. Differences in reactivity between ADRA and DPRA, Each horizontal axis shows the
82 test chemicals indicated in Table 2. ADepletions indicates subtraction of the depletion
of cysteine from the depletion of NAC for 82 test chemicals (A) and subtraction of the
depletion of lysine from the depletion of NAL for 82 test chemicals (B). respectively.
AAve. score indicates the subtraction of the average score in DPRA from the average
score in ADRA for 82 test chemicals (C). The reactivity of ADRA is higher than that of
DPRA if the values on the vertical axis are positive.

accuracy of 89%, if we consider that Basketter et al. reclassified resorcin-
ol, which was originally classiied as a non-sensitizer by LLNA
(Gerberick et al.,, 2005), to a sensitizer (Basketter et al., 2007), the pre-
diction accuracy of DPRA would be changed from 89% to 88%, and
the accuracy would be identical to that of ADRA. However, whereas
7 sensitizers were incorrectly classified as non-sensitizers by DPRA,
only 5 sensitizers were incorrectly classified as non-sensitizers by
ADRA; therefore, ADRA would be expected to have a slightly lower
false negative rate than DPRA. The reason for the lower false nega-
tive rate may be that the reactions of NAC/NAL with chemicals
were performed under higher pH to ensure the completeness of
the reactions.

Squaric acdd was one of the 7 sensitizers incorrectly predicted tobe a
non-sensitizer by ADRA (Table 3). The cysteine peptide depletion in
DPRA was 46.9%, and squaric acid was thus classified as a sensitizer in
DPRA. Squaric acid was also categorized as sensitizer by LLNA. However,

Predicted Classification
Sensitizer Non-sensitizer total

Chemical Sensitizer 43 5 53
Classification® “Nop_sensitizer 5 24 29

total 53 29 82

sensitivity: 91%

specificity: 83%

positive predictivity:  91%

negative predictivity: 83%

accuracy: 88%
sBased primarily on LLNA data

Fig. 6. Cooper statistics (sensitizers vs. non-sensitizers) for the NAC and NAL prediction
model.
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Table3d
Comparison of prediction results for skin sensitization for ADRA and DPRA and potency data.

No. Test substance EC3 value® LLNA category® ADRA prediction DPRA prediction®
1 Diphenylcydo propenone 00003 Extreme S s
2 Oxazolone 0003 Extreme S S
3 Benzoyl peroxide 0004 Extreme s S
4 Kathon CG 0008 Extreme S H
5 Bandrowski's base 0.008 Extreme s 5
6 5-Chioro-2-methyl-d-isothiazolin-3-one 0009 Extreme H S
7 p-Benzoquincne 0.0099 Extreme s S
8 Tetrachtorosalicylanilide 004 Extreme s H
9 24-Dinitrochlorobenzene 005 Extreme 1 1
10 Glutaraldehyde 01 Strong S S
n Fluorescein iscthiocyanate 014 Strong S S
12 Phthatic anhydride 0.16 Streng S S
13 Lauryl gallate 03 Strong S S
14 Propyl gallate 032 Strong S S
15 D3 05 Strong S S
16 Trimellitic anhydride 06 Strong H S
17 Formaldehyde 061 Strong s S
18 Meto! 038 Strong S S
19 2-Hydroxyethyl acrylate 14 Moderate S s
20 Glyoal 14 Moderate H S
21 Vinyt pyridine 16 Moderate s S
2 2-Mercaptobenzothiazole 17 Moderate S S
23 Nonanoyl chioride 18 Moderate s NS
24 2-Methyl-2H-isothiazel-3-one 19 Moderate s s
25 1,2-Benzisothiazoline-3-one 23 Moderate s s
26 Methyl-2-nonynoate 25 Moderate s s
27 Cinnamaldehyde 3 Moderate s H
28 Phenylacetakehyde 3 Moderate s H
29 Benzylideneacetone 37 Moderate s H
30 2A-Heptadienal 4 Moderate s S
k)| Squaric acid 43 Moderate NS S
32 Teans-2-hexenal 55 Moderate H S
33 Resorcinal 55 Moderate 5 NS
34 Diethyl maleate 58 Moderate s S
kH] 2.phenylproplonaldehyde 63 Moderate s S
36 Perillaldehyde 8.1 Moderate S S
37 Palmitoy! Chloride 88 Moderate S S
38 1-{4-Methoxyphenyl)-1-penten-3-one 93 Moderate S S
39 a-Hexyldnnnamaldehyde n Weak NS NS
40 a-Amyldnnamaldehyde 1" Weak NS NS
41 23-Butanedione 1 Weak S S
42 Farnesal 12 Weak S s
44 Oxalic acid 15 Weak NS NS
4 Benzyt benzoate 17 Weak NS NS
45 4-Allylaniscle 18 Weak s s
46 Lilial 19 Weak S H
47 Cyclamen atdehyde 2 Weak s H
48 Imidazolidinyl urea 24 Weak s S
49 S-Methyl-2,3-hexanedione 26 Weak s S
50 22 6,6-Tetramethyl-3,5-heptanedione 27 Weak s NS
51 Ethyleneglycol dimethacrylate 28 Weak 5 S
52 Ethyl acylate 28 Weak S S
53 Hydroxydtroneilal 33 Weak S S
54 Glycerol NC NS NS NS
55 Hexane NC NS NS NS
56 Diethyl phthalate NC NS NS NS
57 Octanoic acid NC NS NS NS
58 2-Hydroxypropyl methacrylate NC NS s s
59 1-Butanol NC NS NS NS
60 4-Hydroxybenzoic add NC NS NS NS
61 6-Methyl coumatrin NC NS NS NS
62 Methy! salicylate NC NS NS NS
[x] Chiorobenzene NC NS NS NS
64 Lactic add NC NS NS NS
65 1-Bromobutane NC NS NS H
66 2-Acethylcydohexanone NC NS H H
67 4'-Methoxyacetophenone NC NS NS NS
68 Ethyl benzoylacetate NC NS NS NS
69 Ethyt vanillin NC NS S NS
70 Isopropanol NC NS NS NS
n Propylene glycol NC NS NS NS
72 Sulfanilamide NC NS NS NS
73 Isapropyl myristate NC NS NS NS
74 Benzaldehyde NC NS S NS
75 Methylparaben NC NS NS NS
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Table J (continued)

No. Test substance EC3 value? LLNA category® ADRA prediction DPRA predidion®
76 Nonanoic add 21 (False +) NS NS NS

n Propy! paraben NC NS NS NS

78 Salicylic acid NC NS NS -

79 Sulphanilic acid NC NS NS NS

80 Vanillin NC NS S NS

81 Coumarin NC NS NS NS

82 Vinylidene dichloride NC NS NS NS

DPRA, Direct Peptide Reactivity Assay: mDPRA, ADRA, Amino acid Derivative Reactivity Assay; EC3, estimated concentration required to produce a 3-fold increase for control; NC, not

calculated; S, sensitizer; NS, non-sensitizer; -, not evaluated.
* EC3 values and LLNA category (Gerberick et al., 2007).

® Results judged from reactivity based on Cys and Lys peptide data (Gerberick et al., 2007).

because squaric acid is a strong acid once dissolved even though it
cannot be dissolved easily, it is considered to be not susceptible to reac-
tion with nuclecphilic agents. In contrast, the NAC depletion in ADRA
was — 2.0%, thus presenting almost no reaction. This difference in the
results between DPRA and ADRA was subtle, but they may have resulted
from the lack of sufficient dissolution of squaric acid. In both DPRA and
ADRA, oxalic acid and benzyl benzoate were also predicted to be non-
sensitizers, aithough these chemicals were categorized as sensitizers
by LLNA. However, these chemicals have no reaction sites, and there-
fore, the reason why the results in LLNA were different from those in
DPRA and ADRA is unclear.

Moreover, vanillin is a non-sensitizer that was predicted to be a sen-
sitizer by ADRA (Table 3). Vanillin has a terminal aldehyde group and it
is therefore likely that this group reacted with the e-NH; of NAL and
formed a Schiff base. Depletion of NAL by vanillin was 62.7%, indicating
high reactivity. As vanillin has been reported to be an extremely weak

allergen (Basketter et al,, 2001), the observed depletion may only reflect
reactivity of NAL with vanillin, aithough the discrepancy may also have
been caused by a species difference.

Among the 82 test chemicals, only salicylic acid co-eluted with lysine
peptide, indicating that it coutd not be evaluated using DPRA (Gerberick
et al., 2007). However, salicylic acid could be easily separated from NAL
using ADRA, and its depletion could hence be determined (data not
shown).

On the other hand, NAC and NAL were co-eluted with some of
the test chemicals applied under normal HPLC conditions in ADRA. For
example, NAC co-eluted with 2-mercaptobenzothiazole, and the re-
action product of NAC with glutaraldehyde (Fig. 7). However, it is
extremely difficult to distinguish the peptides, NAC, and NAL from all
chemicals using only one HPLC condition; it is therefore useful to
analyze NAC and NAL under additional HPLC conditions when they are
co-eluted with test chemicals. We therefore performed additional
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00 50 100 min 00 50 100 min
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Fig. 7. Chromatograms of reaction sotutions after reaction of NAC with MBT or GA under normal and extra conditions. Chromatograms of NAC and 2-mercaptobenzathiazole (MBT)
analyzed under normal conditions are shown (A-1). NAC completely co-eluted with MBT. The peak obtained at approximately 9 min shows NAC dimerization (NAC disulfide form).
Chromatograms of NAC and MBT analyzed under extra condition-1 are shown (A-2). NAC was completely separated from MBT. Chromatograms of NAC and glutaraldehyde (GA) analyzed
under normal conditions (B-1) are shown. As GA has no absotbance in the UV spectrum, the peak overlapped with that of NAC shows the reaction product ¢f NAC and GA. Chromatograms
after the reaction of NAC with GA analyzed under extra condition-2 are shown (B-2). NAC was completely separated from the reaction product of NAC and G.
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HPLC analyses in 3 steps. Initially, NAC and NAL were analyzed under
normal conditions, and showed no co-elution with 93% of the test
chemicals. NAC and NAL were then analyzed under extra condition-1
for the remaining 5 chemicals, except for glutaraldehyde and formalde-
hyde. For these low-molecular weight chemicals whose reaction prod-
ucts co-elute with NAC and NAL, it was more useful to analyze NAC
and NAL under extra condition-2 (Fig. 7B). Therefore, using these 3
steps, it was expected that nearly all chemicals tested should be
evaluable by ADRA.

Furthermore, the use of NAC/NAL in ADRA is expected to have
several advantages over DPRA. Natsch and Gfeller (2008) identified
several limitations of DPRA, including the relatively high concentration
of test chemicals required, especially in the lysine peptide-based assay
(25 mM), which is impractical for many hydrophabic test chemicals.

Moreover, as NAC/NAL could be analyzed at 281 nm, which im-
proved the baseline stability compared with DPRA, in which analyses
are conducted at 220 nm, NAC/NAL in ADRA could be quantified
precisely even if the concentrations of each reaction solution, induding
relatively high concentrations of test chemicals in DPRA, were reduced
to 17100 of that used in DPRA (data not shown).

This dilution may enable the evaluation of chemicals whose solubil-
ity in water is very low and thus cannot be evaluated using DPRA. In ad-
dition, because peptides must be dissolved in water for DPRA, relatively
insoluble chemicals have to be dissclved in a reaction solution contain-
ing a high amount of water; thus, the range of chemicals that could be
evaluated is limited by this requirement. However, because NAC and
NAL can be dissolved in both water and organic solvents, ADRA provides
the possibility to change the reaction solution from an aqueous system
10 an organic solvent system.

In this study, ADRA was used to evaluate skin sensitizers using low-
molecular weight compounds such as NAC/NAL instead of oligo-
peptides, which are conventionally used in DPRA, and achieved the
same prediction accuracy as DPRA. Therefore, we conclude that ADRA
is a useful and versatile prediction method. Further analyses conducted
at a 281 nm detection wavelength using ADRA might facilitate the
precise quantification of chemicals that could not previously be evaluat-
ed using DPRA.
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A novel in chemico method to detect skin
sensitizers in highly diluted reaction conditions

Yusuke Yamamoto®, Haruna Tahara®, Ryota Usami®, Toshihiko Kasahara®,
Yoshihiro Jimbo®, Takanori Hioki® and Masaharu Fujita®*

ABSTRACT: The direct peptide reactivity assay (DPRA) is a simple and versatile alternative method for the evaluation of skin sen-
sitization that involves the reaction of test chemicals with two peptides. However, this method requires concentrated solutions of
test chemicals, and hydrophobic substances may not dissolve at the concentrations required. Furthermore, hydrophobic test
chemicals may precipitate when added to the reaction solution. We previously established a high-sensitivity method, the amino
acid derivative reactivity assay (ADRA). This method uses novel cysteine (NAC) and novel lysine derivatives (NAL), which were syn-
thesized by introducing a naphthalene ring to the amine group of cysteine and lysine residues. In this study, we modified the
ADRA method by reducing the concentration of the test chemicals 100-fold. We investigated the accuracy of skin sensitization
predictions made using the modified method, which was designated the ADRA-dilutional method (ADRA-DM). The predictive ac-
curacy of the ADRA-DM for skin sensitization was 90% for 82 test chemicals which were also evaluated via the ADRA, and the pre-
dictive accuracy in the ADRA-DM was higher than that in the ADRA and DPRA. Furthermore, no precipitation of test compounds
was observed at the initiation of the ADRA-DM reaction. These results show that the ADRA-DM allowed the use of test chemicals
at concentrations two orders of magnitude lower than that possible with the ADRA. In addition, ADRA-DM does not have the re-
strictions on test compound solubility that were a major problem with the DPRA. Therefore, the ADRA-DM is a versatile and useful
method. Copyright © 2015 John Wiley & Sons, Ltd.

Keywords: skin sensitization; prediction; direct peptide reactivity assay (DPRA); amino acid derivative reactivity assay (ADRA); NAC; NAL;
ADRA-DM (ADRA-dilutional method)
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technique and UV spectrophotometry. The direct peptide reactiv-
ity assay (DPRA), first reported by Gerberick et al. (2007), is a simple
and versatile assay that will soon be adopted by the Organization
for Economic Co-operation and Development (OECD) Test Guide-

Introduction

The formation of covalent adducts between a skin sensitizer and
endogenous proteins or peptides in the skin is a very important

step in the skin sensitization process (Smith and Hotchkiss, 2001).
The interaction of skin sensitizers with proteins, peptides and
model nucleophiles representing proteins or peptides was found
to be predominantly covalent bonding between electrophiles
and nucleophiles (Aleksic et al, 2008). Based on these findings, it
may be possible to predict skin sensitization based on in vitro data
of the reactivity of test chemicals with peptides and proteins
(Divkovic et al., 2005; Gerberick et al., 2008). To evaluate the reactiv-
ity of peptide and proteins with test compounds, a method for di-
rectly detecting and characterizing adducts between these
compounds has been sought. The analysis of adducts between
peptides and test chemicals using nuclear magnetic resonance
(NMR) was reported by Ahlfors et al. (2003) and Alvarez-Sanchez
et al. (2004). In addition, Ahlfors et al. (2003) and Nilsson et al.
(2005) developed an analysis using liquid chromatography-mass
spectrometry (LC-MS).

In contrast, Gerberick et al. (2004, 2007) developed the quantita-
tive peptide depletion assay. This assay characterizes the skin sen-
sitizing potential of chemicals based on their ability to deplete two
nucleophilic heptapeptides using high-performance liquid
chromatography (HPLC). In addition, Natsch and Gfeller (2008) ex-
plored a quantitative method using LC-MS. The oxidation of the
heptapeptide, Cor1-C420, was also characterized for the formation
of adducts. Moreover, a kinetic spectrophotometric assay was
developed by Chipinda et al. (2010) to evaluate the reactivity of
chemicals with 4-nitrobenzenethiol using a stopped-flow

line (TG) as a test method for assessing the skin-sensitizing poten-
tial of chemicals.

However, Natsch and Gfeller (2008) have reported some limita-
tions of the DPRA such as the need for highly concentrated test
chemicals. This is particularly true in the lysine-peptide-based as-
say (25mM) and limits the use of highly hydrophobic test
chemicals. High concentrations of test chemicals are required be-
cause the DPRA uses peptides with low UV absorption in its
HPLC-UV analysis. In contrast, the concentration of test chemical
used in the method of Natsch and Gfeller (2008) was 1/25 of that
required for the DPRA. However, this assay was costly and had
poor versatility, because the peptides were analysed using LC-
MS/MS. The stopped-flow analysis developed by Chipinda et al.
(2010) made it possible to reduce the concentration of test sub-
stances to 1/10-1/10 000 of the concentrations required for the
DPRA. However, with this method, the reaction solution was quan-
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tified by stopped-flow analysis without separating test chemicals
from peptides and reactive products, which may reduce the preci-
sion of the method, as the reactive products could interfere with
peptides at the measurement wavelength.

In order to solve these problems, we developed an HPLC-UV
method that uses low-concentration solutions of test chemicals
by modifying the amino acid derivative reactivity assay (ADRA),
which was previously reported by our group (Fujita et al, 2014).
In this study, we optimized the ADRA reaction conditions to de-
velop a method designated as the ADRA-dilutional method
(ADRA-DM), in which the concentration of test chemical was
1/100 of that used in the ADRA.

In this study, we measured the predictive accuracy of the ADRA-
DM for skin sensitization by evaluating 82 test substances that
have been previously tested using the ADRA (Fujita et al, 2014)
and the DPRA (Gerberick et al,, 2007).

Materials and methods

Test chemicals

The cysteine and lysine derivatives, NAC and NAL were synthesised
in our laboratory (Fig. 1) (Fujita et al, 2014). The 82 test chemicals
evaluated in this study are listed in Table 1. These test chemicals
were previously evaluated via the ADRA (Fujita et al, 2014) and
the DPRA (Gerberick et al, 2007).

NAC and NAL reactivity assay

Sodium dihydrogen phosphate, disodium hydrogen phosphate
(for buffer preparation), acetonitrile, trifluoroacetic acid (TFA for
HPLC), isopropanol, DMSO and acetone were purchased from
Wako Pure Chemical Industries (Osaka, Japan). The sodium phos-
phate buffer for NAC (100 mM; pH 8.0) was prepared with sodium
dihydrogen phosphate and disodium hydrogen phosphate, The
buffer for NAL (100 mM; pH 10.2) was prepared with disodium hy-
drogen phosphate and sodium hydride solution. Stock solutions of
NAC and NAL were prepared to a final concentration of 12.5 uM in
100 mM phosphate buffer at pH 8.0 and pH 10.2, respectively.
Test chemical solutions (1 mM) were prepared in acetonitrile,
water, isopropanol, acetone, or acetonitrile containing 5% di-
methyl sulphoxide (DMSQ). Triplicate reactivity samples were pre-
pared in 96-well microplates. For the reaction, 80 pL of the NAC or
NAL stock solution and 50 puL of the test chemical stock solution
were added to 70pL of sodium phosphate buffer (pH8.0 or
pH 10.2). As a control, wells without test chemicals were prepared
in triplicate. The 96-well microplates were sealed using Plate Seal
(Sumitomo Bakelite Co,, Ltd., Tokyo, Japan), gently shaken, and in-
cubated in the dark for 24 h at 25 °C. After incubation, 50 pL of 25%
acetonitrile/2.25% TFA in water was added to the samples, and the
microplates were sealed by using sealing mats (AxyGen Scientific,
Inc,, Union City, CA, USA). In addition, standards used for defining
the calibration curve were prepared without the test chemicals
for NAC and NAL at concentrations ranging from 0.05 to 0.4 uM.

HPLC analysis of NAC and NAL

The HPLC analysis conditions for the ADRA-DM were the same as
those used for the normal ADRA (Fujita et al., 2014). Briefly, NAC
and NAL in all samples and standards were quantified by using a
LC-20A HPLC system (Prominence, Shimadzu Scientific Instru-
ments, Kyoto, Japan) on a CAPCELL CORE C18 column (2.7 um,

3.0 x 150 mm; Shiseido Co., Ltd, Tokyo, Japan) with UV detection
at 281 nm using a photodiode array detector (SPD-M20A, Shimadzu
Scientific Instruments, Kyoto, Japan). The temperatures of the col-
umn oven (CTO-20A; Shimadzu Scientific Instruments, Kyoto, Japan)
and auto-sampler (SIL-20 AC; Shimadzu Scientific Instruments) were
maintained at 40 °C and 4 °C, respectively. The mobile phase had a
flow rate of 0.3mImin™' and consisted of 98/2 water/acetonitrile
with 0.19 TFA (A) and 90/10 acetonitrile/water with 0.1% TFA (B).
Separation was achieved by holding under the initial conditions
(20% B) for 7 min, followed by a linear gradient to 100% B for
3.5min and then back to the initial conditions for a total analysis
time of 15 min per sample. Each sample (10 pL) was separated into
fractions containing NAC/NAL and test chemicals on a CAPCELL
CORE column. The reactivity of NAC/NAL was calculated as the
percent depletion based on the decrease in the NAC/NAL concen-
tration in the samples relative to the average concentration
measured in the control. Finally, the NAC/NAL depletion was pre-
sented as the average of triplicate samples.

Class classification model

The quantitative structure-activity relationship (QSAR) modelling
program was built using Statistics Gradient Perceptron Model Set-
tings in ADMEWORKS/ModelBuilder V4.5 (Fujitsu Kyushu Systems
Limited, Fukuoka, Japan). In this software, samples were divided
into two classes (sensitizer and non-sensitizer) using a linear equa-
tion with depletion as the single parameter. An optimal average
score that categorized sensitizers or non-sensitizers was calculated
using the following formulas.

Optimal average score — average-(standard deviation/weight)

x constant

The average, standard deviation, weight and constant were ob-
tained from the Statistics Gradient Perceptron Model Settings
calculation.

Results

Initial experiments were conducted to determine the optimal reac-
tion conditions for NAC and NAL. This allowed determination of
whether it was possible to quantify NAC and NAL at concentra-
tions of test chemicals 1/100 of those used in the ADRA. Experi-
ments were conducted to determine the optimal pH for both
the NAC and NAL reactions and to evaluate the optimal
NAC/NAL:test chemical ratios of 1:10 and 1:50. For NAL, the NAL
to test chemical ratio was 1:50 in the ADRA. The ratio was fixed
at 1:50 in this study because of limitation on additional NAL under
these reaction conditions,

NAC NAL

Figure 1. The chemical structures of NAC and NAL. NAC, N-(2-(1-
naphthyljacetyl)1i-cysteine (A) and NAL is a-N-(2-(1-naphthyljacetyl)-L-ly-
sine (B).
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Table 1. Test chemicals used in the amino acid derivative reactivity assay-dilutional method (ADRA-DM), their sources and solvents
Ne Test substance CAS No. Scource® Solvent”
Extreme/strong
1 Diphenylcyclopropenone 886-384 Wako Acetonitrile
2 Oxazolone 15646-46-5 Wako Acetonitrile
3 Benzoyl peroxide 94-36-0 Ta Acetonitrile
4 Kathon CG 56965-84-9 Sigma-Aldrich H,0
5 Bandrowski's base 20048-27-5 Alfa Aesar 5%DMSO/Acetonitrile
6 5-Chloro-2-methyl-4-isothiazolin-3-one 26172-55-4 Santa Cruz H,O
7 p-Benzoquinone 106-51-4 Wako Acetonitrile
8 Tetrachlorosalicylanilide 1154-59-2 AccuStandard Isopropanol
9 2,4-Dinitrochlorobenzene 97-00-7 Wako Acetonitrile
10 Glutaraldehyde 111-30-8 Wako Acetonitrile
1 Fluorescein isothiocyanate 3326-32-7 Dojindo 5%DMSO/Acetonitrile
12 Phthalic anhydride 85-44-9 Wako Acetonitrile
13 Lauryl gallate 1166-52-5 Wako Isopropanol
14 Propyl gallate 121-79-9 Wako Acetonitrile
15 CcD3 25646-71-3 FF H.0
16 Trimellitic anhydride 552-30-7 Wako Acetonitrile
17 Formaldehyde 50-00-0 Wako Acetonitrile
18 Metol 55-55-0 Wako H,O
Moderate
19 2-Hydroxyethyl acrylate 818-61-1 Wako Acetonitrile
20 Glyoxal 107-22-2 Wako H,O
21 Vinyl pyridine 1337-81-1 Wako Acetonitrile
22 2-Mercaptobenzothiazole 149-30-4 Wako Isopropanol
23 Nonanoyl chloride 764-85-2 TC Acetonitrile
24 2-Methyl-2H-isothiazol-3-one 2682-20-4 Sigma-Aldrich Acetonitrile
25 1,2-Benzisothiazoline-3-one 2634-33-5 Td Isopropanol
26 Methyl-2-nonynoate 111-80-8 TC Acetonitrile
27 Cinnamaldehyde 14371-10-9 Wako Acetonitrile
28 Phenylacetaldehyde 122-78-1 Alfa Aesar Acetonitrile
29 Benzylideneacetone 122-57-6 Wako Acetonitrile
30 2,4-Heptadienal 881395 Wako Acetonitrile
31 Squaric acid 2892-51-5 Wako Acetonitrile
32 Trans-2-hexenal 6728-26-3 Wako Acetonitrile
33 Resorcinol 108-46-3 Wako Acetonitrile
34 Diethyl maleate 141-05-9 Wako Acetonitrile
35 2-phenylpropionaldehyde 93-53-8 Sigma-Aldrich Acetonitrile
36 Perillaldehyde 2111-75-3 Wako Acetonitrile
37 Palmitoyl Chloride 112-67-4 Wako Acetone
38 1-(4-Methoxyphenyl)-1-penten-3-one 104-27-8 AccuStandard Acetonitrile
Weak
39 a-Hexylcinnnamaldehyde 101-86-0 Wako Acetonitrile
40 a-Amylcinnamaldehyde 122-40-7 Wako Acetonitrile
4 2,3-Butanedione 431-03-8 Wako Acetonitrile
42 Farnesal 19317-11-4 Frinton Acetonitrile
43 Oxalic acid 144-62-7 Wako Acetonitrile
44 Benzyl benzoate 120-514 Wako Acetonitrile
45 4-Allylanisole 140-67-0 TC Acetonitrile
46 Lilial 80-54-6 Wako Acetonitrile
47 Cyclamen aldehyde 103-95-7 Sigma-Aldrich Acetonitrile
48 Imidazolidinyl urea 39236-46-9 Sigma-Aldrich H,0
49 5-Methyl-2,3-hexanedione 13706-86-0 TCl Acetonitrile
50 2,2,6,6-Tetramethyl-3,5-heptanedione 1118-71-4 TCl Acetonitrile
51 Ethyleneglycol dimethacrylate 97-90-5 Wako Acetonitrile
52 Ethyl acrylate 140-88-5 Wako Acetonitrile
53 Hydroxycitronellal 107-75-5 Wako Acetonitrile
(Continues)
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Table 1. (Continued)

Ne Test substance CAS No. Scource® Solvent”
Non-sensitizer

54 Glycerol 56-81-5 Wako Acetonitrile

55 Hexane 110-54-3 Wako Acetonitrile

56 Diethyl phthalate 84-66-2 Wako Acetonitrile

57 Octanoic acid 124-07-2 Wako Acetonitrile

58 2-Hydroxypropyl methacrylate 923-26-2 Wako Acetonitrile

59 1-Butanal 71-36-3 Wako Acetonitrile

60 4-Hydroxybenzoic acid 99-96-7 Wako Acetonitrile

61 6-Methyl coumatrin 92-48-8 Sigma-Aldrich Acetonitrile

62 Methyl salicylate 119-36-8 Wako Acetonitrile

63 Chlorobenzene 108-90-7 Wako Acetonitrile

64 Lactic acid 50-21-5 Sigma-Aldrich Acetonitrile

65 1-Bromobutane 109-65-9 Wako Acetonitrile

66 2-Acethylcyclohexanone 874-23-7 Wako Acetonitrile

67 4'-Methoxyacetophenone 100-06-1 Wako Acetonitrile

68 Ethyl benzoylacetate 94-02-0 Wako Acetonitrile

69 Ethyl vanillin 121-32-4 TC Acetonitrile

70 Isopropanol 67-63-0 Wako Acetonitrile

71 Propylene glycol 57-55-6 Wako Acetonitrile

72 Sulfanilamide 63-74-1 Wako Acetonitrile

73 Isopropyl myristate 110-27-0 Wako Acetonitrile

74 Benzaldehyde 100-52-7 Sigma-Aldrich Acetonitrile

75 Methylparaben 99-76-3 Wako Acetonitrile

76 Nonanoic acid 112-05-0 TC Acetonitrile

77 Propyl paraben 94-13-3 Wako Acetonitrile

78 Salicylic acid 69-72-7 Wako Acetonitrile

79 Sulphanilic acid 121-57-3 Wako H,O

80 Vanillin 121-33-5 Wako Acetonitrile

81 Coumarin 91-64-5 Wako Acetonitrile

82 Vinylidene dichloride 75-35-4 AccuStandard Acetonitrile
*AccuStandard, AccuStandard, Inc., New Haven, CT, USA; Alfa Aesar, Alfa Aesar, Ward Hill, MA, USA; Dojindo, Dojindo Molecular Tech-
nologies, Inc, Kumamoto, Japan;FF, Synthetic Organic Chemistry Laboratories of FUJIFILM Cororation; Frinton, Frinton Laboratories,
Inc,, Hainesport, NJ, USA; Santa Cruz, Santa Cruz Biotechnology, Inc., Dallas, TX, USA; Sigma-Aldrich, Sigma-Aldrich Corporation, 5t Louis,
MO, USA; TCI, Tokyo Chemical Industry Co Ltd,, Tokyo, Japan; Wako, Wako Pure Chemical Industries Ltd., Osaka, Japan
BSolvent of 1 mM test chemical solutions

Optimal pH for the NAC reaction solution (NAC:test
chemical =1:10)

Experiments were conducted to determine optimal NAC reaction
conditions in the ADRA-DM at pH 7.5 and 8.0 at a NAC:test chem-
ical ratio of 1:10, which is equal to that used in the ADRA. For this
evaluation, we selected 19 test chemicals with various skin sensiti-
zation potencies from a group of 82 chemicals tested using the
ADRA and DPRA. Depletion of NAC by 2,4-dinitrochlorobenzene,
phenylacetaldehyde, diethylmaleate and farnesal at pH8.0 was
more than 5% higher than the depletion by these substances at
pH 7.5, but the depletion by cinnamaldehyde was more than 5%
less than that observed at pH 7.5. Therefore, depletion by all test
chemicals at pH 8.0, except cinnamaldehyde, was greater than or
similar to the level observed at pH7.5 (Table 2).

Optimal pH of the NAL reaction solution (NAL:test
chemical =1:50)

Experiments were conducted to determine optimal NAL reaction
conditions in the ADRA-DM at pH10.2 and 12.0 at a NAL:test

chemical ratio of 1:50, which is equal to that used in the ADRA.
For this evaluation, the same 19 test chemicals were used as in
the NAC reaction optimization experiment. The reaction of NAL
with benzoyl peroxide, fluorescein isothiocyanate and ethyl
benzoylacetate could not be quantified precisely because of co-
elution of NAL with degradation products of the test chemicals
at pH12.0. With the exception of tetrachlorosalicylanilide, 2,4-
dinitrochlorobenzene, a-hexylcinnnamaldehyde and farnesal, de-
pletion of NAL by all the test chemicals at pH 10.2 was higher than
that at pH 12.0 (Table 3).

Optimal ratio of NAC to the test chemical in the reaction
solution

Experiments were conducted to determine the optimal ratio of
NAC to test chemical in the ADRA-DM reaction solution. NAC to
test chemical ratios of 1:10 and 1:50 were tested. Depletion of
NAC by 11 test chemicals at a ratio of 1:50 was higher than the de-
pletion at a ratio of 1:10. NAC depletion at a ratio of 1:50 was 100%
for five test chemicals that showed 100% depletion at 1:10.
(Table 4).
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Table 2. Reactivity of novel cysteine (NAC) with test chemicals at pH7.5 and pH 8.0 with results expressed as percent depletion of
non-reacted NAC
Ne Test substance ADRA-DM ADRA®
pH7.5 pH8.0
Depletion SD Depletion sD Depletion sD
Extreme/strong
3 Benzoyl peroxide 100.0 04 100.0 0.0 100.0 0.0
6 5-Chloro-2-methyl-4-isothiazolin-3-one 100.0 1.1 100.0 0.0 99.3 06
8 Tetrachlorosalicylanilide 54 09 10.1 03 233 0.4
9 2,4-Dinitrochlorobenzene 171 0.4 44,5 0.6 100.0 0.0
" Fluorescein isothiocyanate 453 0.6 48.8 09 100.0 0.0
13 Lauryl gallate 100.0 25 100.0 0.0 99.6 03
18 Metol 100.0 1.1 100.0 0.0 97.5 0.6
Moderate
24 2-Methyl-2H-isothiazol-3-one 100.0 04 100.0 0.0 100.0 0.0
27 Cinnamaldehyde 45.6 03 15.0 1.0 955 1.6
28 Phenylacetaldehyde 32 08 1.6 1.8 99.8 04
34 Diethyl maleate 26 0.6 109 0.9 98.9 0.4
37 Palmitoyl Chloride 0.1 0.9 -0.2 25 171 1.0
Weak
39 a-Hexylcinnnamaldehyde 09 1.0 4.3 1.5 0.1 1.9
42 Farnesal 30 0.4 11.2 1.3 413 0.8
45 4-Allylanisole 34 04 7.6 2.2 66.0 0.8
Non-sensitizer
65 1-Bromobutane -04 0.5 36 1.6 6.0 36
68 Ethyl benzoylacetate 33 0.5 74 14 36 29
73 Isopropyl myristate 05 04 -1.0 1.4 -0.9 1.7
77 Propyl paraben 0.0 08 09 1.5 -3.3 1.2
“Depletion and SD of NAC (Fujita et al., 2014).

Validation of 82 test chemicals by ADRA-DM

We validated the ADRA-DM using 82 test chemicals that were
previously evaluated in the ADRA and the DPRA. The pH of
the reaction solutions was fixed at 8.0 for NAC and 10.2 for
NAL. The ratio of NAC and NAL to the test chemicals was fixed
at 1:50. The results of these experiments are shown in Table 5.
Depletion of NAC and NAL in the ADRA-DM tended to be
equivalent to or less than that seen in the ADRA. However, de-
pletion of NAC with propyl gallate, 2-mercaptobenzothiazole,
lilial, ethyl vanillin, and benzaldehyde and depletion of NAL with
oxazolone, phthalic anhydride, and 2-methyl-2H-isothiazol-3-one
was more than 5% higher than their respective levels in the
ADRA.

The standard deviation (SD) of NAC and NAL depletion mea-
surements in the ADRA ranged from 0% to 7.8% and 0% to 9.5%,
respectively. The SD of NAC and NAL depletion measurements in
the ADRA-DM ranged from 0% to 7.1% and 0% to 4.7%,
respectively. Therefore, the variability of the depletion measure-
ments in the ADRA-DM tended to be less than that in the ADRA
(Table 5).

Prediction model based on 2-class classification

Using ModelBuilder in ADMEWORKS, we developed a classification
model to classify test chemicals as sensitizers and non-sensitizers
based on the average score, and the optimal average score was
calculated to be 5.050%. Based on this threshold, the sensitivity,

specificity, positive predictivity, negative predictivity and accuracy
of the ADRA-DM measurements were calculated by Cooper
statistics and compared with those calculated for the ADRA. The
accuracy of the ADRA-DM was found to be 90%, which was almost
exactly the same as the accuracy of the ADRA. Similarly, the
sensitivity and specificity of the ADRA-DM were approximately
equal to or greater than those of ADRA.

Using the ADRA, five known sensitizers were incorrectly
classified as non-sensitizers, and five known non-sensitizers were
incorrectly classified as sensitizers. Using the ADRA-DM, seven
known sensitizers were incorrectly classified as non-sensitizers,
and one known non-sensitizers were incorrectly classified as
sensitizers (Fig. 2, Table 6). 2-Hydroxypropyl methacrylate, 2-
acethylcyclohexanone, ethyl vanillin and vanillin were incorrectly
categorized as sensitizers by the ADRA but were correctly catego-
rized as non-sensitizers by the ADRA-DM. In contrast, 1-(4-
methoxyphenyl)-1-penten-3-one  and  2,2,6,6-tetramethyl-3,5-
heptanedione were correctly categorized as sensitizers by the
ADRA but were incorrectly categorized as non-sensitizers by the
ADRA-DM (Table 6).

Discussion

The ADRA, which we recently reported (Fujita et al, 2014), is a
novel method in which residual levels of two amino acid
derivatives, NAC and NAL, are measured after reaction with test
compounds. For the modified amino acids, the amine groups of

wileyonlinelibrary.com/journal/jat
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Table 3. Reactivity of novel lysine derivatives (NAL) with test chemicals at pH 10.2 and pH 12.0 with results expressed as percent de-
pletion of NAL
Ne Test substance ADRA-DM
pH10.2 pH12.0 ADRA?
Depletion SD Depletion SD Depletion sSD
Extreme/strong
3 Benzoyl peroxide 50.6 13 - - 100.0 14
6 5-Chloro-2-methyl-4-isothiazolin-3-one 17.7 1.1 21 0.8 61.6 9.2
8 Tetrachlorosalicylanilide 2.1 13 24 0.9 149 07
9 2,4-Dinitrochlorobenzene 6.1 1.3 8.1 14 83.2 0.9
1 Fluorescein isothiocyanate 98.1 0.0 - 3 100.0 0.0
13 Lauryl gallate 19.0 1.1 11.2 0.7 33.8 0.8
18 Metol 228 1.1 11.8 0.4 60.8 0.4
Moderate
24 2-Methyl-2H-isothiazol-3-one 7.0 2.2 15 1.6 -0.2 8.2
27 Cinnamaldehyde 13.1 1.3 4.2 1.7 813 1.8
28 Phenylacetaldehyde 98.3 1.5 954 1.6 99.2 1.0
34 Diethyl maleate 7.7 1.9 34 1.2 18.7 0.8
37 Palmitoyl Chloride 959 25 87.3 1.3 100.0 0.0
Weak
39 u-Hexylcinnnamaldehyde 11 2.9 24 1.7 18 1.5
42 Farnesal 8.8 14 134 1.5 386 1.9
45 4-Allylanisole 38 26 14 15 10.9 1.0
Non-sensitizer
65 1-Bromobutane 24 1.6 -0.5 1.5 29 0.8
68 Ethyl benzoylacetate 53 1.3 - - 54 1.6
73 Isopropyl myristate 1.8 1.4 05 1.7 -0.9 08
77 Propyl paraben 19 31 -04 1.5 1.0 0.9
“Depletion and SD of NAL (Fujita et al,, 2014).

cysteine and lysine residues are bound to a naphthalene ring
giving an ultraviolet absorption maximum at 281 nm, which was
quantified by HPLC analysis. The concentration of the NAC and
NAL stock solutions was 1.25mM, because reaction conditions
for the ADRA were established based on those for the DPRA.
However, because peptides in the DPRA must be quantified by
HPLC analysis at 220 nm, an absorption wavelength for many test
chemicals, peptides in the DPRA might be difficult to determine by
HPLC because test compounds easily mask them.

A distinctive feature of ADRA is that NAC/NAL can be quantified
precisely via HPLC analysis at 281 nm; therefore, other substances
in the reaction solution would not affect NAC/NAL detection. Be-
cause of the high sensitivity of the ADRA, it was suggested that
NAC and NAL might be guantified at 1/100 of the concentrations
normally used. Therefore, the concentrations of the stock solutions
of test chemicals used in the ADRA could reduce from 100 to
1 mM. This should allow stock solutions to be prepared easily for
test chemicals that are poorly soluble in water or other solvents.
Moreover, it was expected that NAC/NAL could be quantified more
precisely by using lower concentrations of test chemicals, because
the test chemicals would be less likely to precipitate and produce a
cloudy reaction solution.

Before evaluating lower concentrations of test chemical solu-
tions via the ADRA-DM, we conducted experiments to determine
optimal reaction conditions. It was hypothesized that decreasing
the concentrations of the test chemicals in the reaction solutions
to 1/100 of their normal levels would decrease the probability of

collisions between NAC/NAL and the test chemicals and therefore,
decrease their reactivity. In order to avoid reduced interaction be-
tween NAC/NAL and the test chemicals, it was considered neces-
sary for the reaction pH to be high and for the ratio of NAC to
the test chemical to be increased from 1:10 to 1:50; therefore, ap-
propriate experiments were conducted to test these hypotheses.
For NAL, the ratio of NAL to the test chemical is 1:50 in the ADRA,
and so its ratio was fixed at 1:50 in the ADRA-DM, because the re-
action conditions limited the amount of NAL that could be added.

For NAC in the ADRA, a pH of 9.5 was set as the higher limit to
prevent auto-oxidation, but it was hypothesized that a lower pH
would be needed in the ADRA-DM, because of the susceptibility
of the lower concentration of NAC to oxidation by dissolved
oxygen in the reaction solution. In fact, because oxidized NAC
was detected in the reaction solution at pH 9.0 (data not shown),
we explored conditions at pH 7.5 and 8.0 using 19 test chemicals
with various skin sensitization potencies. It was found that deple-
tion of test chemicals in the ADRA-DM was generally less than that
observed in the ADRA, and this tendency grew stronger as the pH
was decreased (Table 2). Because we did not observe NAC oxida-
tion at pH8.0, it was decided that the optimal reaction pH of
NAC in the ADRA-DM was 8.0.

In a similar manner, we explored the optimal conditions for NAL
in the ADRA-DM at pH10.2 and 12.0 using the same 19 test
chemicals. At pH 12.0, NAL could not be quantified owing to co-
elution with benzoyl peroxide, fluorescein isothiocyanate and
ethyl benzoylacetate. It was hypothesized that the increase in
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Table 4. Reactivity of test chemicals with novel cysteine (NAC) at different ratios of NAC to test chemicals with results expressed as
percent depletion of NAC
Ne Test substance ADRA-DM
1:10 1:50 ADRA®
Depletion sD Depletion SD Depletion SD
Extreme/strong
3 Benzoyl peroxide 100.0 0.0 100.0 0.0 100.0 0.0
6 5-Chloro-2-methyl-4-isothiazolin-3-one 100.0 0.0 100.0 0.0 99.3 0.6
8 Tetrachlorosalicylanilide 10.1 03 229 1.0 233 0.4
9 2,4-Dinitrochlorobenzene 44.5 0.6 87.6 29 100.0 0.0
1" Fluorescein isothiocyanate 48.8 0.9 94.1 39 100.0 0.0
13 Lauryl gallate 100.0 0.0 100.0 0.0 99.6 03
18 Metol 100.0 0.0 100.0 0.0 97.5 0.6
Moderate
24 2-Methyl-2H-isothiazol-3-one 100.0 0.0 100.0 0.0 100.0 0.0
27 Cinnamaldehyde 15.0 1.0 100.0 0.0 95.5 1.6
28 Phenylacetaldehyde 11.6 1.8 21.2 24 99.8 04
34 Diethyl maleate 10.9 09 226 33 98.9 0.4
37 Palmitoyl Chloride -0.2 25 6.9 1.4 17.1 1.0
Weak
39 a-Hexylcinnnamaldehyde 43 1.5 25 23 0.1 1.9
42 Farnesal 11.2 13 171 23 413 0.8
45 4-Allylanisole 7.6 22 239 23 66.0 08
Non-sensitizer
65 1-Bromobutane 3.6 1.6 6.7 22 6.0 36
68 Ethyl benzoylacetate 7.4 1.4 -6.6 27 36 29
73 Isopropyl myristate -1.0 1.4 -1.6 24 -0.9 1.7
77 Propyl paraben 09 1.5 2.7 22 -3.3 1.2
“Depletion and SD of NAC (Fuijita et al,, 2014).

co-elution was caused by increased degradation of test chemicals
at the higher pH, where they are more susceptible to hydroxyl ion
attack because they are present at a lower concentration (1 mM)
than in the ADRA. Moreover, because NAL depletion at pH10.2
was equal to or greater than depletion at pH12.0 (with the
exceptions of tetrachlorosalicylanilide, 2,4-dinitrochlorobenzene,
a-hexylcinnnamaldehyde and farnesal), the optimal reaction pH
of NAL was determined to be 10.2 (Table 3).

In addition, we explored the optimal ratio of NAC to test
chemicals by testing ratios of 1:10 and 1:50 for 19 test chemicals.
As expected, NAC depletion at a ratio of 1:50 was generally greater
than depletion at the 1:10 ratio (Table 4). Therefore, it was decided
that the optimal NAC to test chemical ratio was 1:50.

Under the optimal conditions described above, the depletion of
NAC and NAL with the 82 test chemicals in the ADRA-DM was
compared with the depletion of the same chemical observed with
the ADRA (Table 5), which we previously reported (Fujita et al,
2014). It was found that the depletion of NAC and NAL in the
ADRA-DM was generally less than that observed in the ADRA for
each test chemical. This trend was thought to be caused by the
lower collision probability between NAC/NAL and the test chemi-
cal, which was due to the greater dilution of the reaction solution.
However, the reduced reactivity observed in the ADRA-DM may
not influence the accuracy of skin sensitization predictions made
with this method.

Initially, we considered the results of test chemicals with com-
paratively high reactivity (extreme/strong sensitizers) (Table 5).

Twelve test chemicals produced NAC depletion of 90% or more
in the ADRA. Ten test chemicals produced NAC depletion of 90%
or more in the ADRA-DM, including many of the same chemicals
that produced this effect in the ADRA. In contrast, six test
chemicals produced NAL depletion of 90% or more in the ADRA,
but only three of these test chemicals produced NAL depletion
of 90% or more in the ADRA-DM. However, the three test
chemicals that produced more than 90% depletion in the ADRA
but less than 90% in the ADRA-DM, showed depletion of 50% or
more, suggesting that these chemicals maintained some reactivity.

Next, we considered results using test chemicals with very low
reactivity in all of the sensitizing categories (Table 5). Eight test
chemicals depleted NAC and NAL by 5% or less in the ADRA. How-
ever, 10 test chemicals depleted NAC by 5% or less, and 20 test
chemicals depleted NAL by 5% or less in the ADRA-DM. In the
ADRA-DM, the depletion of NAL was smaller than that observed
in the ADRA. These results showed that the reactivity of the thiol
group of NAC might be able to compensate for the lack of reactiv-
ity, even if the reactivity of the amino group of NAL was decreased.
The number of test chemicals for which the average score of NAC
and NAL was 5% or less was approximately equal between the
ADRA and the ADRA-DM, whereas depletion of NAL in the ADRA-
DM was less than that observed in the ADRA. Additionally, it was
hypothesized that the ADRA-DM could provide predictive accu-
racy for skin sensitization equal to that of the ADRA, when the cri-
terion used to distinguish sensitizers from non-sensitizers was
defined as a 5% average score.
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Table 5. Reactivity of test chemicals with novel cysteine (NAC)/novel lysine derivatives (NAL) in the amino acid derivative reactivity
assay (ADRA) and the ADRA-dilutional method (DM) with results expressed as percent depletion of NAC/NAL
Ne Test substance ADRA-DM Ave. ADRA? Ave.

NAC NAL score NAC NAL 3ok

Depletion SD Depletion SD Depletion SD Depletion SD
Extreme/strong
1 Diphenylcyclopropenone 239 15 6.3 1.2 151 998 21 99.6 P14 997
2 Oxazolone 80.2 16 80.1 0.8 80.1 765 0.4 301 1.8 533
3 Benzoyl peroxide 1000 00 50.6 27 753 1000 " 00 1000 P 14 1000
4 Kathon CG 100.0 0.0 -0.4 05 498 98.9 P05 36 P05 513
5 Bandrowski's base 100.0 0.0 57 04 529 100.0 P00 3838 1.1 694
6 5-Chloro-2-methyl-4- 100.0 0.0 17.7 1.1 588 99.3 P06 633 P92 813
isothiazolin-3-one
7 p-Benzoquinone 97.2 20 835 1.1 903 989 1 975 14 982
8 Tetrachlorosalicylanilide 229 42 2.1 03 125 233 P04 149 0.7 19.1
9 2,4-Dinitrochlorobenzene 87.6 29 6.1 1.3 469 100.0 0.0 832 09 916
10 Glutaraldehyde 4.6 1.7 531 29 288 49.2 06 96.2 14 727
mn Fluorescein isothiocyanate 941 09 98.1 06 96.1 1000 0.0 1000 0.0 1000
12 Phthalic anhydride -1.8 1.5 96.9 11 475 1.0 1.7 844 13 427
13 Lauryl gallate 100.0 0.0 19.0 04 595 99.6 P03 3338 08 667
14 Propyl gallate 100.0 0.0 56.4 14 782 93.7 20 752 14 845
15 b3 100.0 0.0 16.5 05 583 100.0 00 408 1.1 704
16  Trimellitic anhydride 1.8 16 97.0 1.2 494 1.0 16 99.4 14 502
17 Formaldehyde 24.4 27 1.6 19 130 817 19 656 24 737
18 Metol 100.0 0.0 22.8 1.1 614 975 0.6 60.8 04 792
Moderate
19 2-Hydroxyethyl acrylate 100.0 0.0 16.3 47 581 100.0 0.0 815 1.1 907
20 Glyoxal 125 09 08 0.5 6.7 333 25 213 08 273
21 Vinyl pyridine 27.8 2.1 7.7 18 178 748 20 64 21 40.6
22  2-Mercaptobenzothiazole 100.0 0.0 0.3 08 50.2 40.0 19 -0.9 08 195
23 Nonanoyl chloride 75 21 39.4 18 235 81 ' 16 1000 ' 00 541
24 2-Methyl-2H-isothiazol-3-one 100.0 0.0 7.0 22 535 100.0 0.0 0.2 82 499
25 1,2-Benzisothiazoline-3-one 100.0 00 0.4 0.7 502 100.0 0.0 0.1 1.5 501
26 Methyl-2-nonynoate 1 0.8 1.4 0.2 6.2 996 2.1 10.2 16 549
27 Cinnamaldehyde 100.0 0.0 131 1.3 565 955 16 813 1.8 884
28 Phenylacetaldehyde 21.2 24 98.3 15 598 99.8 04 99.2 1.0 995
25 Benzylideneacetone 19.4 13 7.2 1.0 133 95.3 2.1 15.0 LA B 55.1
30 2,4-Heptadienal 353 26 50.1 13 427 100.0 0.0 98.4 14 992
31 Squaric acid =29 18 0.5 02 -1.2 -2.0 04 15 0.6 -03
32 Trans-2-hexenal 83.5 24 12.3 1.1 479 96.7 21 97.6 14 972
33 Resorcinol 9.8 35 2.2 0.7 6.0 100 14 64.1 06 371
34 Diethyl maleate 226 43 7.7 1.9 151 989 0.4 18.7 08 588
35  2-phenylpropionaldehyde 8.1 08 4.6 1.3 63 706 78 85 9.5 396
36 Perillaldehyde 36.9 2.5 18.5 1.0 277 94.0 2.1 66.0 1.2 800
37  Palmitoyl Chloride 6.9 1.4 95.9 25 514 17.1 P10 100.0 P00 585
38 1-(4-Methoxyphenyl)-1- 29 2.4 4.2 1.6 35 887 2.1 64 Y17 476
penten-3-one

Weak
39  a-Hexylcinnnamaldehyde 25 2.2 1.1 09 18 0.1 1.9 18 LA 10
40  a-Amylcinnamaldehyde 1.3 15 1.6 04 14 22 16 60 ' 20 41
41 2,3-Butanedione M3 14 255 1.2 484 100.0 0.0 731 28 865
42 Farnesal 17.1 23 8.8 14 129 M3 08 386 19 399
43 Oxalic acid 04 29 36 1.0 20 -43 1.6 4.5 1.0 0.1
44  Benzyl benzoate 1.5 34 2.8 1.1 22 33 2.0 30 1.2 31
45 4-Allylanisole 239 23 3.9 26 139 66.0 08 10.9 1.0 384
46 Lilial 20.7 1.3 39 09 123 45 27 54.7 18 296
47  Cyclamen aldehyde 14.5 26 17 06 81 105 23 1.1 1.0 108
48 Imidazolidinyl urea 354 22 20 02 187 80.0 05 83.7 05 818

(Continues)
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Table 5. (Continued)
Ne Test substance ADRA-DM Ave. ADRA? Ave.
NAC NAL s NAC NAL score
Depletion SD Depletion SD Depletion SD Depletion sD
49 5-Methyl-2,3-hexanedione 15.9 1.1 348 28 253 232 19 98.9 1.3 610
50 2,2,6,6-Tetramethyl-3,5- 0.9 24 1.6 08 12 8.1 1.8 7.6 14 7.8
heptanedione
51 Ethyleneglycol dimethacrylate 8.9 1.1 2.6 1.6 5.8 100.0 0.0 243 13 621
52 Ethyl acrylate 89.8 19 13.7 04 517 100.0 0.0 96.7 1.2 984
53 Hydroxycitronellal 11.2 2.2 5 0.7 63 148 4.6 219 1.2 18.3
Non-sensitizer
54 Glycerol 18 24 0.7 1.2 1.2 43 23 43 19 43
55 Hexane 0.4 1.8 0.9 09 0.7 3.0 20 58 155 44
56  Diethyl phthalate 0.1 2.0 1.7 14 09 48 1.8 6.8 1.8 5.8
57 Octanoic acid -2.1 1.1 1.2 05 -04 1.8 1.9 50 1.0 34
58  2-Hydroxypropyl methacrylate 13 1.0 22 06 1.8 98.1 1.7 109 13 545
59  1-Butanol -1.7 1.5 0.8 05 -04 3.9 24 25 1.6 3.2
60 4-Hydroxybenzoic acid 0.6 23 -1.4 10 -04 05 18 2.2 34 1.3
61 6-Methyl coumatrin 2.2 2.2 1.0 0.7 16 6.1 18 45 1.0 53
62  Methyl salicylate -29 0.9 0.4 06 -1.3 -0.7 20 9.1 1.1 4.2
63 Chlorobenzene 1.6 21 0.7 0.7 1.2 21 24 4.6 1.0 33
64 Lactic acid 38 20 2.8 0.6 33 -24 1.8 2.8 19 0.2
65  1-Bromobutane 6.7 35 24 16 46 6.0 36 29 08 4.4
66  2-Acethylcyclohexanone 0.3 31 03 06 03 7.2 1.9 14.6 26 109
67  4-Methoxyacetophenone 39 71 33 06 36 4.1 13 -14 23 1:3
68  Ethyl benzoylacetate -6.6 2.7 53 1.3 -06 36 29 5.4 1.6 4.5
69 Ethyl vanillin 7.3 1.5 2.1 08 47 -3.2 21 63.9 1.2 304
70  Isopropanol 36 14 2.8 0.6 32 0.2 1.8 -5.2 6.7 -2.7
71 Propylene glycol 3.5 1.3 22 07 29 -5.0 21 -1.2 1.0 -33
72 Sulfanilamide -2.7 2.5 14 07 07 -4.4 23 -23 10 -33
73 Isopropyl myristate -16 24 1.8 14 01 -0.9 1.7 -0.9 08 -09
74 Benzaldehyde 244 0.8 29 1.0 137 125 15 53 05 89
75  Methylparaben 28 11 1.3 05 20 26 1.4 37 0.6 3.2
76  Nonanoic acid -5.3 2.2 1.3 07 -20 09 1.5 38 0.6 24
77 Propyl paraben 2.7 2.7 1.9 3.1 23 -33 1.2 1.0 09 -1.2
78 Salicylic acid -5.0 2.2 0.4 06 -23 -23 1.4 1.5 0.7 -0.4
79  Sulphanilic acid -0.2 0.6 0.4 02 01 -1.5 06 09 04 -03
80 Vanillin 05 2.7 19 15 12 -0.2 23 62.7 06 313
81 Coumarin -3.1 27 39 24 04 25 1.7 15 15 20
82 Vinylidene dichloride 1.4 24 -0.3 0.7 05 49 1.6 0.7 09 2.8
p: precipitaion at 0 h
t: turbidity at O h
“Depletion and SD of NAC and NAL (Fujita et al,, 2014).

With regard to variation in depletion levels between samples,
the SD of NAC and NAL depletion in the ADRA-DM ranged from
0% to 7.1% and from 0% to 4.7%, respectively. In contrast, the
SD of NAC and NAL depletion in the ADRA ranged from 0% to
7.8% and from 0% to 9.5%, respectively (Table 5). Moreover, the
maximum SDs for depletion of NAC and NAL by the 29 non-
sensitizers in the ADRA-DM were 7.1% and 3.1%, respectively
(Table 5). These values are a slightly higher and lower than the
5.050% cut-off criterion for sensitizers in the ADRA-DM.

In contrast, the maximum SDs for depletion of Cys and Lys by
the same 29 non-sensitizers in the DPRA were 17.5% and 22.0%,
respectively (Gerberick et al,, 2007). These values surpassed by far
the criterion for classification of sensitizers in the DPRA (6.38%),
suggesting that the 5.050% criterion for the ADRA is a reasonable

value. Furthermore, after the test chemicals reacted with NAC
and NAL for 24 h at 25 °C, these reactions were completely stopped
by adding triflucroacetic acid to the reaction solution in the
ADRA/ADRA-DM. Therefore, the factors contributing to experimen-
tal variation are limited to variations in the preparation of reaction
solutions and HPLC analysis. The results of this study showed that
the variations in depletion were only slightly influenced by dilution,
even if the concentration of each substance in the reaction solution
was diluted to 1/100 of the concentration used in the ADRA,
The prediction accuracy for skin sensitization in the ADRA-DM is
shown in Fig. 2. The criterion to distinguish sensitizers from non-
sensitizers based on statistical analysis was set at 5.050% deple-
tion. This value was nearly equivalent to the 5% threshold that
was set as a criterion to distinguish sensitizers from non-sensitizers
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Predicted Classification

Sensitizer Non-sensitizer total

Chemical Sensitizer 46 7 53
Classification® Non-sensitizer 1 28 29
total 47 35 82
sensitivity: 87%
specificity: 97%

positive predictivity: ~ 98%
negative predictivity:  80%
accuracy: 90%

*Based primarily on LLNA data

Figure 2. Cooper statistics (sensitizers versus non-sensitizers) for the NAC
and NAL prediction models. NAC, N-(2-(1-naphthyl)acetyl)--cysteine; NAL,
a-N-(2-(1-naphthyl)acetyl}--lysine.

described above. Furthermore, the accuracy of the ADRA-DM cal-
culated based on this criterion was 90%, whereas the ADRA and
DPRA were only 88% accurate.

The skin sensitization predictions (sensitizers/ non-sensitizers)
for 82 test chemicals are shown in Table 6. There were 5 seven
false-negative results, in which test chemicals were incorrectly cat-
egorized as non-sensitizers, which was a slightly more than the
number of false-negatives predicted by the ADRA. However, the
ADRA-DM was less likely than the ADRA to produce false-positive
results; the ADRA-DM incorrectly categorized 2 one non-sensitizer
as sensitizer, whereas the ADRA produced five false-positive re-
sults. The false positives likely decreased because the reactivity of
NAC/NAL with the test chemicals was very low in the ADRA-DM
as compared with the ADRA, except for chemicals that strongly
reacted with NAC/NAL.

Precipitation and/or turbidity appeared after the addition of 13
test chemicals to the reaction solution in the ADRA (Table 5). These
test chemicals were highly hydrophobic and do not easily dissolve
in highly aqueous solutions. Indeed, five of the 13 test chemicals
that precipitated in the ADRA possessed calculated partition coeffi-
cients (ClogP) > 4. For chemicals with ClogP < 4, reaction products
may have precipitated because of the high reactivity with NAC/NAL.

In contrast, no test chemicals precipitated or produced cloudy
solutions when added to reaction solutions for use in the ADRA-
DM because the concentration of each chemical in the reaction so-
lution was much lower than in the ADRA. Therefore, it seems likely
that depletion was more accurately evaluated using the ADRA-DM
than the ADRA or the DPRA, because test chemicals in the ADRA-
DM reaction solution remained in solution.

We tested chemicals with a range of predicted results in the
ADRA-DM, ADRA and DPRA (Tables 5 and 6). Although nonanoyl
chloride and resorcinol were incorrectly categorized as non-
sensitizers by the DPRA, they were correctly categorized as sensi-
tizers by the ADRA-DM and ADRA. Acyl chlorides have been shown
to react readily with amino groups. When nonanoyl chloride was
tested, NAL depletion was about 40% or more in the ADRA-DM
and ADRA, which was similar to results for palmitoyl chloride
which is a kind of acyl chloride. However, depletion of NAL by acyl
chlorides was lower in the DPRA - about 0% for nonanoyl chloride
and slightly more than 20% for palmitoyl chloride. Therefore, for
acyl chlorides, ADRA and ADRA-DM predicted skin sensitization
more accurately than DPRA.

Squaric acid was correctly categorized as a sensitizer by the
DPRA, but was incorrectly categorized as a non-sensitizer by the
ADRA-DM and ADRA. For this chemical, the average score in the
DPRA was different from that in the ADRA-DM and ADRA. As
discussed in our previous work (Fujita et al, 2014), squaric acid
might not be sufficiently soluble in the reaction solution for accu-
rate measurements to be performed.

Only 1-(4-methoxyphenyl)-1-penten-3-one was correctly cate-
gorized as a sensitizer in the ADRA and DPRA, but incorrectly cat-
egorized as a non-sensitizer in the ADRA-DM. The reactivity of
NAC with this chemical in the ADRA-DM was markedly lesser than
thatin the ADRA, and so this chemical was incorrectly categorized
as a non-sensitizer in the ADRA-DM. This reason why reactivity of
NAC decreased might be that this reactivity was extremely depen-
dent of pH because pH of the reaction solution in the ADRA-DM
was 8.0 in spite of pH 9.5 of that in the ADRA.

a-Hexylcinnamaldehyde, a-amylcinnamaldehyde, oxalic acid
and benzyl benzoate were incorrectly categorized as non-
sensitizers by the ADRA-DM, ADRA and DPRA. These types of test
chemicals might be hard to evaluate correctly in these assays.

We also evaluated compounds classified as non-sensitizers that
gave different results in the ADRA-DM, ADRA and DPRA (Tables 4
and 5). 1-Bromobutane was incorrectly categorized as a sensitizer
by the DPRA, but was correctly categorized as a non-sensitizer by
the ADRA-DM and ADRA. Moreover, 2-hydroxypropyl methacrylate
was incorrectly categorized as a sensitizer by the ADRA and DPRA
but was correctly categorized as a non-sensitizer by the ADRA-DM.
In general, the reactivity of methacrylates was lower than that of
acrylates. ADRA-DM might be able to detect slight differences be-
tween methacrylates categorized as sensitizers and non-
sensitizers, because ethylene glycol dimethacrylate and 2-
hydroxypropyl methacrylate were correctly categorized. The re-
sults of the ADRA-DM corresponded to the results of the local
lymph node assay.

Benzaldehyde was correctly categorized as non-sensitizers by
the DPRA but was incorrectly categorized as sensitizers by the
ADRA-DM and ADRA. Benzaldehyde was categorized as a non-
sensitizer in the local lymph node assay, but it has the aldehyde
group in its chemical structure, indicating that this chemical may
react with Cys and Lys. In fact, it was reported that benzaldehyde
was found as a positive human sensitizer (Natsch et al, 2012).
Therefore, benzaldehyde may be able to react with proteins (either
the thiol-group of Cys or the amino-group of Lys) so that it is cate-
gorized as sensitizer in both the ADRA and the ADRA-DM. A non-
sensitizer, which was incorrectly categorized as a sensitizer in the
ADRA-DM, is only benzaldehyde, indicating that ADRA-DM is a pre-
diction method that causes almost no false-negative on the se-
lected set of chemicals.

Resorcinol was correctly categorized as a sensitizer in the ADRA-
DM and the ADRA but incorrectly categorized as a non-sensitizer in
the DPRA. The amino-group of NAL may have reacted with benzo-
quinone that was formed by oxidation of resorcinol owing to the
high pH in the reaction solution in the ADRA-DM and the ADRA.

The prediction accuracy for skin sensitization in the ADRA-DM
was 90% (Fig. 2), which was slightly higher than the 88% accuracy
of the ADRA and DPRA (Gerberick et al, 2007; Fujita et al, 2014).
Moreover, this high accuracy was probably due to the selective re-
activity of NAC and NAL with the test chemicals at the low concen-
trations used in the ADRA-DM, which were 1/100 of the
concentrations used in the ADRA. At higher test chemical concen-
trations used in the ADRA, accuracy may be negatively affected by
non-specific reactions that are not predictive of skin sensitization.
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Table 6. Comparison of prediction results for skin sensitization for amino acid derivative reactivity assay-dilutional method (ADRA-
DM), ADRA, direct peptide reactivity assay (DPRA) and potency data
Ne Test substance EC; value LLNA category ADRA-DM Prediction ADRA Prediction DPRA Prediction
1 Diphenylcyclo propenone 0.0003 Extreme s S S
2 Oxazolone 0.003 Extreme S S S
3 Benzoyl peroxide 0.004 Extreme S ) S
4 Kathon CG 0.008 Extreme S S S
5 Bandrowski's base 0.008 Extreme S S S
6  5-Chloro-2-methyl-4-isothiazolin-3-one 0.009 Extreme S S S
7  p-Benzoquinone 0.0099 Extreme S S S
8 Tetrachlorosalicylanilide 0.04 Extreme S S S
9  24-Dinitrochlorobenzene 0.05 Extreme S S S
10 Glutaraldehyde 0.1 Strong S S S
11 Fluorescein isothiocyanate 0.14 Strong S S S
12 Phthalic anhydride 0.16 Strong S S S
13 Lauryl gallate 03 Strong S S S
14 Propyl gallate 0.32 Strong S S S
15 CD3 0.6 Strong S S S
16 Trimellitic anhydride 0.6 Strong S ) S
17 Formaldehyde 0.61 Strong S S S
18 Metol 08 Strong S S S
19 2-Hydroxyethyl acrylate 1.4 Moderate S S S
20 Glyoxal 1.4 Moderate S S S
21 Vinyl pyridine 1.6 Moderate S S 5
22 2-Mercaptobenzothiazole 1.7 Moderate S S S
23 Nonanoyl chloride 1.8 Moderate S S NS
24 2-Methyl-2H-isothiazol-3-one 1.9 Moderate S S S
25 1,2-Benzisothiazoline-3-one 23 Moderate S S S
26 Methyl-2-nonynoate 25 Moderate S S 5
27 Cinnamaldehyde 3 Moderate S S S
28 Phenylacetaldehyde 3 Moderate 5 S S
29 Benzylideneacetone 37 Moderate S S S
30 24-Heptadienal 4 Moderate S S S
31 Squaric acid 43 Moderate NS NS S
32 Trans-2-hexenal 5.5 Moderate S S S
33 Resorcinol 55 Moderate S S NS
34 Diethyl maleate 5.8 Moderate S S S
35 2-phenylpropionaldehyde 6.3 Moderate S S S
36 Perillaldehyde 8.1 Moderate S ) 5
37 Palmitoyl Chloride 8.8 Moderate S S S
38 1-(4-Methoxyphenyl)-1-penten-3-one 9.3 Moderate NS S S
39 a-Hexylcinnnamaldehyde 11 Weak NS NS NS
40 a-Amylcinnamaldehyde 11 Weak NS NS NS
41 2,3-Butanedione 1 Weak S S S
42 Farnesal 12 Weak S S S
43 Oxalic acid 15 Weak NS NS NS
44 Benzyl benzoate 17 Weak NS NS NS
45 4-Allylanisole 18 Weak S S S
46 Lilial 19 Weak S S S
47 Cyclamen aldehyde 22 Weak S S S
48 Imidazolidinyl urea 24 Weak S S S
49 5-Methyl-2,3-hexanedione 26 Weak S S S
50 2,2,6,6-Tetramethyl-3,5-heptanedione 27 Weak NS S NS
51 Ethyleneglycol dimethacrylate 28 Weak S S S
52 Ethyl acrylate 28 Weak S S S
53 Hydroxycitronellal 33 Weak S S S
54 Glycerol NC? NS® NS NS NS
55 Hexane NC NS NS NS NS
56 Diethyl phthalate NC NS NS NS NS
(Continues)
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Table 6. (Continued)

Ne Test substance EC; value LLNA category ADRA-DM Prediction ADRA Prediction DPRA Prediction
57 Octanoic acid NC NS NS NS NS
58 2-Hydroxypropyl methacrylate NC NS NS 5 S
59 1-Butanol NC NS NS NS NS
60 4-Hydroxybenzoic acid NC NS NS NS NS
61 6-Methyl coumatrin NC NS NS NS NS
62 Methyl salicylate NC NS NS NS NS
63 Chlorobenzene NC NS NS NS NS
64 Lactic acid NC NS NS NS NS
65 1-Bromobutane NC NS NS NS S
66 2-Acethylcyclohexanone NC NS NS S 5
67 4-Methoxyacetophenone NC NS NS NS NS
68 Ethyl benzoylacetate NC NS NS NS NS
69 Ethyl vanillin NC NS NS S NS
70 lIsopropanol NC NS NS NS NS
71 Propylene glycol NC NS NS NS NS
72 Sulfanilamide NC NS NS NS NS
73 Isopropyl myristate NC NS NS NS NS
74 Benzaldehyde NC NS S S NS
75 Methylparaben NC NS NS NS NS
76 Nonanoic acid 21 (False +) NS NS NS NS
77 Propyl paraben NC NS NS NS NS
78 Salicylic acid NC NS NS NS -
79 Sulphanilic acid NC NS NS NS NS
80 Vanillin NC NS NS S NS
81 Coumarin NC NS NS NS NS
82 Vinylidene dichloride NC NS NS NS NS
“Not calculated.

PNon-sensitizer.

“Sensitizer

Therefore, ADRA-DM may be a better assay than ADRA for the clas-
sification of sensitizers and non-sensitizers.

Moreover, the ability to evaluate NAC and NAL in a homoge-
neous reaction solution is another advantage of the ADRA-DM.
As seen by the depletion values for NAC and NAL in Table 5, pre-
cipitation or turbidity of the reaction solutions was found with 13
test chemicals in the ADRA. It was thought that a similar phenom-
enon was seen in the DPRA owing to similarity of the reaction con-
ditions. In contrast, no precipitation or turbidity was seen in the
reaction solutions in the ADRA-DM because of the 100-fold reduc-
tion in test compound concentrations, Due to the absence of com-
pound precipitation or test solution turbidity, more accurate
depletion values can be obtained and skin sensitization of all test
chemicals can be accurately predicted.

However, a highly hydrophobic compound, for example,
palmitoyl chloride (ClogP =7.5) precipitated as soon as it was
added to the reaction solution, but the depletion of NAL was
100% in the DPRA (Gerberick et al, 2007) and the ADRA (Table 5).
It was correctly categorized as sensitizer in both assays. Precipita-
tion of palmitoyl chloride and its reaction with NAL may have been
competitive processes, Palmitoyl chloride showed 100% depletion
of NAL because the reaction rate with NAL may have been faster
than the precipitation rate. Therefore, in the case of similar
chemicals that precipitate easily or have a slow rate of reaction,
these chemicals may be incorrectly categorized as non-sensitizers
in spite of categorization as sensitizers in vivo. However, our data

showed that skin sensitization of test chemicals will be accurately
predicted by the ADRA-DM.

We developed the ADRA to resolve the significant problem of
the poor sensitivity of HPLC analysis in the DPRA (Fujita et al,
2014). However, the ADRA required test chemicals at concentra-
tions as high as those required for the DPRA. Therefore, we devel-
oped a new evaluation method, in which the concentration of test
chemicals was reduced by 100-fold from the concentration used in
the ADRA. This new method, ADRA-DM, utilized the highly sensi-
tive detection of NAC and NAL by HPLC at 281 nm.

The concentration of test chemical in the reaction solution of
the peroxidase peptide reactivity assay (PPRA), developed by
Gerberick et al. (2009), Troutman et al. (2011) and Lalko et al.
(2013), was extremely low at 200 uM. This concentration is similar
to that used in the ADRA-DM (250 uM) described in this study.
However, the PPRA uses an expensive and complicated LC-MS/
MS apparatus, as the sensitivity of UV detection for Cys and Lys
peptides is too low to allow the use of an HPLC-UV apparatus. In
contrast, the sensitivities of an HPLC-UV apparatus for NAC and
NAL are high enough that a 100-fold reduction in concentration
is feasible for the ADRA-DM.

The DPRA makes it difficult to test insoluble chemicals owing to
high concentration, whereas the lower concentration in the ADRA-
DM facilitates solubility of test chemicals in solvent. It is difficult for
the DPRA to predict accurately skin sensitization of test chemicals
if test chemicals are not soluble at a final concentration of 100 mM
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in solvent as described in ‘In chemico skin sensitization: Direct
Peptide Reactivity Assay (DPRA) (OECD, 2015), but there are little
or no problems of solubility of test chemicals for the ADRA-DM
due to a low concentration. Moreover, the lower concentrations
of each substance used in ADRA-DM could drastically reduce the
amounts of test chemicals and NAC/NAL used in skin sensitization
assays. Furthermore, concentrations could also avoid precipitation
and/or turbidity in reaction solutions. In addition, the skin sensiti-
zation predictions made using the ADRA-DM were slightly more
accurate than those made using the ADRA and DPRA.

The results of this study show that the ADRA-DM was more ac-
curate than the ADRA and DPRA, and ADRA-DM can be used with
a wider range of test chemicals. Thus, the ADRA-DM is a promising
method that may be useful in future skin sensitization studies.
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Appendix 10: Reactivity and Concentration-Dependence of NAC and EDTA
Background and objectives

As is mentioned in the validation study report, we know that Cu®>* or other metal ions that contaminate
NAC solution act as catalysts in promoting NAC oxidation. For this reason, the ADRA SOP specifies that
EDTA be added to NAC stock solution as a countermeasure to suppress this effect. Although the 0.25-uM
concentration of EDTA in the reaction solution is a mere 0.1% of the 250-uM concentration of the test
chemical in the reaction solution, we felt it was necessary to perform testing to answer the following three
questions.

1. Does EDTA react directly with NAC?

2. If it does react, does it exhibit concentration dependence?

3. Does EDTA oxidize NAC?
Testing

We prepared a standard NAC stock solution without EDTA as well as several aqueous solutions of
EDTA to be used in place of a test chemical solution at the concentrations shown below. We then
followed the ADRA SOP in preparing 50 uL of both solutions as well as 150 pL of both solutions in three
cells each of a 96-well plate. Of these, we added 50 pL of fixing solution to three wells and measured
residual NAC per HPLC analysis. The remaining plates were allowed to stand for 24 h at 25°C in an

incubator, after which we added fixing solution to three wells and measured per HPLC analysis.
Final concentrations in reaction fluid for aqueous solutions of EDTA: 0, 0.25, 2.5, 25, 250 uM

Ordinarily, ADRA testing is performed with a 0.25-uM concentration of EDTA and a 250-uM

concentration of a test chemical in the reaction fluid.
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Results

The results shown in Fig. 1 below. Tests were conducted with four different final concentrations of
EDTA in the reaction solution in ten-fold increments from 0.25 to 250 uM, with residual NAC
immediately after preparation (0 h) between 98.4 and 98.7% (N = 3), which was within measurement
tolerances and concordant with the control sample at 98.7%. Also, residual NAC after incubating for 24 h
at 25°C was between 98.2 and 98.5% (N = 3), which was also within measurement tolerances and

concordant with the control sample at 98.3%.
Table 1 Effect of EDTA on Residual NAC
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Other considerations

Our answers to the three questions mentioned above are as follows:

First, with regard to the question of whether or not EDTA reacts directly with NAC, we measured residual
levels of NAC in reaction solution containing both NAC and EDTA, both immediately after preparation
and after incubating for 24 h. The results were all 98% or greater and concordant with the control,
irrespective of the concentration of EDTA. These results indicate that EDTA does not react directly with
NAC at all.

The molecular structure of EDTA has neither nucleophilic nor electrophilic sites. We find difficult to
conceive of EDTA either attacking or reacting with other substances, and the above results are in
electronic theory of organic chemistry. The possibility, however, that EDTA is either a pre- or pro-hapten
that acquires sensitization potential through oxidation or metabolism cannot be denied. Henck et al.
(1980) reported that a 10% EDTA -3Na solution, which was subjected to a repeated insult patch test on
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Hartley albino guinea pigs, did not cause sensitization in any of 10 guinea pigs. In contrast to this,
Raymond and Gross (1969) reported that three out of 50 (6%) subjects exhibited sensitization in a study
of the human skin sensitization potential of EDTA - Ca. Henck et al, however, contend that since two of
these three subjects had previously exhibited sensitization when exposed to EDTA, this rate of incidence
was not applicable to the public at large. It is therefore extremely unlikely that EDTA sodium salt causes
sensitization in humans (Henck et al., 1980), nor is it likely to be a pre- or pro-hapten.

Each of these in vivo tests involved the application of extremely high concentrations of EDTA, which
precludes direct comparison with ADRA. Nevertheless, ADRA test parameters call for a 1:50 ratio of
NAC to test chemical, and the 1:0.05 ratio of EDTA to NAC used to suppress NAC oxidation is
extremely low, so that even in the unlikely event that in vivo test results do exhibit sensitization, we still
consider it highly unlikely that NAC and EDTA react under ADRA test parameters. These results lead us
to conclude that the EDTA added to suppress NAC oxidation reacts with NAC only rarely if at all.

Next, with regard to the question of whether or not EDTA exhibits concentration dependence, since the
above results indicate that EDTA does not react with NAC irrespective of concentration, there is not dose
dependence.

Finally, with regard to whether or not EDTA oxidizes NAC, as shown above, the levels of residual
NAC were 98% or greater irrespective of concentration, which indicates that EDTA does not affect NAC
oxidation. This is congruent with the fact that the chemical structure of EDTA makes it hard to conceive

of it oxidizing thiol groups.

3/3



Appendix 11

The effects of EDTA on the reactivity
of NAC with test chemicals



Appendix 11: The effects of EDTA on the reactivity of NAC with test chemicals

NAC is a nucleophilic reagent used in ADRA, that contains thiol groups and oxidizes into NAC dimers.
It is known that Cu?" and other metal ions present in solution act as a catalyst to promote NAC oxidation.
To prevent this, the ADRA SOP stipulates that EDTA, an agent for chelating metal ions, be added during
the preparation of NAC stock solution. We consider the 0.25-uM concentration of EDTA in the reaction
solution to be sufficiently low relative to the 250-uM concentration of the test chemical in the reaction
solution so as to have no effect on the reactivity of NAC with the test chemical.

We verified this by testing, both with and without EDTA, the reactivity of NAC with 82 test chemicals
used during the development of DPRA and ADRA.

Results

1. NAC depletion as well as in vivo predictions for the 82 test chemicals

NAC depletion both with and without EDTA as well as in vivo predictions for the 82 test chemicals are
shown in Table 1. Also included in this table is mean % depletion as calculated from NAC and NAL
depletion. Although there were some test chemicals that exhibited discrepancies of 10 percentage points
or greater in NAC depletion between testing with and without EDTA, only three test chemicals were

found to have prediction results that were non-concordant with in vivo predictions when tested with
EDTA.

2. Concordance with in vivo predictions

Concordance with and predictive capacity relative to in vivo predictions for ADRA both with and
without EDTA are shown in Table 2. Predictions for the 82 test chemicals using ADRA with EDTA
exhibited a sensitivity of 81%, a specificity of 97%, and an accuracy of 87%. Although specificity was
unchanged relative to predictions using ADRA without EDTA, sensitivity was 6 percentage points lower,

and accuracy was 3 percentage points lower.
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Table 1

NAC and NAL depletion with and without EDTA as well as in vivo predictions

NAC with EDTA NAC without EDTA NAL
Ne Test substance EGs LLNA mean % depletion P“d"crfim by ADRA | Fre d.i.:u'm by ADRA
wvalue category with EDTA without EDTA
Depletion ( sD SD |Depletion(26) ! SD
Extreme/strong
1 | Diphenyicyclopropenone 0.0003 Extreme 287 10 239 13 12 175 5 s
2 Oxazolone 0.003 Extreme 833 03 802 16 0. 827 S 8
3 Benzoyl peroxide 0.004 Extreme 100.0 0.0 100.0 0.0 27 733 S 8
4 Kathon CG 0.008 Extreme 1000 0.0 100.0 0.0 035 498 5 8
j Bandrowsld's base 0.008 Extreme 100.0 0.0 100.0 0.0 04 329 s 8
] 3-Chloro-2-methyl-4-isothiazolin-3-one 0.009 Extreme 100.0 0.0 100.0 0.0 11 388 S 8
7 p-Benzoquinone 0.009% Extreme 965 02 972 20 11 90.0 S 8
8 Tetrachlorosalicylanilide 0.04 Extreme 434 42 229 42 03 227 5 8
9 2 4 Dinitrochlorobenzene 0.05 Extreme 893 20 876 29 6.1 13 477 5 8
10 Glutaraldehyde 0.1 Strong L& 02 46 L7 331 29 213 S 8
1 Fluorescein isothiocyanate 0.14 Strong 136 0.8 941 0.9 98.1 0.6 838 S 8
12 Phthalic anhydride 0.16 Strong 03 03 -18 13 269 11 486 S 8
13 Lauryl gallate 03 Strong 1000 0.0 100.0 0.0 19.0 04 395 5 8
14 Propyl zallate 0.32 Strong 97.1 0.1 100.0 0.0 364 14 76.7 5 5
13 CD3 0.6 Strong 76.6 13 100.0 0.0 163 0.3 46.6 S S
16 Trimellitic anhydride 0.6 Strong 19 04 18 16 97.0 12 404 S 8
17 Formaldehyde 061 Strong 257 11 244 27 16 19 136 S 8
18 Metol 08 Strong 100.0 0.0 100.0 0.0 228 11 614 5 8
(Moderate
19 2-Hydroxyethvl acrylate 14 Moderate 100.0 0.0 100.0 0.0 16.3 47 381 5 8
20 Glyoxzal 14 Moderate 128 0.3 123 0.9 0.8 03 6.8 S 8
21 Vinyl pyridine 16 Moderate 181 10 278 21 77 18 129 S 8
22 2-Mercaptobenzothiazole 17 Moderate 366 03 100.0 0.0 03 08 284 S 8
23 Nonanoyl chloride 18 Moderate T4 04 73 21 394 18 234 5 8
24 2-Methyl-2H-isothiazol-3-one 19 Moderate 840 03 100.0 0.0 70 22 303 5 3
23 1.2-Benzisothiazoline-3-one 23 Moderate 100.0 0.0 100.0 0.0 04 0.7 302 S S
26 Methyl-2-nonynoate 23 Moderate 150 0.9 111 038 14 02 82 S 8
27 Cinnamaldehyde 3 Moderate 370 09 100.0 0.0 131 13 250 5 8
28 Phenylacetaldehyde 3 Moderate 24 235 212 24 983 13 603 5 8
20 Benzylideneacetone 3.7 Moderate 449 02 194 13 72 1.0 261 5 8
30 2,4-Heptadienal 4 Moderate 338 02 333 26 301 13 429 S 8
31 Squaric acid 43 Moderate 37 03 -29 18 03 02 21 NS NS
32 Trans-2-hexenal 33 Moderate 804 04 833 24 123 11 463 5 8
33 Resorcinol 3.3 Moderate 40 03 9.8 33 22 0.7 31 N§ 5
34 Diethyl maleate 5.8 Moderate 318 0.3 226 33 17 19 19.8 S S
35 | 2-phenylpropionaldehyde 6.3 Moderate 50 0.3 8.1 0.8 16 13 6. s s
36 Perillaldehyde 81 Moderate 201 17 369 23 185 10 238 S 8
37 Palmitoyl Chloride 88 Moderate 38 0.6 69 4 959 235 508 5 8
38 1-{(4-Methoxvphenvl}-1-penten-3-one 83 Moderate 16 0.7 29 24 42 16 2! NS NS
(Weak
39 Hexy dehyd. 11 Weak 0.0 0.0 23 22 11 0.9 0.6 NS N§
40 a-Amyleinnamaldehyde 11 Weak 0.0 0.0 13 13 16 04 0.8 NS NS
41 2.3-Butanedione 11 Weak 412 09 713 14 253 12 334 S 8
42 Famesal 12 Weak 172 0.6 171 23 88 14 13.0 5 8
43 Onalic acid 13 Weak 0.0 0.0 04 29 3.6 Lo 18 NS NS
44 Benzyl benzoate 17 Weak 0.0 0.0 L3 34 28 11 14 NS NS
43 4-Allvlanisole 18 Weak 270 04 239 23 39 26 154 S 8
46 Lilial 19 Weak 70 08 207 13 39 09 34 S 8
47 Cyclamen aldehyvde 22 Weak 31 04 143 26 17 06 24 NS 8
48 Imidazolidinyl urea 24 Weak 334 3l 334 22 20 02 18.7 5 5
49 3-Methyl-2, 3-hexanedione 26 Weak 6.4 02 139 11 348 28 206 S 8
30 2,26 6-Tetramethyl-3.5-heptanedione 27 Weak 03 03 09 24 16 03 11 NS NS
31 Ethylenegtycol dimethacrylate 28 Weak 39 03 89 11 26 16 43 NS 8
32 Ethyl acrylate 28 Weak 878 0.1 898 19 137 04 508 5 8
33 Hydroxyeitronellal 33 Weak 173 03 112 22 13 0.7 9.3 5 s
Non-sensitizer
34 Glyeerol NG NP 03 03 18 24 0.7 12 0.3 NS NS
33 Hexane NC NS 02 03 04 18 0.9 0.9 0.3 NS NS
36 Diethyl phthalate NC NS 0.0 0.0 01 20 17 14 09 NS NS
57 Octanoic acid NC NS 0.0 0.0 21 11 12 035 06 NS NS
38 2-Hydroxvpropyl methacrylate NC N8 24 0.3 13 1.0 22 0.6 23 NS N§
39 1-Butanol NC NS 0.1 02 -7 13 0.8 0.3 0.3 NS NS
60 4-Hydroxybenzoic acid NC NS 00 0.0 0.6 23 -14 10 07 NS NS
61 6-Methyl coumatrin NC NS 0.0 0.0 22 22 10 07 03 NS NS
62 Methyl salicylate NC NS 0.0 0.0 -29 0.8 0.4 0.6 02 NS N§
63 Chlorobenzene NC NS 0.0 0.0 L6 21 0.7 0.7 0.4 NS NS
64 Lactic acid NC NS 0.0 0.0 38 20 238 0.6 14 NS NS
63 1-Bromobutane NC NS 01 01 6.7 33 24 16 12 NS NS
66 2-Acethyleyclohexanone NC NS 13 0.6 03 31 03 0.6 08 NS NS
67 4-Methoxyacetophenone NC NS 33 04 e 71 33 0.6 33 NS NS
68 Ethyl benzoylacetate NC NS 44 03 6.6 2.7 33 13 49 NS NS
69 Ethyl vanillin NC NS 14 03 73 13 21 08 17 NS NS
70 Isapropanol NC NS 01 01 36 14 28 06 13 NS NS
71 Propylene glycol NC NS 0.1 02 33 13 22 07 11 NS NS
72 Sulfanilamide NC NS 0.0 0.0 =27 23 14 0.7 0.7 NS N§
73 Isopropyl myristate NC NS 0.0 0.0 -6 24 18 14 0.9 NS NS
74 Benzaldehyde NC NS 253 10 244 038 29 10 141 S 8
75 Methylparaben NC NS 01 01 28 11 13 035 07 NS NS
76 Nonanoic acid 21 (False +) NS 0.0 0.0 =33 22 13 0.7 0.6 NS NS
77 Propyl paraben NC NS 0.1 02 27 27 19 3l Lo NS NS
78 Salicylic acid NC NS 0.0 0.0 =30 22 0.4 0.6 02 NS NS
79 Sulphanilic acid NC NS 03 04 02 0.6 04 02 03 NS NS
80 Vanillin NC NS 15 03 03 27 19 13 17 NS NS
81 Coumarin NC NS 0.3 0.3 =31 27 38 24 12 NS NS
82 Vinylidene dichloride NC NS 0.9 0.4 14 24 -0.3 0.7 0.3 NS NS

\o]
~
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Table 2 Predictive capacity relative to in vivo predictions for ADRA with and without EDTA

Sensitizer Non-sensitizer Total
Sensitizer 43 10 >3
______________________________________________________________________ @) oD By
.. 1 28 29
Non-sensitizer
_________________________________________________________________________ O N L 1) N . 20 N
44 38 82
Total (47) (35) (82)
Sensitivity 81% (87%)
Specificity 97% (97%)

Positive predictivity 98% (98%)
Negative predictivity 74% (80%)
Accuracy 87% (90%)

Note: Figures not in parentheses indicate results for ADRA with EDTA. Figures in parentheses indicate results for ADRA
without EDTA.

Other considerations
1. Variability of depletion in ADRA

Variation of the positive control for both NAC and NAL in ADRA is between 10 and 20%. In order to
determine whether this level of variability is a characteristic of ADRA itself or is common with DPRA,
we compared variation in both ADRA and DPRA for 82 test chemicals from the literature. The SD of
depletion for NAC in these 82 chemicals is from 0.0 to 7.1% without EDTA and 0.0 to 4.2% with EDTA.
Assuming that variation of the depletion value is +£2SD, variation of NAC depletion would be £8.4% or a
maximum of 16.8%, and variation of NAL depletion would be = 9.4% or a maximum of 18.8%.
Assuming that variation of the depletion value is +£2SD, variation of NAC depletion would be £8.4% or a
maximum of 16.8%, and variation of NAL depletion would be £ 9.4% or a maximum of 18.8%. Since the
ADRA prediction model is based on mean % depletion of NAC and NAL, variation of the mean %
depletion could be as high as 17.8%.

In DPRA, however, variation of cysteine peptide depletion is £ 70.4% or a maximum of 140.8%, and
variation of lysine peptide depletion is £24.0% or a maximum of 48.0%, both of which are extremely
high. This results in variation of the mean % depletion as high as 94.4%, which is roughly five times
larger than that of ADRA.

Even when there are discrepancies in mean % depletion based on whether EDTA is or is not added, as
long as they are within 18%, they can be considered within the expected range of variability and unlikely
to be a result of the effects of EDTA. Because of these factors, and particularly when the mean %

depletion is close to the threshold value, ADRA could potentially yield false-positive or false-negative
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predictions. In order to reduce the potential for false-positive and false-negative predictions, the ADRA
test protocol conforms with DPRA's OECD TG 442C in calling for additional testing to be performed on
test chemicals with a mean % depletion close to the threshold value (specifically, from 3 to 10%) to

confirm reproducibility and increase concordance with in vivo test results.

2. Three chemicals for which predictions were non-concordant with in vivo results when tested
using ADRA with EDTA

Table 1 shows that there were three test chemicals for which prediction results differed between ADRA
with EDTA and ADRA without EDTA.

Resorcinol

Resorcinol is a pro-hapten that becomes a sensitizer when metabolically oxidized (Report and
Recommendations of an EURL ECVAM Expert Meeting, 2016). Thus, it is difficult to predict accurately
with either ADRA or DPRA. In fact, resorcinol was incorrectly predicted to be a non-sensitizer with
DPRA.

Also, although the lead laboratory used acetonitrile as the solvent when testing without EDTA, the four
participating laboratories each used water as the solvent every time resorcinol was tested. And in testing
with EDTA at the four participating laboratories, resorcinol was predicted to be a non-sensitizer six of a
total of seven times.

In-house data from the lead laboratory indicates that even when tested without EDTA, results were
divided between sensitizer and non-sensitizer. (Data not shown.) This leads us to believe that, even
though Phase II testing resulted in a false negative prediction for resorcinol, this is not due to the effects
of EDTA but rather to the fact that the threshold value for mean % depletion falls within the expected
range of variability for resorcinol.

As shown in Table 42 of the validation study report, resorcinol was tested using water as the solvent
once each at Lion, Mitsui, and Nissan as well as three times at Sumitomo. Thus we feel that the solvent

has no effect on prediction of skin sensitization potential.

Cyclamen aldehyde
NAC depletion for cyclamen aldehyde was 14.5% when tested by ADRA without EDTA and 3.1%
when tested by ADRA with EDTA, so the addition of EDTA did have an effect. Aldehydes have strong

reactivity and are used in both DPRA and ADRA as positive control reagents. There is, however,

significant variability in reactivity. For example, ADRA test acceptance criteria stipulates that a variation
of 25% is acceptable for the positive control (phenylacetaldehyde). Similarly, DPRA test acceptance
criteria stipulates that a variation of between 30 and 40% is acceptable for the positive control (cyclamen
aldehyde). Thus, considerable variation can be expected.

During multiple tests at both the lead laboratory and the participating laboratories, cyclamen aldehyde
was predicted to be both a sensitizer and a non-sensitizer. (Data not shown.) Thus, a reduction of 10
percentage points in mean % depletion falls within the expected range of variability for ADRA. Also,
since acetonitrile was used at the solvent for testing both with and without EDTA, there is no reason to
think that false negative predictions were due to choice of solvent. Moreover, Aleksic et al. (2009) has

reported that aldehydes induce the formation of cysteine dimers, which could result in over-predicting the
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reactivity of cysteine. And since aldehydes are known to oxidize to carboxylic acids, accurate prediction
of aldehydes can be considered problematic.

When tested using ADRA with EDTA, cyclamen aldehyde exhibits significant NAC depletion and is
predicted to be a non-sensitizer, which is an indication of the need to account for the formation cysteine
dimers and other factors when making a careful assessment of the skin sensitization potential of any
aldehyde.

Ethylene glycol dimethacrylate

NAC depletion for ethylene glycol dimethacrylate was 5.9% when tested using ADRA without EDTA
and 8.9% when tested using ADRA with EDTA, which is a mere 3% difference. Since the ADRA
prediction model is based on mean % depletion of NAC and NAL, even though this variation is less than
one-fifth of DPRA, it could still be as high as 17.8%. Therefore, NAC depletion in glycol dimethacrylate
varies by roughly 3% depending on whether or not EDTA is added, but we consider this to be within the

expected range of variability. Also, since acetonitrile was used at the solvent for testing both with and

without EDTA, there is no reason to think that false negative predictions were due to choice of solvent.

3. Other considerations related to predictive capacity

We retested the 82 test chemicals (Gerberick et al., 2004; Fujita et al., 2014; Yamamoto et al., 2015)
used in developing DPRA and ADRA to determine that 4.9% is a suitable threshold value for predicting a
test chemical to be either a sensitizer or a non-sensitizer when EDTA is added to the NAC stock solution.
Using this threshold value resulted in an accuracy of 87% for predicting skin sensitization potential,
which is roughly similar to the 90% accuracy achieved by ADRA without EDTA. We therefore conclude
that the addition of EDTA to the NAC stock solution has virtually no effect on either NAC reactivity or

predictive capacity.
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Appendix 12: Between-Laboratory Reproducibility Calculated as the Mean of Four Laboratories

Between-laboratory reproducibility was evaluated based on test results from 40 test chemicals in three
sets of ten chemicals and one set of thirty chemicals, and in the validation study report was calculated as
the mean of three laboratories, so that the figures could be compared directly to those from other
validation studies. Here we example between-laboratory reproducibility calculated as the mean of four

participating laboratories.

1. Between-laboratory reproducibility of the 30 test substances used in Phase I1

Since 10 test chemicals were subjected to three replicate tests during Phase I, and 30 test chemicals were
subjected to single tests during Phase II, the results of Phase I were handled differently from the results of
Phase II. Thus, as indicated in the validation study report, a preliminary evaluation of between-laboratory
reproducibility was made using just the 30 test chemicals for Phase II. Between-laboratory reproducibility
for these 30 test chemicals when calculated as the mean of four laboratories was 86.7% (compared with

89.2% when calculated as the mean of three laboratories), which exceeded the target value of 80%.

Table 1 Between-laboratory reproducibility for Phase II as the mean of four laboratories

No. of chemicals with
MNo. of chemicals concordant results at all BLR
four laboratories.

Phase [l 30 26 Bo.7

BLR: Between-laboratory reproducibility

2. Between-laboratory reproducibility per sensitization potency of 30 test substances in Phase II

In section 1 above, we evaluated between-laboratory reproducibility for the 30 test chemicals used in
Phase II based on prediction of sensitization potential. We further looked at the test chemicals that were
predicted to be sensitizers, and evaluated between-laboratory sensitization based on prediction of
sensitization potency, using two categories: extreme/strong sensitizers and moderate/weak sensitizers.

The results, as shown in Table 2, were 100% between-laboratory reproducibility for extreme/strong
sensitizers, 76.9% between-laboratory reproducibility for moderate/weak sensitizers, and 90.0%
between-laboratory reproducibility for non-sensitizers. When calculated as the mean of three laboratories
rather than four, the results were 100% for extreme/strong sensitizers, 80.8% for moderate/weak

sensitizers, and 92.5% for non-sensitizers.
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Table 2 Between-laboratory reproducibility per sensitization potency for Phase II as the mean of four

laboratories

No. of chemicals with
Phase Il No. of chemicals concordant results at all BLE
four laboratories.

Extreme/Strong 7 7 100.0
Moderate Weak 13 10 76.9
No category 10 9 00.0

3. Between-laboratory reproducibility of the 40 test substances used in Phases I and 11

We calculated between-laboratory reproducibility for the 40 test substances used in Phases I and II as the
mean of four laboratories. The results show that prediction of sensitization potential for 36 of the 40 test
chemicals was concordant. As shown in Table 3, between-laboratory reproducibility for these 40 test
chemicals as calculated as the mean of four laboratories was 90.0% (compared with 91.9% when

calculated as the mean of three laboratories), which exceeded the target value of 80%.

Table 3 Between-laboratory reproducibility for Phases I and II as the mean of four laboratories

No. of chemicals with
MNo. of chemicals concordant results at all BLR
four laboratories.

Phase | & Phasel 40 36 00.0

4. Between-laboratory reproducibility per sensitization potency of 40 test substances in Phases I
and I1

In section 3 above, we evaluated between-laboratory reproducibility for the 40 test chemicals used in
Phases I and II based on prediction of sensitization potential. We further looked at the test chemicals that
were predicted to be sensitizers, and evaluated between-laboratory sensitization based on prediction of
sensitization potency, using two categories: extreme/strong sensitizers and moderate/weak sensitizers.

The results, as shown in Table 4, were 100% between-laboratory reproducibility for extreme/strong
sensitizers, 82.4% between-laboratory reproducibility for moderate/weak sensitizers, and 92.3%
between-laboratory reproducibility for non-sensitizers. When calculated as the mean of three laboratories
rather than four, the results were 100% for extreme/strong sensitizers, 85.3% for moderate/weak

sensitizers, and 94.2% for non-sensitizers.
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Table 4 Between-laboratory reproducibility per sensitization potency for Phases I and II as the mean

of four laboratories

No. of chemicals with
Phase I & Phasell No. of chemicals concordant results at all BLE
four laboratories.

Extreme/Strong 10 10 100.0
Moderate Weak 17 14 82.4
No category 13 12 02.3

5. Other considerations

We compared between-laboratory reproducibility when calculated as the mean of three laboratories with
between-laboratory reproducibility when calculated as the mean of four laboratories for just the 30 test
chemicals used in Phase II as well as for all 40 test chemicals used in Phases I and II. Between-laboratory
reproducibility for the 30 chemicals tested during Phase II when calculated as the mean of four
laboratories was 2.5 percentage points lower than when calculated as the mean of three laboratories. Also,
between-laboratory reproducibility for the 40 chemicals tested during Phases I and II when calculated as
the mean of four laboratories was 1.9 percentage points lower than when calculated as the mean of three
laboratories. In either case, between-laboratory reproducibility when calculated as the mean of four
laboratories satisfied the target values by a significant margin.

Additionally, when evaluating per three categories of sensitization potency, between-laboratory
reproducibility for just the 30 chemicals tested during Phase II and calculated as the mean of four
laboratories was as much as 3.9 percentage points lower than when calculated as the mean of three
laboratories, while that for all 40 chemicals tested during Phases I and Il was as much as 2.9 percentage
points lower, but in either case this discrepancy was less than 5 percentage points, indicating that ADRA

exhibited excellent reproducibility even when calculated as the mean of four laboratories.
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Appendix 13: Definitions and Literature

Definitions

Accuracy: The closeness of agreement between test method results and accepted reference values. It is a
measure of test method performance and one aspect of “relevance.” The term is often used
interchangeably with “concordance”, to mean the proportion of correct outcomes of a test method (21).
(Formula shown below.)

ADRA: Amino acid Derivative Reactivity Assay

AOP (Adverse Outcome Pathway): sequence of events from the chemical structure of a target chemical

or group of similar chemicals through the molecular initiating event to an in vivo outcome of interest (2).

Calibration curve: The relationship between the experimental response value and the analytical

concentration (also called standard curve) of a known substance.

Coefficient of variation: a measure of variability that is calculated for a group of replicate data by
dividing the standard deviation by the mean. It can be multiplied by 100 for expression as a percentage.
Hazard: Inherent property of an agent or situation having the potential to cause adverse effects when an

organism, system or (sub) population is exposed to that agent.

DPRA: Direct Peptide Reactivity Assay issued as OECD TG 442C in 2015

ECVAM: the European Union Reference Laboratory for Alternatives to Animal Testing

EDTA: Ethylenediaminetetraacetic acid

GPMT: Guinea Pig Maximization Test issued as OECD TG 406 in 1992

Hazard: Inherent property of an agent or situation having the potential to cause adverse effects when an
organism, system or (sub) population is exposed to that agent.

h-CLAT: human Cell Line Activation Test issued as OECD TG 442E in 2016

IATA (Integrated Approach to Testing and Assessment): A structured approach used for hazard

identification (potential), hazard characterisation (potency) and/or safety assessment (potential/potency
and exposure) of a chemical or group of chemicals, which strategically integrates and weights all relevant
data to inform regulatory decision regarding potential hazard and/or risk and/or the need for further

targeted and therefore minimal testing.

JaCVAM: Japanese Center for the Validation of Alternative Methods
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KeratinoSens: ARE-Nrf2 Luciferase Test Method issued as OECD TG 442D in 2015

LLNA: murine Local Lymph Node Assay issued as OECD TG 429 in 2010

Molecular Initiating Event: Chemical-induced perturbation of a biological system at the molecular level

identified to be the starting event in the adverse outcome pathway.

Mixture: A mixture or a solution composed of two or more substances in which they do not react (1).

Mono-constituent substance: A substance, defined by its quantitative composition, in which one main

constituent is present to at least 80% (w/w).

Multi-constituent substance: A substance, defined by its quantitative composition, in which more than
one main constituent is present in a concentration > 10% (w/w) and < 80% (w/w). A multi-constituent
substance is the result of a manufacturing process. The difference between mixture and multi-constituent
substance is that a mixture is obtained by blending of two or more substances without chemical reaction.

A multi-constituent substance is the result of a chemical reaction.

NAC: A nucleophilic reagent which is a cysteine derivative (N-(2-(1-naphthyl)acetyl)-L-cysteine)

NAL: A nucleophilic reagent which is a lysine derivative (a-N-(2-(1-naphthyl)acetyl)-L-lysine)

Positive control: A replicate containing all components of a test system and treated with a substance
known to induce a positive response. To ensure that variability in the positive control response across

time can be assessed, the magnitude of the positive response should not be excessive.

Pre-haptens: chemicals which become sensitizers through abiotic transformation

Pro-haptens: chemicals requiring enzymatic activation to exert skin sensitization potential

Reference control: An untreated sample containing all components of a test system, including the solvent
or vehicle that is processed with the test chemical treated and other control samples to establish the
baseline response for the samples treated with the test chemical dissolved in the same solvent or vehicle.

When tested with a concurrent negative control, this sample also demonstrates whether the solvent or

vehicle interacts with the test system.

Relevance: Description of relationship of the test to the effect of interest and whether it is meaningful and
useful for a particular purpose. It is the extent to which the test correctly measures or predicts the
biological effect of interest. Relevance incorporates consideration of the accuracy (concordance) of a test
method (21).
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Reliability: Measures of the extent that a test method can be performed reproducibly within and between
laboratories over time, when performed using the same protocol. It is assessed by calculating intra- and

inter-laboratory reproducibility and intra-laboratory repeatability (21).

Reproducibility: The agreement among results obtained from testing the same substance using the same

test protocol (see reliability) (21).

Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the test method.
It is a measure of accuracy for a test method that produces categorical results, and is an important

consideration in assessing the relevance of a test method (21). (Formula shown below.)

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by the test
method. It is a measure of accuracy for a test method that produces categorical results and is an important

consideration in assessing the relevance of a test method (21). (Formula shown below.)

Substance: Chemical elements and their compounds in the natural state or obtained by any production
process, including any additive necessary to preserve the stability of the product and any impurities
deriving from the process used, but excluding any solvent which may be separated without affecting the

stability of the substance or changing its composition (1).

System suitability: Determination of instrument performance (e.g., sensitivity) by analysis of a reference

standard prior to running the analytical batch (22).

Test chemical: The term "test chemical" is used to refer to what is being tested.

United Nations Globally Harmonized System of Classification and Labelling of Chemicals (UN
GHS): A system proposing the classification of chemicals (substances and mixtures) according to
standardized types and levels of physical, health and environmental hazards, and addressing
corresponding communication elements, such as pictograms, signal words, hazard statements,
precautionary statements and safety data sheets, so that to convey information on their adverse effects
with a view to protect people (including employers, workers, transporters, consumers and emergency

responders) and the environment (1).

UVCB: substances of unknown or variable composition, complex reaction products or biological

materials.
Valid test method: A test method considered to have sufficient relevance and reliability for a specific

purpose and which is based on scientifically sound principles. A test method is never valid in an absolute

sense, but only in relation to a defined purpose (21).
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Calculating depletion of either NAC or NAL

Depletion is calculated as follows:

Percent depletion of either NAC or NAL = {I- (NAC or NAL peak area in replicate injection ~ mean
NAC or NAL peak area in reference control C)} x 100

Calculating predictive capacity

There are several terms that are commonly used along with the description of sensitivity, specificity and
accuracy. They are true positive (TP), true negative (TN), false negative (FN), and false positive (FP).
Sensitivity, specificity and accuracy are described in terms of TP, TN, FN and FP.

Sensitivity: Number of true positives +~ Number of all positive chemicals, TP +~ (TP + FN)

Specificity: Number of true negatives + Number of all negative chemicals, TN + (TN + FP)
Accuracy: Number of correct predictions + Number of all predictions, (TN + TP) + (TN+TP+FN+FP)
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Appendix 14: ADRA as a standalone test for predicting skin sensitization potency

In addition to predicting the skin sensitization potential of test substances, the DPRA prediction model was
design also to classify test chemicals into one of four levels of reactivity—high, moderate, low, and “minimal or
no” reactivity—which could perhaps prove useful to inform potency assessment within the framework of an IATA.
These four levels of reactivity, however, did not always correspond accurately with the four skin sensitization
categories of extreme/strong, moderate, weak, and non-sensitizer. (Gerberick et al., 2007) Insofar as ADRA is
based on the same scientific principles as DPRA, and the four reactivity levels used in DPRA were not sufficiently
accurate, we had no expectation that classification of reactivity in ADRA would be any better than that of DPRA,
therefore the lead laboratory did not investigate this matter.

On the other hand, the ability to use ADRA not just to predict skin sensitization potential but also skin
sensitization potency would be highly advantageous for accurately classifying test chemicals according to GHS
category. To this end, we investigated the possibility of using ADRA as a standalone test for predicting skin
sensitization potency. For the purposes of this study, we attempted to use ADRA test results to classify test

chemicals into one of three categories: extreme/strong, moderate/weak, and non-sensitizer.

Methodology

As with DPRA, the criteria used to predict the skin sensitization potential of test chemicals was
established using a training data set comprising 56 of 82 test chemicals to establish a binary classification
based on statistical analysis. Simply put, we used ADMEWORKS/ModelBuilder ver. 4.5 from Fujitsu
Kyushu Systems Limited, Japan, to build a qualitative QSAR model based on a stochastic gradient
perceptron algorithm to perform binary classification of test chemicals into either sensitizer or
non-sensitizer using a linear equation for a single parameter, namely “mean % depletion.” As a result, we
established a threshold value of 4.9% as the mean % depletion above which test chemicals are predicted
to be sensitizers and below which they are predicted to be non-sensitizers.

Similarly, sensitizers were further predicted to be either extreme/strong or moderate/weak.

Results
Determining a threshold value for binary classification of sensitization potency

Using the method described above, we established a threshold value of 46.4% as the mean % depletion
above which sensitization potency was predicted to be extreme/strong and below which it was predicted

to be moderate/weak.

ADRA as a standalone test for predicting skin-sensitization potency

Using these two threshold values of 4.9% and 46.4%, we classified 82 test chemicals into one of the
above described three categories, the results of which are shown in Table 1. The majority of chemicals
predicted to be extreme/strong sensitizers using LLNA were also predicted to be extreme/strong
sensitizers using ADRA, as indicated by the color red in the Prediction column of Table 1. Furthermore,
many of the chemicals predicted to be moderate/weak sensitizers using LLNA were also predicted to be
moderate/weak sensitizers using ADRA, as indicated by the color pink in the Prediction column of Table
1, but some of the chemicals predicted to be either extreme/strong sensitizers or non-sensitizers using

LLNA were predicted to be moderate/weak sensitizers using ADRA.
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Moreover, with only one exception, chemicals predicted to be non-sensitizers using LLNA were also

predicted to be non-sensitizers using ADRA.
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Table 1 ADRA as a standalone test for predicting skin-sensitization potency

i NAC NAL
‘ EC, LLNA EDTA (+) Mean % -
Ne Test substance - . Prediction
value category Depletion Depletion depletion
SD SD
(%) (%)
[Extreme/strong
1 Diphenylcyvelopropenone 0.0003 Extreme 28.7 1.0 6.3 12 17.5
2 Oxazolone 0.003 Extreme 853 03 80.1 0.8 §2.7
3 Benzoyl peroxide 0.004 Extreme 100.0 0.0 50.6 2.7 75.3
4 Kathon CG 0.008 Extreme 100.0 0.0 -0.4 0.5 498
5 Bandrowski's base 0.008 Extreme 100.0 0.0 5.7 0.4 52.9
] 5-Chloro-2-methyl-4-isothiazolin-3-one 0.009 Extreme 100.0 0.0 17.7 1.1 58.8
7 p-Benzoquinone 0.0089 Extreme 96.5 02 835 1.1 90.0
8 Tetrachlorosalicylanilide 0.04 Extreme 43.4 4.2 2.1 0.3 22.7
9 2.4-Dinitrochlorobenzene 0.05 Extreme 893 2.0 6.1 13 417
10 Glutaraldehyde 0.1 Strong 16 02 531 29 273
11 | Fluorescem isothiocyanate 0.14 Strong 73.6 0.8 98.1 0.6 85.8
12 Phthalic anhydride 0.16 Strong 0.3 0.3 96.9 1.1 48.6
13 Lauryl gallate 03 Strong 100.0 0.0 15.0 04 595
14 | Propyl gallate 0.32 Strong 97.1 0.1 56.4 1.4 76.7
135 CD3 0.6 Strong 76.6 13 16.5 0.3 46.6
16 Trimellitic anhydride 0.6 Strong 19 04 97.0 12 494
17 Formaldehyde 0.61 Strong 25.7 11 1.6 1.8 13.6
18 Metol 0.8 Strong 100.0 0.0 228 1.1 61.4
Moderate
19 | 2-Hydroxyethyl acrylate 14 Moderate 100.0 0.0 16.3 47 58.1
20 Glyoxal 14 Moderate 12.8 0.5 0.8 0.5 6.8
21 | Vinyl pyridine 1.6 Moderate 18.1 1.0 7.7 1.8 12.9
22 | 2-Mercaptobenzothiazole 1.7 Moderate 56.6 0.8 0.3 0.8 284
23 | Nonanovl chloride 1.8 Moderate 74 0.4 394 1.8 23.4
24 | 2-Methyl-2H-isothiazol-3-one 19 Moderate 940 0.3 7.0 22 50.5
25 1.2-Benzisothiazoline-3-one 23 Moderate 100.0 0.0 0.4 0.7 50.2
26 | Methyl-2-nonynoate 2.5 Moderate 15.0 0.9 1.4 0.2 8.2
27 Cinnamaldehyde 3 Moderate 37.0 09 131 13 250
28 | Phenylacetaldehvde 3 Moderate 224 2.5 98.3 1.5 60.3
29 | Benzylideneacetone 1.7 Moderate 449 0.2 72 1.0 26.1
30 2 4-Heptadienal 4 Moderate 358 02 50.1 13 429
31 Squaric acid 4.3 Moderate 3.7 0.3 0.5 0.2 2.1
32 | Trans-2-hexenal 5.5 Moderate 80.4 0.4 123 11 46.3
33 | Resorcinol 5.5 Moderate 4.0 0.3 22 0.7 3.1
34 | Diethyl maleate 5.8 Moderate 31.8 0.5 7.7 1.9 19.8
35 | 2-phenylpropionaldehyde 6.3 Moderate 8.0 03 46 13 6.3
36 | Perllaldehyde 8.1 Moderate 29.1 1.7 185 1o 238
37 Palmitoyl Chloride 3.8 Moderate 5.8 0.6 959 2.5 50.8
38 1-(4-Methoxyphenyl)-1-penten-3-one 93 Moderate 16 0.7 42 1.6 29
[Weak
39 | o-Hexylcinnnamaldehyde 11 Weak 0.0 0.0 1.1 0.9 0.6
40 a-Amyleinnamaldehyde 11 Weak 0.0 0.0 1.6 0.4 0.8
41 2,3-Butanedione 11 Weak 41.2 0.9 25.5 1.2 334
42 Farnesal 12 Weak 172 0.6 8.8 14 13.0
43 Oxalic acid 15 Weak 0.0 0.0 36 1o 18
44 | Benzyl benzoate 17 Weak 0.0 0.0 2.8 1.1 14
45 4-Allvlanisole 18 Weak 27.0 04 39 26 15.4
46 | Lilial 19 Weak 7.0 0.8 3.9 0.9 5.4
47 Cyclamen aldehyde 22 Weak 3.1 04 1.7 0.6 24
48 Imidazolidinyl urea 24 Weak 354 31 20 02 18.7
49 3-Methyl-2.3-hexanedione 26 Weak 6.4 0.2 348 2.8 20.6
50 | 2.2.6.6-Tetramethyl-3.5-heptanedione 27 Weak 0.5 0.5 1.6 0.8 1.1
51 | Ethvleneglvcol dimethacrvlate 28 Weak 5.9 0.5 2.6 1.6 4.3
52 Ethyl acrylate 28 Weak 87.8 0.1 13.7 0.4 50.8
53 Hydroxycitronellal 33 Weak 17.5 03 15 0.7 9.5
[Non-sensitizer
54 Glycerol NC* NS 03 03 0.7 12 05
53 Hexane NC NS 02 0.3 0.8 0.9 0.5
56 | Diethyl phthalate NC NS 0.0 0.0 1.7 14 0.9
57 Octanoic acid NC NS 0.0 0.0 12 0.5 0.6
38 | 2-Hydroxypropyl methacrylate NC NS 24 0.3 2.2 0.6 2.3
59 1-Butanol NC NS 0.1 02 0.8 0.5 0.5
60 | 4-Hydroxvbenzoic acid NC NS 0.0 0.0 -1.4 1.0 -0.7
61 6-Methyl coumatrin NC NS 0.0 0.0 1.0 0.7 0.5
62 Methyl salicylate NC NS 0.0 0.0 04 0.6 02
63 Chlorobenzene NC NS 0.0 0.0 0.7 0.7 0.4
64 | Lactic acid NC NS 0.0 0.0 2.8 0.6 14
65 1-Bromobutane NC NS 0.1 0.1 24 1.6 12
66 | 2-Acethylcvclohexanone NC NS 13 0.6 0.3 0.6 0.8
67 | 4-Methoxyacetophenone NC NS 33 0.4 33 0.6 33
68 | Ethyl benzovlacetate NC NS 44 03 53 13 49
69 | Ethyl vanillin NC NS 14 0.3 2.1 0.8 1.7
70 Isopropanol NC NS 0.1 0.1 28 0.6 15
71 | Propvlene glveol NC NS 0.1 0.2 2.2 0.7 1.1
72 Sulfanilamide NC NS 0.0 0.0 1.4 0.7 0.7
73 | Isopropyl myristate NC NS 0.0 0.0 18 1.4 0.9
74 | Benzaldehyde NC NS 253 1.0 29 1o 14.1
75 Methylparaben NC NS 0.1 0.1 13 0.5 0.7
76 | Nonanoic acid 21 (False +) NS 0.0 0.0 13 0.7 0.6
77 | Propyl paraben NC NS 0.1 0.2 1.9 3.1 0
78 Salicylic acid NC NS 0.0 0.0 0.4 0.6 02
79 Sulphanilic acid NC NS 0.5 0.4 0.4 0.2 5
80 Vanillin NC NS 15 03 19 15
81 Coumarin NC NS 0.5 0.5 3.9 2.4
82 Vinylidene dichloride NC NS 0.9 0.4 -0.3 0.7

B ; Extreme/Strong sensitizer,

1 Modereta/Weak sensitizer,
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ADRA as a standalone test for predicting skin-sensitization potency
Predictive capacity for skin sensitization potency based on Table 1 is shown in Table 2.

Table I ADRA as a standalone test for predicting skin-sensitization potency

Prediction classification

Extreme’ | Moderate/ Non-
Strong Weak sensitizer
Extreme/Strong 14 4° 0"
0041 Tor: | Iy | I IR I PR
classificaion | Moderate/Weak || 6 1 0]
Non-sensitizer 0E 1" 28t
Orerprediction rate (%4) 9
Underprediction rate (%) 17
Accuracy (%) T4

Prediction of Skin Sensitization Potency per ADRA
Extreme/strong Moderate/weak Non-sensitizer
Prediction of Skin Extreme/strong (18) 142 4b 0°
Sensitization Potency Moderate/weak (35) 6d 19¢ 1 Of
per LLNA Non-sensitizer (29) 0g 1h 28!
Overprediction rate: 9%

Underprediction rate:  17%
Accuracy:  74%

Overprediction rate is the number of chemicals overpredicted in ADRA divided by the total number of chemicals:

(d + g+ h) + 82 chemicals x 100 = 9%

Underprediction rate is the number of chemicals underpredicted in ADRA divided by the total number of chemicals:

(b + ¢+ f) = 82 chemicals x 100 = 17%

Table 2 DPRA as a standalone test for predicting skin-sensitization potency

Prediction classification

Extreme/ | Moderate/ Non-
Strong Weak sensitizer
Extreme/Strong 14° 4° 0
001 Tor | I | IR I IS
lassification ... Moderate/Weak | SN NS O -
MNon-sensitizer & 3" 25t
Orerprediction rate (%a) 21
Underprediction rate (%) 14
Accuracy (%) 65
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Although DPRA classified reactivity into four categories, the results here are arranged so that
chemicals predicted to have high reactivity are labelled extreme/strong, those predicted to have moderate
or low reactivity are labelled moderate/weak, and those to be predicted to have minimal or no reactivity
are labelled non-sensitizer.

As shown in Table 1, when using ADRA as a standalone test to predict skin sensitization potency,
ADRA predictions for the majority (42 of 47) of both the 18 extreme/strong sensitizers and the 29
non-sensitizers were concordant with LLNA results. Of the 35 chemicals, however, that were predicted to
be either moderate or weak sensitizers in LLNA, even though many (19) of these had concordant results
in ADRA, a significant number were non-concordant.

On the other hand, when DPRA results—which originally were sorted into four reactivity categories
according to mean % depletion of cysteine peptide and lysine peptide—are sorted into three sensitization
potency categories, they are largely concordant with ADRA results. Relative to DPRA, overprediction in
ADRA was 12 percentage points lower, and even though underprediction was 3 percentage points higher,

overall accuracy was 9 percentage points higher.

Other considerations

We established a threshold value of 46.4% as the mean % depletion above which sensitization potency
was predicted to be extreme/strong and below which it was predicted to be moderate/weak. In the four
reactivity categories used in DPRA, the threshold value between high and moderate reactivity was
42.47%. Compared with DPRA, overpredictions of skin sensitization potency are rare but
underpredictions are slightly more common when predicting skin sensitization potency with ADRA. Also,
ADRA'’s accuracy is 9 percentage points better than DPRA, which is an indication that ADRA is superior
to DPRA as a standalone test for predicting skin sensitization potency. Compared with DPRA, there
appears to be greater gap between NAC and NAL depletion of strong sensitizers compares with that of
weak sensitizers. Thus, we consider the predictive capacity of ADRA as a standalone test for predicting

sensitization potency to be excellent.
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Appendix 15: Comparison of the ADRA and DPRA test methods
ADRA is a reactivity assay that was developed as a derivative of DPRA. There are, however, significant

differences between the nucleophilic reagents used in these two test methods, which means that the test

protocols themselves differ significantly.
The following comparison of the DPRA and ADRA test methods is intended to elucidate these

differences.

Results
Table 1 shows how ADRA differs from DPRA and highlights the most significant changes in red.

The five most significant changes are as follows:

1.
2.
3.
4

. A fixing solution is added to suppress reactivity of the nucleophilic reagent and the test chemical

ADRA uses NAC and NAL as nucleophilic reagents.
Concentrations of test chemicals and nucleophilic reagents are just 1% of those used in DPRA.
EDTA is added to suppress NAC oxidation.

after 24 h.

ADRA uses a quantification wavelength of 281 nm.

Other significant changes include the following:

1.

= o

ADRA uses a 96-well plate as a reaction vessel.

2. ADRA specifies that NAC have a pH of 8.0 and that NAL have a pH of 10.2 (phosphate buffer).
3.
4
5

ADRA specifies a reaction volume of 200 pL.

. ADRA specifies phenylacetaldehyde as a positive control reagent.
. ADRA recommends the use of a CAPCELL CORE C;g core-shell column for high-performance

separation.

ADRA specifies column temperature, flow speed, and other HPLC parameters.

. ADRA specified a mean % depletion of 4.9% as the prediction criteria threshold value.

Other considerations

The five most significant changes described above have resulted in the following improvements in

performance over DPRA.

1.

The use of NAC and NAL as nucleophilic reagents enable highly sensitive detection, thereby
allowing the use of test chemical concentrations just 1% of those used in DPRA.

The use of a 281-nm quantification wavelength virtually eliminates co-elution of test chemicals and
nucleophilic reagents.

The use of a 281-nm quantification wavelength reduces the SD of depletion, thereby improving
accuracy.

The use of lower test chemical concentrations virtually eliminates precipitation of the test chemical
in the reaction solution.

The addition of EDTA to suppress NAC oxidation reduces the incidence of retesting.
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Table 1

Preparation of reaction solution

ADRA & DPRA O HER

DPRA

ADRA

cysteine peptide

‘ lysine peptide

NAC NAL

container

1 mL autosampler vial

96-well plate

nucleophlic reagent
solution

cysteine peptide solution
concentration: 667pM

pH: 7.5 (phosphate buffer)
volume: 750 pL

lysine peptide solution
concentration: 667pM

volume: 750 pL

pH : 10.2 (ammonium acetate buffer)

NAL solution

concentration: 6.67pM

pH : 10.2 (phosphate buffer)
volume: 150 pL

NAC solution
concentration: 6.67pM

pH: 8.0 (phosphate buffer)
EDTA: 0.33 pM

volume: 150 pL

test chemical
solution

test chemical solution
concentration: 100 mM
volume: 50 pL

test chemical solution
concentration: 100 mM
volume: 250 pL

test chemical solution
concentration: 1 mM
volume: 50 pL

positive control

cinnamaldehyde

phenylacetaldehyde

Reaction fixed solution

L volume : 200 pL none none

acetonitrile
Reaction -

. 25°C 25°C
reaction temperature

_ . 24 hour 24 hour
reaction time
Reaction fixation -

none solution: 2.5%(v/v) trifluoroacetic acid

volume: 50 pL

HPLC measurement

ﬁ

HPLC conditions

HPLC system : Waters 2695 Alliance
column : Zorbax SB-C18 (2.1 mmx100 mmx3.5 pm)

column temperature: 30°C
eluent :

mobile phase A: 0.1%(v/v) trifluoroacetic acid in water

mobile phase B: 0.085%(v/v) trifluoroacetic acid in acetonitrile

flow rate: 0.25 mL/min

HPLC system : Shimadzu LC-20A
column : CAPCELL CORE €18 (3.0 mmx150 mmx2.7 pm)
column temperature: 40°C
eluent :
mobile phase A: 0.1%(v/v) trifluoroacetic acid in water
mobile phase B: 0.1%(v/v) trifluoroacetic acid in acetonitrile
flow rate: 0.2 mL/min

HPLC conditions

gradient condition:

Time %A %B
0 min a0 10
10 min 75 25
11 min 10 a0
13 min 10 90
13.5min 90 10
20 min end run

wave lenghth : 220 nm
run time: 20 minutes

gradient condition: gradient condition:

Time %A %B Time %A %B
0 min 70 30 0 min 80 20
9.5 min 45 55 9.5 min 55 45
10 min 0 100 01 min 10 90
13 min 0 100 13 min 10 90
13.5min 70 30 13.5min 80 20
20 min end run 20 min end run

wave lenghth : 281 nm
run time: 20 minutes

wave lenghth : 281 nm
run time: 20 minutes

Prediction of skin sen

sitization

I

Criteria

mean % depletion<6.28%: Negative
mean % depletion>=6.28%: Positive

mean % depletion<4.9%: Negative
mean % depletion>=4.9%: Positive
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Appendix 16: List of test chemicals tested using ADRA

There were 82 test chemicals tested during the development of ADRA, and during the validation study,
there were five test chemicals tested in pretraining as well as 10 test chemicals tested in training for
technology transfer, 10 test chemicals tested in Phase I, and 30 test chemicals tested in Phase II. Of these,
there are 46 test chemicals for which human data is available. The following table shows which test
chemicals were used in which tests as well as the results of ADRA, LLNA, and human data, where
available. All ADRA results shown in this table—S for sensitizer and NS for non-sensitizer—are from the
lead laboratory.

Results

The following table lists all test chemicals and their results, as described above. A total of 107 different

test chemicals were tested.
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Table 1 List of test chemicals tested using ADRA

ADRA
N Test substance ECs LLNA Evaluation of 82 chemicals Evaluation of §2 chemicals Transferabiliy Validation testing ® Camparision of ADRA
value category (NAC without EDTA)Y (NAC with EDTA) with fuman data 929
(See Appendix 9) (See Appendix 10) Pre-training Training Phase I Phase IT (See Appendix 5)
1 Diphenyleyclo propenone 0.0003 Extreme s* s S S
2 Owazolone 0.003 Extreme s s S
3 Benzoyl peroxide 0.004 Extreme s S s
4 Kathon CG 0.008 Extreme s s S
5 Bandrowskis base 0.008 Extreme S S
6 5-Chloro-2-methyl-i-isothiazolin-3-one 0.008 Extreme S S s
7 p-Benzoquinone 0.009% Extreme S S s S
8 Tetrachlorosalicylanilide 0.04 Extreme S S S
9 24 Dinitrochlorobenzene 005 Extreme S S S
10 y o1 Strong S S S
11 Hydroquinone o1 Strong s S
12 4-Phenylenedi o1 strong S
3 Fluorescein isothiocyanate 014 Strong s S
14 Phthalic anhydride 0.16 Strong s S S
13 Lauryl gallate 03 Strong. s S S S
16 Propyl gallate 032 Strong S S s S
17 Chloramine T 04 strong s
18 2-Aminophenol 04 Strong, S
19 CD3 06 Strong S s
20 Trimellitic anhydride 06 Strong S s
2l Fomaldehyde 061 Strong S S S S
35 (Meth phenol hemisuifate salt (MeteD) 03 Strong S s S S
3 propynyl buty 09 Strong s
24 Squaric acid diethy 09 Moderate s
25 Isoeugenol 12 Moderate s
262 Hydroryethyl acrylate 14 Moderate s S S
27 Glyosal 14 Moderate S S S S
28 Vinyl pyridine 16 Moderate s S
29 2-Mercaptobenzothiazole 17 Moderate S S s s
30 Nonanoy! chloride 18 Moderate S s
31 2 MethylJH isothiazol 3-one 19 Moderate S S s
32 1) Benzisothiszoline-3-one 23 Moderate S S S
35 Meths 25 Moderate S S
34 Bemzylsalicylate 28 Moderate NS
35 G y 3 Moderate S S S S
36 1y 1y 3 Moderate s S
37 1-Thioglycerol 36 Moderate NS
38 Benzylideneacetone 37 Moderate S S S
39 24 Heptadienal 4 Moderate S S
40 Squaric acid 43 Moderate NS NS
41 Citral B 5;3“’ Moderate s s
42 Trans-2 hexenal 55 Moderate S S
43 Resorcinol 53 Moderate S NS NS N§
44 Diethylmaleate 58 Moderate S S S S
45 2pheny y 63 Moderate S S
46 Dihydroeugenol 68 Moderate NS
47 Perillaldehyde 8.1 Moderate s S
48 Palmitoyl Chiloride 88 Moderate s S s
49 1{(4-Methoxyphenyi}-L penten--one 93 Moderate NS NS
50 a-Heyleinnnamaldehyde i Weak NS NS NS
51 o-Amylcinnamaldehyde 11 Weak NS NS NS
52 2.3 Butanedione 11 Weak S s S
53 Famesal 12 Weak S s S
54 Eugenol 1290 Weak S S
55 Oalic acid 13 Weak NS NS
56 Benzyl benzoate 7 Weak NS NS
57 L-Aliylanisole 13 Weak S S S
38 y 184 Weak NS
39 Lilial 19 Weak s S S
60 Cyclamen aldchyde 2 Weak s NS NS
61 Imidazolidinyl urea 24 Weak s S S
62 5-Methyl-2, 3-hexanedione 2 Weak s S S
3 2266 Tetramethyl-3.5-heptanedione 27 Weak NS NS
64 Ethyleneglycol dimethacrylate 28 Weak S NS NS
65 Ethyl acrylate 28 Weak S S S S
66 Famesol % Weak S
67 Penicilln G 30 NS
68 Hydroxycitronelial 3 S S NS S
69 R(#)-Limonene 69 NS
70 1y % NS
71 Xylene NS
72 Fumaric acid NS
73 Glycerol NS NS NS NS
74 Hexane Ns NS NS
75 Diethyl phthalate NS NS Ns NS
76 Octanoic acid Ns NS NS
77 2Hydrosypropyl methacrylate NS NS
78 1-Butanol NS NS NS NS
79 +-Hydroxybenzoic acid NS NS
80 6-Methyl coumatrin NS NS NS
81 Methyl salicylate NS NS NS
82 Chlorobenzene NS NS
3 Lactic acid NS NS NS NS
81 1-Bromobutane NS NS
85 2-Acethyleyclohexanone NS NS
86 4" Methoxyacetophenone NS NS Ns§
87 Ethyl benzoylacetate NS NS
88 Ethyl vanillin NS NS
80 NS NS NS NS
90 Propylene glycol NS NS NS
91 NS NS NS
92 TIsopropyl myristate NS NS NS
5 Benzaldehyde s S S
91 Methylparaben NS NS
95 Nonanoic acid NS NS
96 Propylparaben NS NS NS NS
97 Saficytic acid NS NS Ns
98 Sulphanitic acid NS NS
99 Vanillin NS NS NS
100 Coumarin NS NS NS NS
101 Vinylidene dichloride NS NS
102 Benzyl alcohol NS
103 Methylsaticylate NS
104 Di 1y NS
105 _4-Aminobenzoic acid NS
106 Dextran NS
107_4-Aminobenzoic acid NS

*Not calculated , "Non-sensitizer , “Sensitizer

1) Results in the condition that EDTA was not inchuded in NAC solution. (Yamamoto ef al . 201), 2) Results in the condition that ETA was included in NAC solution. (Fujita et al 2018), 3) Result obtained by lead laboratory, £) Unpublished data of lead laboratory
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Appendix 17: Test chemicals that exhibited significant differences in NAL depletion and lysine
peptide depletion

ADRA and DPRA are both based on the same scientific principle, and although they utilize different
nucleophilic reagents, we do not anticipate that the reactivity of these reagents would differ significantly.
Nevertheless, there were some test chemicals that exhibited significant differences in depletion of the
NAL used in ADRA and of the lysine peptide used in DPRA. The following discussion provides an
analysis of the factors that could cause a test chemical to exhibit significant differences in NAL depletion

and lysine peptide depletion.

Results

Table 1 below compares NAL depletion in ADRA with lysine depletion in DPRA for the 82 chemicals
used in the development of ADRA. The column labeled A (delta) gives the difference in percentage
obtained by subtracting the NAL depletion value from the lysine peptide value. The cells in this column
that are highlighted in pink indicate a chemical for which the NAL depletion value was at least 30
percentage points lower than the lysine peptide depletion value, while those that are highlighted in blue
indicate a chemical for which the NAL depletion value was at least 30 percentage points higher than the
lysine peptide depletion value. Additionally, the columns to the far right indicate whether the chemical in
question contains aldehydes, acyl chlorides, or acrylates in its chemical structure.

Of these 82 chemicals, there were seven for which the NAL depletion value was significantly lower than
the lysine peptide depletion value, and six for which the NAL depletion value was significantly higher
than the lysine peptide depletion value.

There were 17 chemicals that contain aldehydes in their chemical structure, of which three exhibited
significantly lower NAL depletion values and one exhibited a significantly higher NAL depletion value
than the lysine peptide depletion value. There were two chemicals that contain acyl chlorides, both of
which exhibited a NAL depletion value significantly higher than the lysine peptide depletion value. And
there were four chemicals that contained either acrylates or methacrylates, two of which exhibited a NAL

depletion value significantly lower than the lysine peptide depletion value.

Other considerations

Reactivity assays like ADRA or DPRA measure the reactivity of a nucleophilic reagent with a test
chemical, but reactivity is subject to variability. As explained in the validation study report, even when the
same test chemical is tested multiple times, it is not uncommon to observe variations as large as 20% or
30%. In this case, however, we looked for test chemicals for which the NAL depletion value was at least
30 percentage points higher or lower than the lysine peptide depletion value.

Of the 82 chemicals used in the development of ADRA and DPRA, were seven for which the NAL
depletion value was significantly lower than the lysine peptide depletion value, and six for which the
NAL depletion value was significantly higher than the lysine peptide depletion value. Thus, there does
not appear to be any significant difference between these two test methods based on the number of test
chemicals alone.

In comparing these differences for each individual test chemical, we looked to see if any particular

class of chemical exhibited significant differences in depletion, and identified acyl chlorides, acrylates,
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and aldehydes as chemical structures that did.

Aldehydes were the most commonly represented chemical structure in the 82 test chemicals, and
although three aldehydes exhibited significantly lower and one exhibited significantly higher levels of
depletion, 13 of 17 aldehydes exhibited no significant difference. From this we concluded that aldehydes
do not in general exhibit a significant difference in NAL depletion and lysine peptide depletion.

There were two acyl chlorides that exhibited significantly higher levels of NAL depletion, which is to
say that, relative to NAL, their reactivity with lysine peptide was extremely low. One factor in this is that
both these substances are highly hydrophobic. The cLogP value of nonanoyl chloride is 3.8, while that of
palmitoyl chloride is 7.5, which presents the possibility that these two test chemicals precipitated in the
reaction solution and did not react sufficiently with a nucleophilic reagent. (See Appendix 7.) Also, acyl
chlorides are known to react immediately with NH> and OH groups. In DPRA, the lysine peptide reaction
solution contains ammonium phosphate buffer solution with a pH of 10.2, and while NH> groups are
present in the lysine peptide reaction solution at a ratio of 1:50 with the test chemical, NH3 also exists at
this same ratio. Because of this, acyl chlorides have a higher probability of colliding with the NH3 in the
buffer solution than of reacting with lysine peptide, and we consider it likely that partial or significant
reactivity with NH3 results in reduced reactivity with lysine peptide. Based on these two factors, we
speculate that, relative to NAL, the reactivity of lysine peptide was extremely low.

There were two acrylates and two methacrylates, two of which exhibited significantly lower levels of
NAL depletion, which is to say that, relative to lysine peptide, their reactivity with NAL was extremely
low. The factors contributing to this are unclear. In general, SH groups are known to be more nucleophilic
than NH> groups and therefore react more easily with acrylates. (B.D. Mather et al., 2006) In fact, the two
test chemicals in question had extremely high rates of NAC depletion—namely, 100% for 2-hydroxyethyl
acrylate and 87.8% for ethyl acrylate. Because of this, the mean % depletion values used to predict
sensitization potential were quite distant from the threshold value, and both test chemicals were correctly
predicted to be sensitizers. Based on this, and irrespective of the fact that the factors contributing to low
reactivity with NAL remain unclear, the reactivity of acrylates in general is largely dependent on
reactivity with NAC, which means that low reactivity with NAL is unlikely to affect predictions of skin

sensitization potential.

Reference
Brian D. Mather, Kalpana Viswanathan, Kevin M. Miller, Timothy E. Long, (2006), Michael addition

reactions in macromolecular design for emerging technologies, Progress Polymer Sciences. 31, 487-531.
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Table 1 Comparison of NAL depletion with lysine peptide depletion of 82 chemicals

_— NAL Lysine peptide ot
Ne Test substance cate’g;ry a° adehydes | o | acrviates
Depletion (%) ‘ SD
+ the value obtained by subtracting (B) form (A)
Extreme/strong S(A)-(B) = 30%
((A)-(B) < -30%
1 | Diphenyleyclopropenone 0.0003 Extreme 63 12 07 38 70
2 Ozxazolone 0.003 Extreme 80.1 0.8 406 18 303
3 Benzoyl peroxide 0.004 Extreme 306 27 813 29 =307
4 Kathon CG 0.008 Extreme 04 03 39 1 43
3 Bandrowski's base 0.008 Extreme 37 04 42 17 13
6 3-Chloro-2-methyl-4-isothiazolin-3-one 0.009 Extreme L1 351 14
7 p-Benzoquinone 0.0099 Extreme L1 01 02
g Tetrachlorosalicylanilide 0.04 Extreme A 0.3 9 24
9 2. 4-Dinitrochlorobenzene 0.05 Extreme 6.1 13 147 42 -36
10 Glutaraldehyde 01 Strong 331 29 834 33 323
1 Fluorescein isothiocyanate 0.14 Strong 981 0.6 611 15 370
12 Phthalic anhydride 0.16 Strong 969 11 75 3% 219
13 Lauryl zallate 03 Strong 19.0 0.4 87 42 103
14 | Propyl gallate 032 Strong 564 14 261 10.7 208
13 CD3 0.6 Strong 163 0.3 13. 03 29
16 Trimellitic anhydride 06 Strong 970 12 437 40 333
17 Formaldehyde 0.61 Strong 16 19 12 33 26
18 Metol 08 Strong 228 11 447 38 218
Moderate
19 | 2-Hydroxvethyl acrylate 14 Moderate 163 47 830 0.3 726 o)
20 Glyoxal 14 Moderate 0.8 0.3 67.3 19 670
21 Vinyl pyridine 16 Moderate 77 18 -16.9 162 246
22 2 Mercaptobenzothiazole 17 Moderate 03 03 -3 06 33
23 Nonanoyl chloride 18 Moderate 394 18 63 18 457 )
1 2-Methyl-2H-isothiazol-3-one 19 Maoderate 70 22 36 32 126
23 L2-Benzisothiazoline-3-one 23 Moderate 04 0.7 8.7 23 83
26 Methyl-2-nonynoate 23 Moderate 14 02 32 4 -1.8
27 Cinnamaldehyde 3 Moderate 131 13 432 41 =301
28 Phenylacetaldehyde 3 Moderate 983 L3 26 19 737
20 Benrylideneacetone 37 Moderate 72 10 15 09 37
30 2 4-Heptadienal 4 Maoderate 301 13 239 5 262
31 Squaric acid 43 Maoderate 03 02 48 49 43
32 Trans-2-hexenal 3.3 Moderate 123 L1 36 16 8.7
33 Resorcinol 33 Moderate 22 0.7 08 13 30
34 Diethyl maleate 38 Moderate 77 19 833 19 -718
35 | 2.phenylpropionaldehyde 63 Moderate 46 13 212 16 166
36 Perillaldehyde 81 Moderate 185 10 138 16 47
37 Palmitoyl Chloride 88 Maoderate 959 235 266 03 693 O
38 1-{4-Methoxyphenyl)}-1-penten-3-one 23 Moderate 42 1.6 143 13 -10.1
Weak
39 -Hexyl dehyd 11 Weak L1 0.9 16 32 27
40 e-Amylcinnamaldehyde 11 Weak 16 04 Exy 20 =23
41 23 Butanedione 11 Weak 253 12 27 15 -15
42 Famesal 12 Weak 88 14 83 3% 03
43 Oralic acid 15 Weak 36 10 0% 13.6 435
44 Benzyl benzoate 17 Weak 28 L1 3 0.7 02
43 4-Allylanisole 18 Weak 39 26 08 33 47
46 Lilial 19 Weak 39 0.9 0.7 18 32
47 Cyclamen aldehyde 2 Weak 17 0.6 1 02 07
48 Imidazolidinyl urea i) Weak 20 02 13 04 07
49 3-Methyl-2 3-hexanedione 26 Weak 348 28 73 19 273
30 2.2.6,6-Tetramethyl-3.3-heptanedione 27 Weak 16 0.8 0 11 16
31 Ethyleneglycol dimethacrylate 28 Weak 26 1.6 124 02 08 Q
32 Ethyl acrylate 28 Weak 137 04 93.7 3 -80.0 Q
33 Hydroxycitronellal 33 Weak 13 0.7 6.3 13 =30
Non-sensitizer
34 Glycerol NG Ns? 0.7 12 21 2 -14
35 Hexane NC NS 09 0 51 0% 60
36 Diethyl phthalate NC NS L7 14 0.7 0.6 24
37 Octanoic acid NC NS 12 0.3 0.9 0.9 03
53 | 2-Hydroxypropyl methacrylate NC NS 22 0.6 136 01 158 o)
39 1-Butanol NC NS 0.8 0.3 12 78 04
60 4 Hydroxybenzoic acid NC NS -14 10 22 08 -36
61 6-Methyl coumatrin NC NS 10 0.7 4 21 =30
62 Methyl salicylate NC NS 04 0.6 16 36 -12
63 Chlorobenzene NC Ns 0.7 0.1 L3 03 0.6
64 Lactic acid NC NS 23 0.6 0.8 02 20
63 1-Bromobutane NC NS 24 16 12 0.3 12
66 2-Acethyleyclohexanone NC NS 03 0.6 123 04 -122
67 4" Methoryacetophenone NC NS 33 0.6 01 03 32
68 Ethyl benzoylacetate NC NS 33 13 19 03 34
69 Ethyl vanillin NC NS 21 0.8 9.7 04 -1.6
70 Isopropanel NC NS 28 0.6 0.3 33 23
71 | Propylene glycol NC NS 22 0.7 06 03 16
72 Sulfanilamide NC NS 14 0.7 08 07 0.6
73 | Tsopropyl myristate NC NS 18 14 4 05 58
74 Benzaldehyde NC NS 29 10 -17 173 46
73 Methylparaben NC NS 13 03 04 14 17
76 Nonanoic acid 21 (False +) NS 13 0.7 9.6 0.8 10.9
77 Propyl paraben NC NS 19 3l 02 290 21
78 Salicylic acid NC NS 0.4 0.6 - - - -
79 Sulphanilic acid NC NS 04 02 03 1 01
80 Vanillin NC NS 19 15 66 36 83
81 Coumarin NC NS 39 24 -149 22 188
82 Vinylidene dichloride NC NS 03 0.7 43 182 4.0
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Appendix 18: Depletion of NAC and NAL for the 40 Chemicals Tested in ADRA Phases I and 11
In order to predict skin sensitization potency, we summarized NAC depletion, NAL depletion, and
mean % depletion for each of the 40 chemicals tested at the four participating laboratories during Phases I

and II of the validation study.

Results

Table 1 shows NAC depletion, Table 2 shows NAL depletion, and Table 3 show mean % depletion for
each of the 40 test chemicals. Chemicals 1-10 were tested during Phase I, and Chemicals 11-40 were
tested during Phase II. Depletion values are indicated by circles for ADRA and squares for DPRA.
Prediction of sensitization potency are color coded as follows: Red for extreme sensitizers, pink for strong
sensitizers, purple for moderate sensitizers, green for weak sensitizers, and blue for non-sensitizers.

Many of the test chemicals that were classified as extreme or strong sensitizers had NAC depletion values
of or near 100%. Similarly, almost all non-sensitizers had NAC depletion values of 0%.

Many of the test chemicals that were classified as extreme, strong, or moderate sensitizers had NAL
mid-range depletion values. Similarly, almost all weak sensitizers and non-sensitizers had NAL depletion
values of 0%.

Mean % depletion values for both Phases I and II exhibited the tendency go down as skin sensitization

potency weakened.

Other considerations

Test chemical No. 4, cinnamaldehyde, exhibited significant variability in NAC depletion. Aldehydes have
strong reactivity and are used in both DPRA and ADRA as positive control reagents. There is, however,
significant variation in this reactivity. For example, ADRA test acceptance criteria stipulates that a
variation of 25% is acceptable for the positive control (phenylacetaldehyde). Similarly, DPRA test
acceptance criteria stipulates that a variation of between 30 and 40% is acceptable for the positive control
(cyclamen aldehyde). Thus, considerable variation can be expected. We have commented in the validation
study report on test chemicals that exhibited significant variability in NAC depletion.

NAC is derived from cysteine, which is the most important substance in skin sensitization reactions, and
thus reactivity with cysteine correlates well with sensitization potency. Although there were some
moderate and weak sensitizers that do not follow this pattern, in general, most test chemicals exhibited a
good correlations between NAC depletion and skin sensitization potency.

We have also commented in the validation study report on test chemicals that exhibited significant
variability in NAL depletion. NAL exhibits high reactivity only with acyl halides, acyl anhydrides, and
other similar substances. We consider this one reason why NAL depletion does not always correlate well
with skin sensitization potency. Even so, once certain chemicals are excluded, NAL depletion of extreme
and strong sensitizers was high compared with others chemicals. On the other hand, weak sensitizers and
non-sensitizers hardly exhibited any reactivity at all, resulting in NAL depletion values close to 0%.
Although there are some chemicals that exhibit significant variability in mean % depletion, overall
correlation with skin sensitization potency is good. These results support the conclusion given in
Appendix 14 that ADRA as a standalone test exhibits a high capacity for predacity skin sensitization
potency.
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Key:

[J: Extreme sensitizer [1: Strong sensitizer [1: Moderate sensitizer : Weak sensitizer [1: Non-sensitizer
O: mean % depletion in ADRA M : mean % depletion in DPRA

—: ADRA threshold value for predicting skin sensitization potential (4.9%)

Table 1 NAC depletion for the 40 Chemicals Tested in Phases I and II
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Table 2 NAL depletion for the 40 Chemicals Tested in Phases I and II
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Table 3 Mean % depletion in both ADRA and DPRA for the 40 Chemicals Tested in ADRA Phases I and II
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Appendix 19: List of Proficiency Chemicals for the in chemico ADRA for Skin Sensitization

Insofar as it is necessary to acquire technical proficiency in order to use Amino acid Derivative
Reactivity Assay, Table 1 provides a list of 10 proficiency chemicals suitable for use in demonstrating
proficiency.

These proficiency chemicals have been selected to satisfy a wide range of parameters and include both
solids and liquids that are known to have relatively good reproducibility for NAC and NAL depletion
across a suitable range of skin sensitization hazards from extreme sensitizer to non-sensitizer.

Other considerations included availability of high-quality in vivo reference data as well as of
high-quality in chemico reference data from ADRA, whether or not participating laboratories had been
able to obtain consistent test results during a validation study of ADRA coordinated by JaCVAM, and the
commercial availability of the chemicals themselves.

A naive laboratory can be considered to have acquired proficiency in ADRA once it is able to test no
fewer than eight of these ten proficiency chemicals and obtain depletion values for NAC and NAL that
fall within the ranges specified as well as prediction results that are concordant with the in vivo results
shown in Table 1.

Table 1 Ten chemicals for demonstrating technical proficiency with the Amino acid Derivative Reactivity

Assay
o o i ADRA Range’ of % depletion
No. Test chemicals CASNo. | Trysical | Molecular e .
state weight prediction prediction” NAC NAL
. ) Sensitizer .
1 p -Benzoquinone 106-51-4 Solid 108.09 Positive 90-100 40-70
(extreme)
Sensiti
2 Chioramine T trihydrate | 7080-50-4 Solid 281.69 FHSTSE Positive 90-100 | 90-100
(strong)
Sensiti
3 Trans-Cinnamaldehyde | 14371-10-9 Liquid 132.16 EHSHSEr Positive 40-100 <20
(moderate)
Sensiti
4 Palmitoyl Chloride 112-67-4 Liquid 274 87 EnSHser Positive <10 50-100
(moderate)
) ey Sensitizer
5 Imidazolidinyl urea 39236-46-9 Solid 388.29 Positive 10-45 0-10
(weald)
Seansitiz
6 Famesal 19317-11-4 Liquid 22035 sHsEer Positive 10-40 0-15
(wealk)
7 Glycerol 56-81-5 Liquid 92.09 Non-sensitizer Negative <7 <7
8 Benzyl alcohol 100-51-6 Liquid 108.14 Non-sensitizer Negative <7 <7
9 Dimethy] isophthalate 1459-93-4 Solid 194.19 Non-sensitizer Negative <7 <7
10 Propyl paraben 94-13-3 Solid 110.11 Non-sensitizer Negative =7 =7

"The i vivo hazard and (potency) prediction are based on LLNA data.
1An ADRA orediction should be considered in the framework of an IATA.

Ranges determined on the basis of depletion values generated by at least four in dependent laboratories.
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